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Introduction

ancreatic fistula (PF) formation remains an unsolved
complication after distal pancreatectomy (DP),

occurring at a rate of 7% to 50% in recent studies.1-6

Although several surgical techniques for closure of the
remnant pancreas after DP have been used to reduce the
risk of PF,3,7-9 the ideal method remains controversial
and undetermined.

Among currently available techniques, hand-sewn
closure and stapler closure of the remnant pancreas are
most commonly performed, and many studies have
compared the advantages of these two procedures. Some
studies showed that the incidence of PF was lower after
stapler closures than after hand-sewn closures.3,4,10  In
contrast, other studies found no significant difference in
the incidence of PF between these two methods.1,2,7,11

Two meta-analyses comparing stapler vs. hand-sewn

　Original Contribution Kitasato Med J 2017; 47: 17-25　

Received 8 June 2016, accepted 8 December 2016
Correspondence to: Yusuke Kumamoto, Department of Surgery, Kitasato University School of Medicine
1-15-1 Kitasato, Minami-ku, Sagamihara, Kanagawa 252-0374, Japan
E-mail: kumamoto@kitasato-u.ac.jp

The cartridge size and stapler selection alter the risk of
pancreatic fistula after distal pancreatectomy with stapler use:

a retrospective cohort study

Hiroshi Tajima, Yusuke Kumamoto, Ken-Ichiro Ishii, Ryo Nishiyama, Hiroshi Kawamata,
Takashi Kaizu, Yoshihito Takahashi, Masahiko Watanabe

Department of Surgery, Kitasato University School of Medicine

Background: A thick pancreas has been reported as a risk factor for pancreatic fistula (PF) after distal
pancreatectomy (DP) performed with a stapler.  However, comparative reports using different types of
staplers and cartridge sizes had not been investigated to date.
Objective: Our objective was to clarify whether or not cartridge size and stapler selection alter the risk
factor of PF after DP with a stapler.
Methods: Eighty-one patients who underwent DPs with staplers were retrospectively enrolled.  A
total of 53 operations were performed with the Echelon stapler (Ethicon Endo-Surgery; Johnson &
Johnson, Tokyo) with green cartridges (group G), and 28 operations with the Endo GIA Tri-Stapler
(Covidien Surgical, Tokyo) with black cartridges (group B).  Risk factors for PF were investigated in
both groups.
Results: The rates of clinical PF (grades B and C in the International Study Group on Pancreatic
Fistula criteria) were 15.1% and 14.3% in groups G and B, respectively (P = 0.60).  Univariate and
multivariate analyses of potential risk factors for clinical PF revealed that the only significant independent
risk factors were a pancreatic thickness of greater than or equal to 20 mm in group G (odds ratio, 9.8;
P = 0.006) and a pancreatic thickness of less than 14 mm in group B (odds ratio, 15.0; P = 0.034).
Conclusions: The cartridge size and stapler selection alter the risk factor of PF after DP with a stapler.
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closures showed no significant difference in the incidence
of PF, although there was a trend favoring stapler
closure.12,13  A recent randomized, controlled multicenter
trial (DISPACT trial) showed that stapler closures did
not reduce the incidence of PF after DP as compared
with hand-sewn closures.14

To understand these contradictory results, we must
first acknowledge that staplers should be basically
equipped with the proper size of cartridge best suited for
the tissue thickness.  Baker et al.15 showed that staple
size must be appropriately selected for the tissues on
which it is to be used.  An undersized staple cartridge
increases the risk of inadequate staple formation or can
cause excessive tissue compression, exceeding the tissue's
tensile strength and leading to tearing and perforation.
In previous studies, little attention was paid to the size of
the staple cartridge or the thickness of the pancreas, and
a stapler mounted with one size of cartridge was used
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regardless of whether the pancreas was thick or thin.  In
2011, Eguchi et al.5 were the first group to report that a
thick pancreas (more than 13 mm) is a risk factor for PF
after DP with stapler closure.  Subsequently, Okano et
al.16 and Kawai et al.17 also reported that a thick pancreas
(>16 mm, >12 mm, respectively) is an independent risk
factor for PF.  They recommended that a stapler should
be used for a thin pancreas, and another procedure should
be used for a thick pancreas.  Both of these groups used
Echelon (Ethicon Endo-Surgery; Johnson & Johnson,
Tokyo) 60-mm staplers with only gold cartridges and
presented no results obtained with other cartridges such
as the green of Echelon or the black of Endo GIA
(Covidien Surgical, Tokyo) with Tri-Staple (Covidien
Surgical), which are more suitable for thick tissues.

We have performed DPs using green cartridges of
Echelon (Ethicon Endo-Surgery) and black cartridges of
Endo GIA (Covidien Surgical) with Tri-Staple (Covidien
Surgical) in the Kitasato University Hospital.  In the
present study, we divided patients who underwent DP
into two groups according to the stapler type and then
performed univariate and multivariate analyses to
investigate the risk factors for PF in each group.  The
purpose of this study was to clarify whether or not the
risk factors for PF would change if we applied staplers
that were more suitable for thick tissues and to determine
the suitable pancreas thickness for these staplers in
patients undergoing DP.

Patients and Methods

DP has been performed with endopath staplers since 2006.
We used to use Echelon staplers (Ethicon Endo-Surgery)
with green cartridges, which was the largest available at
that time.  Recently, we used Endo GIA (Covidien
Surgical) with Tri-Staple (Covidien Surgical) with black
cartridges, which are larger than the green cartridges,
commercially available from 2011, on 83 patients who
underwent DP in our hospital from January 2006 through
March 2015.  An Echelon stapler (Ethicon Endo-Surgery)
with green cartridges was used in the first 54 patients
(group G), and the Endo GIA (Covidien Surgical) with
the Tri-Staple (Covidien Surgical) with black cartridges
was used in the latter 29 patients (group B).  Black
cartridges (staple height after firing, 2.25−3.0 mm) were
more suitable for thicker tissues than were the green
cartridges (staple height after firing, 2.0 mm).  The same
stapling technique was used in both groups.  The jaws of
the stapler were gently closed to gradually compress the
pancreatic parenchyma.  Nine minutes were required to
obtain full closure without causing traumatic splits of the

fascia covering the pancreas, followed by 2 minutes for
cutting.  Minor bleeding from the stump could be
controlled simply by electrocautery-induced coagulation.
A single closed drain was placed near the stump of the
remnant pancreas.  Antibiotics were administered for 3
days after surgery.  The amylase levels in the drainage
fluid were measured on postoperative days 1 and 3.  PF
was defined according to the International Study Group
on Pancreatic Fistula (ISGPF) criteria.18  PF was classified
as any one of the following four categories: (1) no fistula;
(2) biochemical evidence of fistula as defined by a surgical
drain amylase level more than three times higher than
the serum amylase level, which improved without any
specific treatment (grade A); (3) biochemical evidence
of fistula requiring clinical intervention, such as
percutaneous drainage or total parenteral nutrition (grade
B); or (4) biochemical evidence of fistula with severe
clinical event requiring admission to an intensive care
unit or re-operation (grade C).  In the present study, grades
B and C were defined as clinical PF because the clinical
course was altered in these grades.  Octreotide was not
prophylactically administered to prevent PF.

The following characteristics of the patients in the
two groups were recorded: age, gender, diabetes mellitus,
body mass index (BMI), preoperative albumin level,
operative time, blood loss, blood transfusion, pathology,
clinical PF, and pancreatic thickness at the resection line,
which was measured on axial images of preoperative
and postoperative computed tomographic (CT) scans.

We excluded 2 cases from statistical analysis because
they had excessive outliers in this population.  One case
in group G, which was preoperatively accompanied with
severe peripancreatic abscess, was excluded because it
showed excessive operative bleeding (>10,000 ml),
beyond 3 standard deviations (SD) of the mean for the
rest of the samples (553.1 ± 582.7 ml).  And 1 case in
group B, which showed severe obesity, was exclude
because its BMI (>40 kg/m2) was beyond 3 standard
deviations of the mean for the rest of the samples (23.3
± 3.7 kg).

The relations of PF to candidate clinicopathological
risk factors, such as age, gender, diabetes, BMI,
preoperative albumin level, lymph-node clearance,
malignancy, spleen preservation, operative time, blood
loss, transfusion, thickness of pancreas, and cutting line
position were evaluated using univariate and multivariate
models for 53 patients in group G and 28 patients in
group B.  The study was approved by the ethics review
committee of the Kitasato University Hospital.
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Statistical analysis

All data are expressed as means ± SD.  Patient
characteristics and perioperative factors were compared
using the unpaired t-test and Fisher's exact test.  Variables,
such as age, BMI, preoperative albumin level, operative
time, blood loss, and thickness of the pancreas were
divided into two groups referring to the results of the
receiver operating characteristic (ROC) curves derived
by univariate analysis.  Variables with P values of less
than 0.20 on univariate analysis were entered into a
multivariate logistic regression model to determine

independent risk factors for clinical PF.  A P value of less
than 0.05 was considered to indicate statistical
significance.  All statistical analyses were performed
using SPSS for Windows, version 22.0 (SPSS, Chicago,
IL, USA).

Results

A total of 81 patients in whom DP was performed using
staplers were categorized into two groups and statistically
analyzed.  Fifty-three patients using Echelon staplers with
a green cartridge made up group G, and 28 patients using

Table 1.  Background characteristics comparison of Groups G and B

Group G Group B
P value

(n = 53) (n = 28)

Age (years) 0.76
  Mean   62.1 ± 12.8   61.1 ± 15.3
  Range 21−84 16−88

Gender 0.45
  Male 20 13
  Female 33 15

BMI (kg/m2)   21.9 ± 3.2   23.3 ± 3.7 0.09

Preoperative albumin (mg/dl)     4.1 ± 0.3     4.2 ± 0.5 0.12

Indication for DP
  IPMN 20   5
  Ductal carcinoma 11   9
  Cyst neoplasm 10   6
  Neuroendocrine tumor   7   5
  Gastrointestinal stromal tumor   2   1
  Retention cyst   1   0
  Acinar cell carcinoma   1   0
  Metastatic carcinoma   1
  Intrapancreatic accessory spleen   0   1
  PEComa   0   1

Operative time (min) 287.7 ± 99.6 374.0 ± 104.0 <0.001*

Blood loss (ml) 553.1 ± 582.7 621.2 ± 986.6 0.74

Pancreatic thickness (mm)   15.9 ± 4.1   17.9 ± 5.1 0.06

Incision location 0.71
  SMV (right side)   7   4
  SMV (left side) 22   9
  SMV (distal side) 24 15

Clinical pancreatic fistula (ISGPF)   8   4 0.60
  Grade B   8   3
  Grade C   0   1

BMI, body mass index; DP, distal pancreatectomy; IPMN, intraductal papillary mucinous
neoplasm; PEComa, perivascular epithelioid cell tumor; SMV, supramesenteric vein;
ISGPF, International Study Group on Pancreatic Fistula
*Significant difference
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Endo-GIA tri-staplers with a black cartridge made up
group B.  The clinical characteristics of the patients in
each group are summarized in Table 1.  There were no
significant differences between the groups in age, male/
female ratio, BMI, preoperative albumin level, indications
for surgery, blood loss, thickness of the pancreas, extent

of pancreatic resection, or clinical PF (grade B or C).
However, the operative time was significantly longer in
group B (P < 0.001).  A clinical PF developed in 8 patients
(15.1%) in group G and 4 patients (14.3%) in group B (P
= 0.60).  There were no mortalities.

We performed univariate analysis to examine risk

Table 2.  Univariate analysis of perioperative risk factors for clinical PF after DP using
staplers

Group G Group B

Clinical PF (%) P value Clinical PF (%) P value

Gender 0.35 0.36
  Female 4/20 (20.0) 1/13 (7.7)
  Male 4/33 (12.1) 3/15 (20.0)

Age (years) 0.23 0.68
  ≥70 1/16 (6.3) 1/8 (12.5)
  <70 7/37 (18.9) 3/20 (15.0)

Diabetes 0.44 0.75
  Yes 2/18 (11.1) 1/7 (14.3)
  No 6/35 (17.1) 3/21 (14.3)

BMI (kg/m2) 0.36 0.62
  ≥25 0/6 (0) 1/9 (11.1)
  <25 8/47 (17.0) 3/19 (15.8)

Preoperative albumin (mg/dl) 0.59 0.43
  ≥3.7 6/41 (14.6) 4/23 (17.4)
  <3.7 2/12 (16.7) 0/5 (0)

Lymph-node clearance 0.27 0.09
  Yes 1/15 (6.7) 4/16 (25.0)
  No 7/38 (18.4) 0/12 (0)

Malignancy 0.53 0.20
  Yes 4/24 (16.7) 3/12 (25.0)
  No 4/29 (13.8) 1/16 (6.2)

Multivisceral resection 0.12 0.32
  Yes 4/14 (28.6) 2/8 (25.0)
  No 4/39 (10.3) 2/20 (10.0)

Operative time (min) 0.35 0.57
  ≥300 4/20 (20.0) 3/23 (13.0)
  <300 4/33 (12.1) 1/5 (20.0)

Blood transfusion 0.61 0.96
  Yes 0/3 (0) 1/3 (33.3)
  No 8/50 (16.0) 3/25 (12.0)

Thickness of pancreas (mm) 0.02
  ≥20 4/9 (44.4)
  <20 4/44 (9.1)

Thickness of pancreas (mm) 0.04
  ≥14 1/21 (4.8)
  <14 3/7(42.9)

PF, pancreatic fistula; DP, distal pancreatectomy

Tajima H. et al.
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factors for clinical PF in both groups G and B (Table 2).
The thickness of the pancreas was a significant risk factor
for clinical PF in both groups.  Interestingly, however, a
pancreatic thickness ≥20 mm was a risk factor in group
G, whereas a pancreatic thickness of <14 mm was a risk
factor in group B (P = 0.02 and 0.04, respectively).  The
cutoff values of pancreatic thickness in each group were
determined with reference for the results of the ROC
curves (Figure 1A, B).

To identify independent risk factors for clinical PF,

multivariate analyses were performed for the variables
of pancreatic thickness (≥20 mm) and multivisceral
resection (P = 0.12) in group G and pancreatic thickness
(<14 mm), lymph-node clearance (P = 0.09), and
malignancy (P = 0.20) in group B.  The only significant
independent risk factor was a pancreatic thickness of
≥20 mm in group G (odds ratio 9.8; P = 0.006) and a
pancreatic thickness of <14 mm in group B (odds
ratio15.0; P = 0.034) (Table 3).

Table 3.  Significant risk factors for clinical PF after DP using staplers: results of multivariate
logistic regression analysis

Factor Odds ratio 95% CI P value

Group G Thickness of pancreas ≥20 mm 9.8 2.0−48.8 0.006
Group B Thickness of pancreas <14 mm 15.0 1.2−183.6 0.034

PF, pancreatic fistula; DP, distal pancreatectomy; CI, confidence interval

Figure 1A.  A receiver operating characteristic (ROC)
curve based on pancreatic thickness for clinical pancreatic
fistula after distal pancreatectomy (DP) using an Echelon
stapler with green cartridges.  Area under the curve (AUC)
= 0.656.  A pancreatic thickness of ≥20.0 mm was suggested
to be the best cutoff value for predicting pancreatic fistula
after DP.

Figure 1B.  An ROC curve based on pancreatic thickness for
clinical pancreatic fistula after DP using an Endo-GIA Tri-
stapler with black cartridges.  AUC = 0.813.  A pancreatic
thickness of <14.0 mm was suggested to be the best cutoff
value for predicting pancreatic fistula after DP.

Cartridge selection in distal pancreatectomy
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Discussion

The present study revealed two important points about
the development of PF after DP performed with the use
of staplers.  First, the overall rate of clinical PF was
similar in both groups (group G, 15.1%; group B, 14.3%)
despite the use of different-sized staple cartridges.
Second, the distribution of clinical PF according to
pancreatic thickness differed substantially between the
groups (Table 4).

In previous studies using the same definition of PF as
that in the present study, the rates of PF after stapler
closures of the remnant pancreas ranged from 12% to
31% (mean, 21.5%) (Table 5).  These studies used
different kinds of staplers and different-sized cartridges.

To our knowledge, the present study is the first to use
black cartridges in DP, but the rate of PF was consistent
with the results of other studies using different-sized
cartridges.  In our series, the thickness of the pancreas at
the cutting line ranged widely from 4 to 27 mm (Figure
2).  These results clearly indicated that perfect closure of
the remnant pancreas with a variety of thicknesses was
difficult using only one size of cartridge.  Sepesi et al.3

reported that a white cartridge (vascular stapler) is
superior to a green cartridge for the prevention of PF in
DP.  However, they did not compare the pancreatic
thickness between the groups in their study.  The
possibility that the pancreas was thinner in the white
cartridge group could not be ruled out.

The present study clearly showed that the clinical PF

Table 4.  The occurrence rate of clinical PF according to the pancreatic thickness after DP
using staplers

Pancreatic thickness

<14 mm ≤14 mm ≤20 mm Total

Group G (n = 53)   11.8% (2/17) 7.4% (2/27) 44.4% (4/9) 15.1% (8/53)
Group B (n = 28) 42.9% (3/7)    0% (0/10)     9.1% (1/11) 14.3% (4/28)

Figure 2.  The distribution of pancreatic thickness of the cutting line in a distal pancreatectomy.  The
thickness of the pancreas at the cutting line ranged widely from 4 to 27 mm (mean 16.5 mm).

Tajima H. et al.
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Table 5.  Review of available studies of distal pancreatectomy with staplers and/or suture

Year Study Sample Cartridge Stapler Suture
Ref. Author Stapler PF definition

published design size size PF PF

Drain fluid amylase >5000 IU/l,
10 Fahy 2002 Retro   51 TA-55 NM 13.0% 55.5%

persistent drain output >7 POD

GIA, TL, Amylase-rich fluid in the drain after
19 Seehan 2002 Retro   85 NM 25.0% 14.0%

vascular stapler beginning a general diet

Proximate linear stapler 60 mm, >5 ml fluid from drain, with amylase
20 Balzano 2005 Retro 123 Green 26.1% 38.4%

Endo GIA 60 mm level 5 times higher than serum on 5 POD

Drain amylase level 5 times higher than
21 Pannegeon 2006 Retro 175 NM NM 22.0% 24.0%

serum on 5 POD

≥30 ml of amylase-rich drainage fluid
  7 Kleeff 2007 Retro 302 ETS45, 2 times White 15.9% 9.3%

(>5,000 units)/day for >10 days

11 Ridolfini 2007 Retro   64 GIA NM 24.0% 20.0% ISGPF (ABC)

Endovascular stapler,
  8 Ferrone 2008 Retro 462 NM 24.0% 30.0% Modified ISGPF (ABC)

Transverse anastmosis stapler

  1 Nathan 2009 Retro 704 NM NM 12.0% 12.0% ISGPF (BC)

Proximate TL linear
  2 Yoshioka 2010 Retro 100 Adaptable 22.0% 30.0% ISGPF (BC)

stapler 60 mm

  6 Seeliger 2010 Retro 110 GIA NM 7.0% 13.4% Amylase-rich fluid from drain

Green or
  5 Eguchi 2011 Retro   48 Echelon 60 mm 23.0% 27.0% ISGPF (BC)

Gold

20 Diener 2011 MC-RCT 450 NM NM 20.3% 20.6% ISGPF (BC)

Endo GIA 45 mm,
  3 Sepesi 2012 Retro   29 Green 31.0% 36.0% ISGPF (BC)

Echelon 60 mm, TA

Endo GIA 45 mm,
  3 Sepesi 2012 Retro   21 White 5.0% − ISGPF (BC)

multicenter Echelon 60 mm, TA

Proximate TL
  4 Ban 2012 Retro 388 Adaptable 20.6% 50.9% ISGPF (BC)

linear stapler 60 mm

Proximate TL linear
  9 Kawabata 2013 Retro   40 Adaptable 17.5% − ISGPF (BC)

stapler 60mm

16 Okano 2013 Retro   31 Echelon 60 mm Gold 22.0% − ISGPF (BC)

17 Kawai 2013 Prospective 122 Echelon 60 mm Gold 35.5% 44.0% ISGPF (ABC)

Our study 2015 Retro   53 Echelon 60 mm Green 15.1% − ISGPF (BC)
Endo GIA 60mm

  20 Black 14.3% − ISGPF (BC)
Tri-Stapler

Retro, retrospective study; NM, not mentioned; TA-55, TA-55 stapler (Auto. Suture); POD, postoperative day; GIA, gastrointestinal
anastomosis stapler; TL, titanium linear stapler; ETS45, ETS Flex 45 cutter (Ethicon Endo-surgery); MC-RCT, multicenter randomized
controlled trial; TA, DST Series TA Stapler (Covidien Surgical)

Cartridge selection in distal pancreatectomy
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rate for a thicker pancreas was lower in group B rather
than that in group G.  Although many studies of DP with
staplers have been reported, previous studies have not
proposed that the cartridge size of the stapler should be
selected depending on the thickness of the pancreas.
Nearly all the reports on DP using staplers published
before 2010 did not mention the cartridge size (Table 5).
Staplers compress thick tissue to a certain thickness
automatically.  If a stapler is applied to tissue that is too
thick, it is easy to imagine that traumatic splits of the
fascia or inadequate stapling are likely to occur.  The
present study showed that the green cartridge of the
Echelon stapler is suitable for a pancreatic thickness of
<20 mm, whereas the black cartridge of the Endo-GIA
Tri-Staple is suitable for a pancreatic thickness of >14
mm.

Recently, Okano et al.16 have reported that pancreatic
thickness is a significant risk factor for PF after DP using
staplers and proposed that patients with a pancreatic
thickness of <16 mm are suitable candidates for DP using
a stapler.  We agree with their findings because they used
an Echelon stapler with a gold cartridge (staple height
after firing, 1.8 mm), which is more suitable for thinner
tissue than is the green cartridge.16

In group G, clinical PF developed in 4 patients with a
pancreatic thickness of <20 mm.  One patient had alcohol-
induced total chronic pancreatitis and hard pancreatic
parenchyma.  We intraoperatively found a tear in the
fascia despite carefully compressing the pancreatic
parenchyma by the slow clamp stapling technique.  In
DP, the pancreatic parenchyma is generally soft and
normal because the tumor is located distal to the cutting
line of the pancreas, and associated pancreatitis occurs at
the distal part of the tumor.  In the present series, this was
the only patient who had total pancreatitis.  Okano et al.16

reported that the texture of the pancreatic parenchyma
was not identified as a risk factor in DP with a stapler;
however, 1 of 3 cases with a hard textured pancreas
developed a grade C pancreatic fistula in their series.
They experienced pancreatic tissue crushing during
transection with the stapler as we did in the present study.
These 2 cases evidenced that the hard texture of the
pancreatic parenchyma must be handled carefully with a
stapler.  The other 2 patients with clinical PF in group G
had a pancreatic thickness of only 8 mm, which might
have been too thin for a green cartridge.

The two models of staplers that we used in this study
were produced by different companies.  They have similar
features, such as 6-row staple lines, and the total number
of staplers (88 and 90), but slightly different stapling
mechanisms (i.e., varied-height staplers vs. same-height

staplers).  Therefore, the cartridge size was probably not
the only reason for the difference in the distribution of
PF according to the pancreatic thickness.  To objectively
assess only the effects of cartridge size on the distribution
of PF, prospective studies using different cartridge sizes
with the same type of stapler are warranted.

The study limitations included that it was based on a
single center, a small sample, and retrospective analyses.
To confirm the strategy that the cartridge size of the
stapler should be selected depending on the thickness of
the pancreas in DP, further studies are warranted.  Such
studies will hopefully elucidate whether or not the risk of
PF can be substantially reduced by the surgical technique
and delineate the optimal technique for managing the
remnant pancreatic stump in DP.  To our knowledge, this
is the first study showing that even a thick pancreas can
be closed safely by using an appropriate stapler for DP.
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