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Abstract

Background: The purpose of this retrospective study was to
evaluate the impact of stump closure techniques on pancre-
atic fistula (PF) focusing on pancreatic thickness after distal
pancreatectomy (DP). Methods: A total of 213 patients who
underwent DP between 2007 and 2017 were retrospectively
reviewed. The risk factors of PF were investigated. Results:
In all patients, age >65 years (odds ratio [OR]: 3.60, p =0.012),
operation time =300 min (OR: 3.05, p = 0.013) and thickness
of transected pancreas (OR: 1.37, p < 0.001) were identified
as independent risk factors for clinically relevant PF. A re-
ceiver operating curve analysis revealed the optimum cut-
off values of thickness to be 14 mm with stapler closure and
17 mm with the clamp-crushing method. There were no sig-
nificant differences regarding PF between the stapler clo-
sure and clamp-crushing methods in the thin (<14 mm) and
very thick pancreas (=17 mm) groups (p = 0.822, p = 0.072).
In contrast, stapler closure was the only independent risk
factor for developing PF in the moderately thick (=14, <17
mm) pancreas group (OR: 6.75 and p = 0.004, respectively).

Conclusion: The clamp-crushing method was superior to
stapler closure for pancreatic transection, especially in pa-
tients with moderately thick pancreas.

© 2020 S. Karger AG, Basel

Background

Postoperative pancreatic fistula (PF) is a major cause
of morbidity after distal pancreatectomy (DP), occurring
in 15-40% of patients, despite improvements in surgical
techniques and perioperative patient care [1-3]. Various
surgical techniques for division and closure of the pancre-
atic remnant have been proposed previously in an effort
to reduce the incidence of PF, such as hand-sewn closure
[1, 4, 5], stapler use with or without reinforcement [6, 7],
energy devices [8, 9] and the use of patches [10, 11]. How-
ever, the optimum procedure has not been established.

The stapler method, which closes the pancreatic stump
concurrently with division, is widely applied by surgeons
due to its simplicity of use. Although the clamp-crushing
method (transecting the pancreatic parenchyma with
Pean crushing and ligating small vessels and the main and
branched pancreatic ducts) had previously been applied
for pancreas division in our institution, stapler closure
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has been used instead since 2011. However, the incidence
of PF with the use of stapling devices remains high.

Previous studies have reported that a thicker pancreas
is a risk factor for developing PF after DP when using a
stapler [12-16]. One possible weak point of stapler clo-
sure may be difficulty adjusting the compression strength
according to the texture or thickness of the pancreas.
Kleeff et al. [1] mentioned that the pancreatic parenchy-
ma could be crushed by mechanical stapling, and subse-
quent injury of small pancreatic ducts could cause PF.

It is true that a thick pancreas easily develops PF; how-
ever, the mechanism underlying the development of PF
and the relationship between PF and thickness of the pan-
creas may differ between the stapler and hand-sewn clo-
sure techniques.

Therefore, the purpose of the present study was to
evaluate the impact of the stump closure method on the
occurrence of PF with stratification of patients according
to the thickness of the transected pancreas.

Methods

Patients

Between January 2007 and December 2017, 226 patients under-
went DP at Shizuoka Cancer Center. One patient was excluded
from the study due to alack of clinical data. In the early period, the
clamp-crushing method was performed. However, our routine
procedure gradually shifted to one of stapler closure starting in
April 2011, and stapler closure has been routinely used since Sep-
tember 2013. Twelve patients in whom other methods (cautery in
9 patients and energy devices in three) were used for pancreas tran-
section were also excluded. The remaining 213 patients were ret-
rospectively reviewed.

Surgical Techniques and Postoperative Management

Open DP with D2 lymph node dissection was performed in
patients with malignant diseases. In patients who were diagnosed
preoperatively with benign diseases, lymph node dissection was
omitted. In the clamp-crushing method, the pancreatic parenchy-
ma was transected by clamp-crushing with Pean, and small vessels
and branched pancreatic ducts exposed on the cut surface of the
pancreas were ligated and divided. The main pancreatic duct was
also ligated. The cut margin of the remnant pancreas was left open
without sutures or adding any agent. In the stapler closure tech-
nique, the pancreas was divided using stapling devices. The closure
jaw was clamped slowly, taking a few minutes at a fixed speed. The
following stapler devices were used: Endo GIA (Covidien Medtron-
ic, Plymouth, MN, USA), Echelon Flex (Ethicon Endosurgery,
Cincinnati, OH, USA), TA stapler (Covidien Medtronic), and
TLH60 (Ethicon Endosurgery). The stapling devices and cartridg-
es for the stapler were left to the surgeon’s preference. The cut line
of the pancreas was detailed in the operative records. Two closed
suction drains were placed adjacent to the pancreatic stump and
in the left subphrenic space.

Stump Closure Techniques in Distal
Pancreatectomy

Amylase value of the drainage fluid was measured on postop-
erative days 1 and 3. The drainage tubes were to be removed on
postoperative day 4 when the amylase level of the drainage fluid
was less than 3 times the upper limit of the institutional normal
serum amylase value, the appearance of the drainage fluid was
clear, and the patient’s condition was good. The drain was usually
exchanged when drain placement had been continued for more
than 7 days. Postoperative PF was diagnosed and classified based
on the definition of the International Study Group of Pancreatic
Surgery [17].

Resection Site of the Pancreas

The resection line of the pancreas was estimated using preop-
erative computed tomography based on the descriptions in the op-
erative records. Thickness of the pancreatic resection line was
measured on axial view using a 2-mm slice contrast-enhanced
computed tomography scan (see online suppl. material 1; see
www.karger.com/doi/10.1159/000505061 for all online suppl. ma-
terial). The thickest value of the pancreatic resection line in each
slice was used for analysis in the present study.

Statistical Analyses

Results are expressed as median (range) for continuous data.
Continuous data were compared using the Mann-Whitney U test
or dichotomized according to a receiver operating characteristic
(ROC) analysis. Categorical data were compared using Pearson’s
X2 test or Fisher’s exact probability test where appropriate. A
p value <0.05 was considered statistically significant. Variables
with p < 0.05 in the univariate analysis were entered into a multi-
variate logistic regression analysis to identify independent factors.
Statistical analyses were performed using the SPSS software pro-
gram for Windows, version 21.0 (SPSS, Chicago, IL, USA).

Results

A total of 213 patients (107 men and 106 women) with
a median age of 67 (23-85) years underwent DP. The
pathological diagnosis was pancreatic cancer in 121 pa-
tients, intraductal papillary mucinous neoplasm in 28,
neuroendocrine tumor in 15, cystic neoplasms in 22, met-
astatic pancreatic tumor in 11, solid pseudopapillary neo-
plasm in 8 and others in 8. The clamp-crushing method
was used in 86 patients, and stapler closure was performed
in 127 (Endo GIA in 84, Echelon Flex in 34, TA stapler in
8, and TLH60 in 1). Regional lymph node dissection was
performed in 176 patients. The median operation time
was 234 (100-766) min and blood loss was 363 (0-2,716)
mL. The postoperative complications are summarized in
suppl. material 2. The overall incidence of any PF was 152
patients; biochemical leakage was noted in 61 patients,
grade B PF in 89 patients, and grade C PF in 2 patients.
Clinically relevant PF (grade B or C) occurred in 91 pa-
tients (42.7%). Postoperative complications of Clavien-
Dindo grade IIla or higher occurred in 145 patients
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Table 1. Risk factors for the development of pancreatic fistula in all patients

Factor Pancreatic fistula Univariate Multivariate
absent present pvalue odds ratio p value
Age
<65 years 52 (67) 26 (33) 0.044 1.00 0.012
=65 years 70 (52) 65 (48) 3.60 (1.33-9.72)
Gender
Female 69 (65) 37 (35) 0.027 1.00 0.637
Male 53 (50) 54 (50) 1.23 (0.52-2.92)
BMI
<25 106 (87) 69 (76) 0.037 1.00 0.253
>25 16 (13) 22 (24) 1.89 (0.64-5.62)
Disease
PC 67 (55) 54 (45) 0.577
Others 55 (60) 37 (40)
Pancreatic texture
Soft 118 (58) 85 (42) 0.331
Hard 4 (40) 6 (60)
Transection site
Neck 111 (91) 75 (82) 0.094
Body/tail 11 (9) 16 (17)
Approach
Laparoscopic 12 (50) 12 (50) 0.513
Open 110 (58) 79 (42)
Splenectomy
No 2(33) 4(67) 0.405
Yes 120 (58) 87 (42)
Stump closure
Clamp-crushing 55 (64) 31 (36) 0.121
Stapler 67 (53) 60 (47)
Cartridge size
<2 mm 59 (59) 41 (41) 0.010 1.00 0.182
>2 mm 8 (31) 18 (69) 2.11 (0.70-6.34)
Op. time
<300 min 96 (63) 56 (37) 0.009 1.00 0.013
>300 min 26 (43) 35 (57) 3.05 (1.28-8.35)
Blood loss
<500 mL 88 (61) 56 (39) 0.107
>500 mL 34 (49) 35(51)
Thickness of pancreas, mm 12 (5-24) 15 (8-31) <0.001 1.37 (1.20-1.57) <0.001
MPD diameter, mm 1.7 (0.6-8.1) 1.8 (0.8-4.8) 0.127

Categorical data are expressed as n (%). Number data are expressed as median (range). Bold was used to show
significant difference (p < 0.05). BMI, body mass index; PC, pancreatic cancer; Op. time, operation time; MPD,

main pancreatic duct.

(68.1%). There were no in-hospital deaths during the
study period. The median postoperative hospital stay was
20 days.

Univariate and multivariate analyses were performed
to identify risk factors for clinically relevant PF in all pa-
tients (Table 1). The median thickness of the transected
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pancreas was 15 (8-31) mm in patients with PF and 12
(5-24) mm in those without PF. There were no significant
differences in the incidence of PF between stapler closure
and the clamp-crushing method. In the multivariate anal-
ysis, age 265 years (odds ratio [OR]: 3.60, 95% confidence
interval [CI]: 1.33-9.72, p = 0.012), operation time =300
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Table 2. Univariate and multivariate analyses for postoperative pancreatic fistula in the thin (<14 mm) pancreas

group
Factor Patients, Patients with Univariate Multivariate
n pancreatic fistula, n ~ p value odds ratio pvalue

Age
<65 years 38 6 (16) 0.075
>65 years 75 24 (32)

Gender
Female 64 16 (25) 0.674
Male 49 14 (29)

BMI
<25 97 24 (25) 0.284
>25 16 6 (38)

Disease
PC 70 20 (29) 0.662
Others 43 10 (23)

Pancreatic texture
Soft 110 28 (25) 0.172
Hard 3 2 (67)

Transection site
Neck 107 28 (26) 0.699
Body/tail 6 2 (33)

Approach
Laparoscopic 9 3(33) 0.697
Open 104 27 (26)

Splenectomy
No 3 2 (67) 0.172
Yes 110 28 (25)

Stump closure
Clamp-crushing 76 21 (28) 0.822
Stapler 37 9 (24)

Cartridge size
<2 mm 66 17 (26) 0.348
>2 mm 10 4 (40)

Op. time
<300 min 31 14 (45) 0.009 1.00 0.007
>300 min 82 16 (20) 3.40 (1.39-8.30)

Blood loss
<500 mL 79 18 (23) 0.173
>500 mL 34 12 (35)

MPD diameter
<2 mm 73 16 (22) 0.132
>2 mm 40 14 (35)

Categorical data are expressed as n (%). Bold was used to show significant difference (p < 0.05). BMI, body
mass index; PC, pancreatic cancer; Op. time, operation time; MPD, main pancreatic duct.

min (OR: 3.05, 95% CI: 1.28-8.35, p = 0.013) and thick- ter DP to be 14 mm in patients undergoing stapler clo-
ness of the transected pancreas (OR: 1.37, 95% CI: 1.20-  sure and 17 mm in patients undergoing the clamp-crush-
1.57, p < 0.001) were identified as independent risk fac- ing method. The area under the curve of the cut-oft level
tors for clinically relevant PF. was 0.778 (95% CI: 0.698-0.859) with stapler closure and

A receiver operating characteristic curve analysis re-  0.691 (95% CI: 0.577-0.805) with clamp-crushing.
vealed the optimum cut-off values for developing PF af-  Thereafter, we divided patients into 3 groups: those with
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Table 3. Univariate and multivariate analyses for postoperative pancreatic fistula in patients with pancreas thick-

ness >14 but <17 mm

Factor Patients, Patients with Univariate =~ Multivariate
n pancreatic fistula, n p value odds ratio D value

Age, years
<65 years 17 7 (41) 0.542
>65 years 29 16 (55)

Gender
Female 21 8 (38) 0.236
Male 25 15 (60)

BMI
<25 36 17 (47) 0.474
>25 10 6 (60)

Disease
PC 23 12 (52) 1.000
Others 23 11 (48)

Pancreatic texture
Soft 43 22 (51) 1.000
Hard 3 1(33)

Transection site
Neck 38 19 (50) 1.000
Body/tail 8 4 (50)

Approach
Laparoscopic 5 2 (40) 1.000
Open 41 21 (51)

Splenectomy
No 2 1 (50) 1.000
Yes 44 22 (50)

Stump closure
Clamp-crushing 20 5(25) 0.006 1.00 0.004
Stapler 26 18 (69) 6.75 (1.82-25.00)

Cartridge size
<2 mm 19 12 (63) 0.356
>2 mm 6 5(83)

Op. time
<300 min 29 13 (45) 0.542
>300 min 17 10 (59)

Blood loss
<500 mL 28 12 (43) 0.365
>500 mL 18 11 (61)

MPD diameter
<2 mm 23 12 (52) 0.768
>2 mm 23 11 (48)

Categorical data are expressed as n (%). Bold was used to show significant difference (p < 0.05). BMI, body
mass index; PC, pancreatic cancer; Op. time, operation time; MPD, main pancreatic duct.

a pancreas thickness of <14 mm (thin pancreas group,
n=113), those with a pancreas thickness of 14 to <17 mm
(moderately thick pancreas group, n = 46) and those with
a pancreas thickness of 217 mm (very thick pancreas
group, n = >54). Clinically relevant PF occurred in 30/113
[26.5%] patients in the thin pancreas group, in 23/46
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(50%) patients in the moderately thick pancreas group,
and in 38/54 [70.3%] patients in the very thick pancreas
group.

In the thin pancreas group, univariate and multivariate
analyses revealed that an operation time 2300 min was an
independent risk factor for developing PF (Table 2). The
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Table 4. Univariate and multivariate analyses for postoperative pancreatic fistula in patients with pancreas thick-

ness 217 mm

Factor Patients, Patients with Univariate Multivariate
n pancreatic fistula, n p value T R

Age
<65 years 23 13 (57) 0.074
265 years 31 25 (81)

Gender
Female 21 13 (62) 0.363
Male 33 25 (76)

BMI
<25 42 28 (67) 0.264
>25 12 10 (83)

Disease
PC 28 22 (79) 0.236
Others 26 16 (62)

Pancreatic texture
Soft 50 35 (70) 1.000
Hard 4 3(75)

Transection site
Neck 41 28 (68) 0.553
Body/tail 13 10 (76)

Approach
Laparoscopic 10 7 (70) 1.000
Open 44 31(70)

Splenectomy
No 1 1 (100) 1.000
Yes 53 37 (70)

Stump closure
Clamp-crushing 29 17 (59) 0.072
Stapler 25 21 (84)

Cartridge size
<2 mm 15 12 (80) 0.504
>2 mm 10 9 (90)

Op. time
<300 min 41 27 (66) 0.301
>300 min 13 11 (85)

Blood loss
<500 mL 37 26 (70) 1.000
>500 mL 17 12 (71)

MPD diameter
<2 mm 38 26 (68) 0.629
>2 mm 16 12 (75)

Categorical data are expressed as n (%). BMI, body mass index; PC, pancreatic cancer; Op. time, operation

time; MPD, main pancreatic duct.

incidence of PF was comparable between stapler closure
and the clamp-crushing method in the thin pancreas group.

In the moderately thick pancreas group, the incidence
of PF was significantly higher in patients who underwent
stapler closure than in those who underwent clamp-
crushing (69 vs. 25%, p = 0.006) (Table 3). A multivariate

Stump Closure Techniques in Distal
Pancreatectomy

analysis revealed that stapler closure was the only inde-
pendent risk factor for developing PF after DP in the
moderately thick pancreas group (OR: 6.75, p = 0.004).
In the very thick pancreas group, the occurrence of PF
was higher with stapler closure than with clamp-crush-
ing, but this trend did not reach statistical significance
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(p =0.072; Table 4). No variables were significantly asso-
ciated with PF development in the very thick pancreatic

group.

Discussion

The present study showed that thickness of the tran-
sected pancreas significantly affected the development of
PF after DP. The clamp-crushing method was advanta-
geous, especially in patients with a moderately thick pan-
creas, compared to stapler closure, although differences
in the incidence of PF between the two techniques were
small in patients with a thin or very thick pancreas.

The present study demonstrated that thickness of the
pancreas was an important factor that should be consid-
ered when dividing the pancreas in DP. Several studies
have reported that thickness of the pancreatic remnant is
a risk factor for PF after DP with stapler closure [12-16].
Kawai et al. [14] reported that stapler closure for a thick
pancreas (>12 mm) was associated with a significantly
increased occurrence of PF compared with hand-sewn
sutures or bipolar scissor techniques (86.7 vs. 38.5%, re-
spectively). In contrast, the incidence of PF was compa-
rable among these techniques in a thin (<12 mm) pan-
creas. Results in the present study were consistent with
these previous findings in terms of stump closure for a
thin pancreas. However, the clamp-crushing method
showed a significant reduction in the rate of PF compared
to stapler closure in a moderately thick pancreas, as the
cut-off value of pancreatic thickness for PF differed be-
tween the clamp-crushing method and stapler closure. Of
further note, there was no statistically significant differ-
ence in the rate of PF between the 2 techniques in the very
thick pancreas group. These findings suggest that the
clamp-crushing method may be beneficial compared to
other techniques, especially for patients with a moder-
ately thick pancreas.

One major cause of PF following DP is considered to
be leakage of pancreatic fluid from the main and periph-
eral pancreatic ducts on the cut surface of the pancreatic
remnant. Although a stapler is able to close both the main
and peripheral pancreatic ducts simultaneously by com-
pressing the stump, compressing a thick pancreas with a
stapler can injure the pancreatic parenchyma and tiny
branches of the pancreatic duct. In addition, attempts to
staple a thick pancreas without tearing can lead to in-
complete closure of small ducts. In contrast, crushing the
pancreatic parenchyma using Pean and ligating the fi-
brous bundles, including the peripheral pancreatic ducts,

346 Dig Surg 2020;37:340-347
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is a reasonable method for managing a thick pancreas
[18]. Therefore, the clamp-crushing method should be
applied in patients with a moderately thick pancreas,
whereas stapler closure may be reasonable in those with
athin pancreas, due to its convenience and technical sim-
plicity and the comparable PF rates between the 2 groups.
Further improvements are needed in patients with a very
thick pancreas, who show a markedly high rate of PF
than those with a thinner pancreas. Coverage of the pan-
creatic stump - e.g., using a falciform ligament patch,
seromuscular patch, or fibrin glue — has been proposed
in several studies [19, 20]. The combination of the clamp-
crushing method and coverage of the pancreatic rem-
nant may be effective for managing patients with a thick-
er pancreas.

Several limitations associated with the present study
warrant mention. First, this was a retrospective, single-
institutional study that had potential bias in the selection
of patients. Second, the rate of PF incidence (overall:
69.8%, clinically relevant PF: 41.8%) in this study is high-
er than that reported previously. This discrepancy might
be due to differences in the patient characteristics. The
present study included more patients with a soft pancreas,
which is reported to be a risk factor of PF [21]. One pos-
sible explanation may be that pancreatic texture was
judged based on the findings of the pancreas at the level of
the transection line. The texture of the pancreas proximal
to the tumor is generally soft. Alternatively, this outcome
may be because there were no patients with chronic pan-
creatitis in the present study. Thus, most of our patients
had a soft pancreas in this study. Furthermore, our cau-
tious drain management after DP may have increased the
rate of grade B PF. Drains were left if the amylase value in
the drainage fluid was over 375 IU/L (3 times the upper
limit of the institutional normal range of serum amylase)
at POD 3, regardless of infection. Drainage was continued
until the drainage fluid had dried up or the drain amylase
value had decreased to <375 IU/L without infection. The
mortality rate for our series was 0, which seems to provide
clinical justification of our perioperative management ap-
proach. Third, there were some biases in the selection of
the stump closure method during the transitional period.
However, there were no significant difference in the inci-
dence of PF among surgeons (data not shown). Fourth, we
retrospectively examined the transection line using the
operation record; however, there might have been some
discrepancy between the estimated transection line on CT
and the actual transection line.

In conclusion, we should take into account the thick-
ness of the transected pancreas in DP, and it is important
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to consider the clamp-crushing method, especially in pa-
tients with a moderately thick pancreas. Further studies
are needed to identify the appropriate method for closure
according to the characteristics of the pancreas, including
thickness.
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