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Abstract
Objective The purpose of this nonrandomized retrospective study was to report our new procedures using polyethylene
glycolic acid (PGA) felt with fibrin sealant to prevent severe pancreatic fistula in patients undergoing pancreatic surgery.
Methods From 2000 to 2008, 54 and 63 patients underwent pancreaticoduodenectomy (PD) and distal pancreatectomy
(DP), respectively. Of those patients, we applied PGA felt with fibrin sealant to 18 PD patients and 26 DP patients. In PD
patients, the PGA felt was wrapped around the pancreatic suture site, while in DP patients, the PGA felt was wrapped
around the predictive division site. The pancreaticojejunostomy site in PD patients and the cut stump in DP patients were
coated with fibrin sealant. We compared the occurrence rates for severe postoperative pancreatic fistula (POPF) that
occurred after PD or DP both with and without our new procedures.
Results Before introduction of our procedures, severe POPF developed in 14 of 36 PD patients (39%) and 10 of 37 DP
patients (27%). In contrast, after introduction of our procedures, the incidence of POPF was only one in both of 18 PD (6%;
P=0.016) and 26 DP (4%; P=0.017) patients.
Conclusion In summary, our procedure using PGA felt with fibrin sealant may reduce the risk of severe POPF.
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Introduction

Postoperative pancreatic fistula (POPF) is the most frequent
complication after pancreaticoduodenectomy (PD) and
distal pancreatectomy (DP), occurring in 3–26%1–3 and 0–
>60% of cases,3–5 respectively. POPF often develops into
further complications such as fluid collection or intra-

abdominal abscesses, wound infection, and sepsis. Accord-
ing to the 2005 International Study Group on Pancreatic
Fistula classification,2 grade A pancreatic fistula have no
clinical impact, whereas grade B and grade C pancreatic
fistula require changes in clinical management or deviation
from the normal clinical pathway. Thus, from a clinical
perspective, it is important to reduce the risk of developing
grade B or C POPF in patients undergoing pancreatectomy.

Herein, we describe our new surgical technique of
applying polyethylene glycolic acid (PGA) felt with a
fibrin sealant to reduce severe POPF of grade B or C, and
evaluated the efficacy of these procedures in pancreatico-
jejunostomy and pancreatic transection patients receiving
PD and DP for the prevention of grade B or C POPF.

Material and Methods

From May 2003 to April 2008, 54 and 63 patients
underwent PD and DP, respectively, at the Department of
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Surgery, Kyoto Prefectural University of Medicine. Of
these patients, the last 18 PD and 26 DP patients received a
new surgical procedure involving application of PGA felt
with fibrin sealant. POPFs were classified according to the
internationally accepted definition of the International
Study Group on Pancreatic Fistula.2 We retrospectively
compared the perioperative morbidity rate of grade B or C
POPF in the 36 PD and 37 DP cases without our new
procedure (no-procedure group), and in the 18 PD and 25
DP cases with our new procedure (procedure group); in the
no-procedure group, we never used PGA felt or fibrin
sealant at the anastomotic site of pancreaticojejunostomy in
the 36 PD cases, or both PGA felt and fibrin sealant at the
same time in the 37 DP cases. We identified the pancreatic
duct using a binocular loupe or an intraoperative ultraso-
nography and placed a pancreatic duct stent for external
drainage in all PD cases. We used a stapler for 26 of the 37
DP cases in the no-procedure group after transection and
closure of the pancreatic stump. The combined use of PGA
felt and fibrin sealant cost approximately $170 in Japan.

New Surgical Procedure of Pancreaticojejunostomy

The child's reconstruction was performed in all 63 PD
patients. The pancreas was transected with a knife or an
ultrasonic dissector, followed by identification of the main
pancreatic duct. A tube was transiently inserted into the
pancreatic duct. The bleeding from the cut surface of the
parenchyma was then closed using single stitches of 4-0
Polydioxanon monofilament absorbable sutures (PDS)
(Ethicon Endosurgery; Johnson & Johnson, Cincinnati,
OH, USA), and the suture site wrapped by laying PGA
felt (Gunze Co., Kyoto, Japan). The pancreatic parenchyma
was sutured penetratingly using straight needles with 4-0
monofilament nonabsorbable threads through the PGA felt
and the seromuscular layer of the jejunum. After anasto-
mosis between the pancreatic main duct and the jejunal wall
using four to 12 stitches with 6-0 monofilament absorbable
threads, the previous 4-0 threads were tied and the
pancreaticojejunostomy finished (Fig. 1). The anastomotic
site was reinforced by laying a fibrinogen/thrombin-coated
collagen patch (Kaketsuken, Kumamoto, Japan; dose range
0.01–0.5 ml) onto the wrapped PGA felt.

New Surgical Procedure of Pancreatic Transaction in DP

A stapling device is useful for pancreatic transection. In the
staple method, we used devices that gave a staple line
consisting of a triple row of closely placed staples. Before
stapling, PGA felt was wrapped around the predictive staple
line. The staple line was reinforced by laying a fibrinogen/
thrombin-coated collagen patch onto the transected stump
(Fig. 2a, b). In some cases, transection was also performed

using the Echelon 60 with PGA felt (Gunze Co.) stocking
type (Fig. 3a, b). The closure jaw of the staple was clamped
carefully and slowly at a fixed speed, taking more than
approximately 5 min. This procedure reduced the thickness
of the pancreatic parenchyma at the site of planned
resection and facilitated the subsequent application of the
linear stapler across the pancreas. To ensure hemostasis
from the pancreatic stump, the stapler was not released
immediately after firing, and the jaws of the stapler were
held shut for approximately 2 min. A ligation of the main
pancreatic duct was unnecessary, and minor bleeding from
the stump could be easily controlled by either compression
or coagulation using electrocautery. This staple procedure
with the above-described techniques provides a secure
staple line without any tissue damage. Routine postopera-
tive prophylactic octreotide was not used.

Postoperative Follow-up

Postoperative assessment included repeated measurement
(days 1, 3, 4, and 5) of the amylase concentration in serum
and drainage fluid while the drain was in place. Computed
tomography was performed if the patient had any symp-
toms suggestive of abdominal collection (pain, fever,
vomiting) or if major hyperleukocytosis was present. Oral
feeding was allowed after the return of bowel function,
usually before complete drain removal, except in cases of

Figure 1 In PD patients, the suture site was wrapped by laying PGA
felt. The pancreatic parenchyma was sutured penetratingly using
straight needles with 4-0 monofilament nonabsorbable threads through
the PGA felt and the seromuscular layer of the jejunum. After
anastomosis between the pancreatic main duct and the jejunal wall
using four to 12 stitches with 6-0 monofilament absorbable threads,
the former 4-0 threads were tied and the pancreaticojejunostomy
finished.
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suspected or confirmed POPF. Conservative management
of POPF was attempted whenever possible as initial
treatment, and included total parenteral nutrition, percuta-
neous drainage of intra-abdominal fluid collection, anti-
biotics, and octreotide administration.

Statistical Methods

The perioperative morbidity rates were compared using the
Mann–Whitney U test. Statistical significance was defined
as P<0.05. All statistical analyses were performed using
statistical software (StatView 5.0; SAS Institute, Cary, NC,
USA).

Results

Tumor pathology and morbidity in all 117 cases are shown
in Tables 1 and 2. The clinicopathologic features of the 36

Figure 3 a, b In some cases, transection was performed using the
Echelon 60 with PGA felt stocking type.

Figure 2 a, b Before stapling in DP, the PGA felt was wrapped
around the predictive staple line to reduce compression tissue damage
by a stapler device. The staple line was reinforced by laying a
fibrinogen/thrombin-coated collagen patch onto the transected stump.

Table 1 Indication for Pancreatectomy

N=117

Pancreatic disease

Ductal adenocarcinoma 51

Intraductal papillary mucinous neoplasm 23

Pseudocyst 8

Mucinous cystic neoplasm 5

Endocrine tumor 3

Solid papillary neoplasm 2

Serous cystadenoma 1

Islet cell tumor 1

Epidermoid cyst 1

Arteriovenous malformation 1

Nonpancreatic disease

Gastric cancer 4

Gastrointestinal stromal tumor of the stomach 1

Bile duct cancer 15

Duodenal cancer 1
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PD and 37 DP cases in the no-procedure group and of the
18 PD and 26 DP in the procedure group are shown in
Tables 3 and 4. There were no significant differences in
morbidity rates and patterns between cases in the two
groups, except for grade B and C POPF.

There were four cases of postoperative mortality in the
36 no-procedure group PD cases (11.1%), but none in the
18 procedure group PD cases. Among all perioperative
morbidities, POPF was the most frequent complication,
occurring in 21 (58.3%) of the 36 no-procedure group PD
cases and in ten (55.6%) of the 18 procedure group PD
cases (Table 3). However, grade B and C POPF occurred in
14 (38.9%) of the 36 no-procedure group PD cases and in
one (5.6%) of the 18 procedure group PD cases (Table 3).
The occurrence rate of severe POPF in PD cases with PGA
felt with fibrin sealant was significantly lower than in PD
cases without PGA felt (P=0.016). Four patients with grade
C in the no-procedure group PD cases also had sepsis with
postoperative intra-abdominal abscess; one of those patients
unsuccessfully treated by percutaneous drainage required
an operative drainage.

Table 2 Perioperative Morbidity Rates and Patterns

PD DP
N=54 N=63
No. of patients

Complications

Absent 23 (42.6) 25 (39.7)

Present 31 (57.4) 38 (60.3)

Pancreatic fistula 31 (57.4) 32 (50.8)

Grade A 16 (29.6) 21 (33.3)

Grade B 11 (20.4) 9 (14.3)

Grade B 4 (7.4) 2 (3.2)

Intra-abdominal abscess

SSI 6 (11.1) 3 (4.8)

Urinary infection 0 2 (3.2)

Cholecystitis – 1 (1.6)

Chylous leakage 0 1 (1.6)

Bile leakage 1 (1.9) 0

SSI surgical site infection (excluding SSI associated with pancreatic
fistula)

Table 3 Clinicopathologic Factors in PD

Clinicopathologic factors
in PD

Patients
(N=54)

No PGA or fibrin
sealant (N=36) former

With PGA and fibrin
sealant (N=18) latter

P value

Patients-related factors

Age

≥60 43 (79.6) 28 (77.8) 15 (83.3) 0.63

<60 11 (20.4) 8 (22.2) 3 (16.7)

Histology

Benign 5 (9.3) 0 5 (27.8)

Malignant 49 (90.7) 36 (100) 13 (72.2)

Diameter of main pancreatic duct

≥3 mm 36 23 13 0.54

<3 mm 18 13 5

Pancreatic texture

Soft 25 (46.3) 17 (47.2) 8 (44.4) 0.84

Firm 29 (53.7) 19 (52.8) 10 (55.6)

Surgery-related factors

Blood loss (g)

≥1,000 g 33 (61.1) 22 (58.3) 11 (61.1) 0.90

<1,000 g 21 (38.9) 14 (41.7) 7 (38.9)

Operation time

≥420 41 (75.9) 27 (75.0) 14 (77.8) 0.82

<420 13 (24.1) 9 (25.0) 4 (22.2)

POPF grade A, B, and C

Present 31 (57.4) 21 (58.3) 10 (55.6) 0.85

Absent 23 (42.6) 15 (41.7) 8 (44.4)

POPF grade B and C

Present 15 (27.8) 14 (38.9) 1 (5.6) 0.016

Absent 39 (72.2) 22 (61.1) 17 (94.4)
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There was no postoperative mortality in DP cases. POPF
occurred in 21 (56.8%) of the 37 no-procedure group DP
cases and in 11 (42.3%) of the 26 procedure group DP
cases (Table 4). However, grade B and C POPF occurred in
ten (27.0%) of the no-procedure group DP cases and in
only one (3.8%) of the procedure group DP cases. The
occurrence rate of severe POPF in cases with PGA felt with
fibrin sealant was significantly lower than in cases without
(P=0.017). Severe POPF occurred in 11 of the 63 DP
patients (Table 4); nine of the fistulas (14%) were classified
as grade B. Both patients with grade C POPF also had
sepsis with postoperative intra-abdominal abscess. No
patients required operative drainage.

Discussion

Pancreatic fistula remains a problem after PD and DP, with
several technical variations failing to reduce its incidence.3

Most patients with this complication are treated conserva-

tively or by interventional radiology, and if treated in a
timely fashion, pancreatic fistula does not lead to mortality.
Nevertheless, pancreatic fistula formation is a major source
of subsequent morbidity and associated complications
including abscess pseudo aneurysm, hemorrhage, and
sepsis, with considerable health-care expenditure.6,7

We have previously examined the efficacy of various
procedures to prevent severe POPF in both PD and DP
patients. In pancreaticojejunostomy of PD, we first tried
suturing between the seromuscular layer of the jejunum and
the anterior–posterior faces of the remnant pancreas. We
also started a modified Kakita's procedure8 or duct-to-
mucosa pancreaticojejunostomy. However, there were no
significant differences in the occurrence rates of severe
POPF using the different of anastomotic procedures.
Reported risk factors of POPF in PD in patients older than
60 years of age include nondilated duct size, longer
operative time, greater intraoperative red blood cell trans-
fusions, lower surgical volume, and soft texture.9–11 With
regard to the anastomotic procedure, duct-to-mucosa

Table 4 Clinicopathologic Factors in DP

Clinicopathologic factors
in PD

Patients
(N=63)

No PGA or fibrin
sealant (N=37) former

With PGA and fibrin
sealant (N=26) latter

P value

Patients-related factors

Age

≥60 36 (57.1) 22 (59.5) 14 (53.8) 0.66

<60 27 (42.9) 15 (40.5) 12 (46.2)

Histology

Benign 30 (47.6) 15 (40.5) 15 (57.7) 0.18

Malignant 33 (52.4) 22 (59.5) 11 (42.3)

Pancreatic texture

Soft 35 (55.6) 19 (51.4) 16 (61.5) 0.42

Firm 28 (44.4) 18 (48.6) 10 (38.5)

Surgery-related factors

Blood loss (g)

≥400 g 33 (52.4) 19 (51.4) 14 (53.8) 0.85

<400 g 30 (47.6) 18 (48.6) 12 (46.2)

Operation time (min)

≥210 36 (57.1) 23 (62.2) 13 (50.0) 0.34

<210 27 (42.9) 14 (37.8) 13 (50.0)

Stump closure

Staple 52 (82.5) 26 (70.3) 26 (100.0) 0.002

Suture 11 (17.5) 11 (29.7) 0 (0.0)

POPF grade A, B, and C

Present 32 (50.8) 21 (56.8) 11 (42.3) 0.26

Absent 31 (49.2) 16 (43.2) 15 (57.7)

POPF grade B and C

Present 11 (17.5) 10 (27.0) 1 (3.8) 0.017

Absent 52 (82.5) 27 (73.0) 25 (96.2)
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pancreaticojejunostomy and external drainage of the pan-
creatic duct with a stent have been recommended;12 the
efficacy of those procedures, however, remains controver-
sial. In DP, we previously cut the stump of the remnant
pancreas using a knife, then subsequently ligated the main
pancreatic duct and sutured the tissue of the pancreas to
close. A recently published systematic review appraised the
available surgical alternatives for the management of the
pancreatic stump after DP, which included duct ligation,
ultrasonic dissection, the use of fibrin sealant, patches and
meshes, pancreaticoenteric anastomosis, and hand-sewn
and stapler closure,4 reflecting the clinical heterogeneity
in this field. The benefits of staple transection for the
pancreas as a simple, quick, and secure method for closing
the proximal pancreas have been well described.13,14

However, only the randomized clinical trial of stapling vs.
hand sewing showed no significant advantage of stapling
(incidence of pancreatic fistula: 14% vs. 33%, respective-
ly).4,15 For POPF, an occurrence rate of 23% for stapled
closure after DP was observed in a meta-analysis, which
was slightly lower than for hand-sewn closure.15 Further-
more, a significant reduction in the fistula rate after staple
closure (using the Powered Multifire Endo GIA 60)
compared with suture closure was reported (pancreatic
fistula: stapler, 0% vs. suture, 35%),14 although the
opposite pattern was also demonstrated (pancreatic fistula:
stapler, 25% vs. suture, 14%).6

Fibrin sealant is used clinically to prevent the leakage of
gastrointestinal anastomoses and hemorrhages in parenchy-
mal organs.16–18 Suzuki et al.19 reported that intraoperative
fibrin sealant of the pancreatic stump prevented POPF in
patients who underwent pancreatic surgery. A randomized
clinical trial showed that POPF occurred in 15% of patients
in the fibrin sealant group and in 40% of the control
group.19 Ohwada et al.20 recommended a fibrin sealant
sandwich technique for preventing POPF. This unique
technique sandwiches fibrin sealant between the dorsal
and ventral edges of the remnant pancreas. The incidence of
POPF in that study was 9% in the sandwich technique
group vs. 27% in the simple sealing group. Fibrin sealant is
a biologic adhesive that can be used conveniently by
spraying onto the cut surface of the pancreas.19 However,
fibrin sealant may not sufficiently block openings of small
branches of the pancreatic duct that are not ligated.
Therefore, in some cases, continuous exocrine pancreatic
secretion from these small pancreatic ducts could lead to
POPF after DP, despite the use of fibrin glue. On the other
hand, Reuben et al.21 recommended a PGA felt of a stapled
pancreatic transaction line for preventing pancreatic fistulas
(pancreatic fistula: PGA felt, 3.5% vs. no PGA felt, 27.5%).

We recently started applying PGA felt with fibrin sealant
at the pancreaticojejunostomy and pancreatic stump for
reinforcement. In PD or DP, the PGA felt worked as a

cushion for a thread knot or a stapler to prevent tissue
damage. If a pancreatic tissue tearing occurs, it is thought to
be repaired by the fibrin sealant. The PGA felt can be easily
hydrolyzed in wet conditions by fibrin glue, and the PGA
felt is absorbed within 3 months.22 In addition, because the
rate of water absorption is high in the PGA felt, the fibrin
glue is thought to attach firmly to the cut surface of the
pancreas compared with the application of the fibrin sealant
or PGA felt only. The PGA felt may focus the fibrin sealant
to the cut surface of the pancreas to prevent early
detachment of the fibrin sealant from the pancreas,
enhancing the effects of the fibrin sealant. In the present
study, the combination of the PGA felt and fibrin sealant
was a significant independent factor for the prevention of
severe POPF, despite the use of various procedures such as
stapling or suturing with or without this combination (data
not shown). The combined use of fibrin sealant and a
polyethylene glycolic acid mesh patch is common for the
prevention of air leakage from the lung during thoracic
surgery,23 while a PGA felt with fibrin sealant was used for
hepatectomy to prevent bile leakage, although there are no
reports for pancreatectomy. This is the first report of
combined use of fibrin sealant and a PGA mesh patch in
pancreatic surgery. In future, a prospective randomized
control study is necessary to confirm the efficacy of this
procedure.

In conclusion, the application of this procedure using
fibrin sealant and a PGA mesh patch to the pancreaticoje-
junostomy and pancreatic stump could reduce severe POPF
after pancreatic surgery.
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