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Abstract
Background Although duodenal stump leakage (DSL) is a relatively rare complication after gastrectomy with Roux-en-Y 
(R-Y) reconstruction, it is difficult to treat and can be fatal. We investigated the impact of duodenal stump reinforcement on 
DSL after laparoscopic gastrectomy with R-Y reconstruction for gastric cancer.
Methods This retrospective study of 965 patients with gastric cancer who underwent laparoscopic distal or total gastrectomy 
(LDG or LTG) with R-Y reconstruction compared surgical outcomes between two groups, the duodenal stump reinforcement 
group (reinforcement group) (n = 895) and that without duodenal stump reinforcement (non-reinforcement group) (n = 70).
Results Mean operative duration was significantly longer in the reinforcement than in the non-reinforcement group (LDG; 
291 min versus 258 min, p < 0.001, LTG; 325 min versus 285 min, p < 0.001). DSL occurred less frequently in the reinforce-
ment than in the non-reinforcement group (0.67% vs. 5.71%, p < 0.001). Furthermore, non-reinforcement was an independent 
risk factor for DSL in multiple logistic regression analysis with adjustment for potential confounding factors. Patients with 
DSL in the non-reinforcement group all required re-operation, while all but one patient with DSL in the reinforcement group 
recovered with conservative management.
Conclusions Duodenal stump reinforcement in laparoscopic gastrectomy with R-Y reconstruction may reduce the risk of 
DSL development and minimize its severity.

Keywords Duodenal stump leakage · Duodenal stump reinforcement · Roux-en-Y reconstruction · Laparoscopic distal 
gastrectomy · Laparoscopic total gastrectomy

Introduction

Minimally invasive gastrectomy was first reported in 1994 
[1]. The safety and feasibility of laparoscopic gastrectomy 
(LG) for gastric cancer have since been shown in recent stud-
ies [2–5]. Therefore, LG has been increasingly performed as 
curative treatment for gastric cancer.

Among several representative procedures, there are vari-
ous types of reconstruction after LG such as Billroth I (B-I), 
Billroth II (B-II) and Roux-en-Y (R-Y) reconstruction. The 
most widely used type of reconstruction after gastrectomy 
varies by country, with B-I or R-Y reconstruction often being 
performed after stomach resection in Japan. Furthermore, of 
these, B-II and R-Y are the only reconstructions that result 
in the formation of a blind end of the duodenum.

Postoperative complications with R-Y reconstruction par-
ticularly include duodenal stump leakage (DSL) and internal 
herniation through the transected mesentery and mesocolon 
[6]. Although DSL is a relatively rare postoperative compli-
cation, it can be difficult to treat and is fatal in some cases. 
Possible causes of DSL include inadequate or no reinforce-
ment of the duodenal stump, duodenal wall inflammation, 
devascularization, cancer involvement at the resection line 
and so on [7]. In addition, exposed bile and pancreatic juice, 
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which mix together to produce powerful digestive forces, 
dissolve the arterial walls close to the duodenal stump result-
ing in pseudoaneurysm formation. Sudden major bleeding 
involving the pseudoaneurysm may then occur.

Duodenal stump reinforcement has occasionally been 
performed for prevention of DSL in laparotomy-type sur-
gery [8]. However, it is rather difficult to manually reinforce 
the duodenal stump during laparoscopic surgery. We have 
developed a safe technique employing a buried suture for the 
duodenal stump, with the formation of an invagination and 
release of pressure at the edge of the stump during laparo-
scopic surgery.

Herein, we introduce our duodenal reinforcement meth-
ods along with an assessment of how duodenal reinforce-
ment influences DSL in laparoscopic gastrectomy/R-Y 
reconstruction.

Patients and methods

Patients

From July 2005 to June 2016, 1040 consecutive patients 
with gastric cancer underwent laparoscopic distal gastrec-
tomy (LDG) or laparoscopic total gastrectomy (LTG) with 
R-Y reconstruction at the Department of Gastroenterologi-
cal Surgery, Cancer Institute Hospital, Tokyo, Japan. We 
enrolled patients with confirmation in their operative records 
of whether or not duodenal stump reinforcement had been 
performed. Ultimately, 965 patients were included in the 
present study. We collected the patient characteristics and 
surgical details from our database and information con-
tained in electronic medical records including the presence 
or absence of duodenal stump reinforcement. Whether to 
perform reinforcement had been decided by the primary sur-
geon. Clinical stages were determined according to the Inter-
national Union Against Cancer (UICC) classification system. 
The severity of postoperative complications was evaluated 
according to the Clavien–Dindo classification (C-D). Com-
plications of C-D grade ≥ 3a were regarded as events.

Intraoperative duodenal stump reinforcement

In all cases, the end of the duodenal side was resected 
employing an automatic suturing device. Then, the duodenal 
stump was laparoscopically buried, with suturing performed 
by hand. As a specific buried suture technique in laparo-
scopic surgery, first, one stitch was placed across the center 
of the duodenal stump by the operator on the right side of the 
patient. The edge of the duodenal stump on the lesser curva-
ture side was pushed and fully inverted prior to ligation, by 
the assistant, using two-handed forceps. Then, ligation was 
performed outside of the port (Fig. 1a). Next, this edge was 

easily covered by buried suturing of the sero-muscular layer 
(Fig. 1b). Third, another edge of the duodenal stump was 
also sufficiently inverted, by the assistant, with right-handed 
forceps, and then totally covered employing similar suturing 
by the operator (Fig. 1c). Finally, a few stitches, if necessary, 
were added to the staple line for reinforcement (Fig. 1d).

Statistical methods

All continuous variables are expressed as the median. Sta-
tistical analyses were conducted using the Mann–Whitney 
U test, Student’s t test and the Chi square test or Fisher’s 
exact test to compare clinical characteristics and surgical 
outcomes between study groups. Multiple logistic regression 
analysis was performed to estimate the association between 
DSL and duodenal stump reinforcement with adjustment for 
potential confounding factors. Due to the low number of 
events of DSL, these factors could not be included into the 
model simultaneously. A p value of 0.05 was considered to 
indicate a statistically significant difference. All statistical 
analyses were performed with JMP Pro 13 (SAS Institute 
Japan Ltd, Japan) for windows.

Results

Patient characteristics

Overall patient characteristics are shown in Table  1 
(n = 965). 895 patients underwent gastrectomy with duo-
denal stump reinforcement (reinforcement group) and the 
remaining 70 underwent gastrectomy without duodenal 
stump reinforcement (non-reinforcement group).

The rates of ASA (American Society of Anesthesiolo-
gists) score ≥ 2, history of laparotomy and cStage IB or more 
were higher in the reinforcement group, while the rates of 
male gender and LTG were higher in the non-reinforcement 
group.

Operative and early postoperative outcomes

Table 2 shows perioperative outcomes including the rate of 
DSL. Operative durations were longer in the reinforcement 
than in the non-reinforcement group. The rate of DSL was 
1.0% (10/965) in all patients and was significantly lower 
in the reinforcement (0.67%) than in the non-reinforcement 
(5.7%) group (p < 0.01).

Logistic regression analysis of risk factors for DSL

Logistic regression analysis results related to the occur-
rence of DSL are shown in Table 3. In univariate analysis 
(Table 3a), sex, body mass index ≥ 23 kg/m2, intraoperative 
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blood loss ≥ 30 ml and non-reinforcement of the duodenal 
stump were significant risk factors. In multivariate analysis 
with adjustment for potential confounding factors (Table 3b), 
non-reinforcement of the duodenal stump was identified as 
the significant independent risk factor for the onset of DSL.

Details of patients with DSL

Table  4 details the ten patients developing DSL. DSL 
occurred in the early postoperative period in the non-rein-
forcement group, and all cases required re-operation, while 
in the reinforcement group DSL occurred secondary to other 
complications and all but one patient recovered with con-
servative management.

Discussion

In the present study, duodenal stump reinforcement can be 
safely performed and significantly decreased the incidence 
of postoperative DSL in patients undergoing laparoscopic 
gastrectomy with R-Y reconstruction. In addition, all the 
DSL cases in the non-reinforcement group required re-oper-
ation, whereas DSL in the reinforced group was successfully 
managed conservatively in more than 80% of cases. This 

result suggests that even if DSL occurs, its severity can be 
decreased by duodenal stump reinforcement.

DSL has several causes, as noted above. Paik et  al. 
reported that gastric outlet obstruction before surgery was 
a significant risk factor for DSL due to inflammation of the 
surrounding duodenal wall tissue [9]. In addition, the sta-
ple line itself in patients requiring re-operation was actually 
intact in our study. Given these observations, DSL is thought 
to be attributable to collapse of the duodenal wall very near 
the staple line due to wall tissue vulnerability or peristaltic 
pressure loading onto the blind duodenal stump. Therefore, 
to prevent DSL, it is considered to be important to bury the 
staple line and its surrounding tissue sufficiently to assure 
that pressure on the duodenal wall just below the staple line 
can be released, rather than increasing the strength of the 
staple line itself.

On the other hand, even in cases with a reinforced duo-
denal stump, DSL occurred, although less frequently. DSL 
in the reinforcement group was preceded by other compli-
cations such as pancreatic fistula and abdominal abscess. 
These additional complications other than DSL could 
have been the causes of perforation. Pancreatic juice can 
digest the tissues around the duodenal stump. Furthermore, 
the contents of an abscess can escape into the lumen of 
the duodenum beyond the duodenal stump including the 
suture line. These pathophysiological mechanisms could, 

Fig. 1  Illustrations of perform-
ing duodenal stump reinforce-
ment. a One stitch is placed 
across the center of the staple 
line of the duodenum by the 
operator on the right side of 
the patient. The ligation is then 
performed outside of the port 
after one edge of the duodenal 
stump on the lesser curvature 
side has been fully inverted by 
the assistant, employing for-
ceps. b The inverted edge of the 
duodenal stump is covered by 
buried suturing of the sero-mus-
cular layer. c Another edge of 
the duodenal stump is also fully 
inverted with right-handed for-
ceps, by the assistant, followed 
by total coverage employing 
similar suturing by the operator. 
d A few stitches are added to 
the staple line, if needed, and 
the duodenal stump reinforce-
ment is thereby completed
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hypothetically, result in delayed DSL in the reinforcement 
group. In addition, DSL occurred 3 days after surgery on 
average in the non-reinforcement group free of prior com-
plications, while the onset was 20 days in the reinforcement 
group with prior complications. The late onset of DSL in the 
reinforcement group during the postoperative period also 
supports these hypotheses. DSL in the reinforcement group 
was conservatively managed in all but one case, indicating 
the underlying mechanisms to differ from that of DSL in the 
non-reinforcement group requiring re-operation. Only one 
patient, who underwent reinforcement of the duodenal stump 

but required re-operation, had an unusually critical postop-
erative course. This patient developed severe complications 
including necrotic pancreatitis and intra-abdominal bleeding 
and underwent re-operation twice prior to the onset of DSL. 
Given these observations, very serious patient comorbidities 
might contribute to DSL in the reinforcement group.

The DSL occurrence rate was 1.0% overall in the present 
study. The incidence of DSL after gastric resection has been 
suggested to be higher in laparoscopic surgery than in open 
gastrectomy [10–12]. Kostakis et al., based on a systematic 
review, reported the highest postoperative DSL frequency 

Table 1  Patient characteristics

LDG laparoscopic distal gastrectomy, LTG laparoscopic total gastrectomy

Reinforcement group 
(n = 895)

Non-reinforcement 
group (n = 70)

p value

Sex, n (%) < 0.01
 Male 626 (70) 60 (86)
 Female 269 (30) 10 (14)

Age, years (range) 66 (26–90) 65 (39–83) 0.50
ASA Score, n (%) 0.04
 1 407 (45) 41 (58)
 2 ≤ 488 (55) 29 (42)

Body mass index, kg/m2 (range) 22.9 (14.5–39.1) 23.2 (18.2–32.9) 0.49
Preoperative prealbumin, mg/dl (range) 27.4 (12.6–49.7) 28.7 (15.2–39.9) 0.50
Preoperative albumin, g/dl (range) 4.1 (2.9–4.9) 4.2 (3.6–4.8) 0.22
History of laparotomy, n (%) 179 (20) 7 (10) 0.04
Location, n (%) 0.09
 Lower 174 (20) 8 (11)
 Others 721 (80) 62 (89)

cStage, n (%) < 0.001
 IA 771 (86) 70 (100)
 IB ≤ 124 (14) 0 (0)

Type of gastrectomy, n (%) < 0.001
 LDG 725 (81) 32 (46)
 LTG 170 (19) 38 (54)

Lymph node dissection, n (%) 0.14
 ≤ D1 + 731 (82) 62 (89)
 D2 164 (18) 8 (11)

Table 2  Surgical outcomes and 
postoperative morbidities

Clavien–Dindo classification (C-D). C-D grade ≥ 3a regarded as an event
LDG laparoscopic distal gastrectomy, LTG laparoscopic total gastrectomy

Reinforcement group 
(n = 895)

Non-reinforcement 
group (n = 70)

p value

Operative duration for LDG, min (range) 291 (155–633) 258 (154–335) < 0.001
Operative duration for LTG, min (range) 325 (192–655) 285 (197–382) < 0.001
Intraoperative blood loss, ml (range) 30 (0–1050) 30 (0–700) 0.35
Duodenal stump leakage, n (%) 6 (0.67) 4 (5.7) < 0.001
Intra-abdominal abscess, n (%) 48 (5.4) 6 (8.6) 0.26
Pancreatic fistula, n (%) 12 (1.3) 0 (0) 0.32
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Table 3  Logistic regression analysis of risk factors for DSL

(a) Univariate analysis

Odds ratio 95% CI p value

Age
 < 66 years 1.00
 ≥ 66 years 0.64 0.18–2.29 0.49

Gender
 Male – –
 Female – – 0.04

ASA Score
 < 2 1.00
 ≥ 2 2.03 0.52–7.92 0.29

Body mass index
 < 23 kg/m2 1.00
 ≥ 23 kg/m2 9.52 1.20–75.4 < 0.01

Preoperative prealbumin
 < 27.5 mg/dl 1.00
 ≥ 27.5 mg/dl 2.33 0.59–9.07 0.2

Preoperative albumin
 < 4.1 g/dl 1.00
 ≥ 4.1 g/dl 1.07 0.30–3.83 0.91

History of laparotomy
 Absent 1.00
 Present 1.04 0.22–4.97 0.95

Location
 Lower – –
 Others – – 0.12

cStage
 IA 1.00
 ≥ IB 2.95 0.75–11.5 0.1

Type of operation
 LDG 1.00
 LTG 1.56 0.40–6.11 0.51

Lymph node dissection
 < D2 1.00
 D2 3.12 0.87–11.1 0.06

Operative duration
 < 294 min 1.00
 ≥ 294 min 2.32 0.59–9.05 0.2

Intraoperative blood loss
 < 30 ml 1.00
 ≥ 30 ml 6.91 0.87–54.8 0.03

Reinforcement of duodenal stump
 Present 1.00
 Absent 8.97 2.47–32.6 < 0.001
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Table 3  (continued)

(b) Multivariate analysis for evaluating relationship between DSL and duodenal stump reinforcement with adjustment for potential confounding factors

Odds ratio 95% CI p value

Gender
 Male – –
 Female – – –

Reinforcement of duodenal stump
 Present 1.00
 Absent 7.38 2.02–26.9 < 0.01

Body mass index
 < 23 kg/m2 1.00
 ≥ 23 kg/m2 9.26 1.16–73.8 0.03

Reinforcement of duodenal stump
 Present 1.00
 Absent 8.67 2.35–31.9 < 0.01

cStage
 IA 1.00
 ≥ IB 6.34 1.26–31.8 0.02

Reinforcement of duodenal stump
 Present 1.00
 Absent 15.50 3.40–70.7 < 0.001

Lymph node dissection
 < D2 1.00
 D2 3.87 1.04–14.4 0.04

Reinforcement of duodenal stump
 Present 1.00
 Absent 10.50 2.81–39.4 < 0.001

Intraoperative blood loss
 < 30 ml 1.00
 ≥ 30 ml 6.24 0.78–49.8 0.08

Reinforcement of duodenal stump
 Present 1.00
 Absent 8.09 2.21–29.6 < 0.01

DSL duodenal stump leakage, LDG laparoscopic distal gastrectomy, LTG laparoscopic total gastrectomy

Table 4  Details of patients with DSL

DSL duodenal stump leakage, LDG laparoscopic distal gastrectomy, LTG laparoscopic total gastrectomy

No. Gender Age, years Body mass 
index, (kg/m2)

Operation Reinforcement of 
duodenal stump

Time of diagnosis Pre-existing complication Re-operation

1 Male 61 24.3 LDG − POD 6 – +
2 Male 56 23.5 LDG − POD 2 – +
3 Male 69 23.1 LTG − POD 24 Anastomotic leakage +
4 Male 76 24.2 LTG − POD 2 – +
5 Male 62 23.4 LDG + POD 13 Necrotic pancreatitis, etc. +
6 Male 75 24.2 LDG + POD 29 Intra-abdominal abscess −
7 Male 65 24.3 LDG + POD 22 Intra-abdominal abscess −
8 Male 72 22.5 LDG + POD 23 Pancreatic fistula −
9 Male 64 29.6 LDG + POD 13 Pancreatic fistula −
10 Male 59 23.1 LTG + POD 7 – −
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of 9.1% in open and 18.3% in laparoscopic surgery [10]. 
Compared to other reports including laparotomy cases [7, 
8, 12–14], the DSL incidence rates in this study were low, 
at slightly less than 6.0% if the duodenal stump was not rein-
forced, and remarkably low at just 0.67% when reinforced. 
Since our institution is a high-volume center in Japan with 
a large number of cases, such social factors may have influ-
enced surgical outcomes.

The operative duration was extended by 33 min for LDG 
and by 40 min for LTG in the reinforcement group as com-
pared to the non-reinforcement group. The high rate of 
lymph node dissection of D2 for locally advanced cancer and 
history of laparotomy, as well as the amount of time required 
for reinforcing the duodenal stump, may all contribute to 
prolongation of the operative time.

This study has limitations. First, there were no clear crite-
ria for performing reinforcement of the duodenal stump and 
whether or not to perform reinforcement had been decided 
by the surgeon. Although patient factors such as tissue vul-
nerability and potential risks of pancreatic juice exposure 
might have influenced the surgeon’s decision, given that 
nearly all of the procedures for the non-reinforcement group 
were performed in the first half of the research period, the 
decision was considered to have been made by the surgeon 
based on the initial policy. Furthermore, none of the DSL 
cases showed duodenal tumor invasion and the margin for 
reinforcement with a buried suture was maintained. If a suf-
ficient margin for invagination cannot be obtained, it may be 
better to choose another method of reinforcing the duodenal 
stump such as covering the stump with a jejunal patch. Sec-
ond, the small number of events makes statistical analysis 
less meaningful. The DSL-preventing effect of reinforcing 
the duodenal stump needs to be retrospectively confirmed by 
a multicenter study with a large sample size.

Conclusion

Duodenal stump reinforcement, a safe technique for laparo-
scopic gastrectomy with R-Y reconstruction, may reduce the 
incidence of DSL. In addition, even if DSL occurs, duodenal 
stump reinforcement might lessen its severity.
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