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ABSTRACT

INTRODUCTION Duodenal stump leakage (DSL) is a serious complication after laparoscopic gastrectomy
due to gastric cancer (GC). It is associated with increased morbidity and mortality rates, prolonged
hospital stay, and complex management.

AIm  The aim of this study was to evaluate whether a novel, technically simple clipping technique could
help reduce the rate of DSL.

MATERIALS AND METHODS  This retrospective multicenter study included patients who underwent laparo-
scopic radical gastrectomy with D2 lymphadenectomy for gastric adenocarcinoma at 2 tertiary centers.
The patients were categorized according to the use of duodenal stump clipping during the procedure.
Demographic, clinical, intraoperative, and postoperative variables were compared. The risk factors for
DSL were evaluated using univariate and multivariable analyses.

RESULTS A total of 381 patients at a median (interquartile range [IQR]) age of 63 (55-71) years were
analyzed; 175 (45.9%) underwent duodenal stump clipping, and 248 (65.1%) were men. The incidence of
DSL was lower in the clipping group than the nonclipping group (1.7% vs 5.8%; P = 0.04). The clipping
cohort also demonstrated reduced median (IQR) hospital stay (7 [6—10] vs 10 [8—13] d; P <0.001)
and a lower 30-day major complication rate (9.1% vs 16%; P = 0.046). In the multivariable analysis,
duodenal clipping was not significantly associated with DSL.

concLusions Duodenal clipping is a simple and technically feasible method for reinforcing the duodenal
stump during laparoscopic GC surgery.

INTRODUCTION Gastric cancer (GC), the fifth
most common cancer worldwide, is the fourth
leading cause of cancer-related deaths.! In the cu-
rative treatment of GC, laparoscopic radical gas-
trectomy with Roux-en-Y reconstruction is one of
the most commonly preferred surgical approach-
es.? Advances in laparoscopic surgical techniques
and surgical expertise have led to a substantial de-
crease in postoperative complication rates follow-
ing minimally-invasive gastrectomy, as compared

with open surgery.® However, despite the con-
siderable advancements in surgical techniques,
complications, such as duodenal stump leakage
(DSL) and anastomotic leakage, persist as life-
-threatening complications that may results in se-
vere morbidity, sepsis, and even death in the post-
operative period.

DSL is an uncommon but serious complica-
tion associated with considerable morbidity and
mortality, especially after gastrectomy, prolonged
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hospital stays, and treatment complications.
The incidence of DSL reported in the existing
literature ranges from 1.6% to 6.3%, and a mul-
tidisciplinary approach is necessary for effec-
tive management of diagnosis, treatment, and
follow-up.*® In the development of DSL, system-
ic risk factors, such as advanced age, malnutri-
tion, and obesity, as well as local surgical factors
(eg, excessive vascular and pancreatic dissection
around the duodenal stump and thermal injury)
play an important role.”'® During open surgery,
reinforcement sutures can be applied to the du-
odenal stump to prevent DSL. However, the ana-
tomical posterior location of the duodenum com-
plicates the process of intracorporeal suture place-
ment during laparoscopic surgery. Consequently,
some surgeons regard routine reinforcement of
the duodenal pouch as not necessary during lap-
aroscopic procedures. However, the current lit-
erature documents the development of various
laparoscopic reinforcement suture techniques
targeting the duodenal stump, with the objec-
tive of reducing DSL risk.!"-2? Yet, inconsistent
findings across studies and low incidence of DSL
continue to limit the evidence supporting routine
reinforcement. Despite the plethora of method-
ologies proposed in the existing literature to en-
hance the safety of the duodenal stump during

laparoscopic GC surgery, a universally accepted
and standardized surgical technique remains to
be established.

AIM The objective of this study was to present
a novel, technically uncomplicated and feasible
method of duodenal clipping. This method was
developed for the purpose of fortifying the duo-
denal stapler line in patients who undergo laparo-
scopic gastrectomy due to GC. The secondary ob-
jective was to assess the impact of this technique
on postoperative surgical outcomes.

MATERIALS AND METHODS Patient selection and
study design From January 2020 to April 2025,
patients diagnosed with gastric adenocarcino-
ma based on endoscopic biopsy results, treated
with curative surgery at 2 tertiary referral cen-
ters (Ankara University School of Medicine and
Gulhane Faculty of Medicine, University of Health
Sciences, Ankara, Tiirkiye) were retrospective-
ly assessed.

The inclusion criteria were as follows: 1) his-
tologically confirmed gastric adenocarcinoma,
2) a history of laparoscopic gastrectomy, 3) a his-
tory of D2 lymph node dissection, and 4) planned
curative-intent surgery. The exclusion criteria
comprised: 1) open gastrectomy, 2) duodenal in-
vasion, 3) conversion to open surgery due to tu-
mor invasion of surrounding organs, 4) multior-
gan resection, 5) stage IV disease, 6) a history of
malignancy other than gastric adenocarcinoma,
7) prior abdominal surgery, and 8) no history of
D2 lymph node dissection (FIGURE 1).

In this retrospective cohort study, the patients
were divided into 2 groups according to the sur-
gical procedure used to evaluate the effectiveness
of the duodenal clipping technique: the duodenal
clipping (DC) group and the nonduodenal clip-
ping (NDC) group. The study included data from
2 high-volume tertiary centers with compara-
ble surgical volume and experience. At 1 of these
centers, duodenal clipping has been routinely ap-
plied during laparoscopic gastrectomy for the past
3 years, whereas the other one did not adopt this
practice during the study period. This natural vari-
ation in institutional practice allowed for a com-
parative analysis without altering standard sur-
gical protocols. No explicit patient selection or al-
location method was used. To minimize selection
bias, all consecutive patients meeting the inclu-
sion criteria were enrolled. No individuals meeting
the inclusion criteria were excluded for nonclini-
cal reasons (eg, administrative issues or personal
preferences). Data collection was performed pro-
spectively in institutional databases, and retro-
spectively reviewed for the purposes of this anal-
ysis. To minimize variations in surgical protocols
between the centers, the Endo GIA (Medtronic,
Minneapolis, Minnesota, United States) endo-
scopic linear stapler was used in both, and D2
lymph node dissection was performed in accor-
dance with the Japanese Gastric Cancer Treat-
ment Guidelines.? Additionally, postoperative
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care protocols were standardized and identical
in both centers. Patient selection and data col-
lection processes were conducted consistently to
reduce potential bias.

Preoperative data, including age, sex, body
mass index (BMI), American Society of Anes-
thesiologists (ASA) class, and tumor localization,
were meticulously documented. Postoperative in-
formation, such as the presence of duodenal fistu-
la or intra-abdominal infection, length of hospital
stay, and the number of dissected lymph nodes
were evaluated in all patients. The individuals in
whom no other anastomotic leak or gastrointes-
tinal perforation was detected on imaging, but
whose drainage fluid contained bile, were consid-
ered to have DSL. Tumor stages were classified
according to the eighth edition of the American
Joint Committee on Cancer.'? Postoperative mor-
tality was defined as any death occurring with-
in 30 days after surgery or during hospital stay.
Follow-up was limited to the in-hospital period
and the first 30 days after surgery. Reoperation
was defined as any unplanned surgical interven-
tion performed within 30 days after the initial
procedure. Intra-abdominal infection was under-
stood as the presence of clinically or radiologi-
cally confirmed infection within the abdominal
cavity, requiring antibiotic therapy or interven-
tion. Postoperative bleeding referred to clinical-
ly significant hemorrhage requiring blood trans-
fusion, interventional radiology, endoscopic in-
tervention, or reoperation. Length of hospital
stay was the number of days from surgery to dis-
charge. Intensive care unit (ICU) admission was
defined as the need for postoperative ICU mon-
itoring for any clinical indication. Short-term
postoperative complications referred to compli-
cations occurring within 30 days after surgery.
The Clavien-Dindo grading system was used to
categorize the severity of surgery-related post-
operative complications."® The classification sys-
tem employed in this study divided the cases into
2 categories, with grades 1 and 2 corresponding
to mild complications, and grades 3a-5 classified
as severe complications. The analysis of DSL and
complication rates was conducted in relation to
the surgical techniques employed.

Ethics The study was approved by the Insti-
tutional Ethics Committee of Ankara Universi-
ty School of Medicine (I06-555-25). Written in-
formed consent for the use of clinical data for re-
search purposes was obtained from all patients
on hospital admission.

Surgical technique The study participants under-
went surgical intervention performed by 2 dis-
tinct surgical teams, each with extensive experi-
ence, at 2 medical centers. All patients underwent
laparoscopic radical subtotal or total gastrectomy,
depending on the location and stage of the tu-
mor. The surgical procedure and the extent of
lymph node dissection were performed in accor-
dance with the recommendations of the Japanese

Gastric Cancer Treatment Guidelines.? All par-
ticipants underwent Roux-en-Y reconstruction.

In all patients, the duodenum was transect-
ed using the Endo GIA (Medtronic) endoscop-
ic linear stapler (60-3.5 mm blue cartridge). In
the DC group, titanium clips (10 mm) were ap-
plied along the entire length of the stapler line to
reinforce the duodenal stump (FIGURE 2). The clips
were placed sequentially starting from one edge of
the stapler line to the other, ensuring full coverage
of the transection line. Typically, 6-10 clips were
used depending on the length of the duodenal
stump, with an approximate distance of 5 mm be-
tween the adjacent clips to achieve uniform rein-
forcement without excessive tissue compression.

Deep penetration of the clips into the duode-
nal wall and injuries to adjacent structures were
avoided. No additional reinforcement (eg, su-
tures) was used in the DC group.

In the NDC group, no reinforcement procedure
was performed on the stapler line. In all cases,
a Jackson—Pratt type 10 French drain was placed
around the duodenal stump as part of the stan-
dard surgical protocol.

Statistical analysis All statistical analyses were
conducted using SPSS Statistics software for
Windows, version 30.0 (IBM Corp., Armonk,
New York, United States). Categorical variables
were summarized as frequencies and percentag-
es, while continuous variables were presented as
medians with interquartile ranges (IQRs) when
non-normally distributed. Comparisons between
the groups were performed using the X2 test or
the Fisher exact test for categorical variables,
and the Mann-Whitney test for continuous vari-
ables. To identify independent predictors of DSL,
univariate logistic regression analyses were first
performed. Variables with a P value below 0.2 in
the univariate analysis were considered for in-
clusion in the multivariable logistic regression
model. Additionally, clinically relevant parame-
ters were included regardless of their univariate
significance to account for potential confounding
factors. A backward stepwise logistic regression
approach based on the likelihood ratio method
was used for multivariable modeling. Odds ratios
(ORs) and 95% CIs were reported. Model fit was
assessed using the Hosmer-Lemeshow goodness-
-of-fit test. In addition, the discriminatory per-
formance of the final logistic regression model
was assessed using receiver operating character-
istic curve analysis based on model-derived pre-
dicted probabilities, and the area under the curve
with 95% CI was reported. A P value below 0.05
was considered significant. All statistical analy-
ses were performed with the assistance of a bio-
statistics expert.

RESULTS Patient characteristics Among the 573
patients who were operated on due to GC, 67 un-
derwent open gastrectomy, while the remain-
ing 506 were subjected to laparoscopic gastrec-
tomy. After excluding the patients who met
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FIGURE 2 A, B - intraoperative views of the duodenal clipping technique; C, D — postoperative computed tomography images showing the duodenal
stapler line (arrows)

the predetermined exclusion criteria, a total of
381 individuals who underwent laparoscopic gas-
trectomy were included in the final analysis. Me-
dian (IQR) patient age was 63 (55-71) years, and
248 patients (65.1%) were men. Most partic-
ipants were classified as ASA class II (62.2%),
and the tumors were most frequently locat-
ed in the lower third of the stomach (49.1%).
The 30-day major complication, reoperation,
and mortality rates were 12.9%, 3.7%, and 2.9%,
respectively.

Comparison according to duodenal clipping sta-
tus Duodenal stump clipping was performed
in 175 patients (45.9%), and it was not used in
206 individuals (54.1%). The demographic and
clinical characteristics at baseline were large-
ly similar between the groups. However, a dif-
ference was observed in preoperative albumin
levels between the DC and NDC groups (4.1 vs
3.9 g/dl; P = 0.002). Additionally, the tumors ex-
hibited larger dimensions in the DC group (medi-
an [IQR], 4 [2.5-5.2] vs 3 [2-4.5] cm; P = 0.003).
Furthermore, the distribution of pathological
stages differed between the cohorts (P <0.001),
with a higher proportion of stage II disease, a low-
er proportion of stage III disease, and a mar-
ginally shorter operation time in the DC group
(190 vs 200 min; P = 0.02). The retrieved lymph
node count was found to be higher in the DC
than the NDC cohort (24 vs 22; P = 0.007). No

significant disparities were identified for age,
sex distribution, BMI, ASA class, and neoadju-
vant treatment status (TABLE 1).

Postoperative outcomes The incidence of DSL
was lower in the patients who underwent duo-
denal clipping, as compared with those who did
not (1.7% vs 5.8%; P = 0.04). Subsequent postop-
erative outcomes, encompassing bleeding, intra-
-abdominal infections, and overall complications,
were similar in both groups. However, the pa-
tients without clipping exhibited a prolonged
hospital stay (10 vs 7 d; P <0.001) and a higher
rate of 30-day major complications (16% vs 9.1%;
P = 0.046) than those in the DC group. No sig-
nificant differences were observed in ICU admis-
sion, reoperation, and mortality rates (TABLE 2).
No cases of pancreatic fistula were observed in
either group.

Risk factors for duodenal stump leakage In the uni-
variate logistic regression analysis, female sex
was significantly associated with DSL. Duode-
nal clipping showed lower odds of DSL; howev-
er, this association did not reach significance.
No significant associations were observed for
other variables, including age, BMI, ASA class
(II-1I vs I), preoperative hemoglobin and albumin
levels, neoadjuvant treatment, and the number
of retrieved lypmph nodes. Still, these variables
were included in the multivariable model due to
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TABLE 1 Patient characteristics stratified by the performance of duodenal clipping

Parameter No clipping group (n = 206) Duodenal clipping group (n = 175) P value
Age, y 62 (54—170) 65 (56—71) 0.07
Men 130 (63.1) 118 (67.7) 0.38
BMI, kg/m? 25.6 (23.1-27.4) 25(22.6—-21.7) 0.82
ASA class | 36 (17.5) 35(20) 0.47
I 126 (61.2) 111 (63.4)
I 44 (21.4) 29 (16.6)
Preoperative hemoglobin level, g/dl 12.5(10.9-13.7) 12 (10.7—13.9) 0.18
Preoperative albumin level, g/dI 3.9(3.5-4.2) 4.1(3.7-4.3) 0.002
Tumor location Upper third part of 50 (24.3) 51(29.1) 0.55
the stomach
Middle third part of 51 (24.8) 42 (24)
the stomach
Lower third part of 105 (51) 82 (46.9)
the stomach
Tumor size, cm 3(2-4.5) 4(2.5-5.2) 0.003
Neoadjuvant treatment 59 (28.6) 49 (28) 0.89
Extent of resection Subtotal 121 (58.7) 101 (57.7) 0.84
Total 85 (41.3) 74 (42.3)
Perioperative blood transfusion 5(2.4) 9(5.1) 0.16
Operative time, min 200 (180—260) 190 (180—240) 0.02
pTNM stage | 66 (32) 44 (25.1) <0.001
I 46 (22.3) 72 (41.1)
I 94 (45.6) 59 (33.7)
Retrieved lymph nodes 22 (17-29) 24 (19-32) 0.007
Metastatic lymph nodes 0(0—4) 1(0—4) 0.6

Data are presented as number (percentage) or median (interquartile range).

Sl conversion factors: to convert hemoglobin and albumin to g/l, multiply by 10.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; pTNM, pathological tumor-node-metastasis

TABLE 2  Short-term outcomes stratified by the performance of duodenal clipping

Outcome No clipping group (n = 206)  Duodenal clipping group (n = 175) P value
Length of intensive care unit stay, d 1(1-2) 1(1-2) 0.98
Length of hospital stay, d 10 (8—13) 7(6—-10) <0.001
Complications Duodenal stump leakage 12 (5.8) 3(1.7) 0.04
Bleeding 10 (4.9) 3(1.7) 0.09
Intra-abdominal infection 14 (6.8) 1(0.6) 0.84
Other complications® 33(16) 24 (13.7) 0.53
Overall complications 54 (26.2) 42 (24) 0.62
30-day major 33(16) 16 (9.1) 0.046
complications
30-day reoperation 7(3.4) 7(4) 0.76
30-day mortality 8(3.9) 3(1.7) 0.21

Data are presented as number (percentage) or median (interquartile range).

a Other complications included wound-related, pulmonary, cardiac, and urinary events.

their clinical relevance or a univariate P value
below 0.2. In the final multivariable logistic re-
gression model, female sex demonstrated a per-
sistent independent association with an elevat-
ed risk of DSL (OR, 5.33; 95% CI, 1.65-17.17;
P = 0.005). Duodenal clipping was associated
with lower odds of DSL, but this association did

not reach significance in the final multivariable
model (OR, 0.29; 95% CI, 0.08-1.08). The final
model demonstrated adequate calibration accord-
ing to the Hosmer-Lemeshow goodness-of-fit
test (P = 0.46), whereas the Nagelkerke R? val-
ue of 0.125 indicated limited explanatory pow-
er. The discriminatory performance of the model
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TABLE 3 Multivariable analysis for predictors of duodenal leakage after surgical procedure for gastric
adenocarcinoma

Variable Univariate analysis Multivariable analysis
OR (95% Cl) P value OR (95% ClI) P value

Age 1.01 (0.97—1.06) 0.7 - -
Sex 5.5(1.72-17.6) 0.004 5.33(1.65—17.17) 0.005
BMI 0.98 (0.84—1.16) 0.86 - -
ASA class (-l vs 1) 3.31(0.43—25.6) 0.25 - -
Preoperative hemoglobin level 0.85(0.66—1.09) 0.19 - -
Preoperative albumin level 0.93(0.84—1.03) 0.14 — -
Neoadjuvant treatment (yes/no)  0.38 (0.08—1.7) 0.21 — -
Duodenal clipping (yes/no) 0.28 (0.08—1.02) 0.053 0.29 (0.08—1.08) 0.07
Retrieved lymph nodes 0.97 (0.9—1.03) 0.34 - -

Abbreviation: OR, odds ratio; others, see TABLE 1

was evaluated using the receiver operating char-
acteristic curve analysis based on the predicted
probabilities, yielding an area under the curve of
0.764 (95% CI, 0.665-0.863; P <0.001), which in-
dicates fair discrimination (TABLE 3).

DISCUSSION This multicenter study aimed to
evaluate the impact of a novel duodenal reinforce-
ment technique on DSL rates. The use of duode-
nal clipping was associated with a lower incidence
of DSL (P = 0.04) and a reduction in the 30-day
postoperative major complication rate (P = 0.046).
While the multivariable analysis identified fe-
male sex as an independent risk factor, duode-
nal clipping demonstrated a borderline associa-
tion (P = 0.07). Therefore, these findings should
be interpreted as hypothesis-generating rather
than confirmatory evidence of an independent
protective effect.

Methodologies intended to prevent DSL play
a pivotal role in laparoscopic gastrectomy. In this
context, the application of intracorporeal suture
techniques to the duodenal stump has been pro-
posed as a method to reduce the incidence of this
serious complication by strengthening the stapler
line." In the literature, various intracorporeal su-
turing techniques have been described, including
Lembert, purse-string, and barbed sutures.'%-20
Despite the demonstrated efficacy of these tech-
niques in preventing DSL, their implementation
is often technically challenging, may prolong op-
erative time, and requires advanced laparoscopic
skills as well as close coordination between sur-
geons and assistants. Conversely, the duodenal
clipping method introduced in our study offers
a simpler and more practical alternative, gentle
learning curve, and can be performed indepen-
dently without additional assistance.

This study describes the duodenal clipping
technique that consists in the application of met-
al clips to the duodenal stapler line during laparo-
scopic gastrectomy. While not previously detailed
in GC surgery, similar approaches in bariatric sur-
gery have shown improved stapler-line safety and
reduced complications. In a retrospective analysis,

Yigit et al?! reported that metallic clips applied to
the stapler line during laparoscopic sleeve gastrec-
tomy provided advantages in terms of both sta-
pler line bleeding and leak rates. Although no sig-
nificant difference was found between the groups
in terms of postoperative bleeding in this study,
we observed that bleeding rates were relatively
lower in the DC group. In a prospective random-
ized controlled trial, omentopexy applied along
the stapler line during laparoscopic sleeve gastrec-
tomy was compared with clip reinforcement meth-
ods. The clipping group demonstrated a signifi-
cantly shorter operative time.?2 We observed that
operative time was markedly shorter in the DC
group, a finding that aligns with the results re-
ported in the existing literature.

While the literature suggests that extensive
dissection around the duodenum and pancreas
may increase the risk of DSL,? this study found
no such increase, even with the more extensive
lymph node removal in the DC group. This finding
suggests that the duodenal clipping method may
be feasible even in the cases involving extensive
dissection; however, an independent protective
effect could not be confirmed in the present analy-
sis. Although the point estimate favored clipping,
the CI crossed unity and the association did not
reach significance. These results suggest a possi-
ble reduction in crude leakage with duodenal clip-
ping, particularly in high-risk patients. However,
1 case of DSL due to clip penetration required re-
operation. This exceptional circumstance under-
scores the necessity for meticulous examination
of specific technical aspects in the implementa-
tion of the procedure. It is imperative to acknowl-
edge that, as any surgical procedure, this meth-
od is not without its inherent risks and potential
complications. Surgeons must remain vigilant and
cognizant of the possibility of adverse effects.

Limitations This study has limitations, includ-
ing its relatively small sample size and retrospec-
tive design, which may have introduced selec-
tion bias. Additionally, all duodenal clipping pro-
cedures were performed in 1 institution, while
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the control group consisted of patients from an-
other high-volume center. Therefore, institution-
al and surgeon-related differences, including vari-
ations in surgical experience and operative tech-
niques, may have influenced the outcomes and
cannot be completely excluded. This center-related
bias may also have contributed to the differenc-
es in operative time between the groups. Future
prospective, multicenter studies with balanced
group allocation are needed to better control for
these potential confounding factors. However,
our study is the first to describe the duodenal
clipping method in GC surgery and evaluate its
association with early postoperative outcomes.

CONCLUSIONS Duodenal clipping is a simple and
technically feasible method for reinforcing the du-
odenal stump during laparoscopic GC surgery. Al-
though the patients who underwent clipping had
a lower crude rate of DSL, it was not indepen-
dently associated with leakage in the multivari-
able analysis. Therefore, our findings should be
interpreted cautiously and considered hypothesis-
-generating. Further prospective studies with larg-
er sample sizes are needed to determine wheth-
er this technique provides a true protective ef-
fect against DSL.
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