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Abstract
Background The significance of reinforcement of the duodenal stump with seromuscular sutures and the effectiveness of 
reinforced staplers in preventing duodenal stump leakage remain unclear. We aimed to explore the importance of duodenal 
stump reinforcement and determine the optimal reinforcement method for preventing duodenal stump leakage.
Methods This retrospective cohort study was conducted between January 1, 2012 and December 31, 2021, with data ana-
lyzed between December 1, 2022 and September 30, 2023. This multicenter study across 57 institutes in Japan included 
16,475 patients with gastric cancer who underwent radical gastrectomies. Elective open or minimally invasive (laparoscopic 
or robotic) gastrectomy was performed in patients with gastric cancer.
Results Duodenal stump leakage occurred in 153 (0.93%) of 16,475 patients. The proportions of males, patients 
aged ≥ 75 years, and ≥ pN1 were higher in patients with duodenal stump leakage than in those without duodenal stump 
leakage. The incidence of duodenal stump leakage was significantly lower in the group treated with reinforcement by sero-
muscular sutures or using reinforced stapler than in the group without reinforcement (0.72% vs. 1.19%, p = 0.002). Duodenal 
stump leakage incidence was also significantly lower in high-volume institutions than in low-volume institutions (0.70% vs. 
1.65%, p = 0.047). The rate of duodenal stump leakage-related mortality was 7.8% (12/153). In the multivariate analysis, 
preoperative asthma and duodenal invasion were identified as independent preoperative risk factors for duodenal stump 
leakage-related mortality.
Conclusions The duodenal stump should be reinforced to prevent duodenal stump leakage after radical gastrectomy in 
patients with gastric cancer.

Keywords Gastric cancer · Duodenal stump leakage · Duodenal stump reinforcement · Seromuscular suture · Reinforced 
stapler

Introduction

Distal and total gastrectomies are standard surgical proce-
dures for resectable gastric cancer, with the choice of surgi-
cal technique depending on cancer location, depth of tumor 
invasion, and lymph node metastasis status. In recent years, 
these procedures have been increasingly performed using 

minimally invasive surgery (MIS), including laparoscopic 
or robot-assisted surgery, with MIS used in 53.8% of distal 
gastrectomies and 30.4% of total gastrectomies in Japan [1]. 
There are a variety of reconstruction techniques that can be 
applied after distal or total gastrectomy.

Duodenal stump leakage (DSL) is a postoperative compli-
cation specific to patients with the formation of a blind end 
of the duodenum, e.g., Roux-en-Y or Billroth-II reconstruc-
tion. The incidence of DSL after radical gastrectomy with a 
duodenal stump ranges between 1.8% and 7.7% [2, 3], with a Extended author information available on the last page of the article
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mortality rate of 7–67% [4]. Several large-scale retrospective 
studies of DSL have been reported [5, 6]. The largest study 
to date of 8,268 gastrectomy patients from 16 centers in Italy 
showed that the laparoscopic approach is associated with a 
higher risk of developing DSL (odds ratio [OR] = 5.6, 95% 
confidence interval [CI] 2.7–10.6, P < 0.001) [5]. However, 
most patients underwent open surgery (7,987 and 281 by the 
laparotomic and laparoscopic approaches, respectively). The 
period covered by this study was from 1990 to 2011 when 
laparoscopic gastrectomy was initiated and developed. In a 
large-scale Japanese study of 965 patients who underwent 
laparoscopic gastrectomies [6], the incidence of DSL was 
1.0% (10/965), which is quite low. However, this result was 
reported from a single high-volume institute and possibly 
did not reflect real-world data.

Although manual reinforcement of the duodenal stump 
is equally effective in preventing DSL development in both 
laparoscopic [6–8] and open [9] surgeries, it may not be 
routinely performed [10] because of its technical difficulty 
during laparoscopic gastrectomies. As an alternative to sero-
muscular suturing, the use of a linear stapler with a bioab-
sorbable polyglycolic acid (PGA) sheet for duodenal stump 
closure and reinforcement is simple and easy in laparoscopic 
surgery; the incidence of DSL with this method is 2% [11]. 
However, this was a single-arm study, and a comparison of 
safety and feasibility with seromuscular suture reinforce-
ment has not been performed. As gastric cancer surgery has 
become less invasive in recent years, the real-world state 
of gastric cancer surgery needs to be updated. As DSL is 
a relatively rare complication, larger studies are needed to 
evaluate the technique’s safety.

Thus, we aimed to explore the clinical impact of seromus-
cular suture reinforcement of the duodenal stump and assess 
whether using a stapler with a reinforcing material as an 
alternative method for seromuscular suturing prevents DSL 
following gastrectomies for gastric cancer (all-case survey). 
Furthermore, we investigated the effects of duodenal stump 
reinforcement on patients with DSL (DSL case-specific 
survey).

Methods

Study design

The protocol of this multicenter retrospective study was 
approved by the Institutional Ethics Committee of the 
Gunma University Hospital (protocol number: HS2021-
258). Informed consent was obtained through an opt-out 
system on the website. The inclusion criteria for patients 
registered through a survey questionnaire were as follows: 
(a) pathologically diagnosed with resectable gastric cancer, 
(b) underwent elective gastrectomy with a duodenal stump, 

(c) aged > 20 years, and (d) treated between January 2012 
and December 2021. Herein, DSL was diagnosed as the 
presence of duodenal juice in the surgical drainage or its 
leakage through the abdominal wall or confirmed based on 
computed tomography, fistulography, and/or surgical find-
ings if performed [12].

Data collection

Figure 1 shows a flowchart of the study population. A ques-
tionnaire was sent by e-mail to 95 institutions for a retro-
spective observational study by the Kyushu Study Group 
of Clinical Cancer (KSCC). Eighty-two institutions agreed 
to participate in the survey. Of those institutions, 25 were 
excluded because of incomplete data. Finally, 33,876 
patients from 57 institutions were initially identified. Among 
them, 17,384 patients without duodenal stumps and 17 with 
incomplete data were excluded. Finally, 16,475 patients 
with duodenal stumps from 57 institutions (median [range] 
of 238 [3–970] patients per institute) were included in the 
analysis. This study was conducted in two stages (Fig. 1): 
first, a survey of all 16,475 patients (all-case survey) and 
second, a detailed survey of patients with DSL (DSL case-
specific survey). In all cases surveyed, aggregated data for 
each facility were collected rather than data for each indi-
vidual patient. Tumors were classified according to the 8th 
edition of the TNM classification of the International Union 
against Cancer. All patients underwent radical gastrectomies 
with lymphadenectomies in accordance with the guidelines 
of the Japanese Gastric Cancer Association [13]. Duode-
nal stump closure methods were classified into the follow-
ing three categories: 1) using standard stapler (SS) without 
seromuscular sutures (SMS), 2) using SS with SMS, and 
3) using reinforced stapler (RS). The relationship between 
duodenal stump closure method and the incidence of DSL 
was examined by comparing the patients with stump rein-
forcement (SS with SMS and RS) to those without stump 
reinforcement (SS without SMS). Institutions were divided 
into two groups, namely high volume (> median) and low 
volume (< median), on the basis of the total number of radi-
cal gastrectomies with duodenal stumps performed between 
2012 and 2021. In the DSL case-specific survey, patients 
with DSLs were divided into two groups: those whose duo-
denal stumps were reinforced with SMS and others. Clin-
icopathological characteristics, perioperative data, and post-
operative complications were investigated. The severity of 
postoperative complications was evaluated according to the 
Clavien–Dindo classification (C–D) [14], and adverse events 
were defined as C–D grade IIIa or higher.
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Statistical analysis

Comparison analyses were conducted using Fisher’s exact 
test for categorical variables and the Mann–Whitney U test 
for quantitative variables. The Bonferroni–Holm correction 
was used for comparisons among the three groups. Inde-
pendent risk factors associated with DSL-related mortality 
were analyzed using logistic regression analysis, and ORs 
were estimated using 95% CIs. Differences were considered 
significant at P values < 0.05. All data were analyzed using 
EZR version 1.64, a freely available, easy-to-use software 
for medical statistics [15].

Results

Patient characteristics with or without DSL 
in the entire cohort

The clinicopathological characteristics of patients with 
and without DSLs are summarized in Table 1. DSLs were 
observed in 153/16,475 (0.93%) patients. The proportions 
of males (P < 0.001), patients aged ≥ 75 years (P = 0.006), 
and ≥ pN1 (P = 0.018) were higher in patients with DSLs 
than in those without DSLs. Table 2 shows the relation-
ship between the DSL rate and methods of duodenal stump 

closure. The DSL rates when using SS with SMS, RS, and 
SS without SMS were 0.67%, 1.08%, and 1.19%, respec-
tively. The incidence of DSLs was significantly lower in 
the groups treated with reinforcement by SMS and by RS 
than in the group without reinforcement (0.72% vs. 1.19%, 
P = 0.002). The incidence of DSLs was significantly lower in 
the SS with SMS group than in the SS without SMS group 
(P = 0.003). Meanwhile, the RS group showed no signifi-
cant difference between both the SS without SMS group 
(P = 0.885) and the SS with SMS group (P = 0.282).

Relationship between the DSL rate and hospital 
volume among patients who underwent 
gastrectomies

Figure 2 shows the relationship between the DSL rate and 
hospital volume among patients who underwent gastrecto-
mies with duodenal stumps for resectable gastric cancer. 
The incidence of DSL was significantly lower in high-vol-
ume institutions than in low-volume institutions (0.70% vs. 
1.65%, P = 0.047). While MIS was performed in 47.6% of 
all patients in the high-volume institutions, 50.2% and 9.2% 
underwent SMS reinforcement and received a RS at the duo-
denal stump, respectively, which was higher than the rate in 
the low-volume institutions (Table 3).

Fig. 1  Flow chart of the study 
population
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Table 1  Clinicopathologic 
characteristics of patients with 
or without duodenal stump 
leakage

DG distal gastrectomy; TG total gastrectomy; R-Y Roux-en-Y reconstruction; B-II Billroth-II reconstruction

Variables All patients (n = 16,475) Duodenal stump leakage P-value

Yes (n = 153) No (n = 16,322)

Sex
 Male 11,729 (71.2%) 128 (83.7%) 11,601 (71.1%)  < 0.001
 Female 4,746 (28.8%) 25 (16.4%) 4,721 (28.9%)

Age (years)
  < 75 10,727 (65.1%) 83 (54.2%) 10,644 (65.2%) 0.006
  ≥ 75 5,748 (34.9%) 70 (45.8%) 5,678 (34.8%)

Tumor location
 Lower 4,488 (27.2%) 52 (34.0%) 4,436 (27.2%) 0.179
 Middle 6,905 (41.9%) 59 (38.6%) 6,846 (41.9%)
 Upper 5,082 (30.9%) 42 (27.4%) 5,040 (30.9%)

Neoadjuvant chemotherapy
 Yes 1,538 (9.3%) 12 (7.8%) 1,526 (9.3%) 0.674
 No 14,937 (90.7%) 141 (92.2%) 14,796 (90.7%)

Approach
 Open 9,046 (54.9%) 93 (60.8%) 8,953 (54.9%) 0.279
 Laparoscopic 6,556 (39.8%) 55 (35.9%) 6,501 (39.8%)
 Robot assisted 873 (5.3%) 5 (3.3%) 868 (5.3%)

Type of gastrectomy
 DG/R-Y 6,525 (39.6%) 62 (40.5%) 6,463 (39.6%) 0.136
 DG/B-II 1,359 (8.3%) 19 (12.4%) 1,340 (8.2%)
 TG/R-Y 8,591 (52.1%) 72 (47.1%) 8,519 (52.2%)

Lymph node dissection
  < D2 7,518 (45.6%) 65 (42.5%) 7,453 (45.7%) 0.463

  ≥ D2 8,957 (54.4%) 88 (57.5%) 8,869 (54.3%)
pT
  ≤ pT1 6,247 (37.9%) 45 (29.4%) 6,202 (38.0%) 0.060
 pT2 1,759 (10.7%) 24 (15.7%) 1,735 (10.6%)
 pT3 4,213 (25.6%) 39 (25.5%) 4,174 (25.6%)
 pT4 4,256 (25.8%) 45 (29.4%) 4,211 (25.8%)

pN
 pN0 8,362 (50.8%) 63 (41.2%) 8,299 (50.8%) 0.018
  ≥ pN1 8,113 (49.2%) 90 (58.8%) 8,023 (49.2%)

Table 2  Relationship between 
the methods of duodenal stump 
closure and duodenal stump 
leakage

DSL duodenal stump leakage; SS standard stapler; SMS seromuscular suture; RS reinforced stapler

Duodenal stump reinforcement Duodenal stump leakage Rate of DSL 
development

Yes (n = 153) No (n = 16,322)

Yes (n = 9,269) 67 9,202 0.72% a)
 SS with SMS (n = 8,065) 54 8,011 0.67% b)
 RS (n = 1,204) 13 1,191 1.08% c)

No (n = 7,206)
 SS without SMS (n = 7,206) 86 7,120 1.19% d)

a) vs. d) P = 0.002
b) vs. d) P = 0.003
b) vs. c) P = 0.282
c) vs. d) P = 0.885
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Clinicopathological characteristics of patients 
with DSL according to the presence or absence 
of duodenal stump reinforcement by seromuscular 
sutures or reinforced staplers

The clinicopathological characteristics of patients with DSL 
according to the presence or absence of duodenal stump 
reinforcement are summarized in Online Resource 1. No 
significant differences were observed between the clinical 
features and reinforcement of the duodenal stump.

Details of duodenal stump reinforcement methods 
and perioperative data in patients with DSLs

The associations between perioperative data and duodenal 
stump reinforcement in patients with DSLs are shown in 
Online Resource 2. Among the 153 patients who devel-
oped DSLs, the mortality rate was 7.8% (12 patients). Sig-
nificantly fewer patients underwent reinforcement of the 
duodenal stump in MIS than in open surgery (P < 0.001). 
Although there was no significant difference in the operation 
time, the amount of blood loss was significantly higher in 
the reinforcement group (373 vs. 230 ml, P = 0.046), which 
was believed to be due to the higher rate of open surgery. 
The day of DSL onset was significantly shorter in the non-
reinforcement group (P = 0.038) than in the reinforcement 
group. There were no significant between-group differences 
in the proportion of patients requiring surgical intervention 
or DSL-related mortality.

Relationship between the severity of DSL 
and duodenal stump reinforcement

In total, 131 patients (85.6%) had postoperative complica-
tions other than DSLs (all grades), and 103 patients (67.3%) 
had complications classified as C–D Grade III or higher 
(Online Resource 3). These serious complications included 
intra-abdominal abscess, tracheal intubation, sepsis, intra-
abdominal hemorrhage, and other organ failures. Notably, 
reinforcing the duodenal stump did not reduce the severity 
of DSL.

Details of surgical intervention for patients 
with DSLs

Details of the surgical procedures performed after DSL onset 
(n = 68) are shown in Online Resource 4. Regarding the 
number of surgeries, 64 (94.1%) patients underwent a sin-
gle surgery, three (4.4%) underwent two surgeries, and one 
(1.5%) underwent three surgeries. Intraperitoneal lavage and 
drainage were performed during all reoperations. Duodenal 
stump re-closure and duodenostomy were performed in 31 
(45.6%) and 28 (41.2%) patients, respectively. None of the 
reoperation methods showed significant correlations with the 
reinforcement of the duodenal stump in the initial surgery.

Results of univariate and multivariate analysis 
of risk factors for DSL‑related mortality

Univariate analysis using a logistic regression model 
revealed the following clinicopathological characteristics 
as potentially associated with DSL-related mortality: pre-
operative cardiovascular disease, renal dysfunction, asthma, 
duodenal invasion of the tumor, postoperative tracheal intu-
bation, sepsis, intra-abdominal hemorrhage, wound infec-
tion, tracheostomy, renal failure, and pneumonia. In the mul-
tivariate analysis, preoperative asthma (OR = 11.20; 95% CI 
1.770–70.30, P = 0.010) and duodenal invasion (OR = 6.720; 
95% CI 1.440–31.30, P = 0.015) were confirmed as inde-
pendent preoperative risk factors for DSL-related mortality 
(Table 4). To identify independent preoperative risk factors 
for DSL-related mortality, surgical and postoperative factors 
were excluded from the multivariate analysis.

Discussion

To the best of our knowledge, this is the largest multicenter 
retrospective study worldwide investigating DSLs after radi-
cal gastrectomies, and the study strongly shows the current 
real-world data in Japan, where MIS for resectable gastric 
cancer is increasing. Among our study cohort, the incidences 
of DSL and DSL-related mortality were 0.93% and 7.8%, 

Fig. 2  Rate of duodenal stump leakage according to the hospital vol-
ume of patients who underwent radical gastrectomy with duodenal 
stump
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respectively. The most effective method to prevent DSL is 
to transect the duodenum using a SS and then reinforce the 
staple line with SMS. However, the safety of using a sta-
pler with a reinforcing material was not found to be statisti-
cally significant compared with reinforcement with SMS. 
We found no significant correlation between reinforcement 

and severe complications (C–D grade ≥ III) or DSL-related 
mortality after the onset of DSL; thus, reinforcement of the 
duodenal stump may not influence DSL severity.

Among various risk factors for DSL, an unreinforced duo-
denal stump has been identified as an independent risk factor 
for DSL [2, 7, 16]. Reinforcement of the duodenal stump 

Table 3  Clinicopathologic characteristics of patients by hospital volume for gastrectomy with the duodenal stump

DG distal gastrectomy; TG total gastrectomy; R-Y Roux-en-Y reconstruction; B-II Billroth-II reconstruction; SS standard stapler; SMS seromus-
cular suture; RS reinforced stapler; pT pathological T factor; pN pathological N factor

Variables All patients
(n = 16,475)

Hospital volume P-value

 > Median (n = 12,706)  < Median (n = 3,769)

Sex
 Male 11,729 (71.2%) 8,960 (70.5%) 2,769 (73.5%)  < 0.001
 Female 4,746 (28.8%) 3,746 (29.5%) 1,000 (26.5%)

Age (years)
  < 75 10,727 (65.1%) 8,502 (66.9%) 2,225 (59.0%)  < 0.001
  ≥ 75 5,748 (34.9%) 4,204 (33.1%) 1,544 (41.0%)
Tumor location
 Lower 4,488 (27.2%) 3,462 (27.2%) 1,026 (27.2%) 0.983
 Middle 6,905 (41.9%) 5,413 (42.6%) 1,492 (39.6%)
 Upper 5,082 (30.9%) 3,831 (30.2%) 1,251 (33.2%)

Neoadjuvant chemotherapy
 Yes 1,538 (9.3%) 1,215 (9.6%) 323 (8.6%) 0.069
 No 14,937 (90.7%) 1,1491 (90.4%) 3,446 (91.4%)

Approach
 Open 9,046 (54.9%) 6,657 (52.4%) 2,389 (63.4%)  < 0.001
 Laparoscopic 6,556 (39.8%) 5,210 (41.0%) 1,346 (35.7%)
 Robot assisted 873 (5.3%) 839 (6.6%) 34 (0.9%)

Type of gastrectomy
 DG/R-Y 6,525 (39.6%) 5,143 (40.5%) 1,382 (36.7%)  < 0.001
 DG/B-II 1,359 (8.3%) 1,176 (9.2%) 183 (4.8%)
 TG/R-Y 8,591 (52.1%) 6,387 (50.3%) 2,204 (58.5%)

Lymph node dissection
  < D2 7,518 (45.6%) 5,787 (45.5%) 1,731 (45.9%) 0.682
  ≥ D2 8,957 (54.4%) 6,919 (54.5%) 2,038 (54.1%)
pT
  ≤ pT1 6,247 (37.9%) 5,081 (40.0%) 1,166 (30.9%) 0.682
 pT2 1,759 (10.7%) 1,289 (10.2%) 470 (12.5%)
 pT3 4,213 (25.6%) 3,156 (24.8%) 1,057 (28.0%)
 pT4 4,256 (25.8%) 3,180 (25.0%) 1,076 (28.6%)

pN
 pN0 8,362 (50.8%) 6,629 (52.2%) 1,733 (46.0%)  < 0.001

  ≥ pN1 8,113 (49.2%) 6,077 (47.8%) 2,036 (54.0%)
Method of duodenal stump closure
 SS without SMS 7,206 (43.7%) 5,161 (40.6%) 2,045 (54.2%)  < 0.001
 SS with SMS 8,065 (49.0%) 6,374 (50.2%) 1,691 (44.9%)
 RS 1,204 (7.3%) 1,171 (9.2%) 33 (0.9%)

Duodenal stump leakage
 Yes 153 (0.9%) 92 (0.7%) 61 (1.6%)  < 0.001
 No 16,322 (99.1%) 12,614 (99.3%) 3,708 (98.4%)
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Table 4  Results of univariate 
and multivariate analyses of 
risk factors for DSL-related 
mortality

DSL duodenal stump leakage; BMI body mass index; ASA-PS American Society of Anesthesiologists-
Physical Status; COPD chronic obstructive pulmonary disease; MIS minimally invasive surgery; TG total 
gastrectomy; SS standard stapler; SMS seromuscular suture; TPN total parenteral nutrition; CI confidence 
interval

Variable Univariate analysis Multivariate analysis

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Preoperative factors
 Sex, female 2.860 0.789–10.3 0.110 NA
 Age, ≥ 75 years 1.200 0.370–3.910 0.759 NA
 BMI, > median 0.986 0.303–3.200 0.981 NA
 Tumor location, lower 2.990 0.899–9.930 0.074 NA
 ASA-PS, ≥ III 3.160 0.929–10.70 0.066 NA
 Lauren classification, diffuse 2.260 0.682–7.460 0.183 NA

Preoperative comorbidities
 Hypertension 0.905 0.279–2.940 0.869 NA
 Cardiovascular disease 3.700 1.110–12.30 0.033 2.840 0.762–10.60 0.120
 Diabetes mellitus 1.180 0.302–4.640 0.810 NA
 Renal dysfunction 5.540 1.250–24.60 0.025 3.180 0.586–17.30 0.180
 COPD 1.510 0.173–13.20 0.709 NA
 Asthma 11.400 2.210–59.00 0.004 11.200 1.770–70.30 0.010
 Liver dysfunction 2.050 0.226–18.50 0.525 NA
 Steroid administration 6.320 0.530–75.30 0.145 NA
 Pyloric stenosis 2.150 0.422–11.00 0.357 NA
 Duodenal invasion 8.310 2.060–33.60 0.003 6.720 1.440–31.30 0.015
 pT, pT4 1.800 0.541–6.020 0.337 NA
 pN, ≥ pN1 0.978 0.296–3.230 0.971 NA

Surgical/postoperative factors
 Operation time, > median 1.010 0.312–3.300 0.981 NA
 Estimated blood loss, > median 0.479 0.138–1.660 0.247 NA
 Approach, MIS 1.610 0.494–5.250 0.429 NA
 Type of gastrectomy, TG 0.789 0.239–2.600 0.697 NA
 Lymph node dissection, ≥ D2 0.339 0.098–1.180 0.089 NA

Methods of duodenal stump closure
 SS with SMS 2.800 0.843–9.290 0.093 NA
 Complications (≥ Grade 3a)
 Intra-abdominal abscess 1.460 0.443–4.820 0.534 NA
 Tracheal intubation 29.500 7.100–123.0  < 0.001 NA
 Sepsis 35.500 8.360–150.0  < 0.001 NA
 Intra-abdominal hemorrhage 33.200 8.230–134.0  < 0.001 NA
 Wound infection 5.370 1.410–20.50 0.014 NA
 Anastomotic leakage 3.940 0.929–16.70 0.063 NA
 Tracheostomy 22.500 5.570–90.90  < 0.001 NA
 Renal failure 27.200 6.440–115.0  < 0.001 NA
 Pneumonia 19.400 4.540–83.10  < 0.001 NA
 Acute pancreatitis 4.500 0.802–25.20 0.087 NA
 Arrhythmia 12.700 0.744–218.0 0.079 NA
 Day of DSL onset, > median 1.550 0.468–5.100 0.474 NA
 Surgical intervention 1.840 0.556–6.070 0.319 NA
 Main nutritional methods, TPN 0.629 0.190–2.080 0.446 NA
 Octreotide administration 2.200 0.673–7.220 0.192 NA
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with SMS is often omitted during laparoscopic gastrectomy 
because of its technical difficulty [5, 10]. Our study similarly 
showed that among patients with DSL, significantly fewer 
patients treated with MIS than those treated with open sur-
gery underwent duodenal stump reinforcement using SMS 
or RS. The incidence of DSL has previously been suggested 
to be higher after laparoscopic gastrectomies than open gas-
trectomies [16–18], and it is assumed that the main reason 
for this is that duodenal stump reinforcement by SMS is 
omitted. Although Ri et al. [6] reported that the operative 
duration is extended by 33 min for laparoscopic distal gas-
trectomy and 40 min for laparoscopic total gastrectomy in 
the reinforcement group using buried sutures compared with 
that in the non-reinforcement group, a significant reduc-
tion in the incidence of DSL would be of greater benefit to 
patients undergoing gastrectomies, even if the operative time 
is extended. Our study showed that the incidence of DSL 
was significantly lower in high-volume institutions, where 
many gastrectomies with duodenal stumps are performed. 
A detailed comparison of high- and low-volume institutions 
showed that although there were various clinicopathologi-
cal differences, high-volume institutions had a significantly 
higher rate of duodenal stump reinforcement. This also sug-
gests the importance of reinforcing the duodenal stump with 
SMS to prevent DSL. Suturing methods for reinforcing the 
staple line at the duodenal stump include Lembert’s sutures 
[19], the barbed suture method [20], the single-purse string 
suture method [21], and the handover method [22]. Each sur-
geon can use the most suitable method to reinforce the duo-
denal stump even during laparoscopic surgery because data 
on direct comparison among these reinforcement methods 
are not available [23]. Irrespective of the method used, it is 
important to bury the staple line and surrounding duodenal 
wall sufficiently so that the duodenal stump can withstand 
peristaltic pressure. Recently, robot-assisted gastrectomy has 
become increasingly popular in gastric cancer surgery. Tech-
nical difficulties associated with duodenal stump reinforce-
ment with SMS may be overcome in robot-assisted surgery.

As an alternative to sutures, the use of a reinforced linear 
stapler with PGA sheets [11] has the advantages of short-
ening the reinforcement time and good generalizability for 
these applications regardless of technical difficulties. Bleed-
ing from the staple line and minor postoperative anastomotic 
leakage can be reduced using linear staplers with PGA 
sheets during gastroduodenal anastomosis [24]. However, 
the incidence of DSL using this RS is 2% [11], which is by 
no means low. In our present study, resection with the use 
of RS is statistically equivalent to resection using a SS with 
SMS and may be acceptable as a method of duodenal stump 
reinforcement. However, it also shows a statistically similar 
DSL rate to resection using a SS without SMS reinforce-
ment. If the tumor extends beyond the pylorus into the duo-
denum, suture reinforcement may not be performed as there 

is an insufficient vertical margin after resection, making it 
difficult to perform seromuscular suturing of the staple line 
of the duodenal stump. In such patients, duodenal resection 
using a linear stapler with PGA sheets may be effective. 
Further studies focusing on the usefulness of a linear stapler 
with PGA sheets for such patients are needed.

After DSL onset, nonsurgical treatments are typically the 
preferred choice in patients with a stable general condition, 
localized intra-abdominal abscess, and adequate drainage. 
Surgical treatment should be reserved for cases in which 
nonoperative management does not allow adequate leak-
age drainage, leading to secondary complications such as 
intra-abdominal bleeding, sepsis, other leakage, and intes-
tinal obstruction [4, 7, 25, 26]. When duodenal fluid leak-
age is combined with infection, the ability of the duodenal 
fluid to digest proteins becomes high, causing surrounding 
blood vessels and anastomoses to rupture, which can lead 
to death. Abdominal abscess drainage, transhepatic biliary 
drainage [27, 28], duodenostomy [29], fistula obliteration by 
glue injection [30], and endoscopic procedures such as DSL 
closure by over-the-scope clip [31] are nonsurgical treat-
ments for DSL. Patients with sepsis and/or hemodynamic 
instability often require surgical intervention. In our study, 
44.4% of patients underwent surgical treatment, mainly 
peritoneal drainage, for infection control. Other procedures 
include abdominal drainage-to-tube duodenostomy [32], 
fistula repair with a rectus abdominis flap [33], fistula clo-
sure by Roux-en-Y duodenojejunostomy [34], biliogastric 
diversion [35], and pancreatoduodenectomy [36]. Patients 
with DSL who require surgical intervention usually have 
sepsis, intra-abdominal hemorrhage, respiratory failure, and 
renal failure, resulting in poor prognosis. Our study showed 
that the presence or absence of surgical intervention was not 
significantly correlated with DSL-related mortality, which 
may be a result of appropriate surgery being performed in 
patients who required it.

Among the risk factors for DSL-related mortality, the 
identification of preoperative factors is important in clinical 
practice. Asthma, which was identified as an independent 
risk factor for mortality in this study, is a significant risk 
factor for postoperative complications in major surgery [37, 
38]. Lin et al. [39] further reported that asthma increased 
the incidence of postoperative pneumonia (OR = 1.48; 95% 
CI 1.34–1.64), septicemia (OR = 1.11; 95% CI 1.02–1.21), 
and urinary tract infection (OR = 1.17; 95% CI 1.09–1.26) 
when compared with patients without asthma. Furthermore, 
preoperative emergency care for asthma was significantly 
associated with postoperative 30 day in-hospital mortal-
ity (OR = 1.84; 95% CI 1.11–3.04). Careful preoperative 
control of active asthma is important when planning gas-
trectomy with a duodenal stump for patients with gastric 
cancer. Although only preoperative asthma was identified as 
an independent risk factor for mortality, other preoperative 
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underlying diseases such as cardiovascular disease and renal 
dysfunction were also risk factors in the univariate analyses. 
We believe that it is important to pay closer attention to 
the early detection of DSL onset and careful management 
for such patients. Placing an additional drainage tube near 
the duodenal stump may prevent subsequent serious illness, 
even if DSL does occur.

This study had some limitations. First, this was a retro-
spective observational study in which surgeons from multi-
ple institutions participated, and the answers to the enroll-
ment questionnaire were retrospectively derived on the 
basis of medical records. Second, because the aggregated 
data for each facility were collected via an all-case survey, 
although it was possible to compare the presence or absence 
of DSL onset and various clinicopathological factors among 
all patients with duodenal stumps, it was not possible to 
perform a multivariate analysis to investigate the correla-
tion between each clinicopathological factor and the risk 
factors for developing DSL. Third, the RS group may have 
included patients in whom it was not practical to bury the 
stump owing to duodenal invasion, which may have resulted 
in a selection bias. Although there are some limitations, this 
study is, to the best of our knowledge, the largest survey to 
date to investigate the number of gastric cancer surgeries 
using real-world data. This is especially important as MIS 
is becoming increasingly widespread. Mortality due to post-
operative complications of radical gastrectomy for gastric 
cancer should be prevented in all patients. Therefore, we 
anticipate that our findings will contribute to providing novel 
and valuable information about this rare but severe compli-
cation. However, the usefulness of a RS for patients with 
duodenal invasion requires further large-scale investigation.

Conclusions

The present study revealed that the incidence of DSLs after 
gastrectomies with duodenal stumps was 0.93%, which was 
lower than that found in previous estimations. However, the 
mortality rate was 7.8% (12/153) when DSL developed. 
Duodenal stump reinforcement should be performed to pre-
vent DSL, a complication associated with a high mortality 
rate if its development is not prevented. While SMS stands 
as the preferable method of reinforcement, the use of a RS 
may also be acceptable. For patients who are at a high risk 
of mortality after the onset of DSLs (i.e., those with poor 
general conditions or duodenal invasions), it is important to 
be more careful to prevent subsequent serious events.
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