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Is there any different risk factor for clinical relevant
pancreatic fistula according to the stump closure method
following left-sided pancreatectomy?

Hyun Joo Yoo, Kwang Yeol Paik, and Ji Seon Oh

Department of Surgery, Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Backgrounds/Aims: Consistency on risk factors for postoperative pancreatic fistula (POPF) after left-sided pancre-
atectomy (LP) according to the stump closure methods has not been revealed. Appropriate surgical stump closure
method after LP is still in debate. This study investigates risk factors for POPF according to the closure methods in
LP. Methods: A total of 49 consecutive patients underwent LP with a stapler closure (ST) or hand-sewn closure (HS)
between June 2001 and September 2016. The risk factors of pancreatic fistulas were investigated in 49 LPs according
to stump closure methods, HS (n=19), and ST (n=30). Results: There was no significant difference in the incidence
of overall POPF (HS 42.1% vs. ST 50.0%) and clinical relevant POPF (CR-POPF) (HS 5.3% vs. ST 6.7%) between two
groups. In the ST group, the pancreas was significantly thick in patients with CR-POPF (27 mm vs. 17 mm) and the
tumor was also larger (58 mm vs. 27 mm). In the HS group, the operation time was longer in CR-POPF group (515 min
vs 292 min). In univariate analysis, wider diameter of the pancreatic duct (27 mm vs 16 mm) was associated with
POPF in the HS group. There was no meaningful risk factor for POPF in the ST group. Conclusions: Incidence of
overall POPF between the ST and HS group were clinically insignificant in this study. The thickness of the pancreas
and the tumor diameter are factors significantly associated with CR-POPF in the ST group. Long operation time was
the only factor associated with CR-POPF in the HS group. (Ann Hepatobiliary Pancreat Surg 2019;23:385-391)
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INTRODUCTION

Pancreatic fistula after left-sided pancreatectomy (LP)
is the surgeon’s major concern as that in pancreatic fistula
after pancreaticoduodenectomy. Although various techni-
ques have been attempted to prevent the development of
postoperative pancreatic fistula (POPF) after LP, no defi-
nite consensus has been established.'

Among various methods of stump closure after LP, sta-
pler closure (ST) and hand-sewn (HS) are the most typical
and popular. The stapler closure is the mainly selected met-
hod during laparoscopic left-sided pancreatectomy where-
as the hand-sewn suture is the method commonly per-
formed during laparotomy, regardless of reinforcement of
the stump closure. The European multicenter trial (DISPACT)

demonstrated that the incidence of POPF was comparable

between stapler and hand-sewn closures.”

Including development of various closure methods, on-
going efforts for reducing pancreatic fistula have not been
completed yet. In this context, identifying factors which
affect the occurrence of the pancreatic fistula after LP is
important. This research aimed to investigate the risk fac-
tor for POPF due to the closure methods during LP.

MATERIALS AND METHODS

49 patients underwent LP between 2001 and June 2016
were enrolled in the study. Surgery was performed by two
surgeons (EK Kim, KY Paik) in a single institution.

Clinicopathological variables of 49 patients were col-
lected retrospectively. Several variables related to intra-

operative findings, including tumor size, pancreatic duct
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size, operation time, blood loss, resection of adjacent or-
gans, the way of approach (laparoscopic vs. laparotomy),
and pancreatic thickness at the stump were reviewed. At
the same moment, variables focused on postoperative out-
comes and POPF including pathologic diagnosis, serum
and drain amylase were also evaluated.

All patients were preoperatively evaluated with con-
trast-enhanced abdominal computed tomography (CT) or
abdominal magnetic resonance imaging (MRI). Somatostatin
analog was routinely used until postoperative day 7. The
abdominal CT was performed 7 days after the operation
to assess postoperative morbidity. The thickness of the
pancreatic resection site was determined twice on the CT,
pre- and postoperatively, to improve the degree of reli-
ability.

For the ST method, the pancreas was transected using
an Echelon 60 with gold cartridge (Johnson & Johnson,
Cincinnati, OH, USA) until 2012. Occasionally two car-
tridges were used for transection of the thick pancreas.
After the year 2012, the Black type Endo GIA™ Reloads
with Tri-StapleTM (Covidien, North Haven, CT) was used
for resection. Fibrin glue was routinely applied on the re-
section site. No additional reinforcement suture was done
in laparoscopic cases.

The HS method mainly performed during laparotomy.
For all of HS patients, the pancreas was transected care-
fully with a knife and following ligation of the main duct
by using 3-0 PDS suture was performed. After transection,
reinforcement of pancreas stump closure was performed
via fish-mouth technique. In laparotomy, fibrin glue was
also used after resection of the pancreas. Additonally, ab-
sorbable fibrin sealant patch (TachoSil; Nycomed Austria
GmbH, Linz, Austria) or absorbable polyglactin acid mesh
sheet (Neoveil; Gunze Corp., Kyoto, Japan) were used in
the past five years.

In cases of spleen-preserving distal pancreatectomy
with excision of splenic vessels, short gastric arteries and
veins were preserved, as reported by Warshaw.’ After sep-
aration, the distal pancreas was taken out through an ex-
tended incision of umbilical trocar site.

The amylase level of drain and serum were measured
every day until the day of the drain removal. Since the
year 2012, the level was only checked on the postoper-
ative day 1,3,5 and 7. The drain tube was removed when

the amylase level of the drain reached to the normal range

and if there was no evidence of POPF on the post-
operative CT scan.

POPF was defined according to the International Study
Group on Pancreatic Fistula Definition (ISGPF) as a drain
output of on or after postoperative day 3 with an amylase
value greater than 3 times the serum amylase.4 Three dif-
ferent grades of POPF (Grades A, B, C) were defined ac-
cording to the patient’s hospital course. All patients above
Grade B were defined as clinical relevant POPF (CR-
POPF).

Descriptive and comparative statistics were performed
using SPSS 18 software. The value of continuous varia-
bles was reported as a median and interquartile range.
Continuous variables were compared using the Student
t-test or Mann-Whitney test, due to the appropriate type
of distribution. Categorical variables were compared by
using x” or the Fisher exact test depending on the number
of observations. A p value<0.05 was considered signifi

cant in all cases.

RESULTS

Patients

Table 1 shows the results of basic characteristics. The
ST method was adopted for most of the laparoscopic LP
patients (n=30). The rest of 19 patients underwent open
LP by using the HS method. The most common post-
operative diagnosis was pancreatic ductal adenocarcinoma,
present in 63% of the 49 patients, followed by cystic neo-
plasms (15%) including intraductal papillary mucinous ne-
oplasm; mucinous cystic neoplasm; serous cystadenoma;
and solid pseudopapillary neoplasm and pancreatic neuro-
endocrine tumors (12%).

Both groups had similar operation time and the HS
group tended to show more bleeding. Conventional risk
factors such as tumor size, pancreatic duct diameter, and
thickness didn’t show the difference. The ST method was
more likely to be used in cases with a laparoscopic ap-
proach, a tumor located on the pancreas tail, spleen-pre-

serving surgery, and pathologically benign findings.

Overall POPF
Table 2 describes the factors related to POPF and post-
operative outcomes such as hospital stay. The overall fis-

tula rate which now revised as the biochemical leak was
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Table 1. Clinicopathologic data of the cohort groups according to the closure method

Overall (n=49) ST (n=30) HS (n=19) p-value
Age (year) 57.2+16.2 54.9+15.5 60.7+17.1 0.225
Operation time (min) 317.4491.5 324.1498.1 306.2+80.9 0.542
Expected blood loss (ml) 948.4+750.2 744.8+633.9 1246.1+830.1 0.062
Tumor size (mm) 30.9+£20.2 29.8+16.6 33.5+£27.3 0.596
P-duct size (mm) 2.2+0.9 2.2+1.0 2.2+0.8 0.957
Pancreas thickness 1 (mm) 13.2+£5.6 13.9+£5.3 11.6+6.2 0.215
Pancreas thickness 2 (mm) 16.6+6.2 17.8+6.4 14.1+5.0 0.075
Case of pancreas tail lesion (%) 26 (53.1%) 22 (73.3%) 4 (21.1%) 0.001
Laparoscopic approach (%) 25 (51.0%) 23 (76.7%) 2 (10.5%) 0.000
Spleen-preserved (%) 21 (42.9%) 17 (56.7%) 4 (21.1%) 0.014
Warshaw technique (%) 17 (34.7%) 14 (46.7%) 3 (15.8%) 0.026
Pathologic benign lesion (%) 29 (59.2%) 21 (70.0%) 8 (42.1%) 0.051
Combined resection (%) 5 (10.2%) 3 (10.0%) 2 (10.5%) 0.652
Diameter of the main pancreatic duct >3 mm (%) 10 (20.4%) 7 (23.3%) 3 (15.8%) 0.023
Table 2. The factors related to POPF and postoperative outcomes according to the closure method
Overall (n=49) ST (n=30) HS (n=19) p-value
POPF (%) 46.9 50.0 42.1 0.669
CR-POPF (%) 6.1 6.7 53 0.404
JP amylase™”' (mg/dl) 6785.2+7992.5 6696.3+6545.8 6949.3+1045.7 0.928
Amylase >5000""" (%) 34.7 40.0 26.3 0.528
Hospital day 10.6+3.9 9.46+3.2 12.744.3 0.006

46.9% and clinical relevant fistula above grade B was
6.1%. Both types of fistula did not show any significant
differences between the ST and HS groups.

The level of drain amylase and the portion of patients
who showed the level of amylase above 5000 on post-
operative day 1 were also similar. The hospital stay of
the ST group was significantly shorter than the HS group.
Since the stapler was mostly used in laparoscopic cases,
it might be the reason why hospital stay in HS group is
longer than ST group.

Further subgroup analysis was performed for CR-POPF
between two groups. In ST group, CR-POPF was asso-
ciated with large sized tumor and the thick pancreas stump,
which is measured at the postoperative abdominal CT.

Interestingly, CR-POPF did not occur in the laparo-
scopic group and patients who had benign pathology. In
HS group, CR-POPF was associated with long operation
time.

However, in multivariate analysis, we could not reveal
any significant risk factor for clinical relevant fistula in

both groups.

Risk factors of POPF after left-sided

pancreatectomy (ST)

Univariate and multivariate analyses were used to re-
veal the risk factors for pancreatic fistulas after LP in the
ST group. As shown in Table 3, the univariate analysis
for risk factors was performed between the patients with
CR-POPF (n=2) and without pancreatic fistulas or having
grade A fistula (n=28).

In the ST group, patients who had a large tumor and
greater thickness measured on postoperative abdominal
CT showed a statistically significant higher incidence of
pancreatic fistula (p <0.009 and 0.024). On the other hand,
multivariate logistic regression analysis did not show sig-
nificant differences for these two factors.

Combined resection of adjacent organ tends to have
more cases of pancreatic fistula, even though it did not
show statistical difference (p=0.051). Pancreatic duct size,
tumor location, and splenic preservation were not sig-

nificant risk factors in both analyses.
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Table 3. Univariate analysis for the risk factors of CR-POPF in the ST group

CR-POPF (n=2) Grade A/none (n=28) p-value
Age (year) 65.0+£25.5 54.2+14.9 0.349
Operation time (min) 240.0+0.0 330.8+98.9 0.214
Expected blood loss (ml) 1275.3+1732.1 682.3+474.6 0.221
Tumor size (mm) 58.5+12.2 27.7+£14.9 0.009
P-duct size (mm) 3.4+1.7 2.140.9 0.083
Pancreas thickness 1 (mm) 18.0+£2.8 13.7£5.3 0.261
Pancreas thickness 2 (mm) 27.5+13.4 17.14£5.4 0.024
Location, tail (%) 0.0 25.0 0.419
Laparoscopy (%) 0.0 82.1 0.008
Splenic preservation (%) 0.0 60.7 0.094
Warshaw technique (%) 0.0 50.0 0.171
Pathology benign (%) 0.0 25.0 0.025
Combined resection (%) 50.0 7.1 0.051
Diameter of the main pancreatic duct >3 mm (%) 50.0 25.0 0.643

Table 4. Univariate analysis for the risk factors of CR-POPF in the HS group

CR-POPF (n=1) Grade A/none (n=18) p-value
Age (year) 82.0+0.0 54.2+14.9 0.349
Op time (min) 515.0+£0.0 330.8+98.9 0.03
EBL (ml) 2500.0+0.0 682.3+474.6 0.119
Tumor size (mm) 2.5+0.0 34.2+28.3 0.762
P-duct size (mm) 3.2+0.0 2.248.6 0.268
Pancreas thickness 1 (mm) 5.0+0.0 12.1+4.4 0.284
Pancreas thickness 2 (mm) 5.0£0.0 14.8+4.4 0.055
Location_body (%) 10.0 44.4 0.279
Laparoscopy (%) 0.0 11.1 0.725
Splenic preservation (%) 0.0 22.2 0.458
Pathology benign (%) 0.0 44.4 0.381
Combined resection (%) 0.0 11.1 0.725
Diameter of the main pancreatic duct >3 mm (%) 100.0 44 .4 0.279

Risk factors of POPF after left-sided

pancreatectomy (HS)

As shown in Table 4, the univariate analysis for risk
factors was performed between the patients with CR-POPF
(n=1) and without pancreatic fistulas or having grade A
fistula (n=18) in the HS group.

In the HS group, patients with a long operation time
had a statistically significant high incidence of pancreatic
fistulas (p <0.03). Same as the ST group, multivariate lo-
gistic regression analysis did not show significant differ-
ent for the operation time.

Interestingly in the HS group, the pancreas with little
thickness which is measured on postoperative abdominal
CT tends to have more cases of pancreatic fistula. Pancre-

atic duct size, tumor location, and splenic preservation

were not significant risk factors in both analyses.

DISCUSSION

Perhaps the most interesting finding of our study was
the higher rate of POPF occurrence after LP. As shown
above, nearly half of patients experienced an increased
level of drain amylase over postoperative day 3. But we
have to focus on only 4 patients (6.1%) was required for
re-intervention for internal and external drainage. None of
them underwent morbidities such as intraabdominal bleed-
ing or mortality.

The incidence of POPF after distal pancreatectomy
(DP) has been reported to range from 18.6 to 64.9%.>7

During postoperative day 30, more than a third of patients
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have a pancreatic fistula after the procedure and a quarter
of patients suffered from severe complications, according
to the consensus classification of The International Study
Group for Pancreatic Surgery (ISGPS).4

In the year 2017 new definition of the pancreatic fistula
was introduced by ISGPS,® and they only confined the fis-
tula only as clinically relevant one such as ‘Grade B and
C’. The portion of 6.1% of CR-POPF in our study without
mortality might be in the acceptable range.

In terms of the pancreatic head resection, the pancreas
itself has been believed as a potentially important factor
which can affect POPF occurrence. Besides, procedure-re-
lated factors such as the anastomotic methods did not
arouse interest in its influence. Other procedure-related
factors, such as management of pancreatic stump after DP
was the major concern of surgeons in the matter of POPF.
As the concept of minimally invasive surgery in pan-
createctomy is in the limelight, stapler closure is the wide-
ly used standard technique for stump closure.”'> However,
appropriate surgical stump closure method after LP is still
in debate.

There have been three meta-analyses of techniques for
closure of the pancreatic remnant after DP and they did
not show a statistically significant reduction in the in-
cidence of pancreatic fistulas.”"> DISPACT, A multi-
center randomized controlled trial, published in 2014, has
been evaluated the possibility of stapler closure to reduce
POPF over hand-sewn closure after DP. The paper also
concluded stapler closure did not reduce the incidence of
POPF after DP compared to hand-sewn closure.” As we
can see, including DISPACT trial, most of current studies
are focused on the association between POPF and stump
closure methods.

As benign to borderline malignancies are mainly in-
dicated for minimally invasive pancreatectomy including
laparoscopy, we tried to analyze POPF risk factors sepa-
rately due to the way of approach and stump closure
methods.

In our study, the stapler closure method was mainly ap-
plied in laparoscopic surgery, whereas the hand-sewn
method was common in open surgery such as radical ante-
grade modular pancreatectomy and tail resection (RAMPS).
We expected there might be difference between the risk
factors of POPF in subgroup analysis according to differ-

ent stump closure method.

Our study proved the tumor size and the thickness of
pancreas at the transection line are associated with CR-
POPF patients in the ST group. In the HS group, long
operation time was observed in CR-POPF patients. More-
over, in univariate analysis, larger diameter of main pan-
creatic duct was associated with POPF.

The well-known major risk for POPF following DP in
the ST method is the thickness of pancreas. This reveals
thick pancreas stump is vulnerable to POPF occurrence.'®"”
Kawai et al.” reported an increased thickness of the pan-
creas significantly affects the incidence of pancreatic fis-
tulas after DP with stapler closure. They demonstrates
12-mm as a cutoff value for predicting POPF after DP
whereas Okano et al.'® suggested 16-mm as an appropriate
cut-off value. Otherwise, Kim et al.'® identified 15 mm
was division point between thin and thick pancreas. The
main reason why the thickness is important is that thick
pancreatic parenchyma easily torn with compression dur-
ing stapler closure.”” Also leakage of pancreatic juice
from the small duct might be another reason, which is
so-called as ‘tear’ of the pancreas.

To improve the degree of reliability and reduce the
measurement bias, we measured the thickness of pancre-
atic resection site twice, pre-and postoperatively. There
was no significant difference between pre-and post-
operative measured value.

It is well known that texture of the pancreas is one of
major risk factor in POPF. Since the texture of pancreas
generally not affected in the resection of the distal pan-
creas, it was not routinely monitored during current s‘tudy.lg'21
The texture of pancreas mostly related to the occurrence
of POPF after pancreaticoduodenectomy.4

On the literature, spleen-preservation is mentioned as
another risk factor significantly associated with POPF af-
ter DP.* It might occur because of the possibility of po-
tential devascularization of the remnant pancreas in splen-
ic preservation, which could cause failure in healing of
the pancreatic stump. Ridolfini et al.” showed patients
who underwent concomitant splenectomy showed lower
incidence of CR-POPF. In year 2008, Goh et al** announced
similar results with analysis of 232 patients.

The mechanism of POPF formation in the hand-sewn
group during DP was thought to be related to involvement
of ischemic necrosis of the sutured surgical stump. CR-

POPF also observed in the patients who had long oper-
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ation time in HS group,'” which was consistent with our
study finding. The factors associated with increased com-
plexity of surgery including increased operation time to
be associated with increased non—PF related complications.24

Including non-PF related complications, five complica-
tions occurred and the overall complication rate was 10.2%.
Two patients experienced ileus (4%), one patient suffered
from postoperative pneumonia (2%) and two cases of wound
seroma (4%) occurred. There was no mortality.

Despite of small number of patients in this study, it was
obvious that risk factors for CR-POPF are different ac-
cording to stump closure methods. Having in mind about
these different risk factors, surgeons should consider about
the way of method to reduce POPF during the operation.
Because there is no clear guideline for choosing closure
techniques due to the texture and thickness of the pan-
creas, further randomized clinical trials are required.

To sum up, although around the half of patients
(46.9%) experienced POFP after LP, incidence of overall
POPF between different stump closure methods were clin-
ically insignificant in this study. The thickness of the pan-
creas and the tumor diameter are factors significantly as-
sociated with the incidence of CR-POPF after LP in the
ST group. On the other hand, the long operation time was
the only factor associated with CR-POPF in the HS group.
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