
Prevention of pancreatic fistula using polyethylene glycolic acid
mesh reinforcement around pancreatojejunostomy: the propensity
score-matched analysis

Jae Seung Kang � Youngmin Han � Hongbeom Kim �

Wooil Kwon � Sun-Whe Kim � Jin-Young Jang

© 2017 Japanese Society of Hepato-Biliary-Pancreatic Surgery

Abstract
Background Several small-scale studies have shown that
wrapping polyethylene glycolic acid (PGA) mesh around
the anastomotic site reinforced pancreaticojejunostomy
following pancreatoduodenectomy (PD) with favorable
outcomes. This study investigated the efficacy of PGA
mesh for reducing postoperative pancreatic fistula (POPF)
and evaluated other risk factors for POPF.
Methods This study enrolled 464 consecutive patients who
underwent PD performed by one surgeon between 2006 and
2015, including a PGA group of 281 patients (60.6%) and a
control group of 183 patients (39.4%). All pancreatico-
enteric anastomoses were performed using double-layered,
duct-to-mucosa, end-to-side pancreaticojejunostomy.
Results Mean patient age was 63.1 years. The rates of
overall (27.0% vs. 37.2%, P = 0.024) and clinically
relevant (Grades B, C; 13.9% vs. 24.0%, P = 0.006)
POPF were significantly lower in the PGA than in the
control group. Following propensity score matching, the
rates of clinically relevant POPF (12.6% vs. 22.4%,
P = 0.024) and complications (40.2% vs. 63.8%,
P < 0.001) remained significantly lower in the PGA
group. Multivariate analysis showed that non-pancreatic
disease, greater blood loss, higher body mass index, and
non-application of PGA mesh were significantly

associated with the development of clinically relevant
POPF.
Conclusions PGA mesh reinforcement of
pancreaticojejunostomy may prevent POPF as well as
reducing overall abdominal complications after PD.

Keywords Pancreatic fistula � Pancreatoduodenectomy �

Polyethylene glycolic acid � Surgical mesh

Introduction

Despite recent advances in surgical techniques and periop-
erative care, postoperative pancreatic fistula (POPF)
remains the most serious complication after pancreatic
surgery, occurring in 5–40% of patients [1, 2]. The sever-
ity of POPF has been defined by the International Study
Group on Pancreatic Fistula (ISGPF) as Grades A, B and
C [3]. POPF has been associated with many surgical com-
plications, including intra-abdominal abscess, intra-abdom-
inal bleeding and sepsis, especially in patients undergoing
pancreatoduodenectomy (PD) [4, 5]. Moreover, the mor-
tality rate in patients with Grade C POPF has been
reported to be as high as 40.0% [4, 5].

Many methods to reduce the incidence of POPF have
been tested, including pancreatic duct stenting, reinforce-
ment of the pancreatic stump and creation of a new pan-
creatico-enteric anastomosis [6–13]. Recent small-scale
studies have shown that wrapping polyethylene glycolic
acid (PGA) mesh around the anastomotic site reinforced
the pancreaticojejunostomy following PD with favorable
clinical outcomes [13–15]. This study was performed to
investigate the efficacy of PGA mesh in reducing POPF
and to evaluate other risk factors for POPF in patients
who underwent pancreatic surgery.
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Methods

Patients

This study enrolled patients who underwent PD using
the same surgical procedure performed by an experi-
enced surgeon (JYJ) at Seoul National University Hospi-
tal between January 2006 and December 2015.
Clinicopathologic data were collected prospectively accord-
ing to the protocol of our institution and recorded in its elec-
tronic medical database. Factors recorded included patient
age, sex, diagnosis, body mass index (BMI), operative time,
amount of estimated blood loss (EBL), surgical procedure,
texture of the pancreas, postoperative serum and drain amy-
lase levels and complications. POPF was determined
according to ISGPF criteria, which defined pancreatic fis-
tula by the volume of drainage fluid, with amylase concen-
tration greater than three times the upper limit of normal
3 days after surgery [3]. All patients underwent routine
computed tomography (CT) scans 4 days postoperatively to
evaluate complications. Intra-abdominal complications,
including bleeding, pseudoaneurysm, anastomotic leakage,
delayed gastric emptying, abscess and wound infection; as
well as cardiac, pulmonary, and psychiatric complications,
were graded according to the Clavien-Dindo classification
and ISGPF criteria [3, 16]. The effects of PGA mesh on the
incidence of POPF and the risk factors for POPF were
investigated.

This study was approved by the institutional review
board of our hospital (C-1606-028-768).

Surgical procedure

All operations were performed by an experienced hepato-
pancreato-biliary surgeon who had performed over 1,000
pancreatectomies. Following standard PD or pylorus-pre-
serving PD (PPPD), all pancreatico-enteric anastomoses
were performed by double-layered, duct-to-mucosa, end-
to-side pancreaticojejunostomy [8]. Anastomosis of the
outer layer was performed by continuous suturing with 4-
0 Surgipro (Covidien, Minneapolis, MN, USA), whereas
anastomosis of the inner layer was performed with 6-8
interrupted 5-0 polydioxanone sutures (PDS; Ethicon,
Somerville, NJ, USA). An internal or external stent was
inserted into the pancreatic main duct using a polyethy-
lene tube and anchored with 5-0 vicryl (Ethicon). Follow-
ing complete anastomosis, fibrin glue was applied around
the anastomosis site. Beginning in January 2012, PGA
mesh (Neoveil; Gunze Co., Ltd, Tokyo, Japan) was
wrapped up around the anastomotic site and anchored to
the sutures using 3-0 black silk (Fig. 1). In case of

patients with external pancreatic stent, natural drainage
with bile bag was maintained. Three closed Jackson–Pratt
drainage tubes were placed near the pancreaticojejunos-
tomy anastomotic site.

Statistical analysis

Baseline patient demographics and clinical outcomes
were compared in the PGA and control groups. To better
evaluate the effects of PGA mesh with regard to patient
characteristics and surgical performance, and to reduce
any potential selection bias and confounding factors fre-
quently observed in retrospective observational studies,
propensity score matching was performed between the
PGA and control groups. Propensity scores were esti-
mated using a logistic regression model based on
patients’ clinical factors and calculated based on clinical
variables derived from the pancreatic fistula risk score
system, including the texture of the pancreas, pathologic
diagnosis, size of the pancreatic duct, and volume of
intraoperative blood loss [17]. The c-statistic (0.569) was
calculated.

Factors in the PGA and control groups were compared
using Student’s t-tests for continuous variables and v2

tests for categorical variables. Variables with P < 0.05 on
univariate analysis were entered into a multivariate logis-
tic regression model to determine risk factors indepen-
dently associated with clinically relevant POPF. Odds
ratios (ORs) and 95% confidence intervals (CI) were cal-
culated. P < 0.05 were considered statistically significant.
All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS), version 22.0 for
Windows (IBM, Somers, NY, USA).

Fig. 1 Polyethylene glycolic acid mesh was wrapped up around the
anastomotic site and anchored to the sutures using 3-0 black silk
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Results

Patient demographics

Between January 2006 and December 2015, 464 con-
secutive patients underwent PD using the same surgical
method and performed by one surgeon. The demo-
graphic and clinical characteristics of these 464 patients
are shown in Table 1. Mean age was 63.1 years, the
male to female ratio was 1.7:1, and the mean BMI was
23.1 kg/m2. Examination showed that 308 patients
(66.4%) had soft textured pancreases and 179 (38.6%)
were diagnosed with pancreatic disease, including 106
(22.8%) patients with cancer of the pancreatic head, 47
(10.1%) with intraductal papillary mucinous neoplasms,
17 (3.7%) with neuroendocrine tumors, four (0.9%) with
solid pseudopapillary neoplasms, three (0.6%) with ser-
ous cystic neoplasms and one (0.2%) with a mucinous
cystic neoplasm. The remaining 285 patients (61.4%)
were diagnosed with non-pancreatic diseases, including
117 (25.2%) patients with distal common bile duct can-
cer, 101 (21.8%) with ampulla of Vater cancer, 17
(3.7%) with duodenal cancer and 50 (17.5%) with other
diseases.

Overall POPF and complications

Of the 464 patients, 254 (54.5%) experienced complica-
tions. Overall POPF occurred in 144 patients (31.0%) and
clinically relevant POPF (Grade B or C) in 83 (17.9%)
(Table 1). Other complications included wound problems
in 59 (12.7%) patients; intra-abdominal fluid collection in
23 (5.0%); delayed gastric emptying in 21 (4.5%); postop-
erative bleeding in four (0.9%); and medical complica-
tions in 19 (4.1%), including pulmonary, cardiac,
nephrologic and neurologic problems. There were no
operative deaths.

Comparisons between the PGA and control groups

The PGA group consisted of 281 patients (60.6%) and
the control group of 183 patients (39.4%). Age, sex,
BMI, diagnosis, operation methods, operation time, EBL,
pancreatic texture and pancreatic main duct size were
comparable in these two groups (Table 2). Univariate
analysis revealed that the rates of overall POPF (27.0%
vs. 37.2%, P = 0.024) and clinically relevant POPF
(13.9% vs. 24.0%, P = 0.006) were significantly lower in
the PGA than in the control group. The overall complica-
tion rate was also significantly lower in the PGA than in
the control group (48.8% vs. 63.4%, P = 0.002). The
rates of other surgical complications, including wound
problems, intra-abdominal fluid collection, delayed gastric
emptying, postoperative bleeding, hepaticojejunostomy
leakage and paralytic ileus, were similar in the two
groups. In addition, the rates of medical complications,
including pulmonary, cardiac, nephrologic and neurologic
problems, did not differ significantly in the two groups.

Propensity score matched analysis

To reduce the effect of selection bias, propensity score
analysis was performed using the four clinical factors
listed in the pancreatic fistula scoring system: pancreatic
texture, pancreatic duct size, EBL, and diagnosis [17].
The comparisons between the propensity matched PGA
and control groups are shown in Table 2. Following
propensity matching, patient demographic and clinical
characteristics, including age, sex, BMI, diagnosis,
pancreatic texture, and pancreatic duct size, were simi-
lar. The rates of clinically relevant POPF (12.6% vs.
22.4%, P = 0.024) and complications (40.2% vs.
63.8%, P < 0.001) remained significantly lower in the
PGA than in the control group after propensity score
matching.

Table 1 Patient demographics

n = 464 (%)

Age (mean � SD, years) 63.1 � 10.0

Sex (male: female) 291: 173

Body mass index (mean � SD, kg/m2) 23.1 � 3.1

Diagnosis

Pancreatic diseases 179 (38.6%)

Non-pancreatic diseases 285 (61.4%)

Malignancy

Cancer 365 (78.7%)

Benign 99 (21.3%)

Operation

Standard PD 116 (25.0%)

PPPD 348 (75.0%)

Operation time (mean � SD, min) 269.6 � 73.0

Estimated blood loss (mean � SD, ml) 452.2 � 490.6

Pancreatic main duct size (mean � SD, mm) 3.4 � 2.1

POPF (+) 144 (31.0%)

Clinically relevant POPF (Grade B, C) 83 (17.9%)

Complication (+) 253 (54.5%)

Study group

PGA mesh 281 (60.6%)

Control 183 (39.4%)

PD pancreatoduodenectomy, PGA polyethylene glycolic acid, POPF
postoperative pancreatic fistula, PPPD pylorus preserving pancreato-
duodenectomy
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Factors associated with POPF after PD

Table 3 shows univariate and multivariate analyses with
propensity score-matched cases to evaluate risk factors for
clinically-relevant POPF after PD. Non-pancreatic disease,
EBL ≥700 ml, BMI ≥23.0 kg/m2, external pancreatic stent-
ing, and non-application of PGA mesh were significantly
associated with the development of clinically relevant POPF
after PD. Multivariate logistic regression analysis showed
that non-pancreatic diseases (OR 2.42, P = 0.004), greater
blood loss (OR 2.28, P = 0.02), higher BMI (OR 2.08,

P = 0.01) and non-application of PGA mesh (OR 1.89,
P = 0.02) were independent factors significantly associated
with the development of clinically relevant POPF. Fistula
risk score was not included in the multivariate analysis
because it correlated with other factors.

Discussion

Pancreatoduodenectomy remains a complicated abdominal
operation, with about 40% of patients experiencing

Table 2 Comparison of clinical factors between the PGA and the control group

Before PS matching After PS matching

Control group
(n = 183)

PGA group
(n = 281)

P-value Control group
(n = 174)

PGA group
(n = 174)

P-value

Age (mean � SD, years) 62.4 � 9.7 63.4 � 10.2 0.310 62.5 � 9.7 63.7 � 10.6 0.242

Sex 0.845 0.740

Male 116 (63.4%) 175 (62.3%) 110 (63.2%) 106 (60.9%)

Female 67 (36.6%) 106 (37.7%) 64 (36.8%) 68 (39.1%)

Body mass index
(mean � SD, kg/m2)

22.8 � 2.8 23.3 � 3.2 0.099 22.7 � 2.9 23.1 � 3.3 0.247

Diagnosis 0.496 1.000

Pancreatic diseases 67 (36.6%) 112 (39.9%) 69 (39.7%) 70 (40.2%)

Non-pancreatic diseases 116 (63.4%) 169 (60.1%) 105 (60.3%) 104 (59.8%)

Operation 0.661 0.621

Standard PD 48 (26.2%) 68 (24.2%) 46 (26.4%) 41 (23.6%)

PPPD 135 (73.8%) 213 (75.8%) 128 (73.6%) 133 (76.4%)

Operation time (mean � SD, min) 262.3 � 70.2 274.4 � 74.5 0.081 260.9 � 70.9 279.3 � 78.5 0.023

Estimated blood loss
(mean � SD, ml)

465.4 � 401.7 422.3 � 541.2 0.568 445.4 � 399.2 440.8 � 369.0 0.911

Pancreatic texture 0.546 1.000

Soft 125 (68.3%) 183 (65.1%) 120 (69.0%) 120 (69.0%)

Firm and hard 58 (31.7%) 98 (34.9%) 54 (31.0%) 54 (31.0%)

Pancreatic duct size
(mean � SD, mm)

3.4 � 2.1 3.4 � 2.1 0.815 3.5 � 2.2 3.4 � 2.1 0.646

Clinically relevant POPF 0.006 0.024

No POPF, Grade A 139 (76.0%) 242 (86.1%) 135 (77.6%) 152 (87.4%)

POPF Grade B, C 44 (24.0%) 39 (13.9%) 39 (22.4%) 22 (12.6%)

Complications

Overall 116 (63.4%) 137 (48.8%) 0.002 111 (63.8%) 70 (40.2%) <0.001

POPF 68 (37.2%) 76 (27.0%) 0.024 64 (36.8%) 33 (19.0%) <0.001

Grade C POPF 1 (0.5%) 3 (1.1%) 1 (0.6%) 3 (1.7%)

Wound problem 31 (21.4%) 28 (17.5%) 16 (14.4%) 14 (20.2%)

Intra-abdominal fluid collection 11 (7.6%) 12 (7.5%) 2 (1.8%) 1 (1.4%)

Delayed gastric emptying 9 (6.2%) 12 (7.5%) 7 (6.3%) 6 (8.6%)

Hepaticojejunostomy leakage 4 (2.8%) 3 (1.9%) 3 (2.7%) 0 (0.0%)

Postoperative bleeding 1 (0.7%) 3 (1.9%) 1 (1.0%) 3 (4.3%)

Paralytic ileus 0 (0.0%) 4 (2.5%) 0 (0.0%) 1 (1.4%)

Medical complications 6 (4.1%) 13 (8.2%) 14 (12.6%) 10 (14.3%)

PD pancreatoduodenectomy, PGA polyethylene glycolic acid, POPF postoperative pancreatic fistula, PPPD pylorus preserving pancreatoduo-
denectomy, PS propensity score
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postoperative complications [18, 19]. One of the serious
complications is POPF, which has an incidence after pan-
creatic surgery ranging from 5–40% [20–22]. Because
POPF can lead to severe complications, such as pseudoa-
neurysm of the gastroduodenal artery or common hepatic
artery, which, in turn, can lead to death [5], efforts have
been made to identify risk factors for POPF and design
procedures to reduce POPF after PD. Methods tested for
their ability to reduce the incidence of POPF have
included postoperative administration of intravenous
octreotides [23, 24]; introduction of a new anastomosis
technique [8, 11, 12]; and artificially wrapping the omen-
tum, falciform ligament [25, 26], or fibrin glue agent
around the pancreaticojejunostomy [9, 27]. To date, how-
ever, few randomized control trials have tested whether
these methods prevent pancreatic fistula after PD [9, 12,
24, 27].

Polyethylene glycolic acid mesh is a bioabsorbable
recombinant membrane made of a synthetic polymer with
a cellulose-like structure [15]. A randomized control trial
testing the ability of PGA mesh to reduce POPF after dis-
tal pancreatectomy reported that the rate of clinically rele-
vant POPF (Grade B or C) was significantly lower in the
PGA group than in the control group (11.4% vs. 28.3%,
P = 0.040) [28]. Following the completion of

pancreaticojejunostomy, surgeons can easily wrap the anas-
tomotic site with PGA mesh because it is easy to manipu-
late. In contrast, the efficacy of PGA mesh in PD remains
unclear. Although two studies reported that PGA mesh sig-
nificantly reduced POPF rates after PD (5.6% vs. 38.9%,
P = 0.016 [13]; and 39.1% vs. 70.0%, P = 0.042 [14]), a
third study found that PGA mesh had no effect on POPF
(34% vs. 44%, P = 0.355) [15]. The present study was
therefore designed to investigate the ability of PGA mesh to
reinforce the pancreaticojejunostomy anastomosis after PD,
finding that PGA mesh significantly reduced rates of POPF
and especially of clinically relevant POPF. This finding
suggests that the PGA mesh, by inducing development of
cross-linking formation and fibrous pseudocapsule, devel-
ops tamponade formation, and reduces the leakage of pan-
creatic juice from the anastomotic site, thereby reducing
POPF-related complications. The PGA mesh was used in
many surgical procedures, for the prevention of CSF leak-
age during dura repair of spine and for hemostasis of sple-
nic rupture [29, 30]. This finding was in good agreement
with other studies showing the efficacy of PGA mesh after
pancreatic resection [13, 14, 28].

Propensity score matching of the two groups was per-
formed to reduce selection bias and potential confounding
factors. Fistula scores include four factors – pancreatic

Table 3 Comparison of the factors related with the clinically relevant POPF

No CR-POPF (n = 296) CR-POPF (n = 70) P-value Multivariate analysis

OR CI P-value

Body mass index (mean � SD, kg/m2) 22.8 � 3.0 23.5 � 2.9 0.077

Body mass index 0.010 2.08 1.19–3.69 0.01

High (≥23 kg/m2) 141 (75.4%) 46 (24.6%)

Low (<23 kg/m2) 155 (86.6%) 24 (13.4%)

PGA mesh 0.000 1.89 1.09–3.32 0.02

No 139 (76.0%) 44 (24.0%)

Yes 157 (85.8%) 26 (14.2%)

EBL (mean � SD, ml) 457.3 � 380.2 576.1 � 952.6 0.309

EBL 0.010 2.28 1.14–4.46 0.02

High (≥700 ml) 38 (69.1%) 17 (30.9%)

Low (<700 ml) 258 (83.0%) 53 (17.0%)

Diagnosis 0.003 2.42 1.34–4.55 0.004

Non-pancreatic diseases 164 (75.6%) 53 (24.4%)

Pancreatic diseases 132 (88.6%) 17 (11.4%)

Pancreatic stenting 0.034 1.68 0.75–4.00 0.22

External 215 (78.2%) 60 (21.8%)

Internal 81 (89.0%) 10 (11.0%)

Fistula risk scorea 0.064

≤4 149 (85.1%) 26 (14.9%)

>4 147 (77.0%) 44 (23.0%)

CR-POPF clinically relevant postoperative pancreatic fistula, EBL estimated blood loss, PD pancreatoduodenectomy, PGA polyethylene gly-
colic acid, PPPD pylorus preserving pancreatoduodenectomy
a Fistula risk score was derived from Callery et al. [17]
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texture, pathologic diagnosis, pancreatic duct size, and
intraoperative blood loss volume – all of which can affect
the incidence of POPF [17]. Matching of these four fac-
tors by propensity score can reduce confounding factors,
enabling analysis of the ability of PGA mesh alone to pre-
vent POPF. Even after propensity score matching, the
rates of clinically relevant POPF (12.6% vs. 22.4%,
P = 0.024) and complications (40.2% vs. 63.8%,
P < 0.001) were significantly lower in the PGA than in
the control group. Thus, even after controlling for con-
founding factors and bias, which are limitations of non-
randomized retrospective studies, PGA mesh could pre-
vent clinically relevant POPF and its complications.

Studies have reported that risk factors for POPF
included a higher BMI, soft pancreatic texture and a smal-
ler pancreatic duct size [31–34]. Several fistula risk scor-
ing systems have been published [17, 35], with one tested
for its ability to predict POPF in a multicenter cohort
[36]. In the present study, multivariate logistic regression
analysis revealed that non-pancreatic diseases (OR 2.42,
P = 0.004), greater blood loss (OR 2.28, P = 0.02) a
higher BMI (OR 2.08, P = 0.01) and non-application of
PGA mesh (OR 1.89, P = 0.02) were independent predic-
tors of clinically relevant POPF. These findings were in
partial agreement with pancreatic fistula risk scores, in
that both included non-pancreatic diseases and blood loss
as risk factors for POPF [17].

This study had several limitations, including its design
as a single-center, non-prospectively randomized study.
However, all clinicopathologic data were prospectively
collected according to the same protocol and all opera-
tions were performed by an experienced surgeon using the
same surgical techniques, thus controlling for many possi-
ble confounding factors, including surgical and periopera-
tive care protocols and diagnostic criteria for POPF and
complications. In addition, propensity score matching con-
trolled possible selection biases.

In conclusion, reinforcement of pancreaticojejunostomy
by applying PGA mesh may prevent pancreatic fistulas, as
well as reducing overall abdominal complications, after PD.

Conflict of interest None declared.
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