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Abstract. Postoperative pancreatic fistula (PF) is a major and
serious complication that occurs after pancreaticoduodenec-
tomy (PD). The aim of the current study was to evaluate the
use of a novel biomarker, presepsin, for predicting clinically
relevant postoperative pancreatic fistula (CR-POPF) after PD.
A prospective pilot study was conducted using 30 consecutive
patients who underwent PD. Risk factors and candidates for
predictive biomarkers for CR-POPF were statistically analyzed.
CR-POPF (grade B and C; determined according to the guide-
lines of the International Study Group of Pancreatic Fistula)
occurred in 15 patients (50%). Univariate analysis revealed
that certain underlying conditions, including non-pancreatic
cancer, smaller pancreatic ducts and soft pancreas texture
were significantly associated with CR-POPF (P=0.005,
P=0.004 and P=0.014, respectively). Furthermore, on day 1
post surgery (PODI), white blood cell count (P=0.040), levels
of serum amylase (P=0.002) and serum presepsin (P=0.012),
and the concentration of presepsin in drainage fluid (P<0.001)
were significantly increased in CR-POPF compared with
non-CR-POPF cases. Receiver operating characteristic curve
analyses revealed that, on PODI, serum amylase and the
concentration of presepsin in drainage fluid had an area under
the curve value exceeding 0.8. A multivariate logistic regres-
sion analysis revealed that a higher concentration of presepsin
in the drainage fluid was an independent predictive marker
for CR-POPF (odds ratio, 14.503; 95% confidence interval,
1.750-120.229; P=0.013). To the best of our knowledge, the
present study demonstrated for the first time that presepsin
concentration in drainage fluid is a useful marker of CR-POPF
after PD.
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Introduction

Pancreaticoduodenectomy (PD) is an operative method for
treating patients with pancreatic, biliary tract or duodenal
neoplasm. However, this surgical procedure is strongly associ-
ated with perioperative high morbidity and mortality rates,
ranging from 35-60 and 0-4%, respectively (1-6). Predominant
serious postoperative complications after PD involve pancre-
atic fistula (PF), intraperitoneal bleeding, intra-abdominal
abscess, delayed gastric emptying and bile leakage. Of these,
PF is observed particularly frequently after PD, consequently
being associated with prolonged hospitalization, increased
medical costs and delayed introduction of postoperative
chemotherapy, resulting in an increased mortality rate if
bacterial infection, intra-abdominal abscess or bleeding
follow PF. As the incidence of clinically relevant postoperative
pancreatic fistula (CR-POPF) after PD reaches approximately
12-30% (2,4-10), the early detection of this condition is very
important for managing patients who have undergone PD.
Presepsin has been used as a novel biomarker for detecting
bacterial infection (11,12). Presepsin is also known as soluble
CD14 subtype that is released into the circulation after the acti-
vation of the pro-inflammatory signal cascade on contact with
infectious agents (12,13). Previous studies have shown that serum
presepsin is useful for the early detection of bacterial infection
and sepsis (11,12). POPF is considered to be closely associated
with bacterial infection (8,14). Indeed, surgical site bacterial
infection involves the secretion of certain protease activators in
the pancreatic juice that convert trypsinogen to trypsin, subse-
quently inducing CR-POPF (14). However, no study has focused
on the utility of presepsin as a predictive marker for CR-POPF.
We hypothesized that presepsin might be a useful
biomarker for the early detection of CR-POPF after PD.

Materials and methods

Patients. A prospective pilot study was conducted in a single
institute (Department of Surgery, Saga Medical Center
Koseikan) for 30 consecutive patients who underwent PD for
various primary diseases between May 2017 and March 2019.
All patients and their families were fully informed about the
surgical procedures in order to obtain their written consent,
including broad consent to participate in this study. The medical
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ethics committee of Saga Medical Center Koseikan reviewed
and approved this study design (permission nos. 17-01-01-04,
19-05-01-01).

The primary diseases of the pancreatic, biliary tract or
duodenal neoplasms were diagnosed preoperatively by various
imaging modalities and/or a pathological examination. Biliary
stent drainage was performed during endoscopic retrograde
cholangiopancreatography for patients manifesting obstructive
jaundice.

Surgical procedure and postoperative management.
All operations were performed by experienced surgeons
whose quality was certified by the Japanese Society of
Hepato-Biliary-Pancreatic Surgery or supervised by such
expert surgeons. All patients were subjected to the same
surgical procedure as follows: Patients received subtotal
stomach-preserving PD with regional lymph node dissection
according to the presence of malignant disease or potential
malignancy. The digestive tract was reconstructed by the
modified Child's method with ante-colic gastro-jejunostomy.
Pancreatico-jejunostomy was performed by duct-to-mucosa
anastomosis in addition to pull-through adhesive anastomosis
using the modified Blumgard procedure (15). Duct-to-mucosa
anastomosis was performed with double-layer anasto-
mosis using 3-0 non-absorbable monofilament sutures and
4-0 absorbable sutures. A 4- to 6-Fr polyvinyl chloride tube
in the pancreatic duct and 3-mm polyvinyl chloride tube in
the hepatic bile duct were inserted individually for external
drainage. In addition, a couple of drainage tubes were placed
around the pancreaticojejunostomy and hepaticojejunostomy
for intra-abdominal drainage. The drainage fluid was continu-
ously suctioned and collected for a later analysis. Fresh sample
of the drainage fluid were collected in the morning and
analyzed. Tube gastrostomy was not used in any case.

All of the patients received an intravenous drip infusion of
antibiotics with 1 g of cefmetazole sodium every 3 h during the
operation and 1 g of cefmetazole sodium twice a day on post-
operative day (POD) 1 and 2. The intra-abdominal drainage
tubes were removed or gradually pull out when CR-POPF
and intra-abdominal infection were deemed negligible. It is
considered as below: Inflammatory markers are improved
and/or the volume of the drainage fluid is reduced without
bacterial detection. After the removal of the intra-abdominal
drainage tubes, the external stent tubes in the pancreatic duct
and hepatic bile duct were removed.

Statistical analyses. The following data were collected from the
prospectively maintained comprehensive database or medical
records: Gender, age, body mass index, American Society
of Anesthesiologists (ASA) physical status score, history of
diabetes mellitus, current smoking habit, prior abdominal opera-
tions, presence of preoperative biliary drainage, diameter of the
main pancreatic duct, origin of the primary disease, TNM-staging,
presence of extended vascular resection, operative time, intra- and
post-operative blood transfusion, pancreatic texture, presence
of postoperative complications, length until removal of the
surgical drainage tube, length of the post-operative hospital stay
and pre- and post-operative laboratory data.

PF was graded according to the guideline of the
International Study Group on PF (ISGPF) in 2016 (16),

Table I. Patients characteristics.

Patients
Characteristic (n=30)
Sex (males:females) 13:17
Age [years, median (min, max)] 72 (37, 84)

Body mass index, kg/m?; median
(min, max)

22.6(18.7,30.7)

ASA (PS1,2: PS3.4) 27:3
Diabetes mellitus (yes:no) 9:21
Currently smoking (yes:no) 4:26
Prior abdominal surgery (yes:no) 3:27
Preoperative biliary drainage (yes:no) 17:13

White blood cells, ul; median 5,300 (3,300, 9,700)
(min, max)

Hemoglobin, g/dl; median (min, max) 13.0 (9.7, 15.6)

Albumin, g/dl; median (min, max) 4.13.1,5.0)
Total bilirubin, mg/dl; median 09(0.3,2.7)
(min, max)

C-reactive protein, mg/dl; median 0.08 (0.01, 1.28)

(min, max)

Tumor kind (benign:malignant) 3:27
Pancreatic cancer 10 (33.3%)
Bile duct cancer 10 (33.3%)
Duodenal cancer 7 (23.3%)
Benign duodenal tumor 3 (10.0%)

Clinically relevant pancreatic 15:15

fistula (yes:no)

No amylase detected 10 (33.3%)
Biochemical leak 5(16.7%)
Grade B 15 (50.0%)
Grade C 0 (0%)

Biliary leak (yes:no) 0:30

Abdominal abscess (yes:no) 6:24

Wound infection (yes:no) 0:30

Postoperative bleeding (yes:no) 0:30

Delayed gastric emptying (yes:no) 0:30

Gastrointestinal leakage (yes:no) 0:30

Re-operation (yes:no) 0:30

Morality (yes:no) 0:30

Post-operative hospital stay, days; 28 (19, 61)

median (min, max)

ASA, American Society of Anesthesiologists.

and grades B and C were defined as indicating the pres-
ence of CR-POPF in this study. In brief, biochemical leak
(BL) is clinically unimportant and is not referred to a true
PF. A PF grade B requires a change in the postoperative
management, namely the drainage tubes are either left
in place >3 weeks or repositioned through endoscopic or
percutaneous procedures. A PF Grade C requires reopera-
tion since it can lead to organ failure and/or mortality as a
result of the PF.
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Table II. Univariate analysis of patients.

Clinically relevant postoperative pancreatic fistula

Characteristic (-)n=15 (+) n=15 P-value
A, Patient characteristic

Sex (male:female) 5:10 8:7 0.462
Age, years; median (min, max) 74 (37, 84) 72 (54, 82) 0.663
Body mass index, kg/m?; median (min, max) 22.4(18.7,27.3) 23.5(19.6,30.7) 0.198
ASA (PS1,2: PS34) 12:3 15:0 0.224
Diabetes mellitus (yes:no) 5:10 4:11 >0.999
Current Smoking (yes:no) 0:15 4:11 0.100
Prior abdominal surgery (yes:no) 2:13 1:14 >0.999
Preoperative biliary drainage (yes:no) 6:9 11:4 0.139
B, Preoperative laboratory data

White blood cells, u#1; median (min, max) 4,700 (3,500, 8,600) 6,200 (3,300,9,700)  0.237
Hemoglobin, g/dl; median (min, max)) 12.7(9.7,14.9) 13.0 (104, 15.6) 0.281
Albumin, g/dl; median (min, max) 4.1(3.2,5.0) 40 (3.1,4.7) 0.348
Total bilirubin, mg/dl; median (min, max) 0.8(0.3,2.3) 1.204,2.7) 0.140
C-reactive protein, mg/dl; median (min, max) 0.06 (0.02, 1.28) 0.10 (0.01, 1.04) 0.775
Tumor kind (benign:malignant) 1:14 2:13 >0.999
Pancreatic cancer (yes:no) 9:6 1:14 0.005
Diameter of pancreatic duct, mm; median (min, max) 5.49 (1.43,12.36) 1.83(1.15,4.42) 0.004
Tumor invasion (tumor limited to organ/tumor extends beyond organ) 6:9 7:8 >0.999
Lymph node metastasis (negative:positive) 8:7 10:5 0.710
Distant organ metastasis (negative:positive) 15:0 14:1 >0.999
Vascular resection (yes:no) 4: 11 1:14 0.330
Operative time, min; median (min, max) 319 (201,513) 358 (217,701) 0.071
Intraoperative bleeding, ml; median (min, max) 427 (71, 1,100) 400 (170, 1,194) 0.740
Pancreas texture (hard:soft) 8:7 1:14 0014
Intraoperative blood transfusion (yes:no) 1:14 2:13 >0.999
Postoperative blood transfusion (yes:no) 0:15 1:14 >0.999
C, Postoperative laboratory data collected on POD1

Bacteria detected in the fluid collection (yes:no) 1:14 3:12 0.598
White blood cells, u1; median (min, max) 8,900 (5,550, 13,800) 12,000 (5,700, 20,300) 0.040
C-reactive protein, mg/dl; median (min, max) 8.33 (5.27,14.08) 8.03 (5.29, 14 .48) 0.772
Serum amylase, IU/l; median (min, max) 110 (57,913) 638 (179, 1,113) 0.002
Serum presepsin, pg/ml; median (min, max) 219 (141, 801) 378 (215,3,818) 0.012
Presepsin in drainage fluid, pg/ml; median (min, max) 653 (248, 1,609) 1,695 (460, 10,730) <0.001
Post-operative hospital stay, days; median (min, max) 25(22,48) 37 (19,61) 0.004

ASA, American Society of Anesthesiologists; POD1, post-operative day 1.

The summary data for continuous variables were
expressed as the median and range (minimum, maximum). In
the univariate analysis, patient subgroups were compared in
terms of continuous variables by Wilcoxon's rank sum test for
continuous variables and Fisher's exact test for binary vari-
ables. Receiver operation characteristics (ROC) analyses and

the calculation of the area under the curve (AUC) were used to
examine the capability of markers to diagnose PF. Continuous
variables were converted into binary variables based on the
optimal cut-off values using the ROC analyses. A multiple
logistic regression analysis was performed to identify signifi-
cant independent markers using two markers which showed a
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Figure 1. Ascitic presepsin. Presepsin levels in drainage fluid on (A) PODI and (C) POD3 in patients without and with clinically relevant postoperative
pancreatic fistulas. Receiver operative characteristic curves of presepsin levels in the drainage fluid of patients on (B) POD1 and (D) POD3. "P<0.001 and

“P=0.001. POD, post-operative day.

high level of AUC (>0.8) in the ROC. The data were expressed
as the odds ratios (ORs) with 95% confidence intervals (Cls).
A P-value of less than 0.05 was considered statistically signifi-
cant. All analyses were conducted using the SPSS software
program, version 25.0. (IBM Corp).

Results

The characteristics of the patients are summarized in Table I.
The median age of the patients was 72 years old (range 37-84),
and 43.3 and 56.7% of the patients were male and female,
respectively. Primary diseases were pancreatic cancer in
10 patients (33.3%), bile duct cancer (33.3%) in 10, duodenal
cancer (23.3%) in 7 and benign duodenal tumor in 3 (10%).
Regarding CR-POPF (grade B and C), grade B POPF occurred
in 15 patients (50%), and grade C POPF was not found in this
series. Among the 15 patients with non-CR-POPF, 10 (33.3%)
did not show increased amylase in the drainage fluid, while the
remaining 5 (16.7%) exhibited evidence of BL.

Table II shows the results of the univariate analyses of
the patient-related factors with CR-POPF. Patients with

non-pancreatic cancers, a smaller pancreatic duct and soft
pancreas texture experienced CR-POPF significantly more
frequently than others (P=0.005, P=0.004 and P=0.014,
respectively). Among the laboratory data obtained on PODI, a
higher white blood cell count, higher levels of serum amylase
and serum presepsin and higher concentration of presepsin in
the drainage fluid (Fig. 1A) were significantly more common
in patients with CR-POPF than in those without CR-POPF
(P=0.040, P=0.002, P=0.012 and P<0.001, respectively). The
postoperative hospital stay was also significantly correlated
with CR-POPF (P=0.004).

In addition, the white blood cell count, levels of serum
amylase and serum presepsin and concentration of presepsin in
the drainage fluid on PODI1 were examined using ROC curves
analyses to predict POPF. The cut-off values of 11,200/ for
the white blood cell count, 399 U/ for the serum amylase level,
250 pg/ml for the serum presepsin level and 1,048.5 pg/ml
for the concentration of presepsin in the drainage fluid were
determined using the AUCs of 0.720, 0.836, 0.769 and 0.880,
respectively (Table III, Fig. 1B). Furthermore, the serum
amylase level and presepsin concentration in the drainage
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Table III. Receiver operating characteristic analysis of variables.

Variables Cut-off value AUC Sensitivity Specificity P-value
White blood cells on POD1, ul 11,200 0.720 0.600 0.933 0.040
Serum amylase on PODI1, U/l 399 0.836 0.800 0.800 0.002
Serum presepsin on POD1, pg/ml 250 0.769 0.733 0.667 0.012
Presepsin in drainage fluid on POD1, pg/ml 1,048.5 0.880 0.800 0.867 <0.001

AUC, area under the curve; POD1, post-operative day 1.

fluid on POD1 were evaluated using a multivariate analysis to
test whether or not they were independent factors predicting
CR-POPF. The multivariate logistic regression analysis
revealed that a higher level of presepsin in the drainage fluid
on PODI was an independent predictive marker for CR-POPF
(OR: 14.503, 95% CI: 1.750-120.229, P=0.013; Table IV).

The presepsin concentration in the drainage fluid on POD3
was also significantly increased after revealing CR-POPF
(P=0.001; Fig. 1C). The ROC analysis with a cut-off level of
1,064.5 pg/ml demonstrated 90% accuracy, 80% sensitivity
and 100% specificity (Fig. 1D). The combined results of
presepsin in the drainage fluid in POD1 and POD3 accurately
confirmed a diagnosis of CR-POPF (Table V; accuracy: 90%,
sensitivity: 93.3%, specificity: 86.7%).

Discussion

In patients receiving PD, a number of perioperative risk
factors of POPF have been reported, including male gender,
high body mass index, intra-operative bleeding, soft pancre-
atic texture, increased pancreatic fat, increased pancreatic
parenchymal remnant volume and small pancreatic duct
diameter (1,2,4,7,17,18). Many predictive markers, such as
postoperative elevated serum amylase, C-reactive protein,
serum lipase and lipase in the drainage fluid, have also been
developed (5-7,9,10,19). However, the utility of these risk factors
and predictive markers of CR-POPF remains controversial. In
this study, we confirmed the utility of a novel predictive marker
for CR-POPF after PD by focusing on presepsin as a bacterial
infection and/or inflammation marker. We demonstrated for the
first time that the concentration of presepsin in the drainage fluid
was an accurate predictive maker for the detection of CR-POPF.

A recent study suggested that CR-POPF is consistent with
PF accompanied by bacterial infection (8,14). Pancreatic juice
contains alkaline digestive enzyme and a high concentration of
bicarbonate ions. Enzymatic proteins constitute a large compo-
nent of the pancreatic juice; for example, trypsin is a crucial
digestive enzyme that activates other digestive enzymes (14,20).
PF develops after PD due to autolysis caused by activated
trypsin, leading to tissue damage. As a result, PF induces
intra-abdominal abscess and intra-peritoneal bleeding due to
vascular rupture (14). Yamashita ez al reported that infection
with bacteria involves the secretion of a protease activator of
trypsinogen to trypsin. Therefore, controlling bacterial infection
in the perioperative period of PD may be crucial for preventing
the development of CR-POPF (14). Based on this rationale,
we hypothesized that novel bacterial specific inflammatory

Table IV. Multivariate analysis.

Multivariate analysis

Parameters OR (95% CI) P-value

Serum amylase on POD1 ~ 7.817 (0.969-63.052)  0.054
Presepsin in drainage fluid 14.503 (1.750-120.229) 0.013
on POD1

OR, odds ratio; CI, confidence interval; POD, post-operative day.

Table V. Combined results of presepsin in patient drainage
fluid on POD1 and POD3.

Clinically relevant
postoperative pancreatic fistula

Presepsin in drainage

fluid on POD1 and POD3 (-)n=15 (+)n=15 P-value
Both negative 13 1 <0.001
Either positive 2 14

POD, post-operative day.

markers might be candidates for the earlier and more accurate
detection of CR-POPF after PD. In particular, we focused on
presepsin, which was identified as a predictive marker for
bacterial infection and has been reported to be more sensi-
tive than procalcitonin, a recently identified bacterial-specific
inflammatory marker (12). We therefore selected presepsin as a
candidate marker for detecting CR-POPF.

We considered that the earlier and more accurate diagnosis
of CR-POPF would be closely associated with improving the
morbidity and mortality rate, resulting in a better quality of
life in patients. The usefulness of serum amylase (7,9,10),
C-reactive protein (6), serum lipase (5) and lipase in the
drainage fluid (19) as diagnostic markers was previously
reported to diagnose CR-POPF as follows: AUC, 0.780-0.793;
sensitivity, 81.5-91.7%; specificity, 55.5-72.7% for serum
amylase (9,10); AUC, 0.796; sensitivity, 94%; specificity, 62%
for C-reactive protein (6); AUC, 0.76; sensitivity, 92%; speci-
ficity, 66% for serum lipase (5); AUC, 0.89; sensitivity, 88%;
specificity, 95% for lipase in drainage fluid (19). However,
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these diagnostic and predictive markers are considered insuf-
ficient for the accurate diagnosis of CR-POPF due to their
relatively low specificity and sensitivity values. We found that
the measurement of presepsin in the drainage fluid on PODI1
and 3 was effective for predicting CR-POPF. Furthermore, the
combination of the concentrations of presepsin in the drainage
fluid on POD1 and POD3 showed even better efficacy for this
diagnosis (accuracy: 90.0%, sensitivity: 93.3%, specificity:
86.7%). In this study, we excluded the amylase concentration
in the drainage fluid from the analysis, because the definition
of CR-POPF includes the concentration of amylase in the
drainage fluid itself. Indeed, the concentration of amylase in
the drainage fluid on PODI1 was also significantly increased in
the CR-POPF group [median: 245 (range 33-3,894) vs. median:
5,009 (range 517-48,620), P<0.001] and was highly diagnostic
(accuracy: 90%, sensitivity: 93.3, specificity: 86.7%). We could
prospect that these factors such as presepsin, amylase and/or
other candidate factors in the different time point may have
an important role to predict the CR-POPF. In addition, multi-
variate analysis or diagnostic model with combination these
factor may improve the prediction of CR-POPF in the future.

The delayed removal of abdominal drains was suggested
to be associated with retrograde infection and intra-abdominal
complications (21). If true, then optimal drain management is
crucial for the early detection of CR-POPF. Conventional ways
of detecting infections, such as culture-based approaches,
require sophisticated equipment and highly proficient operators
and timing. Therefore, we proposed that if the presepsin level
in the drain fluid exceeded 1,050 pg/ml (based on our cut-off
value of PODI1 and POD3 for presepsin in drainage fluid),
continuous and additional anti-bacterial therapeutics and/or
prolonged drain management may need to be considered.

Several limitations associated with the present study
warrant mention. First, the study was conducted at a single
institution with a relatively small number of subjects as a pilot
study. In addition, the incidence of CR-POPF was relatively
high in this study in comparison to the previous study (2,4-10).
Therefore, further studies will be needed with a large number
of the patients in order to confirm the utility of presepsin as a
novel predictive maker for CR-POPF after PD.

In conclusion, the presepsin level in the drainage fluid is
useful for detecting CR-POPF after PD.
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