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Abstract
Objective: This study aimed to compare patient outcomes after laparoscopic distal gastrectomy with
uncut Roux-en-Y reconstruction for gastric cancer between a group who underwent a duodenal stump
reinforcement procedure and those who did not.
Methods: Data from 233 patients with gastric cancer (GC) undergoing distal gastrectomy under
laparoscope combined with uncut Roux-en-Y reconstruction were retrospectively investigated. Patients
were divided into two groups. The non-reinforcement group (NR) underwent surgery from June 2014 to
March 2015 with no reinforcement of the duodenal stump (n=54) and the reinforcement group (R)
underwent surgery from April 2015 to June 2018 with reinforcement of the duodenal stump (n=179). In
group R, the duodenum was divided using an endoscope-assisted linear stapler, which was reinforced by
a purse-string suture along the duodenal staple line.
Results: Duodenal stump leakage was observed in 2 patients from group NR (3.7%), while no duodenal
stump leakage or stula was detected in group R. In addition, no signi cant difference was observed in
the patient characteristics between group NR and R.
Conclusions: The incidence of duodenal stump leakage can be reduced by reinforcement with a pursestring suture.

Introduction
Duodenal stump stula (DSF) is a rare but serious adverse event observed in gastric cancer (GC) patients
following gastrectomy with Roux-en-Y or Billroth II reconstruction [1, 2]. Clinically, the common
complications of duodenal stump leakage include peritonitis, abdominal sepsis, bleeding, multiorgan
failure, and death. In recent years, Roux-en-Y reconstruction has been extensively carried out for the sake
of reducing bile re ux after distal or total gastrectomy in GC patients; moreover, the linear stapler has
been employed to cut the duodenum in many cases. It has been reported that most duodenal stump
staple-line leaks are related to ischemic issues or mechanical issues, including intraluminal pressures
that exceed the tolerance of the tissue and suture-line [3–5]. Typically, the staple line is reinforced by
sutures in conventional open surgery.
The rst case of distal gastrectomy under laparoscope was carried out by Kitano et al in 1994[6]. In
recent decades, open gastric surgery has been gradually substituted by a laparoscope-assisted operation,
which can be ascribed to the remarkable short-term bene ts of the latter, including lower pain, smaller
wound, decreased blood loss, as well as accelerated recovery. The duodenal stump can be easily
reinforced in open surgery compared with laparoscopic surgery, but it is not always carried out in the
latter. Recently, great achievements have been made in laparoscopic suturing techniques and training
methods [7], which makes it possible for surgeons who are pro cient at intracorporeal knot tying to
reinforce the duodenal staple line and reduce the risk for duodenal stump leakage [8]. Herein, a duodenal
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stump reinforcement procedure is reported in distal gastrectomy under laparoscope plus Roux-en-Y
reconstruction. The surgical procedures are shown in a video and the short-term surgical outcomes are
reported as follows.

Materials And Methods

Ethics Statement
The study was approved by the institutional review board of Nanjing Medical University. Informed written
consent was obtained from all subjects. The experimental protocol was carried out in accordance with
the approved guidelines.

Study Population
Between September 2014 and June 2018, data from GC patients receiving uncut Roux-en-Y
reconstruction after laparoscopic distal gastrectomy at the Department of Gastric Surgery of the First
A liated Hospital of Nanjing Medical University were retrospectively analyzed. In our institution, uncut
Roux-en-Y reconstruction had become the most frequently employed surgical procedure following
laparoscopic distal gastrectomy. The enrolled patients were divided into 2 groups. The non-reinforcement
group (NR) included patients who underwent gastrectomy with no reinforcement of the duodenal stump
but with a purse-string suture from September 2014 to August 2015 (n = 54).The reinforcement group (R)
included patients who underwent gastrectomy with reinforcement of the duodenal stump from
September 2015 and June 2018 (n = 179). All patients received laparoscopic distal gastrectomy by the
same group of surgeons.

Surgical Procedure
First, the camera port was prepared in or beneath the umbilicus with the patients in supine position and
both legs apart. For all patients, 5 trocars were used for the surgical procedure, as described in Fig. 1.
Lymph node dissection (LND) was carried out in accordance with the guidelines from the Japanese
Gastric Cancer Association.[9] Afterwards, the duodenum was divided with an endoscopic linear stapler
(Echelon 60, white cartridge; Ethicon Endo Surgery Co.). For this, the surgeon stood at the patient’s left
side, while the camera assistant stood between the patient’s legs., The duodenum was cut using a 60 mm
endoscope-assisted linear stapler through the trocar in the left upper side with a single white cartridge. In
addition, in group R, the duodenal staple line would be reinforced by a hand-sewn purse-string suture
(continuous muscular absorbable 3 − 0 sutures) (Fig. 1 and Supplemental Digital Content 1).
Clinicopathological characteristics, surgical outcomes, and postoperative complications of all patients
were extracted from the hospital database and the electronic medical record of each patient. Hospital
mortality was de ned as death within 30-days or anytime during the postoperative hospitalization. The
gastric cancer stage was classi ed according to American Joint Committee on Cancer (AJCC) stage.

Statistical Analysis
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The JMP program (SAS Inc., Cary, NC) and R version 9.0.0 was used for all statistical analyses. All
continuous variables are presented as mean ± standard deviation (SD). Differences with a two-sided P
value < 0.05 were considered statistically signi cant. The χ2 test was applied to assess the differences in
proportions. Differences in age, body mass index (BMI), harvested lymph node number, operation time,
blood loss, and length of hospital stay between the two groups were assessed using the Student t test.

Results
Of the total participants,, 179 received reinforcement of the duodenal stump between September 2015
and June 2018 (R group) and 54 underwent duodenal cut alone without reinforcement between
September 2014 and August 2015 (NR group). Table 1 summarizes the clinical features of all patients.
According to analysis, no statistically signi cant difference was observed between group NR and R in
age, gender, BMI, tumor size or American Joint Committee on Cancer (AJCC) stage. Table 2 shows the
operation outcomes as well as clinical course after surgery for both groups. Differences in operation time,
blood loss, harvested lymph node number, rst atus, and liquid diet between the two groups were not
statistically signi cant. The time before rst atus was longer in group NR than in group R [75.03 ± 25.69
vs. 67.45 ± 21.88, P = 0.033] and the postoperative length of stay was also longer in group NR than in
group R [9.85 ± 3.48 vs. 8.42 ± 1.99, P 0.001]. Duodenal stump leakage was seen in 2 cases from group
NR (Table 3). No deaths due to abdominal sepsis, bleeding, or multiorgan failure associated with
duodenal stump leakage was reported. No patient had duodenal stump leakage or stula in group R. In
the NR group, 1 patient had a chylous stula and 3 patients developed bleeding due to gastrointestinal
anastomosis, 1 had gastric atony, 1 had intra-abdominal hemorrhage, and 1 had other complications
(such as fever or pulmonary in ammation). In group R, 1 patient had bleeding due to gastrointestinal
anastomosis, while 3 patients had other complications (such as fever or pulmonary in ammation).
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Table 1
Clinicopathological characteristics of patients (n (%)).
Items

NR(n = 54)

R(n = 179)

P

Age(years)

58.19 ± 10.89

58.91 ± 10.10

0.652

Male

34(63.0)

117(65.4)

0.746

Female

20(37.0)

62(34.6)

BMI(kg/m2)

23.00 ± 3.86

23.22 ± 2.87

0.567

Tumor size(cm)

2.61 ± 1.54

2.53 ± 1.72

0.081

AJCC pTNM stage

39(72.2)

107(59.8)

0.243

IA + IB

9(16.7)

40(22.3)

IIA + IIB

6(11.1)

32(17.9)

Gender

IIIA + IIIB + IIIC
Values are presented as mean ± SD, number only, or number (%). NR, Not Reinforced(September 2014
to August 2015);
R, Reinforce(September 2015 to December 2016); BMI, body mass index; AJCC, American Joint
Committee on Cancer 7th; pTNM, pathological tumor node metastasis.
Table 2
Operative ndings and postoperative clinical course (n).
Items

NR(n = 54)

R(n = 179)

P

Operation time (min)

166.27 ± 25.13

183.08 ± 34.25

Blood loss (mL)

51.07 ± 42.74

49.01 ± 25.00

0.739

Retrieved lymph nodes

37.00 ± 10.93

37.70 ± 11.55

0.694

First atus (hours)

75.03 ± 25.69

67.45 ± 21.88

0.033

Liquid diet (days)

5.07 ± 0.93

5.02 ± 1.11

0.756

Postoperative hospital stay (days)

9.85 ± 3.48

8.42 ± 1.99

0.001

0.001

Values are presented as mean ± SD. NR, Not Reinforced(September 2014 to August 2015);R, Reinforce
(September 2015 to December 2016)
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Table 3
Postoperative complications (n (%)).
Items

NR(n = 54)

R(n = 179)

P

Duodenal stump leakage

2

0

0.053

Chylous stula

1

0

0.232

Intra-abdominal hemorrhage

1

0

0.232

Anastomotic bleeding

3

1

0.040

Gastric atony

1

0

0.232

others

1

3

1.00

Overall postoperative complications (n %)

9(16.7)

4(2.2)

< 0.001

Postoperative mortality

0

0

(n %)
Statistical Analysis
All continuous variables are presented as mean ± SD. A 2sided P-value of < 0.05 was considered
statistically signi cant. The X2 test was applied to assess differences in proportions, and the Student
t test was used to assess the difference in age, body mass index (BMI), dissected lymph nodes,
operative time, bleeding, and hospital stay between groups.

Discussion
This study aimed to compare patient outcomes after laparoscopic distal gastrectomy with uncut Rouxen-Y reconstruction between a group who underwent a duodenal stump reinforcement procedure and
those who did not. Our results show that duodenal stump leakage can be avoided by reinforcement with
a hand-sewn purse-string suture.
At the institution of the present study, uncut Roux-en-Y reconstruction after laparoscopic distal
gastrectomy was initiated in 2014 and has been frequently performed since 2015. Compared with other
reconstruction methods after distal or total gastrectomy, such as Billroth or Billroth , uncut Roux-en-Y a
reconstruction can positively prevent bile re ux into the residual stomach and esophagus. However, it is
also associated with DSF, which is a critical complication following gastrectomy which varies widely in
onset time, output, severity, recurrence risk, and outcomes [10–11]. A number of nonsurgical approaches
are preferred in the case of DSF, especially for the percutaneous surgeries (e.g. drainage of abdominal
abscess[12] and glue injection to obliterate stula [13, 14]) or the endoscopic surgeries (e.g. application of
clips [15], endoloops, glue [16], or to close the DSF). However, at least one reoperation would be necessary
in more than 1 out of 3 patients. Numerous published case reports as well as various surgical methods
have revealed simple surgical therapeutic strategies. Usually, a reoperation is carried out at an early stage,
which is often under an emergency condition due to acute sepsis. However, such surgical procedures
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have not been standardized since they depend on the concurrent complications, including digestive
stula and intraabdominal bleeding. Nonetheless, peritoneal cleaning together with abdominal drainage
has laid the foundation of surgical treatment for DSF [17].
Nevertheless, prevention is always better than cure. Purse-string suture reinforcement of the duodenal
stump in Roux-en-Y anastomosis began in our institution September 2015. Duodenal stump leakage was
observed in 2 patients (3.7%, n = 54) in our study, while the rate of duodenal leakage reported in other
studies (n > 30 cases) was 0.6–3.2% [18–25]. By contrast, no patient in group R had duodenal stump
leakage or stula (0.0%, n = 179), with no signi cant difference between the two groups (P = 0.053).
Nonetheless, other postoperative complications were discovered, including chylous stula,
intraabdominal hemorrhage, anastomotic bleeding, and gastric atony. Our results suggested that the
incidence rate of all the above-mentioned postoperative complications in the NR group were higher than
that in R group (16.7% vs 2.2%, p 0.001), indicating that purse-string suture reinforcement of the
duodenal stump may also improve other postoperative complications. In addition, our ndings
demonstrated that the time of rst atus and postoperative length of hospital stay in group R were
shorter compared with the NR group based on longer operation time (166.76 ± 22.19 vs 182.89 ±
34.15 min, p 0.001), and such heterogeneity might be ascribed to the higher complication rates in the NR
group.
Most published papers have not described whether they have reinforced the duodenal stump. Jiang et al.
[26]

reported that the duodenum was divided using an endoscopic linear stapler, and duodenal stump
rupture could be prevented by interrupted seromuscular sutures. In their study, 2 patients (8.7%)
experienced duodenal stump leakage and the authors indicated that the duodenal stump leakage was
caused by the torsion of Y anastomosis. They also pointed out that the risk of such torsion would be
reduced by the strict closure of the jejunum mesenterium and Petersen cavity. Moreover, the authors
concluded that laparoscopic Roux-en-Y reconstruction should be carried out carefully in the hands of
experienced laparoscopic surgeons. In our study, the Petersen and mesojejunal defects were closed.
There are several methods for duodenal stump reinforcement. In our institution, the purse-string suture
was employed and was an important factor in the duodenum cutting process. For the present study, the
duodenum was typically cut from the left side to the right side, which made it easy to invert the
duodenum staple line. By contrast, without plans for reinforcement the duodenum would usually be cut
through the trocar of the left-upper abdomen. Another important technique of our procedure involved the
application of the same trocar in the left-upper abdomen for endoscopic linear stapler and needle
forceps. This technique produced an easy axis for sewing so as to invert the staple line. As indicated by
the learning curve(Fig. 2), it took us about 10 min to nish the purse-string at the early stage, because of
the technical di culty associated with the procedure. However, the time decreased to 5 min after we had
nished 65 purse-string cases. This indicates that purse-string sutures could be easily applied during
laparoscopic uncut Roux-en-Y reconstruction without increasing operation time drastically.
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Nonetheless, this study was associated with certain limitations due to its retrospective design. Firstly, the
study was not a prospective, randomized controlled trial, and there were some changes during the study
period. Typically, the most important change was the surgeons’ increasing experience in laparoscopic
surgery, which would affect the outcomes.
In conclusion, the incidence of duodenal stump leakage can be reduced by reinforcement with a handsewn purse-string suture as it is a serious complication after gastrectomy under laparoscope with Rouxen-Y or Billroth-II reconstruction.
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Figures

Figure 1
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5 trocars were used for the surgical procedure for all patients. The surgeon stood at the patient’s left side,
while the camera assistant stood between the patient’s legs., The duodenum was cut using a 60 mm
endoscope-assisted linear stapler through the trocar in the left upper side with a single white cartridge. In
addition, in group R, the duodenal staple line would be reinforced by a hand-sewn purse-string suture
(continuous muscular absorbable 3-0 sutures).

Figure 2
At the early stage, It took about 10 minutes to nish the purse-string. However, the time decreased to 5
min after 65 purse-string cases nished.
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