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Abstract

Background

Presepsin is involved in binding lipopolysaccharides and previous studies have confirmed
its value as a marker for early diagnosis and prediction of severity in sepsis. Comparable
studies assessing the predictive potential regarding postoperative complications and mortal-
ity following pancreatic resection are lacking.

Methods

This prospective study included 70 patients undergoing pancreatic resection from Decem-
ber 2017 until May 2019. Presepsin was measured preoperatively, on postoperative day 1,
3 and 8 (POD1/3/8) and correlated with the clinical course and mortality.

Results

Severe complications (Clavien-Dindo >3a) occurred in 28 patients (40%), postoperative
pancreatic fistula (POPF) grade B/C occurred in 20 patients (28.6%), infectious complica-
tions in 28 (40%), and four patients (5.7%) died during hospital stay. Presepsin levels at any
timepoint did not correlate with further development of postoperative complications or in-
hospital mortality whereas CRP levels on postoperative day (POD) 3 were significantly
associated with clinically relevant POPF (AUC 0.664, 95%CI 0.528-0.800; p = 0.033). Pre-
operative Presepsin levels as well as Presepsin on POD1 were significantly elevated in
patients with malignant compared to benign underlying disease (299pg/ml vs. 174pg/ml and
693.5pg/ml vs. 294pg/ml; p = 0.009 and 0.013, respectively).
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emptying; HPB, hepato-pancreatico-biliary; IPMN,
intraductal papillary mucinous neoplasm; ISGPS,
international study group for pancreatic surgery;
LOS, length of hospital stay; LPB,
lipopolysaccharide binding protein; LPS,
lipopolysaccharides; MOF, multi organ failure; NET,
neuroendocrine tumour; PanIN, pancreatic
intraepithelial neoplasia; PCT, Procalcitonin; PDAC,
pancreatic ductal adenocarcinoma; POD,
postoperative day; POPF, postoperative pancreatic
fistula; PPH, postoperative pancreatic
haemorrhage; PPPD, pylorus-preserving
pancreatic head resection; PR, pancreatic
resection; TLR, toll like receptor; WBC, white blood
cell.

Conclusion

In our cohort, Presepsin was not eligible to predict the postoperative course following pan-
creatic resection. However, Presepsin levels were significantly elevated in patients with
malignant disease, this finding warrants further investigation.

Introduction

Pancreatic resections (PR) are associated with significant morbidity and mortality. Despite
improvements in surgical technique, as well as peri- and postoperative care, mortality rates
nowadays range between 2 and 5%, in most centres [1, 2]. Moreover, morbidity rates after PR
can be as high as 70%, especially when evaluated in a prospective setting [1, 3]. Postoperative
pancreatic fistula (POPF) represents one of the most frequent complications following PR,
with a high variability in the literature ranging from 20% to 64% [4-6]. Other common com-
plications include delayed gastric emptying (DGE), postoperative haemorrhage (PPH), or
intra-abdominal fluid collections [7-9]. All of these complications are often accompanied by
underlying infection, and in case of delayed detection or insufficient therapy are at high risk of
potential sepsis and mortality [10, 11].

The most commonly used biomarkers to detect postoperative complications are C-reactive
protein (CRP), white blood cell count (WBC), and procalcitonin (PCT). However, all these
biomarkers have the disadvantage that they may show elevated levels due to various causes
including infection, inflammation and surgical trauma and thus, are often not precise enough
for an exact clinical assessment. Presepsin (sCD14-ST) is a novel biomarker and has recently
been investigated for the prediction of infectious complications by various medical disciplines
with promising results [12, 13]. Presepsin is a fragment of the glycoprotein CD14, which can
be found on monocytes, macrophages, and neutrophil granulocytes. CD14 is a receptor trig-
gered by the lipopolysaccharides (LPS)—lipopolysaccharide binding protein (LPB) complex
(CD14-LPS-LBS) [14]. The subsequent activation of TLR4 (toll like receptor) further conducts
the release of proinflammatory cytokines, which leads to a systemic inflammatory response
[15, 16]. Then, CD14-LPS-LBS gets internalized into a phagolysosome. Finally, its soluble frac-
tion (sCD14) gets cleaved in the bloodstream by proteases into 64 amino acid long peptides.
This sCD14 subtype (sCD14-ST) commonly called Presepsin [16, 17] can be detected in whole
blood and plasma with point-of-care testing [18].

Studies investigating the value of Presepsin predicting morbidity following major HPB pro-
cedures are lacking. Accordingly, the aim of the present study was to evaluate the perioperative
dynamics of Presepsin and its predictive potential as a marker of postoperative complications
following PR compared to other markers already established in clinical routine.

Materials and methods

The present study was approved by the local ethics committee of Medical University of Inns-
bruck (study number 1081/2017). All patients undergoing distal pancreatectomy or pancreatic
head resection at the Department of Visceral, Transplant and Thoracic Surgery, Medical Uni-
versity of Innsbruck, Austria between December 2017 and May 2019 were included. Cases
with unresectability detected during surgical exploration were excluded. Written informed
consent was obtained from all patients before enrolment. The present study was registered at
clinicaltrials.gov (NCT04294797). It was conducted and the results reported in accordance
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with the 2013 Helsinki World Medical Association Declaration (PMID: 24141714) and the
STROBE checklist [19].

In addition to routine laboratory parameters (WBC count, CRP, procalcitonin, kidney and
liver function parameters, amylase and lipase), systemic Presepsin values were assessed preop-
eratively and on POD 1, POD 3 and POD 8 following PR. Postoperative morbidity and mortal-
ity were recorded prospectively during hospital stay through our surgical units’ auditable
electronic database (ChiBase). Complications were graded according to the Clavien-Dindo
classification of surgical complications [20-22]. POPF was classified as defined in the 2016
update of the International Study Group for Pancreatic Surgery (ISGPS) grading of postopera-
tive pancreatic fistula [23]. Postpancreatectomy haemorrhage (PPH) and delayed gastric emp-
tying (DGE) were defined according to the respective 2007 definitions of the ISGPS [24, 25].

Test device and test kits

The test device Pathfast Compact immuno-analyser™ was provided by the company Axon Lab
AG (Polling, Austria). The Pathfast™ is a multi-analysis instrument capable to perform in vitro
quantitative analysis of different components of whole blood, heparinized plasma and serum.
The test kits including the reagents used for the Pathfast immuno-analyser™ are manufactured
by LSI Medience Corporation. The measurement principle is based on CLEIA (chemilumines-
cence enzyme immunoassay). Whole blood Presepsin levels were measured according to the
manufacturers’ protocol.

Measurement and documentation of the obtained Presepsin values was accomplished by
the study coordination office to avoid a possible influence on patient therapies by the treating
physicians, who were blinded to the test results.

Statistical analysis

Data are reported as median (range) or numbers with percentages. Baseline characteristics and
Presepsin values as predictors for major complications or in-hospital mortality were analysed
using Mann Whitney U test, Chi-square test or Wilcoxon test, as appropriate. ROC-analysis
was performed to assess Presepsin regarding association with severe complications (Clavien-
Dindo >3a), POPF grade B/C, infectious complications, DGE, PPH and in-hospital mortality.
All p-values were based on a 2-sided test and p-values <0.05 were considered statistically sig-
nificant. Data was analysed using IBM SPSS Statistics version 23 (IBM, Armonk, New York,
USA).

Results
Patient characteristics

A total of 70 patients were included in the present study, with 45 cases (64.3%) undergoing
pancreatic head resection and 25 cases (35.7%) receiving distal pancreatectomy (16/25 laparos-
copically). Patient characteristics and surgical details are displayed in Table 1. The indication
for PR was malignant disease in 56 (80%) of patients. Median age at time of surgery was 64.5
years (range 25-88) and 32 (45.7%) were female.

Morbidity and mortality

Median length of hospital stay (LOS) was 13 days (range 5-64). Postoperative complications
including minor complications (Clavien-Dindo 1 & 2) occurred in 53 patients (75.7%). Severe
complications occurred in 28 patients (40%). Clinically relevant POPF grade B/C (CR-POPF)
occurred in 20 patients (28.6%) including 13 (18.6%) POPF grade B and 7 (10%) POPF grade
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Table 1. Patient characteristics and surgical details (n = 70).

Patient Characteristics 70 (100%)
Age; median (range) 64.5 (25-88)
Female sex 32 (45.7)
BMI; median (range) 25.1 (16.1-43)
Chronic pancreatitis 8(11.4)
Pre-existing diabetes mellitus 12 (17.1)
Surgical procedure

PPPD 45 (64.3)
Laparoscopic distal pancreatectomy 16 (22.9)
Open distal pancreatectomy 9 (12.9)
Indication

PDAC 36 (51.4)
pNET 12 (17.1)
dCCA 4(5.7)
IPMN 4 (5.7)
PanIN 1(1.4)
Chronic pancreatitis 3 (4.3)
Other 10 (14.3)

BMI, body mass index; PPPD, pylorus-preserving pancreatoduodenectomy; PDAC, pancreatic ductal
adenocarcinoma; NET, neuroendocrine tumour; dCCA, distal cholangiocellular carcinoma; IPMN, intraductal

papillary mucinous neoplasm; PanIN, intraepithelial neoplasm.

https://doi.org/10.1371/journal.pone.0243510.t001

C. Eight (11.4%) patients suffered from DGE and 7 (10%) from PPH, infectious complications
occurred in 26 patients (37.1%). Four patients (5.7%) died during hospital stay, all of them suf-
fering from malignant disease. Cause of in-hospital death was cardiac infarction in 2 patients,
and surgery related in another two patients: multiorgan failure (MOF) due to gastric ischemia
following distal pancreatectomy with concomitant partial gastric resection in one patient and
MOF due to insufficiency of pancreatojejunostomy and hepaticojejunostomy in another
patient, resulting in a failure to rescue rate of 7.5%.

Perioperative dynamics of Presepsin levels

The median preoperative Presepsin value was 237pg/ml (range 102-7,375pg/ml; Fig 1). Pre-
sepsin values increased significantly on POD1 with a median value of 577.5pg/ml (range 133-
7,386pg/ml, p<0.001). Median Presepsin level at POD3 was 570.5pg/ml (range 197-7253pg/
ml) and declined thereafter significantly to 433pg/ml (range 112pg/ml-4640pg/dl, p<0.001).

Presepsin values did not differ among gender, age (<65 years vs. >65 years) or surgical
approach (laparoscopic vs. open surgery) at any timepoint (Table 2). However, preoperative
and PODI1 values where significantly lower in patients with benign compared to malignant
underlying disease (174pg/ml vs. 299pg/ml and 294pg/ml vs. 693.5pg/ml; p = 0.013 and 0.009,
respectively).

Association with clinical outcome parameters

Table 3 shows ROC analysis of Presepsin, CRP, WBC count and procalcitonin and their pre-
dictive value for development of postoperative complications Clavien-Dindo>3a, pancreas
specific complications (CR-POPF, DGE and PPH), in-hospital mortality and infectious
complications.
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Fig 1. Perioperative dynamics of Presepsin.

https://doi.org/10.1371/journal.pone.0243510.9001

There was no association of Presepsin levels with postoperative complications or in-hospital
mortality at any timepoint. On POD3, CRP levels correlated with further development of
POPF grade B/C. On POD8, CRP, WBC count and procalcitonin were associated with postop-
erative complications Clavien-Dindo >3a. CRP and WBC count on POD8 did also correlate
with POPF grade B/C. Procalcitonin levels on POD1 and POD8 were associated with DGE.
On POD8, WBC count was significantly associated with in-hospital mortality whereas CRP
levels did just not reach statistical significance. On POD8 WBC count, CRP and PCT were sig-
nificantly associated with infectious complications.

Discussion

Novel markers for early detection of patients at risk for major postoperative complications and
mortality could guide clinical interventions on time and thus be decisive for the patient’s prog-
nosis. Therefore, the aim of the present study was to evaluate Presepsin (sCD14-ST) in predict-
ing the postoperative course following pancreatic resection.
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Table 2. Presepsin values stratified by gender, age, indication for PR and surgical approach.

Presepsin values Preoperative p-value POD1 p-value POD3 p-value PODS p-value

Overall cohort 237 (102-7,375) 577.5 (133-7,386) 570.5 (197-7,253) 433 (112-4,640)

Gender 0.511 0.067 0.850 0.635
Male 221 (102-7,375) 666 (133-7,386) 614 (197-7,253) 444 (173-4,640)
Female 262 (126-4,422) 444 (142-7,350) 560.5 (201-6,086) 427 (112-2,556)

Age 0.644 0.698 0.125 0.750
<65 194 (108-7,375) 524 (142-7,386) 471 (201-7,253) 404.5 (139-4,640)
>65 285 (102-4,422) 604 (133-7,350) 675 (197-6,086) 455.5 (112-2,556)

Indication 0.013 0.009 0.533 0.062
benign 174 (108-609) 294 (205-1,348) 533 (245-987) 271 (175-2,556)
malign 299 (102-7,375) 693.5 (133-7,386) 591.5 (197-7,253) 448 (112-4,640)

Surgical approach 0.512 0.713 0.559 0.926
open 171 (128-306) 408 (142-1,103) 607 (245-2,267) 303 (112-1,353)
laparoscopic 156 (108-968) 295 (133-1,414) 483 (201-807) 327 (139-807)

POD, postoperative day. Values are median (range.)

https://doi.org/10.1371/journal.pone.0243510.t002

In our cohort, Presepsin levels did not correlate with further development of postoperative
complications or in-hospital mortality. Early postoperative (until POD3), only CRP was asso-
ciated with clinically relevant POPF grade B/C (AUC 0.664, 95%CI 0.528-0.800; p = 0.033).
Nonetheless, a diagnostic test is considered acceptable if its AUC is > 0.8 [26]. In our popula-
tion, only CRP on POD8 and WBC count on POD8 reached this cut-off for predicting infec-
tious complications and in-hospital mortality, respectively.

This data is in contrast to prior published data of several different surgical disciplines: Mar-
azzi et al. assessed Presepsin as a potential biomarker for periprostetic joint infection in a
cohort of 30 patients with periprostetic joint infection compared to 30 without. In their series,
Presepsin showed greater diagnostic value as assessed by ROC-AUC than established markers
for postoperative infections such as CRP or IL-6, namely AUC 0.926 compared to AUC 0.750
and AUC 0.821 [27]. Also in cardiac surgery patients, Presepsin has shown a comparable pre-
dictive value for major adverse events as procalcitonin and even a better predictive value for
in-hospital and 6-months mortality [28]. Recently, Presepsin has also been evaluated in
patients undergoing emergency visceral surgery for abdominal infection. Bosch et al. found in
their small series of 31 patients Presepsin levels on the day of emergency surgery as a valuable
marker for stratifying the sepsis risk and ROC analysis showed the highest AUC (0.864, 95%
CI: 0.733-0.995) for predicting 90-day mortality for Presepsin as compared to other common
markers for infection [29].

There might be several explanations behind this discrepancy between our data and prior
published studies. First of all, the time point (postoperative day) of specimen measurement
could be a relevant factor. Pancreas specific complications, especially those from insufficiently
drained fluid collections usually become clinically significant several days after surgery when
secondary complications such as bacterial superinfection or disastrous events such as haemor-
rhage occur. This would be in line with our findings that on POD8, CRP and WBC count were
significantly associated with major postoperative complications and POPF grade B/C. On the
other hand, WBCs are the main effector cells the immune system and their elevation could just
be the response to the surgical trauma and not to an infection. Similarly, CRP as an acute
phase protein can be increased in various types of systemic inflammation including infectious
and non-infectious. In contrast, Presepsin is generated by the phagocytosis of bacteria [17],
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Table 3. Presepsin, CRP, WBC count and procalcitonin and their predictive value for development of complications Clavien-Dindo >3a, POPF grade B/C, DGE,
PPH, in-hospital mortality and infectious complications.

Presepsin CRP WBC count Procalcitonin
Complications C-D >3a AUC (95%CI) p-value AUC (95%CI) p-value AUC (95%CI) p-value AUC (95%CI) p-value
Preoperative 0.424 (0.289-0.599) 0.285 0.577 (0.440-0.713) 0.281 0.507 (0.366-0.647) 0.924 0.430 (0.286-0.574) 0.345
POD1 0.547 (0.411-0.682) 0.510 0.628 (0.495-0.762) 0.070 0.489 (0.354-0.624) 0.876 0.564 (0.424-0.703) 0.372
POD3 0.583 (0.444-0.722) 0.242 0.611 (0.477-0.744) 0.119 0.528 (0.386-0.670) 0.697 0.616 (0.473-0.760) 0.121
PODS8 0.613 (0.475-0.752) 0.114 0.784 (0.669-0.898) <0.001 0.756 (0.635-0.877) <0.001 0.691 (0.551-0.830) 0.010
POPF grade B/C
Preoperative 0.402 (0.258-0.545) 0.209 0.472 (0.325-0.618) 0.711 0.620 (0.475-0.765) 0.119 0.397 (0.246-0.547) 0.200
POD1 0.393 (0.252-0.534) 0.164 0.514 (0.355-0.673) 0.856 0.612 (0.481-0.743) 0.145 0.477 (0.305-0.650) 0.773
POD3 0.506(0.357-0.654) | 0.943 | 0.664 (0.528-0.800) 0.033 | 0.622 (0.467-0.777) 0.113 | 0.531(0.343-0.709) | 0.704
PODS8 0.478 (0.333-0.623) 0.779 0.774 (0.667-0.882) <0.001 0.718 (0.585-0.851) 0.006 | 0.634 (0.478-0.789) 0.099
DGE
Preoperative 0.393 (0.180-0.607) 0.330 0.283 (0.111-0.456) 0.074 0.451 (0.232-0.669) 0.651 0.386 (0.149-0.622) 0.359
POD1 0.514 (0.320-0.708) 0.897 0.649 (0.480-0.818) 0.172 0.401 (0.244-0.558) 0.366 0.772 (0.647-0.896) 0.013
POD3 0.514 (0.294-0.734) 0.897 0.615 (0.428-0.802) 0.293 0.319 (0.118-0.519) 0.097 0.694 (0.530-0.858) 0.096
POD8 0.575 (0.347-0.803) 0.493 0.625 (0.443-0.807) 0.253 0.640 (0.401-0.879) 0.202 0.760 (0.643-0.877) 0.018
PPH
Preoperative 0.395 (0.172-0.618) 0.366 0.528 (0.307-0.750) 0.807 0.390 (0.189-0.591) 0.342 0.400 (0.206-0.595) 0.391
POD1 0.625 (0.415-0.835) 0.282 0.570 (0.303-0.838) 0.544 0.454 (0.226-0.681) 0.688 0.589 (0.380.0.797) 0.444
POD3 0.574 (0.312-0.835) 0.525 0.576 (0.370-0.782) 0.512 0.460 (0.232-0.688) 0.732 0.665 (0.485-0.845) 0.186
POD8 0.637 (0.402-0.872) 0.238 0.614 (0.421-0.806) 0.328 0.598 (0.354-0.843) 0.397 0.574 (0.301-0.847) 0.526
In-hospital mortality
Preoperative 0.483 (0.281-0.684) | 0.991 | 0.619 (0.267-0.971) 0.425 | 0.735(0.595-0.874) 0.117 | 0.282(0.077-0.487) | 0.205
POD1 0.557 (0.386-0.728) 0.704 0.769 (0.574-0.964) 0.072 0.606 (0.450-0.762) 0.479 0.473 (0.183-0.763) 0.857
POD3 0.629 (0.251-1.000) 0.390 0.708 (0.437-0.979) 0.164 0.598 (0.279-0.918) 0.511 0.653 (0.372-0.933) 0.310
POD8 0.582 (0.254-0.910) 0.584 0.789 (0.598-0.980) 0.054 0.906 (0.817-0.995) 0.007 | 0.733(0.491-0.975) 0.121
Infectious complications
Preoperative 0.485 (0.344-0.626) 0.837 0.535 (0.396-0.647) 0.627 0.560 (0.422-0.699) 0.269 0.446 (0.299-0.593) 0.471
POD1 0.408 (0.273-0.544) 0.202 0.530 (0.387-0.673) 0.675 0.505 (0.368-0.641) 0.947 0.466 (0.312-0.620) 0.644
POD3 0.487 (0.346-0.629) 0.072 0.513 (0.372-0.654) 0.855 0.504 (0.359-0.649) 0.956 0.487 (0.324-0.649) 0.860
PODS8 0.591 (0.447-0.734) 0.215 0.817 (0.713-0.921) <0.001 0.657 (0.516-0.798) 0.032 | 0.731 (0.593-0.870) 0.003

C-D, Clavien-Dindo; POD, postoperative day.

https://doi.org/10.1371/journal.pone.0243510.t003

thus seems to be specific to bacterial infection. This would be in line with the recently reported
data of Kang et al. [30] They compared Presepsin levels and other established markers of infec-
tions among infected trauma patients, non-infected trauma patients and patients undergoing
sterile surgery. Presepsin levels were elevated only in infected trauma patients whereas CRP,
WBC count and PCT were elevated in infected and non-infected trauma patients [30]. None-
theless, Presepsin levels in our patient cohort did not correlate with any postoperative adverse
event, whereas at least on PODS8 the other mentioned markers were associated with major
postoperative complications and infectious. Thus, our working hypothesis of complications

following PR mostly emerging due to concomitant infection, could not be confirmed.

Lastly, in our cohort, Presepsin levels did not differ among gender, age or surgical approach,
but patients with malignant disease had higher preoperative and POD1 levels compared to
patients with benign indication for PR. To our knowledge, this has not been described so far,
but several clinical and epidemiological studies have already demonstrated, that elevated

PLOS ONE | https://doi.org/10.1371/journal.pone.0243510 December 9, 2020

7/10


https://doi.org/10.1371/journal.pone.0243510.t003
https://doi.org/10.1371/journal.pone.0243510

PLOS ONE

Presepsin in pancreatic surgery

plasma inflammatory cytokines are associated with significant reduction in cancer-related
patient survival [31]. This tumour-associated inflammatory conditions in cancer patients
could be a possible explanation but needs further investigation in a larger population. On the
other hand, the pancreas is not a sterile organ and 1000-fold increase of intrapancreatic bacte-
ria [32, 33] as well as fungal colonization was demonstrated in PDAC tissue compared to
healthy pancreatic tissue [34]. For example, Proteobacteria, Synergistetes and Euryarchaeota
are significantly more abundant in PDAC patients. While Proteobacteria comprise only 8% of
gut microbiota, this species constitutes up to 50% in PDAC tissue [32]. Moreover, several oral
microbes have shown correlation with PDAC: Fusobacterium spp. were independently associ-
ated with worse prognosis in PDAC patients. Also, Porphyromonas gingivalis may be associ-
ated with pancreatic carcinogenesis, while high levels of antibodies against P. gingivalis
correlate with a lower risk of pancreatic cancer [35]. Since our current knowledge suggests,
that elevated Presepsin levels are specific for bacterial infections, this abundance of microbiota
in PDAC patients could be another explanation for the increased Presepsin levels in cancer
patients.

To conclude, in our patient collective, Presepsin levels did not correlate with postoperative
complications or in-hospital mortality. Early postoperative (until POD3) only CRP was associ-
ated with clinically relevant POPF. Moreover, we found higher preoperative and POD1 Pre-
sepsin levels in patients with malignant disease, this finding needs to be further investigated.

Author Contributions

Conceptualization: Florian Primavesi, Philipp Gehwolf, Sieghart Sopper, Dietmar Ofner, Ste-
fan Stittner.

Data curation: Silvia Gasteiger, Peter Werkl, Philipp Gehwolf, Eva Braunwarth.

Formal analysis: Silvia Gasteiger, Florian Primavesi, Philipp Gehwolf, Eva Braunwarth,
Manuel Maglione, Sieghart Sopper, Dietmar Ofner, Stefan Stittner.

Methodology: Silvia Gasteiger, Florian Primavesi, Lucie Dostal, Eva Braunwarth, Sieghart
Sopper, Dietmar Ofner, Stefan Stittner.

Project administration: Manuel Maglione, Stefan Stittner.

Resources: Dietmar Ofner, Stefan Stittner.

Software: Lucie Dostal.

Supervision: Sieghart Sopper.

Validation: Lucie Dostal, Philipp Gehwolf, Manuel Maglione, Stefan Stittner.
Visualization: Peter Werkl, Stefan Stittner.

Writing - original draft: Silvia Gasteiger, Peter Werkl, Philipp Gehwolf, Eva Braunwarth.

Writing - review & editing: Florian Primavesi, Lucie Dostal, Manuel Maglione, Sieghart Sop-
per, Dietmar Ofner, Stefan Stittner.

References

1. Buchler MW, Wagner M, Schmied BM, Uhl W, Friess H, Z’'graggen K. Changes in morbidity after pan-
creatic resection: toward the end of completion pancreatectomy. Arch Surg. 2003; 138(12):1310—4; dis-
cussion 5.

2. Cardini B, Primavesi F, Maglione M, Oberschmied J, Guschlbauer L, Gasteiger S, et al. Outcomes fol-
lowing pancreatic resections—results and challenges of an Austrian university hospital compared to
nationwide data and international centres. Eur Surg. 2019; 51:81-9.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243510 December 9, 2020 8/10


https://doi.org/10.1371/journal.pone.0243510

PLOS ONE

Presepsin in pancreatic surgery

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Stojadinovic A, Brooks A, Hoos A, Jaques DP, Conlon KC, Brennan MF. An evidence-based approach
to the surgical management of resectable pancreatic adenocarcinoma. J Am Coll Surg. 2003; 196
(6):954-64.

Liu QY, Zhang WZ, Xia HT, Leng JJ, Wan T, Liang B, et al. Analysis of risk factors for postoperative
pancreatic fistula following pancreaticoduodenectomy. World J Gastroenterol. 2014; 20(46):17491-7.

Kang CM, Lee JH. Pathophysiology after pancreaticoduodenectomy. World J Gastroenterol. 2015; 21
(19):5794-804.

Schindl M, Fugger R, Gétzinger P, Langle F, Zitt M, Stattner S, et al. Randomized clinical trial of the
effect of a fibrin sealant patch on pancreatic fistula formation after pancreatoduodenectomy. Br J Surg.
2018; 105(7):811-9.

Cameron JL, He J. Two thousand consecutive pancreaticoduodenectomies. J Am Coll Surg. 2015; 220
(4):530-6.

Gervais DA, Fernandez-del Castillo C, O’Neill MJ, Hahn PF, Mueller PR. Complications after pancrea-
toduodenectomy: imaging and imaging-guided interventional procedures. Radiographics. 2001; 21
(3):673-90.

Halloran CM, Ghaneh P, Bosonnet L, Hartley MN, Sutton R, Neoptolemos JP. Complications of pancre-
atic cancer resection. Dig Surg. 2002; 19(2):138—46.

Berberat PO, Friess H, Kleeff J, Unl W, Blichler MW. Prevention and treatment of complications in pan-
creatic cancer surgery. Dig Surg. 1999; 16(4):327-36.

Bassi C, Falconi M, Salvia R, Mascetta G, Molinari E, Pederzoli P. Management of complications after
pancreaticoduodenectomy in a high volume centre: results on 150 consecutive patients. Dig Surg.
2001; 18(6):453-7; discussion 8.

LuB, Zhang Y, Li C, Liu C, Yao Y, Su M, et al. The utility of presepsin in diagnosis and risk stratification
for the emergency patients with sepsis. Am J Emerg Med. 2018; 36(8):1341-5.

Larsen FF, Petersen JA. Novel biomarkers for sepsis: A narrative review. Eur J Intern Med. 2017;
45:46-50.

Wright SD, Ramos RA, Tobias PS, Ulevitch RJ, Mathison JC. CD14, a receptor for complexes of lipo-
polysaccharide (LPS) and LPS binding protein. Science. 1990; 249(4975):1431-3.

Shozushima T, Takahashi G, Matsumoto N, Kojika M, Okamura Y, Endo S. Usefulness of presepsin
(sCD14-ST) measurements as a marker for the diagnosis and severity of sepsis that satisfied diagnostic
criteria of systemic inflammatory response syndrome. J Infect Chemother. 2011; 17(6):764-9.

Zhang J, Hu ZD, Song J, Shao J. Diagnostic Value of Presepsin for Sepsis: A Systematic Review and
Meta-Analysis. Medicine (Baltimore). 2015; 94(47):e2158.

Arai Y, Mizugishi K, Nonomura K, Naitoh K, Takaori-Kondo A, Yamashita K. Phagocytosis by human
monocytes is required for the secretion of presepsin. J Infect Chemother. 2015; 21(8):564-9.

Shirakawa K, Naitou K, Hirose J, Takahashi T, Furusako S. Presepsin (sCD14-ST): development and
evaluation of one-step ELISA with a new standard that is similar to the form of presepsin in septic
patients. Clin Chem Lab Med. 2011; 49(5):937-9.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP, et al. The Strengthen-
ing the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for report-
ing observational studies. Int J Surg. 2014; 12(12):1495-9.

Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evalu-
ation in a cohort of 6336 patients and results of a survey. Ann Surg. 2004; 240(2):205—13. https://doi.
org/10.1097/01.sla.0000133083.54934.ae PMID: 15273542

Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al. The Clavien-Dindo clas-
sification of surgical complications: five-year experience. Ann Surg. 2009; 250(2):187-96.

Bolliger M, Kroehnert JA, Molineus F, Kandioler D, Schindl M, Riss P. Experiences with the standard-
ized classification of surgical complications (Clavien-Dindo) in general surgery patients. Eur Surg.
2018; 50(6):256—61.

Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. The 2016 update of the Inter-

national Study Group (ISGPS) definition and grading of postoperative pancreatic fistula: 11 Years After.
Surgery. 2017; 161(3):584-91.

Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al. Postpancreatectomy hemor-
rhage (PPH): an International Study Group of Pancreatic Surgery (ISGPS) definition. Surgery. 2007;
142(1):20-5.

Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al. Delayed gastric emptying
(DGE) after pancreatic surgery: a suggested definition by the International Study Group of Pancreatic
Surgery (ISGPS). Surgery. 2007; 142(5):761-8. PMID: 17981197

PLOS ONE | https://doi.org/10.1371/journal.pone.0243510 December 9, 2020 9/10


https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
http://www.ncbi.nlm.nih.gov/pubmed/17981197
https://doi.org/10.1371/journal.pone.0243510

PLOS ONE

Presepsin in pancreatic surgery

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

Carter JV, Pan J, Rai SN, Galandiuk S. ROC-ing along: Evaluation and interpretation of receiver operat-
ing characteristic curves. Surgery. 2016; 159(6):1638—45.

Marazzi MG, Randelli F, Brioschi M, Drago L, Romand CL, Banfi G, et al. Presepsin: A potential bio-
marker of PJI? A comparative analysis with known and new infection biomarkers. Int J Immunopathol
Pharmacol. 2018; 31:394632017749356.

Clementi A, Virzi GM, Mucifio-Bermejo MJ, Nalesso F, Giavarina D, Carta M, et al. Presepsin and Pro-
calcitonin Levels as Markers of Adverse Postoperative Complications and Mortality in Cardiac Surgery
Patients. Blood Purif. 2019; 47(1-3):140-8.

Bosch F, Schallhorn S, Miksch R, Chaudry IH, Faist E, Werner J, et al. The Prognostic Value of Presep-
sin For Sepsis in Abdominal Surgery: A Prospective Study. Shock. 2019.

Kang J, Gong P, Zhang XD, Wang WJ, Li CS. Early Differential Value of Plasma Presepsin on Infection
of Trauma Patients. Shock. 2019; 52(3):362—9. PMID: 30289851

Babic A, Schnure N, Neupane NP, Zaman MM, Rifai N, Welch MW, et al. Plasma inflammatory cyto-
kines and survival of pancreatic cancer patients. Clin Transl Gastroenterol. 2018; 9(4):145.

Pushalkar S, Hundeyin M, Daley D, Zambirinis CP, Kurz E, Mishra A, et al. The Pancreatic Cancer
Microbiome Promotes Oncogenesis by Induction of Innate and Adaptive Immune Suppression. Cancer
Discov. 2018; 8(4):403-16.

Dickson I. Microbiome promotes pancreatic cancer. Nat Rev Gastroenterol Hepatol. 2018; 15(6):328.

Aykut B, Pushalkar S, Chen R, Li Q, Abengozar R, Kim JI, et al. The fungal mycobiome promotes pan-
creatic oncogenesis via activation of MBL. Nature. 2019; 574(7777):264—7. https://doi.org/10.1038/
s41586-019-1608-2 PMID: 31578522

Mitsuhashi K, Nosho K, Sukawa Y, Matsunaga Y, lto M, Kurihara H, et al. Association of Fusobacterium
species in pancreatic cancer tissues with molecular features and prognosis. Oncotarget. 2015; 6
(9):7209-20.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243510 December 9, 2020 10/10


http://www.ncbi.nlm.nih.gov/pubmed/30289851
https://doi.org/10.1038/s41586-019-1608-2
https://doi.org/10.1038/s41586-019-1608-2
http://www.ncbi.nlm.nih.gov/pubmed/31578522
https://doi.org/10.1371/journal.pone.0243510

