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We investigate the eﬀectiveness of buttressing the surgical stapler to reduce postoperative pancreatic fistulae in a porcine model.
As a pilot study, pigs (n = 6) underwent laparoscopic distal pancreatectomy using a standard stapler. Daily drain output and lipase
were measured postoperative day 5 and 14. In a second study, pancreatic transection was performed to occlude the proximal and
distal duct at the pancreatic neck using a standard stapler (n = 6), or stapler with bovine pericardial strip buttress (n = 6).
Results. In pilot study, 3/6 animals had drain lipase greater than 3x serum on day 14. In the second series, drain volumes
were not significantly diﬀerent between buttressed and control groups on day 5 (55.3 ± 31.6 and 29.3 ± 14.2 cc, resp.), nor on
day 14 (9.5 ± 4.2 cc and 2.5 ± 0.8 cc, resp., P = 0.13). Drain lipase was not statistically significant on day 5 (3,166 ± 1,433 and
6,063 ± 1,872 U/L, resp., P = 0.25) or day 14 (924 ± 541 and 360 ± 250 U/L). By definition, 3/6 developed pancreatic fistula; only
one (control) demonstrating a contained collection arising from the staple line. Conclusion. Buttressed stapler failed to protect
against pancreatic fistula in this rigorous surgical model.

1. Introduction
The development of a postoperative pancreatic fistula
(POPF) is a serious potential complication of any pancreatic
surgery. Estimates of incidence vary by procedure and the
underlying pancreatic pathology; however, when they occur,
they can cause additional morbidity and occasional mortality
[1]. A grading system for POPF has been developed by the
International Study Group on Pancreatic Fistula Definition
(ISGPF), and it provides a uniform terminology for assessment of clinical impact [2]. Generally, a POPF is defined as
an abnormal communication between the pancreatic ductal
epithelium and another epithelial surface, resulting in the
leaking of fluid rich in pancreatic enzymes.
Buttressing of the stapler to reinforce the staple line has
received little attention in the setting of pancreatic surgery to
date; however, this technique is gaining support and often
used in other applications such as bariatric procedures [3, 4].
Of the few published reports, a bioabsorbable mesh buttress used in conjunction with standard stapler significantly

reduced pancreatic leak rate [5, 6]. To date, there has yet
to be a randomized controlled trial to investigate the eﬀect
that staple line reinforcement has on POPF. Our study is a
preclinical evaluation of one such product in a porcine model
of distal pancreatectomy to determine whether this confers
added protection against POPF.

2. Methods
We herein investigate the potential beneficial role of a buttressed stapled pancreatic transection compared with nonbuttressed stapled pancreatic transection in a large animal
(pig) clinically relevant surgical model of pancreatic surgical
transection. We first evaluated the risk of pancreatic fistula in
a straightforward distal pancreatectomy laparoscopic model,
but found that this model had a relatively low rate of fistula
formation. To avoid the need for large numbers of pigs
and improve the sensitivity of the model, we developed a
pancreatic transection model at the pancreatic neck, which
left part of the pancreatic duct completely occluded distally,
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with the duodenal pancreatic lobe intact. While this is a
perhaps a more stringent model compared to a typical
clinical pancreatic transection in patients, we anticipated that
this approach would more rigorously evaluate the strength
of the pancreatic transection staple line with and without
buttress.
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3. Animals
Adult female swine were obtained from the colony at
the Swine Research and Technology Centre, University of
Alberta, Edmonton. Ethical approval was obtained from the
University animal welfare committee and all animals were
maintained according to the guidelines of the Canadian
Council on Animal Care. Animals were fasted more than 12
hours before surgery.
3.1. Hand-Assisted Laparoscopic Distal Pancreatectomy. Animals underwent general anesthesia and intubation, and
a laparoscopic approach was taken. A right lower transverse
incision was made and a hand port was inserted (ETHICON,
Somerville, NJ, USA) Three additional ports were placed in
the left lower quadrant. The splenic lobe of the pancreas
was identified, elevated, and freed from peritoneal attachments using the harmonic scalpel (ETHICON, Somerville,
NJ, USA). The laparoscopic stapler (Echelon Flex, 45 mm,
ETHICON, Somerville, NJ, USA) with a green cartridge was
introduced through the 12 mm port. The gland was slowly
closed between the arms of the stapler over 45 seconds,
and a further 30 seconds allowed before the stapler was
fired and cut. Approximately 4 cm of the distal gland was
transected and removed via the hand port. A 14 F blake drain
(ETHICON, Somerville, NJ, USA) was trimmed to 6 cm of
functional drain and laid in the vicinity of the pancreatic
bed. The drain was brought out laterally and tunnelled in the
subcutaneous tissue to exit near the centre of the animal’s
back. Bulb suction was attached to the drain and placed in
a pouch which was secured to the skin using adhesive tapes.
The hand port incisions were closed by suturing the fascial
layers, and skin incisions were reapproximated with staples.
The animal was allowed to recover from the anaesthetic
and given routine postop care including feed and water ad
libitum.
3.2. Pancreatic Transection at the Pancreatic Neck. Animals
underwent general anaesthesia and intubation and a midline
laparotomy was performed. Based on published data on
anatomical drainage patterns of the porcine pancreas [7],
the portion of gland between the duodenal and splenic
lobes of the pancreas was chosen as the relevant point of
duct occlusion (Figure 1). These two lobes were identified,
and dissection of the gland to the left of and anterior to
the portal vein was performed using blunt dissection and
electrocautery. A plane was thus developed between the
pancreas and the vein, and the laparoscopic stapler was
introduced through this window. Animals were randomized
to receive either standard 45 mm staple line, or staple line
with a buttress of bovine pericardium (Peri-Strips Dry With

Connecting
lobe

Figure 1: Anatomy of porcine pancreas. Dashed line indicates point
of transection of gland between duodenal and splenic lobes, to the
immediate left of the underlying portal vein.

Veritas Collagen Matrix Staple Line Reinforcement, Synovis
Life Technologies, Minneapolis, Minn, USA). The stapler
was fired as described above in the control group, and in
the buttress group, the buttress was applied to the stapler
before use as recommended by manufacturer. A 14 F Blake
drain was trimmed to 6 cm functional length, laid along the
transected ends of the gland and tacked loosely in place at
two points using 3–0 PDS suture (ETHICON, Somerville,
NJ, USA). The drain was brought out laterally and tunnelled
in the subcutaneous tissue to the back as in the laparoscopic
treatment group. The laparotomy incision was closed using a
running suture of 1 PDS (ETHICON, Somerville, NJ, USA)
and the skin was reapproximated with skin staples. The
animal was allowed to recover from the anaesthetic and given
routine postop care including feed and water ad libitum.
All operations were performed by one of two surgeons
(A. M. J. Shapiro and A. Maciver).

4. Postoperative Course
All drains were placed to bulb suction and reprimed as
needed, at least once daily. Drain output volumes were
emptied and measured daily, and samples were taken for
amylase and lipase on postoperative days 5 and 14. Jugular
venous blood samples were also taken on these days for
serum amylase and lipase. Pancreatic fistula was defined as
a pancreatic fluid discharge for more than 14 days after
operation diagnosed according to enzyme concentration in
the drain fluid (lipase 3× greater than serum).

5. Examination on Necropsy
Following jugular venous and drain sampling on postoperative day 14, animals were euthanized, and necropsy
was performed. Observations were made on the following:
location and description of adhesions, intra-abdominal
fluid collections, gross evidence of pancreatitis, staple line
appearance, signs of infection, and signs of haemorrhage.
Any fluid collections identified were sampled and sent for
quantitative analysis of amylase and lipase. The pancreas was
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Table 1: Distal pancreatectomy with standard vascular stapler.

Pig
1
2
3
4
5
6
∗

Drain volume (cc)
POD 5
POD 14
1
n/a∗
1
0
<1
22
2
8
14
4
<1
2

Drain lipase (U/L)
POD 5
POD 14
12
n/a∗
80
39
32
13
60
32
83
>10000
<10
50

Serum lipase (U/L)
POD 5
POD 14
<10
12
14
10
10
<10
133
<10
82
10
17
<10

Staple line intact
yes
yes
yes
yes
no
yes

Drain misplaced POD 10.

Figure 2: Necropsy photo of contained fistula arising from staple
line (arrow) of distal pancreatectomy in one pig.

dissected and examined carefully for evidence of staple line
disruption.

6. Statistical Analysis
Statistical analysis was carried out using GraphPad Prism
(Version 5.0b, GraphPad Software Inc., San Diego, Calif,
USA). P values less than 0.05 were considered statistically
significant. Graphical representation of data is represented
as mean ± SEM. Means of drain and serum lipase were
compared using unpaired t-tests. For values which were < or
> than a laboratory range, the lower and upper limits were
used for calculation, respectively.

7. Results
All animals in the laparoscopic hand-assisted distal pancreatectomy study recovered well from their procedure. Average
drain volume on POD 5 was 3.3 ± 2.1 cc. One pig displaced
its drain inadvertently on POD 10. Of the five remaining
animals with drains, average drain volume on POD 14 was
7.2 ± 3.9 cc. Using a definition of drain fluid of any amount
containing >3× serum level of lipase, 4/6 animals fulfilled
the criteria for POPF at POD 14; however, only one had
a demonstrated disruption of the staple line and contained
fistula arising from it on necropsy (Figure 2). This same
animal also had intra-abdominal fluid collections high in
lipase. Results are summarized in Table 1.

In the pancreatic transection model, POD 5 drain
volumes were not significantly diﬀerent between buttressed
and control groups (55.3 ± 32.0 and 29.3 ± 14.2 cc, resp., P =
0.47), and while overall output declined by POD 14, there
was no significant diﬀerence between the groups (9.5 ± 4.2 cc
and 2.5 ± 0.8 cc, resp., P = 0.13) (Figure 3). Diﬀerences in
drain fluid lipase were not statistically significant on POD 5
between control and buttressed techniques (3, 166 ± 1, 433
and 6, 063 ± 1, 872 U/L, resp., P = 0.25) or on POD 14
(924 ± 541 and 360 ± 250 U/L, P = 0.37) (Figure 4, data
summarized in Table 2). By definition, 3/6 (50%) of control
and 3/6 (50%) of buttressed animals had high concentrations
of lipase (>3× serum) in the drain fluid.
Three animals (two buttressed and one control) were
found to have disruptions of the staple line on necropsy
with evidence of an incorporated, contained fistula at the
transection in one control animal. Of 12 animals, 10 had
gross evidence of pancreatitis in the distal gland on necropsy.

8. Discussion
Distal pancreatectomy is indicated for neoplastic and benign
lesions of the pancreatic body and tail and is a procedure
increasingly performed laparoscopically [8]. Stapling devices
are viewed as an eﬃcient and safe tool to achieve a sealed
pancreatic remnant, laparoscopically or open, though the
evidence to date has not been uniformly in support of
their use in all clinical situations. A multicentered, randomized, controlled, and patient- and observer-blinded trial is
ongoing to compare conventional closure with stapling [9].
The burden of POPF in this setting represents a significant
portion of the morbidity associated with the procedure,
and despite the development of modifications in surgical
technique to reduce this complication, it persists with an
estimated incidence of 25%–30% [10–12]. Thus, as many
surgeons elect to use a stapled technique, there has been
interest in minimizing POPF by adding an adjunct to the
device in the form of a bioabsorbable buttress [5, 6]. The
buttress chosen is commercially available and has been
used in other surgical applications; collagen matrix sourced
from bovine pericardium is desirable for several reasons,
including strength (collagen fibers are multidirectional) and
low cellularity (biocompatible).
Distal pancreatectomy is performed for a variety of
indications, and on pancreatic tissue of varying texture and
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Figure 3: Drain volumes measured POD 5 and POD 14 comparing control and buttressed groups. P = NS.
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Figure 4: Lipase values in drain fluid POD 5 and POD 14 comparing control and buttressed groups (P = NS).

Table 2: Comparison of control and buttressed animals.
Pig Experimental group
3
4
5
7
10
12
1
2
6
8
9
11

control
control
control
control
control
control
Mean
buttressed
buttressed
buttressed
buttressed
buttressed
buttressed
Mean

Drain volume (cc)
POD 5 POD 14
35
6
18
<1
5
<1
96
3
20
2
2
2
29
3
160
6
4
29
150
9
10
10
6
<1
2
2
55
10

Fluid lipase (U/L)
POD 5 POD 14
>10000
213
4831
1584
1536
14
>10000
20
>10000
318
11
11
6063
360
2673
799
199
10
>10000
1308
3222
3401
1459
<10
1441
16
3166
924

Serum lipase (U/L)
POD 5
POD14
11
<10
83
<10
19
<10
196
18
48
10
3210
11
595
12
24
<10
<10
<10
1369
46
13
32
14
<10
11
10
240
20

Staple line grossly intact Fistula at end point?
yes
no
yes
yes
no
yes
4/6 intact
yes
yes
no
yes
yes
yes
5/6 intact

yes
yes
no
no
yes
no
3/6 fistula
yes
no
yes
yes
no
no
3/6 fistula
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quality. Eﬀorts have been made to determine the influence
of diﬀerent patient risk factors on the rate of POPF in this
setting, but the incidence of POPF following this procedure
is estimated to be in the range of 25%–30% [10–12]. A
2008 review suggested that data trends on fistula incidence,
morbidity, and mortality rates have been stable since 1980
[13]; however, since that time, there have been many
investigations comparing the eﬃcacy of diﬀerent pancreatic
transection and stump closure techniques in an eﬀort to
reduce the frequency of this complication.
To this end, studies have addressed direct treatment of
the main pancreatic duct; main duct ligation, especially
after suture closure of the stump, has been found to reduce
POPF incidence [11, 14]. No improvement was noted,
however, following the intracanal injection of fibrin sealant
[15]. Other techniques have been examined as a device
is given a novel application in distal pancreatectomy. For
example, ultrasonic dissection in nonfibrotic pancreas (soft
and without ductal dilatation) has been shown to be superior
to scalpel division and suture closure in one randomized
clinical trial [16], and transection using Ligasure is as
eﬀective as scalpel and suture closure in porcine models [17,
18]. Others have successfully reduced POPF incidence with
the use of bipolar scissors to transect pancreas compared to
conventional methods [19], and still another retrospective
review suggests electrocautery with oversewing has the lowest
rates of complication compared to scalpel division or stapling
[20]. The pancreatic stump itself has been protected by a
falciform pedicle flap [21], the round ligament of the liver
plus fibrin glue [22], and fixation of the omentum with fibrin
glue [23], all associated with reductions in POPF morbidity.
While stapling devices become increasingly commonplace in operating rooms, there appears to be no consensus
regarding their impact on POPF reduction when compared
to conventional methods of transection and even conflicting
evidence in the literature. For this reason, the DISPACT
study, a multicentered, randomized, controlled, and patientand observer-blinded trial is ongoing to determine the
eﬃcacy of stapler versus hand-sewn closure of the pancreatic
remnant [9].
The present study investigates the incidence of POPF in a
large animal, stapled distal pancreatectomy model, and also
the safety and eﬃcacy of a bioabsorbable bovine pericardial
buttress on a linear stapler in a preclinical large animal model
of pancreatic transection. In the second model, the pancreas
was divided and the duct occluded such that drainage of
the splenic lobe of the porcine pancreas would be impeded,
placing increased stress on the staple line. In 10/12 animals,
there was evidence of pancreatitis in the distal portion but
not the proximal portion of the gland.
Serum and drain fluid that was collected for analysis
was uniformly very high in amylase in nearly all animals
(>2400 U/L), and lipase was chosen as an acceptable surrogate for evidence of pancreatic leak.
Therefore, we find in the present study that the addition
of a bioabsorbable buttress to the staple line fails to mitigate
the risk of pancreatic fistula in this stringent model. Reasons
for this may be related to pancreas tissue or the device itself.
We recognize the major shortcoming of this study as the
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presence of a completely occluded pancreatic remnant staple
line, which would not be tolerated in the clinical setting. We
justified this approach based on a desire to attain suﬃcient
sensitivity of the model without requiring a large cohort
of pigs, which would have been prohibitive from a study
cost perspective. Thus, we cannot exclude the possibility
that a buttressed staple line in the absence of distal ductal
obstruction might be beneficial in the clinical setting, but
the strength of the buttressed staple line appeared to be
inadequate to overcome fistula formation in 3 of 6 cases. We
acknowledge that limited numbers per group restricts our
ability to expand the analysis to a larger subset. The findings
therefore are regarded as suggestive but not definitive.

9. Conclusions
In conclusion, this study indicates that buttressing of the
staple line with a bioabsorbable buttress material in the setting of distal pancreatectomy is a potentially safe procedure.
However, whether it confers additional protection against
the morbidity of POPF remains to be proven, as it failed to
reduce the incidence of this complication in our rigorous
porcine transection ductal occlusion model compared to
conventional stapling. Further investigation is warranted, as
its use in diﬀerent pancreatic texture and thicknesses may
distinguish it as a worthwhile adjunct for protection of the
pancreatic remnant.
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