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Abstract
Purpose:

Clinically relevant postoperative pancreatic fistula (POPF) remains common after distal pancreatectomy
(DP). We assessed whether a standardized very slow stapling technique (VSST) was associated with
lower POPF after stapled DP.

Methods:

Consecutive patients undergoing DP/DP-CAR/SPDP (2014-2026) were reviewed. VSST (introduced
January 2024) comprised no precompression, very slow firing (~ 1 cm/5 min), and avoidance of
concomitant manipulation. Analyses were restricted to stapled cases; multivariable logistic regression
assessed risk factors for grade B/C POPF.

Results:

Of 211 patients, 184 had stapled transection (VSST 45; conventional 139). Grade B/C POPF occurred in
2/45 with VSST versus 31/139 (22.3%) with conventional stapling (P < 0.01). VSST remained associated
with lower POPF (adjusted OR 0.16, 95% Cl 0.025-0.57; P < 0.01). Among patients with a thick pancreas
(=13 mm; n = 66), VSST was independently associated with lower POPF (adjusted OR 0.14,95% CI 0.01-
0.83; P =0.031). Overall Clavien—Dindo grade = Ill complications did not differ between groups (6/45 vs
27/139; P = 0.35), whereas POPF-related grade = lll complications were significantly less frequent with
VSST (2/45 vs 23/139; P = 0.039).

Conclusion:

VSST was associated with lower clinically relevant POPF and fewer POPF-related major complications
after stapled distal pancreatectomy; prospective multicenter validation with prespecified stratification by
pancreatic thickness is warranted.

Introduction

Postoperative pancreatic fistula (POPF) remains one of the most clinically relevant complications after
pancreatic resection and continues to be a major cause of postoperative morbidity, prolonged
hospitalization, and increased healthcare costs. Among pancreatic procedures, distal pancreatectomy
(DP) has consistently been reported to be associated with a relatively high incidence of POPF, even in the
absence of a pancreaticoenteric anastomosis [1-3]. Meta-analyses and comparative studies have
suggested that the incidence of clinically relevant POPF after DP is comparable to or slightly higher than
that after pancreatoduodenectomy, and that procedure-specific factors, such as soft pancreatic texture,
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preserved exocrine function, and the biological characteristics of the pancreatic remnant, may contribute
to this vulnerability [1, 2].

Because POPF after DP originates from the transected pancreatic stump, management of the pancreatic
remnant has long been a central focus of surgical innovation. A wide variety of stump closure
techniques have been proposed, including hand-sewn closure, stapled transection using linear staplers,
reinforcement of the staple line with bioabsorbable mesh or buttressing materials, coverage with fibrin
sealants or hemostatic patches, additional suturing techniques, and conversion of the stump to a
pancreaticoenteric anastomosis [4—10]. However, despite numerous randomized controlled trials and
meta-analyses, no single method has demonstrated consistent and reproducible superiority, and the
optimal strategy for pancreatic stump management during DP remains controversial. More recently,
attention has shifted from the choice of closure materials to technical aspects of stapled pancreatic
transection itself, including compression time, firing technique, and the interaction between pancreatic
thickness and stapler mechanics [11-14]. These reports suggest that the manner in which the pancreas
is transected may influence stump integrity and the subsequent risk of POPF; however, the clinical
significance of such technical modifications has not been fully established.

In this study, we retrospectively reviewed clinical outcomes of patients who underwent DP at our
institution and investigated the efficacy of our recent method for pancreatic transection.

Materials and Methods

Patient selection and evaluation

Between January 2014 and March 2026, consecutive patients who underwent distal pancreatectomy
(DP), distal pancreatectomy with celiac axis resection (DP-CAR), or spleen-preserving distal
pancreatectomy (SPDP) at Okayama Saiseikai General Hospital were enrolled in this retrospective study.
The study protocol was approved by the Institutional Review Board of Okayama Saiseikai General
Hospital (approval no. #260204). Demographic characteristics, perioperative variables, and
postoperative outcomes were collected from a prospectively maintained institutional database and
medical records. POPF and delayed gastric emptying (DGE) were evaluated according to the definitions
of the International Study Group of Pancreatic Surgery [15, 16]. Postoperative complications were graded
using the Clavien—Dindo (C-D) classification. Glucose intolerance was defined as a glycated hemoglobin
(HbA1c) level >6.5% during postoperative follow-up. Pancreatic thickness at the planned transection line
was measured preoperatively using contrast-enhanced computed tomography.

Surgical procedures

Regarding pancreatic transection, stapler closure had been our standard first-line approach. In the
conventional technique, after approximately 10 minutes of precompression, the pancreas was
transected using a linear stapler; the choice of stapler device and cartridge, as well as the transection
speed, was left to the discretion of the operating surgeon. In cases with an extremely thick pancreas or
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when it was difficult to secure an adequate margin at the pancreatic stump, the pancreas was transected
using a scalpel and the stump was closed by hand suturing. To reduce the incidence of POPF, we
devised a standardized technique termed the very slow stapling technique (VSST). This technique
consists of the following key elements: (1) no precompression before stapler activation; (2) use of an
electric linear stapler with a polyglycolic acid (PGA) sheet regardless of pancreatic thickness; (3)
extremely slow stapling, with a transection speed of no faster than approximately 1 cm per 5 minutes;
(4) complete avoidance of any other surgical maneuvers, such as traction, dissection, and hemostasis,
during pancreatic transection; and (5) no additional procedures, such as clip application, on the resected
pancreatic margin. Since January 2024, pancreatic transection during DP has been uniformly performed
using VSST, irrespective of the surgeon. We evaluated the efficacy of VSST in reducing the incidence of
POPF.

Statistical analysis

Continuous variables are presented as medians with ranges, and categorical variables as frequencies
with percentages when the denominator was =50; percentages were omitted when the denominator was
<50. Comparisons between groups were performed using the chi-square test or Fisher’s exact test for
categorical variables and the Mann—Whitney U test for continuous variables. Fisher's exact test was
applied when expected cell counts were <5. Variables with a P value <0.05 in univariate analysis were
entered into a multivariate logistic regression model to identify independent risk factors for POPF. In
addition, clinically relevant variables were included in the multivariate analysis regardless of their
univariate significance. Results are reported as odds ratios with 95% confidence intervals. All statistical
analyses were performed using JMP® version 11 (SAS Institute Inc., Cary, NC, USA). All tests were two-
sided, and a P value <0.05 was considered statistically significant.

Results

Patient characteristics

A total of 211 patients who underwent DP, DP-CAR, and SPDP during the study period were included. The
patient characteristics were summarized in Table 1. The median age was 71 years (range, 24-89), and
99 patients were male. Pancreatic stump closure was performed using a stapler in 184 patients and by
hand suturing in 27 patients. C-D grade =Ill complications occurred in 41 patients (19.4%), and clinically
relevant POPF (Grade B or higher) occurred in 42 patients (19.9 %). Among patients with C-D grade =lII
complications, the distribution was grade llla in 31 patients, grade lllb in 5, grade IVa in 3, and grade IVb
in 2. Notably, 33 of these 41 severe complications were attributable to POPF. There was no 90-day
mortality in this series.

When POPF rates were compared according to stump closure method, Grade B or higher POPF tended to
be more frequent in the suture-closure group than in the stapler group (9/27 vs 33/184 [17.9%],
respectively; P = 0.061). Because hand suturing was selectively used in patients with an extremely thick
pancreas or in cases where securing an adequate stump margin was difficult—conditions that may
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intrinsically increase the risk of POPF—subsequent analyses evaluating the efficacy of VSST were
restricted to the stapler cohort (n = 184).

Clinical outcomes according to transection technique

Among the 184 patients who underwent stapled transection, 45 patients (24.4%) received VSST and 139
patients (75.6%) underwent conventional stapling. Baseline characteristics were broadly comparable
between groups, including age, sex, prognostic nutritional index, glucose intolerance, primary disease,
procedure type (DP/SPDP/DP-CAR), operative approach (open vs minimally invasive), lymph node
dissection, intraoperative blood loss, and pancreatic thickness at the transection line (Table 2). As
intended, stapler transection time was markedly longer in the VSST group than in the conventional group
(median 47.0 min [37-68] vs 3.0 min [1.5-9], P<0.01). As expected, overall operating time was also
longer in the VSST group (median 437 min [223-680] vs 335 min [157-635], P=0.023). Postoperative
serum amylase and drain amylase levels (postoperative days 1 and 3), C-reactive protein on
postoperative day 3, and drain culture results were similar between groups, whereas the incidence of
Grade B or higher POPF was significantly lower in the VSST group (2/45) than in the conventional group
(31/139 [22.3%], P=0.006). The incidence of Clavien—Dindo grade =Ill complications did not differ
significantly between the VSST and conventional groups (6/45 vs 27/139 [19.4%], P=0.35). Among the
six patients with Clavien—Dindo grade =lll complications in the VSST group, the events comprised pleural
effusion requiring thoracentesis (n=1), delayed gastric emptying requiring endoscopic intervention (n=1),
subcutaneous hematoma requiring drainage (n=1), an intra-abdominal abscess unrelated to POPF
requiring drainage (n=1), and POPF requiring drain exchange (n=2). Among the 27 patients with Clavien—
Dindo grade =11l complications in the conventional group, 23 complications were related to POPF; the
remaining events comprised postoperative ileus (n=1), deep vein thrombosis requiring inferior vena cava
filter placement (n=1), and postoperative bleeding unrelated to POPF (n=2). Accordingly, POPF-related
Clavien-Dindo grade =lll complications were significantly less frequent in the VSST group (2/45 vs
23/139; P=0.039). Although not statistically significant, re-drainage was not required in the VSST group
(0/45), compared with 8/139 (5.8%) in the conventional group (P=0.20). Postoperative hospital stay was
slightly longer in the VSST group (median 16 vs 14 days, P=0.046).

Risk-factor analysis for POPF after DP

Univariate and multivariate logistic regression analyses were performed to identify factors associated
with clinically relevant POPF (Grade B or higher) after stapled distal pancreatectomy (Table 3). In the
univariate analysis, pancreatic thickness at the transection line > 13 mm was significantly associated
with an increased risk of POPF (odds ratio [OR] 2.23; 95% confidence interval [CI] 1.00-4.97; P = 0.046),
whereas use of the VSST was strongly associated with a reduced risk of POPF (OR 0.16; 95% Cl 0.037-
0.71; P < 0.01). Other variables were not significant predictors in univariate testing. In the multivariate
model, after adjustment for clinically relevant covariates including age, surgical approach, lymph node
dissection and pancreatic thickness at transection, VSST remained independently associated with a
lower risk of POPF (adjusted OR 0.16; 95% CI 0.025-0.57; P < 0.01). Pancreatic thickness = 13 mm did

Page 5/10



not retain statistical significance in the multivariate analysis, although a trend toward association
persisted (P = 0.066). To further evaluate the impact of VSST in anatomically high-risk situations, an
additional analysis was conducted in the subgroup of patients with a thick pancreas (= 13 mm; n = 66)
(Table 4). In this subgroup, VSST tended to be associated with a lower incidence of POPF in univariate
analysis (P = 0.09) and the difference was significant in multivariate analysis (P = 0.031), whereas other
candidate factors were not independently associated with POPF.

To explore risk factors prior to VSST implementation, an additional analysis was performed limited to the
conventional stapling group (n = 139) (Table 5). In this cohort, pancreatic thickness = 13 mm was
independently associated with POPF in multivariate analysis (adjusted OR 2.47; 95% Cl 1.07-5.99; P =
0.033). In contrast, the use of a PGA sheet and the use of an electric stapler were not significantly
associated with POPF and did not demonstrate a measurable association with reduced POPF risk.
Together, these analyses highlight the impact of pancreatic thickness under conventional stapling and
provide context for the observed reduction in POPF in association with VSST.

Discussion

In this retrospective single-center study, implementation of the very slow stapling technique (VSST) was
associated with a marked reduction in clinically relevant POPF after stapled distal pancreatectomy.
Importantly, this association was observed despite comparable baseline characteristics between groups
and persisted after adjustment for clinically relevant covariates. Although overall Clavien—Dindo grade
>I1l morbidity did not differ between groups, POPF-related grade =Ill complications were significantly less
frequent in the VSST group. VSST required substantially longer transection time and was also associated
with longer overall operating time; however, the reduction in POPF was not accompanied by an increase
in overall major morbidity.

The optimal strategy for pancreatic stump management in distal pancreatectomy remains unsettled.
Randomized evidence has shown that stapler closure does not consistently outperform hand-sewn
closure, underscoring that “device choice alone” is unlikely to be a definitive solution [17]. In parallel,
adjunctive measures such as reinforcement materials or patches have produced mixed results across
trials, with some studies reporting benefit while others failed to demonstrate clinically meaningful
reductions in POPF [6, 8, 18]. Contemporary syntheses similarly emphasize heterogeneity in definitions,
operative technique, and patient risk profiles as major reasons why a single “best” method has not
emerged [9]. Against this backdrop, our findings support the concept that technical aspects of stapled
pancreatic transection—beyond the selection of closure method or materials—may be clinically relevant.

A plausible explanation is that VSST modifies the mechanical environment at transection. Extremely
slow stapling with avoidance of concurrent maneuvers may reduce abrupt compression and shear
forces, potentially allowing more uniform parenchymal flattening, improved staple formation, and less
micro-disruption of fragile acinar tissue at the stump. This interpretation is consistent with the broader
hypothesis that stump integrity is influenced by “transection mechanics,” not only by the presence or
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absence of reinforcement. However, given the retrospective design, we emphasize that these
mechanistic considerations remain speculative and should be viewed as biologically plausible
hypotheses rather than proven causal pathways.

Our analyses also highlight the importance of anatomical risk stratification. In the conventional stapling
cohort (pre-VSST), pancreatic thickness =13 mm was independently associated with POPF, supporting
previous observations that “thick pancreas” represents a high-risk setting under standard stapling
conditions. Notably, in that same conventional cohort, neither use of a PGA sheet nor a powered stapler
demonstrated a measurable association with reduced POPF risk, suggesting that incremental device-
related modifications may be insufficient when the underlying mechanical challenge (e.qg., thick
parenchyma) is substantial. This context strengthens the interpretation that the reduction in POPF
observed with VSST may reflect a technique-dependent effect rather than a simple time-period artifact of
adopting particular devices or materials.

This study has several limitations. Its retrospective, single-center design is subject to selection bias and
residual confounding, and the nonrandomized introduction of VSST in a later era raises the possibility of
calendar-time effects, including unmeasured changes in perioperative management (e.g., drain policy,
antibiotics, ERAS implementation, thresholds for imaging/intervention) and institutional learning curves.
Standardization itself may also have influenced outcomes through protocol-related changes in surgeon
behavior independent of the transection step. In addition, the VSST cohort was relatively small with a low
event count, which may limit the stability of multivariable modeling and precision of effect estimates.
Finally, external validity remains uncertain across institutions with different devices, operative
techniques, and postoperative care pathways.

Conclusion

VSST was associated with a substantial reduction in clinically relevant POPF after stapled distal
pancreatectomy and with fewer POPF-related Clavien—Dindo grade = Il complications, including among
patients with thick pancreatic parenchyma who are traditionally considered high risk. Given the inherent
limitations of retrospective analyses, prospective multicenter validation with standardized perioperative
protocols and prespecified risk stratification (especially by pancreatic thickness) is warranted before
VSST can be recommended as a new standard of care.

Abbreviations

DP

distal pancreatectomy

POPF

postoperative pancreatic fistula
VSST

very slow stapling technique
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OR

odds ratio

Cl

confidence interval

PNI

prognostic nutritional index.
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