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Summary Background: The purpose of this cohort study was to determine whether distal
pancreatectomy with mesh reinforcement can reduce postoperative pancreatic fistula (POPF)
rates compared with bare stapler.
Methods: In total, 51 patients underwent stapled distal pancreatectomy. Out of these, 22 pa-
tients (no mesh group) underwent distal pancreatectomy with bare stapler and 29 patients
(mesh group) underwent distal pancreatectomy with mesh reinforced stapler. The risk factor
for clinically relevant POPF (grades B and C) after distal pancreatectomy was also evaluated.
Results: Clinical characteristics were almost similar in both the groups. The days of the mean
hospital stay and drainage tube insertion in the mesh group were significantly fewer than those
in the no mesh group. The mean level of amylase in the discharge fluid in the mesh group was
also significantly lower than that the in no mesh group. The rate of clinically relevant POPF
(grades B and C ) in the mesh group was significantly lower than that in the no mesh group
(pZ 0.016). Univariate analyses of risk factors for POPF (grades B and C) revealed that only
mesh reinforcement was associated with POPF (grades B and C). Moreover, on multivariate an-
alyses of POPF risk factors with p value< 0.2 in univariate analyses by logistic regression, mesh
reinforcement was regarded as a significant factor for POPF(grades B and C).
Conclusions: The distal pancreatectomy with mesh reinforced stapler was thought to be favor-
able for the prevention of clinically relevant POPF (grades B and C).
Copyright ª 2016, Asian Surgical Association. Published by Elsevier Taiwan LLC. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Table 1 Diagnosis.

No mesh
group
(nZ 22)

Mesh
group
(nZ 29)

Pancreatic cancer 5 9
Gastric cancer 4 5
Pseudo cyst 1 0
Tumor-forming pancreatitis 1 0
Insulinoma 2 0
Transverse colon cancer 1 1
Nonfunctioning endocrine tumor 1 0
Serous cyst adenoma 1 1
Mucinous cyst adenoma 2 1
Solid pseudopapillary tumor 1 0
IPMA 3 8
Gastric GIST 0 2
IPMC 0 1
Chronic pancreatitis with

pancreatic stone
0 1

Malignancy
Yes 10 17
No 12 12

Total 22 29

Figure 1 Resection stump of remnant pancreas was
completely reinforced with mesh (NEOVEIL, bioabsorbable
polyglycolic acid sheet type).
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1. Introduction

The postoperative pancreatic fistula (POPF) occurring from
the resection stump of remnant pancreas in distal pancre-
atectomy is one of the most serious complications with an
occurrence frequency of approximately 20% to 30%.1e4 To
prevent POPF after distal pancreatectomy, various surgical
techniques, drainage regimens, biologic glue, hormonal
analogs, and ligation of main pancreatic duct have been
performed.5e15 However, none of these trials have superi-
ority in preventing POPF after distal pancreatectomy. Sur-
gical stapler has been commonly used for distal
pancreatectomy, but there is no evidence of reduction of
POPF rates after stapled distal pancreatectomy compared
with the with hand sewn method used several years ago.
However, in 2015, Zhang et al reported in systemic review
and meta-analysis that the use of stapler closure for the
pancreatic remnant after distal pancreatectomy signifi-
cantly reduces POPF rates compared with suture closure in
2015.16 The purpose of this retrospective study was to
determine whether distal pancreatectomy with mesh rein-
forced stapler reduces POPF rates compared with bare
stapler. NEOVEIL [bioabsorbable polyglycolic acid (PGA)
felt, sheet type, Covidien] has been used for mesh rein-
forcement .

2. Patients and methods

We reviewed the records of 51 patients who underwent
stapled distal pancreatectomy in the Department of Sur-
gery at Osakafu Saiseikai Tondabayashi Hospital from
September 2004 to August 2015. There were 33 females and
18 male patients, with a median age of 68.4 years
(68.4� 14.7, age range 16e88 years). Of these, 22 patients
underwent distal pancreatectomy with bare stapler be-
tween September 2004 and December 2009 (no mesh group)
and 29 patients underwent distal pancreatectomy with
mesh reinforced stapler between January 2010 and August
2015 (mesh group). The diseases of no mesh and mesh
groups are given in Table 1. The mean operative time, mean
operative blood loss, days of mean hospital stay, days of
drainage tube insertion, mean level of amylase in the
discharge fluid, POPF rates, and rate of other complications
were compared between both the groups. Clinical charac-
teristics (age, sex, presence of pancreatitis and diabetes
mellitus, serum albumin value, and thickness of the
pancreas) were analyzed in both the groups. Additionally,
the risk factors for POPF, according to the International
Study Group of Pancreatic Fistula (ISGPF) criteria, after
distal pancreatectomy, including age, sex, diabetes,
pancreatitis, malignancy, thickness of the pancreas, mean
operative time, mean operative blood loss, preoperative
serum albumin value, and mesh reinforcement, were also
evaluated.

2.1. Surgical techniques

Prior to pancreatic transection with surgical stapler (Endo-
GIA TM Black Reload with Tri-Staple TM Technology, Covi-
dien), intraoperative ultrasonography was performed to
confirm the extent of pancreatic tumor and to decide the
excision line. Next, we performed the marking of the
excision line on the pancreatic surface using an electric
scalpel. In the no mesh group, the pancreas was transected
with bare stapler on the excision line. In the mesh group,
the pancreas was transected with mesh reinforced stapler
on the excision line. Resection stump of remnant pancreas
was completely reinforced with NEOVEIL (Figure 1). The
diagnosis of POPF was defined by the ISGPF criteria.17

2.2. Statistical analysis

Constant variables were reported as mean� standard de-
viation and compared using the ManneWhitney U test.



Table 2 Comparison of demographic and clinical charac-
teristics in no mesh and mesh groups.

Age 63.0� 17.8 72.6� 10.3 0.031
Gender (male:female) 9:13 9:20 0.46
Pancreatitis (yes:no) 3:19 2:27 0.42
DM (yes:no) 2:20 7:22 0.20
Malignancy (yes:no) 10:12 17:12 0.35
Serum albumin value (g/dL) 3.8� 0.4 3.7� 0.4 0.48
Thickness of pancreas 17.7� 3.0 18.7� 2.4 0.21
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Categorical variables were compared using the Chi-square
test or Fisher’s exact tests. A two-sided p value< 0.05
was considered statistically significant. Furthermore,
multivariate analyses was performed using logistic
regression.
3. Results

The demographic and clinical characteristics were almost
similar in the two groups. The mesh group was significantly
older than no mesh group (Table 2). The mean operative
time and mean operative blood loss were almost similar in
Table 3 Comparison of postoperative outcome in no mesh and

No mesh group (nZ 22)

Mean operative time (min) 205.3� 61.4
Mean operative blood loss (mL) 896.3� 692.0
Mean hospital stay (days) 24.3� 7.1 (16e38)
Drainage tube insertion (days) 11.5� 4.9 (7e25)
Mean level of amylase in

the discharge fluid
722.7� 850.6 (120e3200)

POPF 5 (Grade A, 1; Grade B, 4)
Grade B, 4 (18.2%)

Other complications 6 (27.2%)
Wound infection, 4
Intraabdominal abcess, 2

Table 4 Univariate analyses of risk factors for POPF (Grades B

POPF group (Grades B and

Age 68.8� 5.9
Gender (male/female) 1/3
Diabetes (yes/no) 0/4
Benign/malignant 1/3
Pancreatitis (yes/no) 0/4
Thickness of pancreas 17� 1.8
Mean operative time (min) 247.3� 69.8
Mean operative

blood loss (mL)
1167.5� 693.8

Preoperative serum
albumin value (g/dL)

3.5� 0.2

Mesh reinforcement (yes/no) 0/4
both the groups. The days of mean hospital stay in the no
mesh group (24.3� 7.1 days) were significantly more than
those in the mesh group (17.7� 5.6 days; pZ 0.00099). The
days of drainage tube insertion in the no mesh group
(11.5� 4.9 days) were significantly more than those in the
mesh group (6.7� 1.4 days; pZ 0.00013). The mean level
of amylase in the discharge fluid in the no mesh group
(722.7� 850.6 IU/L) was significantly higher than that in
the mesh group (144.3� 74.6 IU/L). Regarding post-
operative POPF, five POPF (grade A in 1 and grade B in 4)
were recognized in the no mesh group, whereas two POPF
(grade A in both) were recognized in the mesh group. The
POPF rate of all grades was similar in both the groups.
However, clinically relevant POPF (grades B and C) rate in
the no mesh group was significantly higher than that in the
mesh group (pZ 0.016). Other complications were almost
similar in both the groups (Table 3). Severe surgical
complication (� gradeIIIb, the ClavieneDindo classifica-
tion) was not found in both the groups.18 Univariate ana-
lyses of risk factors for clinically relevant POPF(grades B
and C) revealed that only mesh reinforcement was associ-
ated with POPF (grades B and C; Table 4). Furthermore, on
multivariate analyses of POPF risk factors with p value< 0.2
in univariate analyses (mean operative time, preoperative
serum albumin value, mesh reinforcement) by logistic
mesh groups.

Mesh group (nZ 29) p value

176.0� 39.9 0.059
580.1� 430.5 0.068
17.7� 5.6 (8e32) 0.00099
6.7� 1.4 (5e12) 0.00013
144.3� 74.6 (45e330) 0.0044

(22.7%) Grade A, 2 (6.8%) 0.10 (Aþ Bþ C)
Grade B, 0 (0%) 0.016 (Bþ C)
6 (20.6%) 0.58
Wound infection, 2
Pneumonia, 2
Ileus, 1
Intraabdominal abcess, 1

and C).

C, nZ 4) Non-POPF group (nZ 44) p value

68.0� 15.5 0.20
16/28 0.65
8/36 0.32
24/20 0.22
6/38 0.48
18.4� 2.7 0.46
181.5� 48.2 0.15
659.3� 542.8 0.31

3.7� 0.4 0.16

27/17 0.018
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regression, mesh reinforcement was identified as a signifi-
cant risk factor for POPF (grades B and C) (Table 5).
4. Discussion

With regard to prevention of POPF after distal pancrea-
tectomy, various trials have been performed. However,
there is no evidence of reduction of POPF rate after distal
pancreatectomy. Recently, Zhang et al have reported that
the use of stapler closure for the pancreatic remnant after
distal pancreatectomy significantly reduces POPF rates
compared with the use of suture closure.16 We transected
the pancreas with surgical stapler in distal pancreatectomy
between September 2004 and August 2015. However, POPF
was still observed in several cases with distal pancreatec-
tomy with surgical stapler. In these cases, the thickness of
the pancreas at the transection line was often measured as
over 2 cm. Additionally, the damage of the pancreatic
membrane near transection line was also confirmed. It was
thought that the damage of the pancreatic membrane
might have caused POPF in distal pancreatectomy with
surgical stapler. The reinforcement of the pancreatic
membrane at transection line might be important for the
prevention of POPF.

Therefore, we transected the pancreas with mesh rein-
forced stapler between January 2010 and August 2015. The
resection stump of remnant pancreas was completely
reinforced with mesh (NEOVEIL; Figure 1). In this study, we
compared the POPF rates between distal pancreatectomy
with bare stapler and distal pancreatectomy with mesh
reinforced stapler. Clinically relevant POPF (grades B and
C) was significantly lower in distal pancreatectomy with
mesh reinforced stapler than in distal pancreatectomy with
bare stapler. On multivariate analyses of POPF risk factors
by logistic regression, mesh reinforcement was identified as
a significant risk factor for POPF (grades B and C).
Regarding NEOVEIL (bioabsorbable PGA sheet), it has been
known and used as the topical agent to prevent air leakage
after lung surgery because of its reported usefulness in
preventing air leakage.19 Recently, the combination of
fibrin glue and bioabsorbable PGA sheet has often been
used for the prevention of bile leakage after hepatic
resection.20 The PGA sheet can be hydrolyzed easily in the
conditioned circumstance. The PGA felt is absorbed in 3
months.21 The PGA felt is very safe and reliable as a topical
agent, and we cannot identify any complication directly
due to NEOVEIL.

Seamguard (W. L. Gore & Associates, Flagstaff, Arizona)
is a bioabsorbable mesh composed of PGA (67%) and tri-
methylene carbonate (33%) that is mainly used to reinforce
the staple line after resection in USA and other countries. It
Table 5 Multivariate analyses (for risk factors of p val-
ue< 0.2 in univariate analyses) by logistic regression.

Odds ratio p value

Mean operative time 0.24 0.981
Preoperative serum albuminvalue 1.694 0.097
Mesh reinforcement 2.350 0.023
has been used to reduce bleeding at the gastric staple line
in bariatric surgery, reduce air leakage in pulmonary
resection, and prevent bleeding and staple line disruption
in colorectal procedures.22 Additionally, it is used to rein-
force the staple line in distal pancreatectomy to reduce the
rate of pancreatic fistula.23,24 However, the use of Seam-
guard is prohibted in Japan, especially for pancreatic sur-
gery. Therefore, we cannot compare the effect of
Seamgurad and NEOVEIL. Seamguard is designed for soft
tissue reinforcement procedures and absorbed within 6e7
months, leaving no permanent material behind in the
human body. NEOVEIL and Seamguard are likely to be very
similar. Our study strongly suggests that distal pancrea-
tectomy with mesh reinforced stapler can reduce clinically
relevant POPF. However, randomized clinical trials would
be required to further evaluate the efficacy of mesh rein-
forcement in distal pancreatectomy.
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