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Delta-shaped gastroduodenostomy (DSGD) and overlap gastroduodenostomy (OGD) are the two most widely used intra-
corporeal Billroth I anastomosis methods after distal gastrectomy. In this study, we compared the short-term outcomes of DSGD
and OGD in total laparoscopic distal gastrectomy (TLDG). In a retrospective cohort study, we examined 92 gastric cancer patients
who underwent TLDG performed by the same surgeon between January 2014 and June 2018. All patients underwent Billroth I
reconstruction (OGD, n� 45; DSGD, n� 47) and D2 lymph node dissection. We retrospectively reviewed the surgical outcomes,
clinical pathological results, and endoscopy results. Laparoscopic surgery was successfully performed in both groups without
conversion to open surgery. )e demographic and clinical characteristics were similar between the two groups (P> 0.05). )ere
were no significant differences between the two groups in operation time (158.9± 13.6 min vs. 158.8± 14.8min, P � 0.955),
anastomotic time (19.4± 3.0min vs. 18.8± 2.9min, P � 0.354), intraoperative blood loss (88.9± 25.4mL vs. 83.7± 24.3mL,
P � 0.321), number of lymph node dissections (31.0± 7.1 vs. 29.2± 7.5, P � 0.229), length of hospital stay (8.8± 2.7 days vs.
9.1± 3.0 days, P � 0.636), fluid intake time (3.1± 0.7 days vs. 3.2± 0.7 days, P � 0.914), and morbidity of postoperative com-
plications (6.7% [3/45] vs. 10.6% [5/47], P � 0.499). Endoscopy performed 6months postoperatively showed that the residual food
(P � 0.033), gastritis (P � 0.029), and bile (P � 0.022) classification score significantly decreased in the OGD group, and there
were no significant differences 12 months postoperatively. OGD is a safe and effective reconstruction technique with comparable
postoperative surgical outcomes and endoscopy results when compared with those of DSGD.

1. Introduction

Gastric cancer (GC) is one of the most common malig-
nancies in China [1]. )e incidence of the early detection of
GC has increased significantly with an increase in the
frequency of endoscopic screening. Surgical resection re-
mains the only curative treatment. Laparoscopic gastrec-
tomy has been widely used since it was first reported in
1994 by Kitano et al. [2]. In recent years, an increasing
number of clinical studies have shown that laparoscopic
gastrectomy has similar or better outcomes than open
gastrectomy [3–6].

Owing to the narrow and restricted space, it is difficult to
perform anastomosis in laparoscopic-assisted distal gas-
trectomy (LADG), especially in obese patients or in patients
with a small remnant stomach. )erefore, many surgeons
prefer total laparoscopic distal gastrectomy (TLDG), and
several techniques for intracorporeal anastomosis have been
developed [7].

Billroth I, Billroth II, and Roux-en-Y are the three most
commonly used reconstruction methods after distal gas-
trectomy, and Billroth I gastroduodenostomy is the only
method that retains the physiological digestive tract and
poses no risk of internal hernia. Delta-shaped
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gastroduodenostomy (DSGD), which was first introduced by
Kanaya et al. [8], is the most popular anastomosis method in
Billroth I reconstruction after TLDG overlap gastro-
duodenostomy (OGD), first introduced by Song et al. [9]
and modified by Byun et al. [10], appears to be another
simple and convenient method for Billroth I reconstruction
after TLDG. In this study, we assess the short-term results of
OGD and compare them with those of DSGD.

2. Materials and Methods

2.1. Materials. )is single-surgeon retrospective cohort
study was performed between January 2014 and June 2018 at
six different hospitals in Zhejiang Province, China. )e
inclusion criteria were as follows: (1) preoperative diagnosis
of cT1N0M0∼cT2N0M0-stage GC and (2) postoperative
pathology confirming R0 resection. All perioperative
management procedures were performed under the sur-
geon’s guidance.

According to the above criteria, 92 patients were in-
cluded in this retrospective study, including 47 with DSGD
and 45 with OGD. As the surgeon changed the main re-
construction method when performing Billroth I anasto-
mosis, DSGD was mainly completed between January 2014
and September 2016, and OGD was mainly completed be-
tween September 2016 and June 2018.

2.2. Surgical Procedure. Under general anesthesia, the pa-
tients were placed in the reverse Trendelenburg position at
approximately 30°. Pneumoperitoneum was established with
CO2 at a pressure of 11–13mmHg. We placed five ports in
V-shape, and at the vertex position was a 10-mm camera
port. )e other four working ports were placed in the right
upper quadrant (5mm), right middle quadrant (5mm), left
middle quadrant (5mm), and left upper quadrant (12mm)
of the abdomen.

Lymph node dissection and omentectomy were per-
formed according to Japanese guidelines. )e resection lines
of the duodenum and stomach were determined according to
the tumor site. We used a 60-mm endoscopic linear stapler to
perform resection and reconstruction in the OGD group and
a 45-mm endoscopic linear stapler in the DSGD group.

2.3. DSGD. We modified the DSGD to be similar to that
reported by Huang et al. [11] We rotated the duodenum 90°
clockwise when it was transected, and a small incision was
made on the posterior side of the greater curvature of the
remnant stomach and on the posterior side of the duode-
num.)en, we inserted the linear stapler, closed and fired it,
and created a V-shaped anastomosis on the posterior wall.
After verifying the absence of bleeding from the anasto-
mosis, we closed the common stab incision along the blind
angle of the duodenum.

2.4. OGD. )ere is no need to perform a 90° rotation when
the duodenum is transected. A small incision was made on
the greater curvature of the remnant stomach, and another

small incision was created on the superior edge of the du-
odenal transection line. )e linear stapler was introduced
into the remnant stomach and duodenum, where the two
sides were put together, and the stapler was closed and fired.
After verifying that there was no bleeding on the stapler line,
a one-stay suture was added in the middle of the common
stab incision. We then pulled the stay suture and two ends of
the common stab incision and closed the incision using the
linear stapler.

2.5. Postoperative Follow-Up Evaluation. All patients were
managed in a similar manner, following the postoperative
clinical path. )e gastric tube was removed on postoperative
day 1, and water intake was initiated on postoperative day 2.

Monitoring indicators included operation time, anas-
tomotic time, intraoperative blood loss, number of lymph
node dissections, length of hospital stay, fluid intake time,
and complications. Regular follow-ups were conducted 3, 6,
9, and 12 months postoperatively, and endoscopic exami-
nations were performed in the first 6 and 12 months
postoperatively. Endoscopic findings were evaluated using
the residual food, gastritis, and bile (RGB) classification [12].

2.6. Statistical Analysis. All statistical analyses were per-
formed using the Statistical Package for the Social Sciences
(SPSS), version 20.0 for Windows (SPSS Inc., Chicago,
United States). Data are expressed as mean± standard de-
viation. Categorical variables were analyzed using the chi-
square test or Fisher’s exact test, while continuous variables
were analyzed using Student’s t-test. Statistical significance
was set at P< 0.05.

3. Results

3.1. Clinicopathological Characteristics. )e clinicopatho-
logical characteristics of the two groups are summarized in
Table 1; 45 patients received OGD, and 47 patients received
DSGD. No significant differences in age, sex, body mass
index, history of abdominal surgery, tumor size, and TNM
stage were found between the two groups.

3.2. Operative and Postoperative Characteristics.
Laparoscopic surgery was successfully completed in all
patients without conversion to open surgery. As Table 2
shows, there were no significant differences between the two
groups in operation time (158.9± 13.6min vs.
158.8± 14.8min, P � 0.955), anastomotic time
(19.4± 3.0min vs. 18.8± 2.9min, P � 0.354), intraoperative
blood loss (88.9± 25.4mL vs. 83.7± 24.3mL, P � 0.321),
number of lymph node dissections (31.0± 7.1 vs. 29.2± 7.5,
P � 0.229), length of hospital stay (8.8± 2.7 days vs. 9.1± 3.0
days, P � 0.636), fluid intake time (3.1± 0.7 days vs. 3.2± 0.7
days, P � 0.914), and morbidity of postoperative compli-
cation (6.7% [3/45] vs. 10.6% [5/47], P � 0.499).

)e types of complications were comparable between the
two groups. Two patients (4.4%) in the OGD group and one
patient (2.1%) in the DSGD group developed delayed gastric
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emptying. All three of them were placed under conservative
management. In the OGD group, the two patients were
discharged on postoperative days 25 and 30, while, in the
DSGD group, the patient was discharged on postoperative
day 33. Two patients (4.3%) in the DSGD group had
anastomotic leakage, whereas no patient had leakage in the
OGD group. No in-hospital mortality was observed in either
group.

3.3. Endoscopic Findings. Table 3 shows the endoscopic
findings of the two groups 6 and 12 months postoperatively.
Six months postoperatively, the RGB classification scores in
the OGD group were significantly lower than those in the
DSGD group (P � 0.033, P � 0.029, P � 0.022, respectively).
Twelve months postoperatively, there were no significant
RGB classification score differences.

4. Discussion

TLDG, in which all procedures including gastric resection
and digestive tract reconstruction are performed intra-
corporeally without making an additional abdominal inci-
sion, has becomemuch more acceptable to surgeons because
of its advantages over LADG [13, 14].

Currently, DSGD is the most popular reconstruction
approach for Billroth I following TLDG. Although it is
reported that DSGD has a satisfactory result and a relatively
short learning curve [15], the rate of anastomosis-related
complications is still relatively high [16–20]. )e most
important reason for this is that in DSGD, the surgeon must
rotate the duodenal stump and the remnant stomach.
However, these actions are mandatory procedures, and
insufficient rotation might leave ischemic tissue between the
transection lines and the anastomosis line.)eOGDmethod
has no such problems because it is a side-to-side overlap
anastomosis, and duodenal rotation is unnecessary, thus
reducing the possibility of damage to the surrounding
structures and anastomotic ischemia. In our study, we had
two cases of leakage in the DSGD group, while there was no
case of leakage in the OGD group, although the difference
was not significant.

In the OGD procedure, attention should be paid to the
complications of delayed gastric emptying.We had two cases
(4.4%) that resulted in delayed gastric emptying, and al-
though all of them were cured after conservative treatment,
the hospital stays were prolonged and the costs increased.
)e reason for this is not well known, and it might be
because more stomach is retained, especially at the greater
curvature, to insert the linear stapler and perform the

Table 1: Clinicopathological characteristics of patients.

Characteristics OGD (n� 45) LSGD (n� 47) P value
Age (years, x ± s) 59.1± 9.3 60.79± 11.6 0.435
Gender (no. %) 0.666
Male 25 (55.6) 24 (51.1)
Female 20 (44.4) 23 (48.9)

BMI (kg/m2, x ± s) 22.9± 2.8 23.2± 2.5 0.543
Previous abdominal surgery (no. %) 5 (11.1) 7 (14.9) 0.590
Tumor size (cm, x ± s) 2.4± 0.8 2.6± 0.8 0.301
T classification (no. %) 0.333
T1 25 (55.6) 19 (40.4)
T2 19 (42.2) 26 (55.3)
T3 1 (2.2) 2 (4.3)

N classification (no. %) 0.516
N0 17 (37.8) 11 (23.4)
N1 19 (42.2) 25 (53.2)
N2 8 (17.8) 10 (21.3)
N3 1 (2.2) 1 (2.1)

Table 2: Operative and postoperative characteristics.

Characteristics OGD (n� 45) LSGD (n� 47) P value
Operation time (min, x ± s) 158.9± 13.6 158.8± 14.8 0.955
Anastomotic time (min, x ± s) 19.4± 3.0 18.8± 2.9 0.354
Blood loss (ml, x ± s) 88.9± 25.4 83.7± 24.3 0.321
Retrieved lymph nodes (n, x ± s) 31.0± 7.1 29.2± 7.5 0.229
Length of stay (days, x ± s) 8.8± 2.7 9.1± 3.0 0.636
Liquid diet buildup (days, x ± s) 3.1± 0.7 3.2± 0.7 0.914
Any complication (no. %) 3 (6.7) 5 (10.6) 0.499
Wound infection 0 (0.0) 1 (2.1) 0.323
Leakage 0 (0.0) 2 (4.3) 0.160
Delayed gastric emptying 2 (4.4) 1 (2.1) 0.537
Pulmonary 1 (2.2) 1 (2.1) 0.976
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anastomosis. All patients underwent D2 lymph node dis-
section, which may have influenced the blood supply to the
remnant stomach, especially with a larger remnant stomach.
)is lack of blood supply might have caused delayed gastric
emptying [21].

Regarding endoscopic findings based on the RGB
classification, OGD was significantly lower 6 months
postoperatively, but these differences disappeared 12months
postoperatively. )is is probably owing to two reasons. First,
the anastomosis in DSGD was posterior with rotation of the
duodenum, which could then be twisted when food passed.
Meanwhile, the anastomosis in OGD is a morphological “up
and down” reconstruction where gastric content can pass
easily. Second, in OGD, we used a 60-mm linear stapler
(compared with the 45-mm stapler used in DSGD) that
resulted in a larger anastomosis lumen and therefore faster
passing of gastric content into the duodenum. OGD may
thereby reduce the incidence of gastritis and bile reflux. In
the DSGD group, these endoscopic findings improved from
6 to 12 months, which Lee et al. [22] have previously found,
whereas, in the OGD group, they were almost the same.

Our study has some limitations. First, it was a retro-
spective cohort study, and the surgeon changed the main
reconstruction method from DSGD to OGD. Although the
surgeon had 12 years of experience in gastrectomy and 8
years of experience in laparoscopic gastrectomy, the surgical
skill of reconstruction and D2 lymphadenectomy may have
improved, which might have caused a bias. Second, our
results came from only one surgeon without representing
others; thus, a multicenter prospective study is needed.
Finally, our study lacks long-term data. To evaluate post-
operative outcomes, administering questionnaires would
strengthen our findings.

5. Conclusion

Overlap gastroduodenostomy is a safe, simple, and feasible
approach to intracorporeal anastomosis and has the same
short-term results as delta-shaped gastroduodenostomy.
However, long-term comparative studies are required for
further assessment.
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