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Abstract

Background Laparoscopic Billroth-I gastroduodenostomy using a delta-shaped anastomosis is safe and feasible. However,
it is often difficult to perform in patients who have a short posterior wall of the duodenum. Thus, we have developed a new
method named duodenal overlap functional anastomosis with linear stapler (DOLFIN). We hereby report the technical details
of the new method and our preliminary experience performing it.

Methods After the completion of lymphadenectomy, the duodenum was transected craniocaudally with an endoscopic linear
stapler. The hepatoduodenal mesentery was dissected approximately 4 cm along the duodenal bulb, and the anastomosis
between the posterior wall of the stomach and the lesser curvature of the duodenum was created. The common entry hole
was then transected using an endoscopic linear stapler, and the anastomosis was finally completed.

Results There were 36 patients with gastric cancer who underwent laparoscopic distal gastrectomy (LDG) or robotic distal
gastrectomy (RDG) with B-I reconstruction using DOLFIN. There were no postoperative complications classified as C-D
grade 3 or more and complications related to anastomosis, such as anastomotic leak or stenosis.

Conclusions Our DOLFIN gastroduodenostomy can be performed safely. In addition, it results in good postoperative out-
comes. A long-term comparative study is required to further evaluate the clinical usefulness of this method.
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Introduction the majority is at the distal part of the stomach, specifically

the antrum and pylorus, which requires distal gastrectomy,

Gastric cancer is the fourth leading cause of cancer-related
deaths worldwide [1]. The only radical treatment for gastric
cancer is gastrectomy with adequate lymphadenectomy. For-
tunately, the 5-year survival rate of early gastric cancer has
improved to 90% with the development of advanced surgi-
cal techniques [2]. Although the incidence of gastric cancer
in the upper third of the stomach has gradually increased
due to the emergence of diagnostic endoscopic techniques,
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especially in East Asian patients [3, 4].

Various anastomotic methods are used based on the sur-
geon’s preference and the tumor location after distal gastrec-
tomy. Among them, the Billroth-I (B-I) gastroduodenostomy
is most commonly performed method in Asia because of
its technical simplicity and physiological advantages [5,
6]. With the development of instruments and advances in
techniques, gastroduodenostomy can also be performed
laparoscopically. In laparoscopic distal gastrectomy, delta-
shaped anastomosis (DSA) using an endoscopic linear sta-
pler is the most popular, safe, and feasible [7-10]. However,
in advanced cases of duodenal invasion, the length of the
posterior wall cannot be secured; hence, anastomosis of the
posterior wall is often difficult.

In cases not suitable for B-1 gastroduodenostomy, the
Billroth-II (B-II) or Roux-en-Y (R-Y) reconstruction is often
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performed [11]. However, B-II has complications such as
reflux esophagitis and remnant gastritis, which are closely
related to the high risk of Barrett’s esophagus or esophageal
cancer and remnant gastric cancer [5, 11, 12]. Contrastingly,
R-Y is more complicated to perform with more anastomoses.
In addition, several patients may develop Roux stasis syn-
drome with functional obstruction of the Roux limb, which
manifests as delayed gastric emptying [12, 13]. Therefore,
there is a need to develop a method that makes B-I gas-
troduodenostomy possible even in cases where anastomosis
of the posterior wall is difficult. Therefore, we have devel-
oped a new B-I gastroduodenostomy called duodenal over-
lap functional anastomosis with linear stapler (DOLFIN) to
circumvent this problem. This technique is safe and easy to
perform. Moreover, it is similar to that of DSA. In addition,
we have applied this method to robotic-assisted distal gas-
trectomy (RDG). Herein, we report the technical details of
this method and our preliminary experience performing it.

Patients and methods
Patients

We retrospectively reviewed the medical records of all 36
patients (22 men, 14 women) who underwent LDG or RDG
with B-I reconstruction using DOLFIN between January
2018 and April 2020 at the Osaka International Cancer
Institute. Preoperative staging was classified according to
the third edition of the Japanese classification of gastric car-
cinoma, which was based on the results of gastroendoscopy,
computed tomography, abdominal ultrasonography, or posi-
tron emission tomography [14]. All cases were histologically
diagnosed as adenocarcinomas.

This study was approved by the Institutional Review
Board of Osaka International Cancer Institute [18033-4].
All Surgery was then performed by five surgeons (N.S, T.O,
H.H, M.Y, and K F) after the provision of informed consent.

Surgical technique

Under general anesthesia, the patient was placed in the
lithotomy position. The operator stood on the right side of
the patient, while the first assistant stood on the left. The
video laparoscope operator was positioned between the
patient’s legs. The first trocar was inserted at the umbili-
cus, and a CO, pneumoperitoneum of 10-12 cmH,0 was
then established. A video laparoscope was introduced via
the umbilical port, while another four operating ports were
placed in the upper abdomen. To keep the surgical field
open, the ligamentum teres hepatis was fixed to the anterior
abdominal wall, while the left lateral segment of the liver
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was retracted to a craniomedial position using the clipping
and suturing method (FLICS) as previously reported [15].

After the completion of lymphadenectomy, the duodenum
and stomach body were transected using an endoscopic lin-
ear stapler, which was inserted through the left lower port.
The transection line of the duodenum was in the cranio-
caudal direction. The trocar wound on the umbilicus was
extended to 5 cm, and the resected specimen was extracted.

Prior to the reconstruction, the hepatoduodenal mesentery
was dissected approximately 4 cm along the duodenal bulb
for the linear stapler to be introduced. A small incision was
made on the greater curvature edge of the remnant stomach
and on the lesser curvature edge of the duodenum but not
on the greater curvature. An endoscopic linear stapler (car-
tridge size; 60 mm) was introduced through the left lower
port with one jaw in each incision. First, the cartridge side
was inserted into the stomach of the upper left abdomen.
Thereafter, the linear stapler on the stomach was moved to
the patient’s right side, while another jaw was inserted into
the duodenum. It was very important to rotate the stapler to
the left to align it with the duodenal axis. After the introduc-
tion of a linear stapler approximately 4 cm into the stomach
and duodenum, the posterior wall of the stomach and the
lesser curvature of the duodenum were combined. The sta-
pler was fired, and a V-shaped anastomosis was performed.
The common entry hole was then transected and closed
using an endoscopic linear stapler (cartridge size; 60 mm).
A silicon drainage tube was inserted from the upper right
port. The operation was completed by closing the skin of
the trocar wound.

Robotic gastrectomies were performed using the da Vinci
Xi robotic system (Intuitive Surgical Inc., Sunnyvale, CA,
USA). The placement of the trocar is similar to laparoscopic
surgery. After the completion of lymphadenectomy, an endo-
scopic linear stapler was introduced through the left lower
port by the first assistant, then the duodenum and stomach
body were transected. The anastomosis was performed using
an endoscopic linear stapler inserted by the first assistant
from left lower port, which was almost the same as the lapa-
roscopic surgery.

Results

A total of 36 patients underwent LDG or RDG, which was
followed by B-I anastomosis, as described in the “Meth-
ods” section. The characteristics of the patients are shown
in Table 1. The patients’ median age and median body mass
index were 72 years (range, 45-84 years) and 22.1 kg/m?
(range, 14.7-30.0 kg/m?), respectively. The patients’ periop-
erative findings are summarized in Table 2. The median opera-
tive time was 182 min (range, 96422 min), and the median
estimated blood loss was 0 g (range, 0-125 g). The median



Langenbeck’s Archives of Surgery (2022) 407:3147-3152

3149

Table 1 The clinicopathological characteristics of the patients

N=36
Age (year) 72 (45-84)?
Sex, male/female 22/14
Body mass index (kg/m?) 22.1 (14.7-30.0)
ASA-PS, 1/2/3 3/28/5
Clinical depth of invasion 8/2/9/17
T1/T2/T3/T4
Clinical nodal involvement 11/11/13/1
NO/N1/N2/N3
Clinical stage® 8/1/4/1/13/7/1/1
TA/IB/IIA/IIB/ITA/IIB/IIC/IV
Neoadjuvant chemotherapy, yes/no 2/34
Length of duodenal invasion (mm) 5 (0-30)*

#The data are shown as median (range)

The clinical stages were determined and based on the third English
edition of the Japanese classification of gastric carcinoma

Table 2 Perioperative findings

N=36
Operative time (minutes) 182 (96-422)*
Blood loss (g) 0 (0-125)*
Length of duodenal resection (mm) 30 (0-60) *
Combined resection 1(2.8%)
Transverse colon
Any complications > grade I11° 0°
Postoperative hospital stay (day) 7 (5-23)*

“Data are shown as median (range)

Grading of complications was based on the Clavien-Dindo classifi-
cation

length of duodenal resection was 30 mm (range, 0—60 mm).
No patient required blood transfusion. There were no severe
intraoperative complications nor conversion to open surgery.

There were no postoperative complications classified as
C-D grade 3 or more and complications related to anastomo-
sis, such as anastomotic leak or stenosis. All patients toler-
ated a clear liquid diet on postoperative day 2 and a solid
diet on day 3. The median postoperative hospital stay was
7 days (range, 5-23 days). Upper gastrointestinal endoscopy
performed one year after surgery showed no cases of grade
B or higher reflux esophagitis, as defined by the Los Angeles
classification (Figs. 1, 2, 3,4, 5, 6, 7).

Discussion
For patients with gastric cancer in the distal part of the

stomach, distal gastrectomy with D2 lymphadenectomy is
the standard treatment [16]. Randomized controlled trials

Fig.1 The duodenum was transected craniocaudally using an endo-
scopic linear stapler

Fig.2 The hepatoduodenal mesentery was dissected about 4 cm
along the duodenal bulb

(RCTs) have shown that in the early stage, laparoscopic sur-
gery is considered as an alternative to open surgery [17, 18].
In the advanced stage, however, some RCTs have shown
that short-term outcomes, such as postoperative morbidity
and mortality rate, are equivalent in open and laparoscopic
surgery [19-21]. In addition, laparoscopic surgery has been
shown to have some benefits, such as faster recovery and
less pain compared with open surgery [22]. Therefore, lapa-
roscopic distal gastrectomy is widely performed, especially
in East Asian countries.

Duodenal invasion occurs in 11.9-23.8% of all patients
with gastric cancer in the distal part of the stomach [23-26].
Tumor spread into the duodenum is often limited to within
2 c¢cm in 76% of the patients and within 3 cm in 81% of the
patients. Therefore, gastrectomy with resection of 3—4 cm of
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Fig.3 The posterior wall of the stomach and the lesser curvature of
the duodenum were combined. The V-shaped anastomosis was made

Fig.4 The common entry hole was transected and closed using the
endoscopic linear stapler

the duodenum is recommended for patients with advanced
gastric cancer with duodenal invasion [27]. B-I gastroduo-
denostomy using DSA is the most widely accepted recon-
struction method after laparoscopic distal gastrectomy
because of its technical simplicity. Previous studies have
proven the safety of DSA with an acceptable morbidity rate
of 5.5-3.5% and an anastomosis-related complication rate of
1.5-1.3% [7, 10, 28-30]. In this original technique, a small
incision was created on the posterior side of the duodenum,
and a V-shaped anastomosis was made on the posterior wall.
However, the risks of intraoperative duodenal injury and
postoperative anastomotic stenosis were reportedly high
when the length of the posterior wall of the duodenal bulb
was short [31]. We therefore developed DOLFIN B-I method
to overcome this disadvantage.

@ Springer

Fig.5 The completed DOLFIN B-I gastroduodenostomy

Fig.6 Representative endoscopic photographs 1 year after surgery of
DOLFIN method

The key technique of this procedure is to make a small
incision on the lesser curvature side of the duodenal stump.
In addition, a V-shaped side-to-side anastomosis should be
made between the lesser curvature of the duodenum and the
remnant stomach. The common entry hole can be closed
using a linear stapler, which is similar to that of DSA. This
procedure has several advantages. First, creating a space
around the posterior wall of the duodenum is not required;
therefore, this procedure reduces the possibility of damage
to the surrounding structures, such as the pancreas. Second,
since the V-shaped anastomosis is formed almost perpendic-
ular to the duodenal stump, the triangular area of ischemia
between the duodenal stump and the V-shaped anastomosis
does not occur. In addition, since there is no attachment to
the pancreas, the anastomotic length is easier to maintain
at the lesser curvature of the duodenum than at the greater
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Fig. 7 Representative endoscopic photographs 1 year after surgery of
DSA

curvature or posterior wall even when the tumor invades
the duodenal bulb. Furthermore, the insertion of the stapler
is easier because the linear stapler is introduced along the
long axis of the duodenum. This is contrast with that of
the original DSA method, in which the stapler is introduced
diagonally from the posterior to the lesser curvature. In this
case, the tip of the stapler may hit the lesser curvature side,
which makes the stapler difficult to introduce. The disad-
vantage of this method is that it requires a slightly larger
remnant stomach compared to DSA. It is extremely difficult
to repair or re-anastomosis when troubles such as perfora-
tion by the linear stapler occur. And since the anastomosis
is closer to the papilla Vater than the DSA, the frequency of
bile reflux may increase.

This study has several limitations. First, the study was
a retrospective design with a small sample size in a sin-
gle center and there was a patient selection bias (low BMI,
ASA < 3). Second, we reported the short-term results of
this method, but the long-term outcomes are not available
to show the advantages of our new technique compared with
DSA, B-II or R-Y. Long-term results are important for post-
operative reconstruction because nutritional status, symp-
toms such as reflux or dumping, and the development of
residual gastric cancer are also issues. A long-term compara-
tive study is required to further evaluate the clinical useful-
ness of this method.

Conclusion

We reported the technical details of and our preliminary
experience with the new laparoscopic DOLFIN gastrodu-
odenostomy. This method can be performed safely and it
may be an alternative for B-II and R-Y for gastric cancer

with duodenal invasion. A long-term comparative study is
required to further evaluate the clinical usefulness of this
method.
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