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Abstract

Purpose The safety and efficacy of reinforced staplers during
distal pancreatectomy (DP) remain controversial because of
the small sample size. This multicenter single-arm prospective
study aims to evaluate the safety and efficacy of reinforced
staplers with bioabsorbable material during DP.

Methods Between October 2014 and August 2015, 121 pa-
tients scheduled for DP were enrolled in this study at 11 insti-
tutions in Japan. The primary endpoint was the incidence of
clinically relevant pancreatic fistula. Protocol treatment was
defined as “distal pancreatectomy using reinforced staplers.”

P4 Hiroki Yamaue
yamaue-h@wakayama-med.ac.jp

Second Department of Surgery, School of Medicine, Wakayama
Medical University, 811-1 Kimiidera, Wakayama 641-8510, Japan

Department of Surgery, Kansai Medical University, Hirakata, Japan

Department of Surgery, Institute of Biomedical and Health Sciences,
Hiroshima University, Hiroshima, Japan

Department of Surgery, Nara Medical University, Kashihara, Japan

Division of Hepato-Biliary-Pancreatic Surgery, Department of
Surgery, Kobe University Graduate School of Medicine, Kobe, Japan

Department of Gastroenterological Surgery (Surgery II), Nagoya
University Graduate School of Medicine, Nagoya, Japan

Division of Hepato-Biliary-Pancreatic Surgery, Department of
Surgery, Kindai University, Higashi-osaka, Japan

Department of Surgery, Osaka University Graduate School of
Medicine, Suita, Japan

Division of Digestive Surgery, Department of Surgery, Kyoto
Prefectural University of Medicine, Kyoto, Japan

Department of Surgery, Kansai Rosai Hospital, Amagasaki, Japan

Department of Hepato-Biliary-Pancreatic Surgery, Hyogo College of
Medicine, Nishinomiya, Japan

Published online: 04 November 2017

Results Per-protocol analysis of 105 patients was performed;
16 of the patients were excluded based on discontinuation of
protocol treatment criteria. Clinically relevant pancreatic fis-
tula occurred in 13 (12.4%) of 105 patients. The overall mor-
bidity rate was 29.5% (31 of 105 patients) and severe compli-
cation (Clavien classification Illa or more) was 10.5% (11/
105). Mortality rate was 0%, although reoperations were per-
formed on two patients (1.9%). Multivariate logistic regres-
sion analysis of independent risk factors for clinically relevant
pancreatic fistula after DP using reinforced stapler closure was
operative time more than 240 min (P = 0.047, odds ratio
5.79), registration numbers less than 10 (P = 0.046, odds ratio
13.01), and staple line hemorrhage (P = 0.003, odds ratio
16.34).

Conclusion This study confirms the safety of reinforced sta-
plers for pancreatic stump closure during DP. However, the
efficacy of reinforced staplers for decreasing clinically rele-
vant pancreatic fistula could not be drawn from this study.
Trial registration This prospective study was registered with
ClinicalTrials.gov (NCT02270554) and UMIN Clinical Trial
Registry (UMIN000015384).

Keywords Distal pancreatectomy - Pancreatic fistula - Stapler
closure - Mesh reinforcement

Introduction

Stapler closure during DP has become a reliable method of
pancreatic stump closure for distal pancreatectomy (DP).
However, a multicenter randomized trial did not show signif-
icant efficacy of stapler closure, with the incidence of pancre-
atic fistula grade B/C with stapler closure at 9.6% and hand-
sewn suture at 10.3% [1].
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Recently, a reinforced stapler with bioabsorbable materials
was produced to provide additional support for the resection
line of tissue by overlaying the staple line with reinforcement.
Several studies demonstrated that reinforced staplers signifi-
cantly reduced the incidence of pancreatic fistula compared
with stapler closure without reinforcement [2-6].
Subsequently, only one randomized controlled trial (RCT)
reported that reinforced staplers significantly reduced clinical-
ly relevant pancreatic fistula after DP. However, the study
consisted of a small sample size (n = 54) in a single institution.
Notably, the incidence of clinically relevant pancreatic fistula
was only 1.9%, which might be an incidental rate in an under-
powered RCT [7]. Other studies, however, reported that use of
reinforced staplers with bioabsorbable materials did not result
in a significant reduction of clinically relevant pancreatic fis-
tula after DP [8—10]. Furthermore, more studies reported that
use of reinforced staplers with bioabsorbable materials actu-
ally increased the incidence of clinically relevant pancreatic
fistula after DP [11]. Meanwhile, a meta-analysis regarding
the efficacy of reinforced staplers used for DP concluded that
no significant difference regarding clinically relevant pancre-
atic fistula was observed between stapler closure with and
without reinforcement [12]. The safety and efficacy of rein-
forced staplers with bioabsorbable materials for DP therefore
remain controversial.

We conducted a multicenter prospective non-randomized
study to evaluate the safety and efficacy of reinforced staplers
with bioabsorbable materials for DP (ClinicalTrials.gov
NCT02270554 and UMIN000015384) as a validation study.

Methods
Patients

This prospective interventional single-arm, multicenter clini-
cal study was conducted at 11 institutions in Japan between
October 2014 and August 2015. The study was approved by
the Ethical Committee on Clinical Investigation of each insti-
tution and registered in accordance with ClinicalTrials.gov
(NCTO02270554) and UMIN Clinical Trial Registry
(UMINO000015384). It was conducted in accordance with
the Declaration of Helsinki (Japan Medical Association:
http://www.med.or.jp/wma/) and Ethical Guideline for
Clinical Studies (http://www.jsvs.org/ja/info/shishin.pdf).
Written informed consent was preoperatively obtained from
all participating patients. Eligible for this study were patients
aged 20 years and older with disease of the pancreatic body or
tail without distant metastasis. All patients had to have an
Eastern Cooperative Oncology Group performance status of
at least one. Exclusion criteria included patients with severe
comorbidity, such as myocardial infarction, respiratory
disorders requiring oxygen inhalation, liver cirrhosis,
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hemodialysis, or active duplicative malignant disease
affecting adverse events.

Study design

The primary endpoint was the incidence of clinically relevant
pancreatic fistula (grade B/C) after DP. Clinically relevant
pancreatic fistula was defined based on International Study
Group on Pancreatic Fistula (ISGPF) guidelines [13].
Clinically relevant pancreatic fistula is the most critical com-
plication after DP potentially causing operation-related death.
Since establishment of surgical procedures to reduce clinically
relevant pancreatic fistula after DP will improve its outcomes,
the incidence of clinically relevant pancreatic fistula was set as
our primary endpoint.

Secondary endpoints were incidence of any grades of pan-
creatic fistula, overall postoperative morbidity, mortality, post-
operative hospital stay, or incidence of pancreatic fistula strat-
ified based on the thickness of the pancreatic parenchyma.
Postoperative complications, such as intra-abdominal abscess,
intra-abdominal hemorrhage and wound infection in this
study were grouped according to Clavien classification [14].
Morbidity in this study was redefined as more than grade II in
the Clavien classification. Severe complications were defined
in this study as a condition that was grade III or more based on
the Clavien classification. Delayed gastric emptying (DGE)
was defined according to a consensus definition and the clin-
ical grading of postoperative DGE proposed by the
International Study Group of Pancreatic Surgery (ISGPS)
[15]. DGE was then classified as grade A, B, or C by ISGPS
clinical criteria based on the clinical course and postoperative
management. Postoperative hospital stay was defined as fol-
lows: a return to preoperative activities of daily living, no
deep-site infections, normal laboratory data, no drains and
the possibility for oral nutrition above basal metabolism.
Mortality was defined as death within 90 days of surgery.

Protocol treatment

The protocol treatment in this investigation is defined as DP
using reinforced staplers, “Endo GIA having reinforcing
polyglycolic acid (PGA) (Covidien, Tokyo, Japan)”.
Treatment will be terminated upon completion of DP. The
transection line of the pancreas was resected using reinforced
staplers with post-fire staple heights of between 3.0 and
4.0 mm (purple cartridge) or of between 4.0 and 5.0 mm
(black cartridge). Intraoperative staple size detection
depended on the surgeons’ decision based on the thickness
of the pancreas.

The staplers with mesh reinforcement used in this study
were a device with a reinforcing sheet, Neoveil® (Gunze,
Kyoto, Japan). The material structure of Neoveil® is
polyglycolic acid (PGA). The pancreatic parenchyma was
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slowly compressed with the staplers at site of resection over
5 min before transection of pancreatic parenchyma. The sta-
plers were not released immediately after firing and its jaws
were held shut for 1 min. The final decision for the transection
line was made by the surgeon based on intraoperative find-
ings, although the transection line was planned by preopera-
tively assessing the location of the tumor using multidetector-
row computed tomography. In addition, examination of intra-
operative frozen sections of the transection margins was per-
formed routinely. Additional resection of the transection mar-
gins was performed if the results of the intraoperative patho-
logical examination were positive for cancer.

Postoperative management was unified across all 11 insti-
tutions. The management of the drains and checking of amy-
lase levels of the drain fluid were standardized in this trial. A
drain was placed near the stump of the remnant pancreas or
anastomosis. The drain was inserted at least until postopera-
tive day (POD) 3 and was removed on POD 3 or 4 if the
drainage fluid was clear and pancreatic fistula and bacterial
contamination were absent. Amylase level in drainage fluid
was routinely measured on POD 1 and 3 in all patients with
DP. Prophylactic octreotide to prevent pancreatic fistula was
not administrated in this study. All patients received either
prophylactic antibiotic intraoperatively or for 1 or 2 days
postoperatively.

Criteria for discontinuation of protocol treatment

If the study could not be continued for any of the following
reasons, the study was discontinued and subsequent treatment
is performed in accordance with each institution’s policy:

(1) Patients requested to withdraw from the study.

(2) Peritoneal disseminated metastasis or liver metastasis
was detected after opening the abdominal cavity.

(3) The study device could not be applied, for example, the
stapler could not be inserted during surgery or the appli-
cation of the study device was unnecessary.

Data collection

Data were collected prospectively for all patients, including
patient demographics, pathologic examination, perioperative
clinical information, and complications. To measure the thick-
ness of the pancreas, the transection line of pancreas was pro-
spectively recorded by the distance from the left edge of the
portal vein. The thickness of the transection line of pancreas
was then estimated and measured by preoperative CT image
based on the distance from left portal vein edge measured
intraoperatively.

Statistical analysis

The primary endpoint was the incidence of clinically relevant
pancreatic fistula (grade B/C) after DP. The result of our pre-
vious RCT reported that the rate of clinically relevant pancre-
atic fistula after DP was 16.4% using staplers without rein-
forcement [16]. On the other hand, the rate of clinically rele-
vant pancreatic fistula was 1.9-10% for resection with rein-
forced staplers [4—7]. Threshold rate of clinically relevant pan-
creatic fistula and expected rate of clinically relevant pancre-
atic fistula were assumed to be 16 and 6%, respectively.
Therefore, assuming that the rate of pancreatic fistula could
be reduced from 16 to 6% by resecting with reinforced sta-
plers, the sample size was 120 patients to provide 90% power
to test the null hypothesis regarding a primary endpoint with
one-side testing at the 5% significance level. As the primary
endpoint, the pancreatic stump closure by reinforced staplers
was to be statistically considered active if the incidence of
clinically relevant pancreatic fistula was 6% or less.

Data were expressed as means + SD or median with range.
Patient characteristics and perioperative and postoperative
factors between patients with and without clinically relevant
pancreatic fistula were compared using univariate analysis.
Univariate analysis was carried out by Cox regression analysis
and all factors with P < 0-050 were incorporated in multivar-
iate analysis by multiple logistic regression. Statistical signif-
icance was defined as p < 0.05. Statistical analyses were per-
formed using SPSS 20.0 software (SPSS Inc., Chicago, IL,
USA).

Results

Between October 2014 and August 2015, 143 patients were
scheduled to undergo DP for benign or malignant disease
(Fig. 1). Of these, 22 were not enrolled in the study based
on inclusion and exclusion criteria for the following reasons:
other organ resection, such as the colon or stomach, was re-
quired (n = 8), patient being less than 20 years of age (n = 3),
incidence of severe ischemic cardiac disease (n = 2), the pa-
tient was receiving hemodialysis (z = 2), no written informed
consent (n = 2), severe interstitial pneumonia (n = 1), and
ineligibility for this investigation determined by the attending
physician (n = 4). After that, 121 patients were registered for
this study. Twelve patients in this study were excluded, as DP
was not performed due to peritoneal dissemination or liver
metastasis (n = 10), change of procedure (total pancreatecto-
my; n = 1), and withdrawal of informed consent (z = 1). The
intention-to-treat population consisted of 109 patients. Four
patients were deviated from this study by failure to apply the
reinforced staplers due to the pancreas being too thick and
hard during intraoperative findings. Surgeons intraoperatively
made a decision upon failure of stapler application. The
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143 eligible patients

22 did not meet inclusion criteria
8 other organ resection
3 less than Aged 20 years
2 severe ischemic cardiac disease

2 hemodialysis

2 no written informed consent

1 severe interstitial pneumonia

4 patients ineligible for this investigation
determined by the attending physician

121 registration

12 did not undergo distal pancreatectomy
10 peritoneal dissemination or
liver metastasis
1 converted to total pancreatectomy
1 withdrawal of informed consent

109 included in analysis by intention-to-treat

4 did not receive protocol treatment
4 failure of stapler application due to the
pancreas being too thick or hard

105 included in per-protocol analysis

Fig. 1 Consort diagram for the trial

remaining per-protocol population consisted of 105 patients
(Fig. 1).

Patient characteristics

Table 1 shows the results of histologic analysis of the resected
specimens, patient characteristics, preoperative status, and
perioperative status. The median age of the patients was
69 years. The male-to-female ratio was 1:1.1 and the median
body mass index was 22.2 kg/m?. Pancreatic cancer was con-
firmed pathologically in 55.2% of the patients with DP.
Median operative time was 223 min (109—-620 min), median
intraoperative bleeding was 200 ml (104, 136 ml), and the
rate of transfusion was 7.6%. Laparoscopic DP was performed
in 20 (19%) of 105 patients who underwent DP and the rate of
spleen preservation was 13 (12.4%) of the 105 patients who
underwent DP.

Regarding the assessment of intraoperative staple line with
reinforcement, damage to pancreatic parenchyma at the sta-
pling site occurred in three (2.9%) of 105 patients during
pancreatectomy using a stapler. One patient (0.9%) required
re-resection of the pancreas due to severe damage of pancre-
atic parenchyma at the stapling site. Stapler line hemorrhage
requiring intraoperative suture occurred in 11 (10.5%) cases.
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Table1  Characteristics of patients who had stapler with reinforcement

No. patients (%)

N=105

Age, median (range) 69 (28-87)
Sex

Male 50 (47.6%)
Female 55 (52.4%)
Body mass index (kg/mz) (median, range) 22.2 (13.2-34.6)
Diabetes (%) 30 (28.6%)
Preoperative adjuvant therapy (%) 21 (20%)
Histology

Pancreatic cancer 58 (55.2%)
Intraductal papillary neoplasms 14 (13.3%)
Neurondocrine neoplasms 14 (13.3%)
Mucinous cyst neoplasms 6 (5.7%)
Serous cyst neoplasms 4 (3.8%)
Mass-forming pancreatitis 2 (1.9%)
Other disease 7 (6.7%)
Operative time, median (range) (min) 223 (109-620)
Intraoperative bleeding, median (range) (ml) 200 (10-4136)
Red blood cell transfusion (%) 8 (7.6%)
Operative procedure (%)

Open 85 (81%)
Laparoscopic surgery 20 (19%)
Preservation of spleen (%) 13 (12.4%)
Portal vein resection (%) 4 (3.8%)
Celiac axis resection (%) 4 (3.8%)
Pancreatic texture (%)

Soft 88 (83.8%)
Hard 17 (16.2%)
Type of stapler cartridges (%)

Purple cartridge 40 (38.1%)
Black cartridge 65 (61.9%)
Staple line hemorrhage (%) 11 (10.5%)

Damage to pancreatic parenchyma at stapling site (%) 3 (2.9%)

Postoperative complications of patients who had surgery
with a stapler with reinforcement

As the primary endpoint, clinically significant pancreatic fis-
tula (ISGPF classification grade B/C) occurred in 13 (12.4%)
of 105 patients who had surgery using staplers with reinforce-
ment (Table 2). Pancreatic fistula was classified into three
categories according to ISGPF criteria [13]. The clinical grad-
ing of pancreatic fistulas in 42 (40%) patients in reinforced
stapler closure was grade A (n =29, 27.6%), grade B (n = 10,
9.5%), and grade C (n = 3, 2.9%). The overall morbidity rate
was 29.5% (31 of 105 patients) and severe complication (IIla or
more) was 10.5% (11/105). Although two patients had intra-
abdominal hemorrhage complicated by pancreatic fistula,
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Table 2 Postoperative complications of patients who had stapler with
reinforcement

No. patients (%)

N=105
Primary endpoint
Clinically pancreatic fistula® (grade B/C) 13 (12.4%)
Secondary endpoint
Pancreatic fistula® 42 (40%)
Grade A 29 (27.6%)
Grade B 10 (9.5%)
Grade C 3(2.9%)
Clavien-Dindo classification 45 (47.6%)
I 14
11 25
Ila 7
1IIb 1
IVa 3
Vb 0
\Y% 0
Severe complication (Illa or more) 11 (10.5%)
Intra-abdominal abscess 11 (10.5%)
Intra-abdominal hemorrhage 2 (1.9%)
Delayed gastric emptying (DGE)° 2 (1.9%)
Grade A 2
Grade B 0
Grade C 0
Tleus 1 (1.0%)
Wound infection 4 (3.8%)
Reoperation 2 (1.9%)
Mortality 0 (0%)
Percutaneous drainaged 4 (3.8%)
Postoperative hospital stay, median (range) (days) 13 (6-95)
Readmission 3(2.9%)

Clinical pancreatic fistula is defined as pancreatic fistula grade B/C
based on ISGPF

® pancreatic fistula is defined according to the International Study Group
of Pancreatic Surgeons (ISGPF) in its pancreatic fistula recommendation

°DGE is defined according to ISGPS in its DGE recommendation

9 Percutaneous drainage undertaken for postoperative management of
intra-abdominal abscess related to pancreatic fistula

complete hemostasis could be achieved by interventional
radiographic techniques. Percutaneous drainage was required
in four patients (3.8%) due to pancreatic fistula. Reoperations
were performed on two patients (1.9%). Reoperation was re-
quired by one patient due to intra-abdominal abscess related to
pancreatic fistula. The other patient had reoperation for perfo-
ration of the colon due to pancreatic fistula. Mortality rate was
0%.

Twenty (19%) of 105 patients underwent laparoscopic DP.
No robotic distal pancreatectomy was performed. There was

no significant difference between the two groups regarding the
primary endpoint of clinically relevant pancreatic fistula: 20%
(4 of 20) in laparoscopic distal pancreatectomy versus 10.6%
(9 of 85) in open distal pancreatectomy (p = 0.213).
Laparoscopic distal pancreatectomy offered similar outcomes
with open distal pancreatectomy regarding clinically pancre-
atic fistula.

Risk factors influencing the incidence of clinically relevant
pancreatic fistula after distal pancreatectomy using
reinforced stapler closure

Univariate and multivariate analyses were used to reveal risk
factors for clinically pancreatic fistula after distal pancreatec-
tomy using reinforced stapler closure. Table 3 shows the re-
sults of the 17 parameters in the univariate analysis of risk
factors for 13 patients with clinically relevant pancreatic fis-
tula versus 92 patients without clinically relevant pancreatic
fistula. Univariate analysis revealed that male gender, opera-
tive time more than 240 min, operative procedure (DP-CAR),
portal vein resection, registration numbers, and staple line
hemorrhage were associated with clinically relevant pancreat-
ic fistula. The frequency of clinically relevant pancreatic fis-
tula based on registration numbers was 4.4% (2 of 45 enrolled
patients) in institutions with more than 20 registration num-
bers, 16.2% (6 of 37 enrolled patients) in those with 10 to 20
registration numbers, and 21.7% (5 of 23 enrolled patients) in
those with less than 10 registration numbers. The incidence of
clinically relevant pancreatic fistula in institutions with less
than 10 registration numbers was significantly higher than
those with more than 20 registration numbers (OR 5.97,
95%CI 1.06-33.68, P = 0.043) (Table 3).

Multivariate logistic regression analysis revealed that three
factors were independent risk factors for clinically relevant
pancreatic fistula after DP using reinforced staplers: operative
time more than 240 min (P = 0.047, odds ratio 5.79, 95% CI,;
1.03-32.67), registration numbers less than 10 (P = 0.046,
odds ratio 13.01, 95% CI; 1.04-162.33), and staple line hem-
orrhage (P = 0.003, odds ratio 16.34, 95% CI; 2.56-104.44).

Discussion

The most critical complication after DP that may cause
operation-related death is clinically relevant pancreatic fis-
tula. Establishment of surgical procedure to reduce clini-
cally relevant pancreatic fistula after DP will contribute to
improvement in the DP outcomes. Therefore, the incidence
of clinically relevant pancreatic fistula was set as the pri-
mary endpoint. This multicenter prospective single-arm
study confirmed the safety of reinforced staplers for pan-
creatic stump closure during DP.
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Table 3

Univariate and multivariate analysis of risk factors for clinically relevant pancreatic fistula

Clinically relevant pancreatic fistula*

Univariate analysis Multivariate analysis

Absent (n=92) n Present (n = 13) n Odds 95% ClH# P Odds 95% CI# P
(%) (%) ratio value ratio value
Gender (male) 40 (43%) 10 (77%) 433 1.12-16.79 0.034 3.62 0.68-19.41 0.133
Age (> 75 years) 10 (11%) 3 (23%) 1.18 0.294.63 0.816
Body mass index (> 25 kg/m® 17 (18%) 2 (15%) 1.25 0.25-6.15 0.787
Diabetes mellitus (yes) 25 (27%) 5 (38%) 1.68 0.50-5.61 0.403
Preoperative adjuvant therapy (yes) 19 (21%) 2 (15%) 1.43 0.66-1.43  0.658
Pancreatic texture (soft) 78 (85%) 10 (77%) 0.59 0.15-2.45 0475
Thickness of the pancreas 51 (55%) 8 (62%) 1.29 0.39-4.23 0.679
(> 12 mm)

Histology (malignant) 58 (63%) 8 (62%) 0.94 0.28-3.09 0916
Operative time (> 240 min) 33 (36%) 10 (77%) 5.96 1.53-23.19 0.010 5.79 1.03-32.67 0.047
Blood loss (> 1000 ml) 7 (8%) 3 (23%) 3.63 0.81-16.37 0.092
Blood transfusion (yes) 12 (13%) 1 (8%) 0.99 0.11-8.75 0.992
Operative procedure (DP-CAR) 2 (2%) 2 (15%) 8.18 1.05-64.04 0.045 1.41 0.00-523.30 0.935
Operative procedure (open) 76 (83%) 9 (69%) 0.47 0.13-1.73  0.258
Portal vein resection (yes) 2 (2%) 2 (15%) 8.12 1.04-64.04 0.045 14.85 0.16-538.64 0.519
Preservation of spleen (yes) 11 (12%) 2 (15%) 1.34 0.26-6.85 0.726
Cartridge size (purple) 35 (38%) 5 (38%) 1.02 0.31-3.36 0977
Staple line hemorrhage (yes) 6 (6%) 5 (38%) 8.96 2.23-35.98 0.002 16.34  2.56-104.44 0.003
registration number

> 20 43 (47%) 2 (16%) 1.00 1.00

10-20 31 (34%) 6 (46%) 4.16 0.79-22.01 0.093 6.14 0.62-60.78  0.121

<10 18 (19%) 5 (38%) 597 1.06-33.68 0.043 13.01  1.04-162.33 0.046

Clinical pancreatic fistula is defined as pancreatic fistula grade B/C based on ISGPF

#95% CI: 95% confidence intervals

The limitation of this study was that it was a non-
randomized single-arm study, although it was the largest pro-
spective multicenter study of reinforced staplers to date. RCT
is the most effective way to evaluate the impact of reinforced
staplers with bioabsorbable materials compared with staplers
without reinforcement. However, results that were too positive
for reinforced staplers in an RCT performed by Hamilton et al.
[7] would not ethically allow randomizing patients to use sta-
plers without reinforcement as a control arm. A prospective
single-arm study was therefore conducted as a validation
study. A concurrent multicenter study as a center effect was
conducted to standardize the results by collecting data from
different institutions. The ability for interventional treatment
in participating institutions may make a difference. On the
other hand, a study in a single center sometimes raises con-
cerns about the generalizability of the results for an interven-
tional treatment. A single center trial by a high-volume center,
however, may overestimate the effects of an interventional
treatment. In contrast, a single center trial by a low-volume
center may underestimate the effects of an interventional treat-
ment. Therefore, we believe that validation study in
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multicenter was required to evaluate not only the safety but
also standardization for reinforced stapler closure.

Clinically relevant pancreatic fistula in this study occurred
in 12.4% of cases, as opposed to the expected incidence of
6%. In this study, although reinforced staplers using
bioabsorbable materials did not decrease clinically relevant
pancreatic fistula after DP as expected, no unexpected com-
plications occurred. This discrepancy in clinically relevant
pancreatic fistula may be associated with staple size and char-
acteristics of reinforcing bioabsorbable materials when this
study is compared with a single RCT that demonstrated the
benefit of reinforced staplers in reduction of clinically relevant
pancreatic fistula [7]. The result of overall pancreatic fistula
was comparable between the present study (40%) and the
RCT (39%). However, the incidence of clinically relevant
pancreatic fistula in the two studies was markedly different
(12.4 vs. 1.9%). Regarding appropriate stapler cartridge, some
studies reported that staple height influences the incidence of
clinically relevant pancreatic fistula after DP [9, 17]. Lower
staple height may cause laceration or dehiscence to hard or
thick pancreatic parenchyma. Conversely, higher staple height
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may inadequately seal the pancreatic parenchyma and result in
leakage or bleeding from the pancreatic stump. A stapler with
4.8-mm linear stapler load was used in the RCT [7]. In this
study, the difference between cartridges did not influence the
incidence of clinically relevant pancreatic fistula (purple car-
tridge, 12.5%; black cartridge, 12.3%). The difference in sta-
pler size between the two studies may influence the incidence
of clinically relevant pancreatic fistula after DP. In this study,
the protocol should have criterion for staple size to more pre-
cisely evaluate how the new reinforced staplers affected the
incidence of clinically relevant pancreatic fistula.

A second difference was in the characteristics of reinforc-
ing bioabsorbable materials. The bioabsorbable material used
in the present study is the same polyglycolic acid as that used
in the RCT. However, Neoveil®, which is made of
polyglycolic acid sheet, is different from Seamguard™ (used
in the previous RCT) in terms of thickness and fixing method
in staplers with reinforcing materials. These variations may
have affected the different incidences of clinically relevant
pancreatic fistula. However, the result of this study was not
altogether inferior to the results of stapler closure without
reinforcement. The incidence of clinically relevant pancreatic
fistula in stapler closure without reinforcement in previous
multicenter studies ranged from 9.6 to 22.9% [1, 16, 18, 19].
The incidence of clinically relevant pancreatic fistula (12.4%)
when reinforced staplers were used in this study was approx-
imately comparable with that of stapler closure without rein-
forcement in previous multicenter studies.

The current study reported that staple line hemorrhage sig-
nificantly occurred clinically relevant pancreatic fistula after
DP. There are two possible causes for staple line hemorrhage.
One is incomplete compression which may reflect inadequate
sealing of the branch pancreatic ducts, the other is small lac-
erations resulting in clinically relevant pancreatic fistula for-
mation. These incidents may be potentially concealed in cases
with staple line hemorrhage, even where staple malformation
and staple line disruption were unapparent. Therefore, more
careful management to detect clinically relevant pancreatic
fistula during an early stage is required for cases with staple
line hemorrhage. Moreover, our previous studies proposed
that resection of thick pancreas with stapler closure was a risk
factor for pancreatic fistula, and that stapler closure should be
used in consideration of the firm pancreatic parenchyma and
thickness of the pancreatic cut part [20, 21].

In 2016, the 2005 ISGPF classification was revised to re-
solve several emerging issues [22]. The clinical grading of
pancreatic fistula in this study was grade A (n = 29, 27.6%),
grade B (n = 10, 9.5%), and grade C (n = 3, 2.9%) based on
2005 ISGPF classification. Pancreatic fistula was reclassified
based on the 2016 update of ISGPS as follows: grade B
(n=12, 11.5%) and grade C (n = 1, 0.9%). Two of our three
patients with grade C by 2005 ISGPF classification would be
reclassified to grade B in the ISGPS 2016 update. Complete

hemostasis for intra-abdominal hemorrhage due to pancreatic
fistula could be achieved by only interventional radiographic
techniques in these two patients. As the other underwent re-
operation due to pancreatic fistula, the case was reclassified as
grade C based on the ISGPS 2016 update. Grade A by 2005
ISGPF classification is redefined as “biochemical leak” in the
2016 ISGPS update and is no longer referred to as pancreatic
fistula, because grade A by 2005 ISGPF classification lacks
clinical implications. The frequency of pancreatic fistula in
this study based on the 2016 ISGPS update was as same as
that of clinically relevant pancreatic fistula (grade B and grade
C) based on 2005 ISGPF classification. This updated defini-
tion is likely to be more useful to classify clinically relevant
pancreatic fistula requiring postoperative management.

The low rate of laparoscopic distal pancreatectomy (LDP)
in this study is due to the Japanese insurance system which
differs from the insurance systems in Western countries. The
Japanese insurance system strictly restricted laparoscopic pan-
createctomy, including LDP, until April 2016. Until then, the
insurance system did not allow performance of LDP for pa-
tients with pancreatic cancer with regard to safety and efficacy
compared to open surgery. LDP could be performed only for
patients with benign or low-malignant disease. The rate of
malignant disease, including pancreatic cancer, was 63% (66
of 105 patients with reinforced stapler) during the period of
this study, between October 2014 and August 2015. The rate
of LDP in this study, therefore, was low.

Although the sample size for this study was statistically
calculated, the number (n = 120) might be too small for
multi-institutional study, including only 11 participating insti-
tutions. Therefore, the benefit of this technique might not be
adequately discussed in part due to the learning curve associ-
ated with the new reinforced staplers. As a further step, ade-
quately powered prospective randomized trials are required to
evaluate the efficacy of reinforced staplers. The number of
patients required for statistical validity (2-sided test) was
based on clinically relevant pancreatic fistula rate. The inci-
dence of clinically relevant pancreatic fistula after DP using
staplers without reinforcement has been reported to be 16.4—
20.3% in recent clinical trials [1, 7, 16]. A clinically relevant
pancreatic fistula rate of 18% in staplers without reinforce-
ment was estimated and clinically relevant pancreatic fistula
by using reinforced staplers was 1.9-12.4% including the re-
sult of this study [4—7]. The expected rate of clinically relevant
pancreatic fistula using reinforced staplers was 7%. Assuming
that the rate of pancreatic fistula would be reduced from 18 to
7% by resecting with reinforced staplers, this study required
282 patients (141 in each group) to show a difference between
the two groups at a power of 80% with a significance level of
0.05. Calculating an estimated intraoperative withdrawal rate
or post-randomization exclusion of about 10%, it was neces-
sary to enroll a total of 310 patients (155 patients per arm) to
meet the primary endpoint.
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In conclusion, the current findings clarified that the appli-
cation of reinforced staplers during DP was safe. The efficacy
of reinforced staplers to decrease clinically relevant pancreatic
fistula, however, could not be drawn from this study.
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