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Correlation of Serum and Ascitic Fluid Soluble Form Urokinase
Plasminogen Activator Receptor Levels With Patient

Complications, Disease Severity, Inflammatory Markers,
and Prognosis in Patients With Severe Acute Pancreatitis
Ding Long, MM, Yujun Wang, MM, Hui Wang, MM, Xiaoling Wu, MM, and Li Yu, MB
Objectives: The aim of the study was to investigate the correlation of se-
rum and ascitic fluid soluble form urokinase plasminogen activator receptor
(suPAR) levels with patients' complications, disease severity, inflammatory
markers, and prognosis in patients with severe acute pancreatitis (SAP).
Methods: Fifty patients with SAP, 47 patients with mild acute pancreatitis,
and 50 healthy controls were enrolled. Serum sampleswere obtained from all
participants after enrollment; meanwhile, ascitic fluid samples were collected
from 20 patients with SAP who developed ascites. Serum and ascitic fluid
suPAR levels were determined by enzyme-linked immunosorbent assay.
Results: Serum suPAR levelwas greatly elevated in patientswith SAP than
patientswithmild acute pancreatitis and healthy controls. Receiver operating
characteristic curve showed that serum suPAR presented with good value in
predicting risk of pancreatic necrosis, pancreatic infection, and multiple or-
gan dysfunction syndrome, whereas serum suPAR did not predict mortality.
Serum suPAR level was also positively correlated with Acute Physiology
and Chronic Health Evaluation II score, Balthazar index, and Sequential Or-
gan Failure Assessment score. As to ascitic fluid suPAR, it was positively
correlated with serum suPAR level, Acute Physiology and Chronic Health
Evaluation II score, Sequential Organ Failure Assessment score, risk of
pancreatic infection, and multiple organ dysfunction syndrome.
Conclusions: Serum and ascetic fluid suPAR levels could be served as
markers for disease severity and risk of severe complications in patients
with SAP.
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S evere acute pancreatitis (SAP), as an inflammatory condition
that is associated with multiple organ dysfunctions, presents

with a high mortality rate ranging from 8% to 25%, which is a
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critical health issue worldwide.1,2 Early mortality of patients with
SAP mainly owes to an overwhelming inflammatory reaction,
whereas late mortality mainly results from sepsis-related compli-
cations such as septic shock and major bleeding that primarily
arises from infected pancreatic necrosis.3,4 So as to decrease the
mortality and improve the outcomes of patients with SAP, explo-
ration of novel biomarkers for early diagnosis, disease monitoring,
and prognosis is of great importance.

Urokinase plasminogen activator receptor (uPAR), which
is extracellularly docked to the serum membrane by a
glycosylphosphatidylinositol anchor, is expressed on various types
of cells including neutrophils, lymphocytes, monocytes, macro-
phages, certain cancer cells, vascular endothelial cells, and so
on.5–8 Accumulating research disclose that uPAR and its ligand
urokinase plasminogen activator are involved in regulating nu-
merous biological functions including cells proliferation, migra-
tion, adhesion, and angiogenesis and have been observed to
promote tissue invasion in malignant diseases by converting plas-
minogen into plasmin, which leads to degradation of extracellular
matrix.8–11 Through inflammatory stimulation, uPAR is cleaved
from the cells surface by proteases to the soluble form of uPAR
(suPAR), which has been detected in blood, urine, and cerebrospi-
nal fluid.12–15 Blood suPAR level has been observed to be ele-
vated in several infectious, inflammatory, and autoimmune
diseases.14–18 Previous studies illuminate that plasma suPAR level
presents a strong association with higher disease severity and in-
creased mortality in critically ill patients,16,17 and high serum
suPAR level has been discovered to be able to predict poor out-
comes in patients with systemic inflammatory response syndrome
(SIRS).18 However, the role of suPAR in monitoring disease se-
verity and predicting outcomes in patients with SAP has not
been explored.

Thus, this present study aimed to investigate the correlation
of serum and ascitic fluid suPAR levels with patients' complica-
tions, disease severity, inflammatory markers, and prognosis in
patients with SAP.

MATERIALS AND METHODS

Participants
Fifty patients with SAP who were admitted to the intensive

care unit (ICU) at the Wuhan Central Hospital (Hubei, China) be-
tween June 2012 and December 2013 were consecutively enrolled
in this study. The inclusion criteria were as follows: (1) diagnosed
as SAP according to the Atlanta classification of acute pancreati-
tis; (2) older than 18 years; and (3) met at least 1 of the following
items: (a) local complications such as necrosis, abscess, or pseu-
docyst; (b) organ failure (systolic blood pressure <90 mm Hg,
PaO2 < 60 mm Hg or serucreatinine > 133 μmol/L); (c) an Acute
Physiology and Chronic Health Evaluation (APACHE) II score of
www.pancreasjournal.com 335
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TABLE 1. Characteristics of Patients With SAP

Parameters Patients With SAP (n = 50)

Age, y 61 (35–78)
Sex, M/F 28/22
Etiology, n (%)
Biliary origin 35 (70)
Alcohol abuse 10 (20)
Hyperlipidemia 5 (10)

APACHE II score 16 (6–33)
Ranson score 4 (2–6)
Balthazar index 4 (2–8)
SOFA score 6 (4–10)
Renal failure, n (%) 6 (12)
Liver failure, n (%) 7 (14)
Pancreatic necrosis, n (%) 25 (50)
Pancreatic infection, n (%) 10 (20)
MODS, n (%) 29 (58)
Hospital mortality, n (%) 10 (20)
Length of hospitalization, d 32 (12–88)
Length of ICU stay, d 7 (3–12)
Surgical intervention, n (%) 11 (22)
Need for vasoactive drugs, n 17
Need for mechanical ventilation, n 10
Need for CRRT, n 25
D-dimer level, μg/mL 2.80 (1.50–9.20)
PCT level, ng/dL 1.49 (0.20–18.44)
Serum suPAR level, ng/mL 17.08 (9.18–31.88)
Ascetic fluid suPAR level, ng/mL (n = 20) 13.63 (7.00–24.34)

Data were presented as median (range) and n (%).
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8 or higher, or a Ranson score of 3 or higher; and (d) Balthazar in-
dex of 5 or higher. The exclusion criteria were as follows: (1) pa-
tients who had experienced previous attacks of acute pancreatitis;
(2) patients who had received surgical intervention before ad-
mission; (3) patients who had pulmonary tuberculosis or human
immunodeficiency virus; (4) patients with a known history of
coagulative disorders; and (5) patients with a history of solid tu-
mor or hematological malignances. Meanwhile, 50 patients with
mild acute pancreatitis (MAP) as well as 50 age- and sex-matched
healthy controls (HCs) were consecutively enrolled in this study.

Ethics Approval
This study was approved by the ethics committee of the

Central Hospital of Wuhan, Tongji Medical College, Huazhong
University of Science and Technology and was conducted in ac-
cordance with the Declaration of Helsinki. All participants or
their statutory guardians provided written informed consents.

Data Collection and Assessments
Data from patients with SAP including age, sex, and etiology

were collected and APACHE II score, Ranson score, Balthazar in-
dex, and Sequential Organ Failure Assessment (SOFA) scorewere
assessed on admission. Pancreatic necrosis, pancreatic infection,
and multiple organ dysfunction syndrome (MODS) occurrences
during the admission were recorded. Pancreatic necrosis was de-
tected according to the results of contrast-enhanced computed
tomography performed at least 48 hours after the onset of the
disease. Meanwhile, pancreatic infection was determined accord-
ing to positive findings in bacterial culture of abdominal fluid and
repeated temperature increments.

The use of vasoactive drugs, mechanical ventilation, contin-
uous renal replacement therapy (CRRT), and surgical intervention
during the hospitalization were also recorded. In addition, length
of hospitalization, length of ICU stays, and the mortality during
the hospitalization were documented. As for HCs, data of age
and sex were collected.

Sample Collection
Blood samples were collected from patients with SAP and

patients with MAP when they were admitted to the ICU (before
therapeutic interventions) and from HCs after the enrollment. Af-
ter centrifugation at 2000g at 4°C for 10 minutes, serum was sub-
sequently isolated and frozen immediately at −80°C. Twenty of
50 patients with total SAP were detected with ascetic fluid by
computerized tomography (CT) scanning. Abdominal fluid sam-
ples were then obtained from these patients by ultrasonically
guided fine needle aspiration during admission and the samples
were then stored at −80°C.

Soluble Form of uPAR, D-dimer, and
PCT Measurements

Serum suPAR level and ascitic fluid suPAR levelwere detected
by enzyme-linked immunosorbent assay (ELISA) using commer-
cial ELISA kit (ViroGates, Birkerød, Denmark). Serum D-dimer
and procalcitonin (PCT) levels were detected by electro chemilumi-
nescence immunoassay (ECLIA) (Roche, Mannheim, Germany).

Statistics
Statistical analysis was performed using SPSS 22.0 software

(SPSS Inc, Armonk, NY) and GraphPad Prism 6.0 (GraphPad
Software, San Diego, Calif.). Data were mainly presented as
median (range) and count (percentage). Comparison between the
2 groups was determined by Wilcoxon rank sum test; comparison
336 www.pancreasjournal.com
among 3 groups was determined by Kruskal-Wallis H rank sum
test, followed by Dunn's multiple comparison test; correlation be-
tween 2 continuous parameters was determined by Spearman test;
the values of suPAR, D-dimer, and PCT levels in predicting pancre-
atic necrosis, pancreatic infection, and MODS risks were analyzed
by receiver operating characteristic (ROC) curves, and factors
predicting pancreatic necrosis, pancreatic infection, andMODS risk
were analyzed by multivariate logistic regression model (Forward
Stepwise - Wald). P < 0.05 was considered significant.
RESULTS

Patient Characteristics

Fifty patients with SAP including 28 males and 22 females
with a median age of 61 (range, 35–78) years were enrolled in this
study. The median (range) APACHE II score, Ranson score,
Balthazar index, and SOFA score were 16 (6–33), 4 (2–6), 4 (2–8),
and 6 (4–10), respectively.Multiple organ dysfunction syndrome oc-
curred in 29 (58%), pancreatic necrosis in 25 (50%), and pancreatic
infection in 10 (20%); in addition, 10 patients (20%) died during the
hospitalization. The median (range) values of serum suPAR level
and ascetic fluid suPAR level were 17.08 (9.18–31.88) ng/mL and
13.63 (7.00–24.34) ng/mL, respectively. Other detailed information
for patients with SAP are presented in Table 1.
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Serum suPAR level in patients with SAP, patients with
MAP, and HCs. Serum suPAR level was dramatically increased in
patients with SAP and patients with MAP than HCs and was
enhanced in patients with SAP than patients with MAP.
Comparison among 3 groups was determined by Kruskal-Wallis H
rank sum test, followed by Dunn multiple comparison test, and
P < 0.05 was considered as significant.
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Comparison of Serum suPAR Level Among Patients
With SAP, MAP Patients, and HCs

The median (range) age of patients withMAPwas 60 (41–73)
years and there were 28 males and 19 females, whereas the median
(range) age of HCs was 58 (40–70) years and there were 25 males
and 25 females. No difference of age (P = 0.236) or sex (P = 0.327)
among patients with SAP, patients with MAP, and HCs was discov-
ered. The median (range) serum suPAR level was found to be
greatly elevated in patients with SAP (17.08 [9.18–31.88]) com-
pared with patients with MAP (9.739 [2.604–27.70]) (P = 0.006)
and HCs (2.32 [0.20–13.28]) (P < 0.001) and was increased in
patients with MAP than HCs (P < 0.001) (Fig. 1).

Correlation of Serum suPAR LevelWith Presence or
Absence of Discontinuous Clinical Variables

During the hospitalization, patients with presence of pancre-
atic necrosis (P = 0.015), pancreatic infection (P = 0.001), and
MODS (P = 0.001) disclosed elevated serum suPAR compared
with patients with absence of these conditions (Table 2). However,
serum suPAR was only numerically increased in patients who
died during the hospitalization than the survivors, but without
TABLE 2. Correlation of Serum SuPAR With Presence or Absence of

Presence

Parameters Serum suPAR, ng/mL

Hospital death 20.13 (11.22–31.88)
Pancreatic necrosis 19.64 (9.18–31.88)
Pancreatic infection 21.79 (16.65–29.70)
MODS 19.02 (11.22–31.88)
Surgical intervention 16.65 (10.50–23.65)
Need for vasoactive drugs 20.89 (16.65–31.88)
Need for mechanical ventilation 15.88 (11.22–19.90)
Need for CRRT 19.65 (9.18–31.88)

Data presented as median (range). Comparison was determined by Wilcoxo

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
statistical significance (P = 0.451). In addition, we also discovered
that patients with presence of need for vasoactive drugs (P < 0.001)
and CRRT (P = 0.025) illuminated raised serum suPAR compared
with patients with absence of these conditions (Table 2).

Correlation of Serum suPAR Level With Disease
Severity and Inflammation Markers

The APACHE II score, Ranson score, Balthazar index, and
SOFAwere assessed in patients with SAP, which disclosed that
serum suPAR level was positively correlated with APACHE II
score (R = 0.327, P = 0.020, Fig. 2A), Balthazar index (R = 0.298,
P = 0.036, Fig. 2C), and SOFA score (R = 0.382, P = 0.006,
Fig. 2D), although it did not associate with Ranson score
(R = 0.182, P = 0.207, Fig. 2B). These indicated serum suPAR
could serve as disease severity markers in patients with SAP.
In addition, we also measured the expressions of inflammation
markers (serum D-dimer and PCT), which revealed that serum
suPAR presented with a tread of positive correlation with se-
rum D-dimer level (R = 0.154, P = 0.285, Fig. 2E) and serum
PCT level (R = 0.233, P = 0.104, Fig. 2F), but without
statistical significance.

Predictive Value of Serum suPAR for Occurrence of
Pancreatic Necrosis, Pancreatic Infection,
and MODS

Receiver operating characteristic curves were subsequently
performed to detect the predictive value of serum suPAR, serum
D-dimer, and serum PCT levels for occurrence of pancreatic necro-
sis, pancreatic infection, andMODS in patients with SAP, which il-
luminated the following: (1) that serum suPAR presentedwith good
value in predicting pancreatic necrosis risk with area under curve
(AUC) of 0.70 (95% confidence interval [CI], 0.548–0.853), and
sensitivity and specificity were 52.0% and 96.0%, respectively, at
the best cutoff value (serum suPAR = 15.565 ng/mL), whereas se-
rum D-dimer and serum PCT levels lacked predictive value for pan-
creatic necrosis risk (Fig. 3A); (2) that serum suPAR disclosed
good value in predicting pancreatic infection risk with AUC of
0.833 (95% CI, 0.717–0.948), and sensitivity and specificity were
80.0% and 85.0%, respectively, at the best cutoff value (serum
suPAR = 19.565 ng/mL), whereas serum D-dimer and serum
PCT levels did not possess predictive value for pancreatic infection
risk (Fig. 3B); (3) that serum suPAR had similar predictive value
(AUC, 0.782; 95%CI, 0.656–0.907) as compared with serum D-di-
mer (AUC, 0.741; 95% CI, 0.605–0.877) and serum PCT
(AUC, 0.722; 95% CI, 0.565–0.879) for MODS risk, and sensitiv-
ity and specificity were 72.4% and 76.2%, respectively, at the best
Discontinuous Clinical Variables in Patients With SAP

Absence

n Serum suPAR, ng/mL n P

10 17.08 (9.18–29.70) 40 0.451
25 13.52 (10.82–19.88) 25 0.015
10 13.97 (9.18–31.88) 40 0.001
29 13.05 (9.18–19.90) 21 0.001
11 17.60 (9.18–31.88) 39 0.734
17 13.05 (9.18–29.70) 33 <0.001
10 17.08 (9.18–31.88) 40 0.409
25 13.52 (10.82–19.90) 25 0.025

n rank sum test. Bold P < 0.05 considered significant.
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FIGURE 2. Correlation of serum suPAR level with disease severity and inflammation markers. Serum suPAR level was disclosed to be positively
associatedwith APACHE II score (A), Balthazar index (C), and SOFA score (D). However, no correlation of serum suPAR level with Ranson score (B),
D-dimer level (E), or PCT level (F) was observed. Correlation was determined by Spearman test, and P < 0.05 was considered as significant.
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cutoff value (serum suPAR = 15.914 ng/mL) (Fig. 3C). When be-
ing compared with common comprehensive assessing score, (1) se-
rum suPAR disclosed better value compared with APACHE II and
SOFA, similar value compared with Ranson, and worse value com-
pared with Balthazar in predicting pancreatic necrosis (Supple-
mentary Fig. 1A, http://links.lww.com/MPA/A704). (2) Serum
suPAR disclosed better value compared with APACHE II, Ranson,
and Balthazar, and similar value compared with SOFA in predicting
pancreatic infection (Supplementary Fig. 1B, http://links.lww.com/
MPA/A704). (3) Serum suPAR disclosed better value compared
with Balthazar, similar value compared with Ranson, and worse
value compared with APACHE II and SOFA in predicting
MODS (Supplementary Fig. 1C, http://links.lww.com/MPA/A704).
FIGURE 3. Receiver operating characteristic curve analysis of serum suP
operating characteristic curve revealed that serum suPAR disclosed good
pancreatic infection (B, red line), andMODS (C, red line). However, seru
but not pancreatic necrosis (A) or pancreatic infection (B). Predicting va
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Furthermore, to attenuate the impact of compounding factors,
multivariate logistic regression analysis was performed (Table 3),
which disclosed that serum suPAR independently predicted risks
of pancreatic infection and MODS but not pancreatic necrosis.

Correlation Between Ascetic Fluid suPAR Level and
Serum suPAR Level

Twenty of 50 patients with total SAP were detected with as-
cetic fluid by CT scanning, and ascetic fluid suPAR level was de-
termined in these patients. We found that ascetic fluid suPAR level
was positively correlated with serum suPAR level (R = 0.851,
P < 0.001, Fig. 4).
AR, D-dimer, and PCT level for risk of severe complications. Receiver
value in predicting risk of pancreatic necrosis (A, red line),

m D-dimer (green line) and PCT could only predict risk of MODS (C),
lue was determined by ROC curve analysis.

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.

http://links.lww.com/MPA/A704
http://links.lww.com/MPA/A704
http://links.lww.com/MPA/A704
http://links.lww.com/MPA/A704
http://www.pancreasjournal.com


TABLE 3. Multivariate Logistic Regression Analysis of Factors
PredictingPancreaticNecrosis, Pancreatic Infection, andMODSRisk

Multivariate Logistic Regression
Model (Forward Stepwise – Wald)

Parameters OR (95% CI) P

Pancreatic necrosis
Ranson score 2.614 (1.016–7.367) 0.049
Balthazar index 23.930 (3.102–184.611) 0.002

Pancreatic infection
Serum suPAR 2.940 (1.024–8.439) 0.045
Balthazar index 3.108 (1.130–8.544) 0.028

MODS
Serum suPAR 1.561 (1.156–2.109) 0.009
APACHE II 1.561 (1.156–2.109) 0.004

Factors predicting pancreatic necrosis, pancreatic infection, andMODS
risk were analyzed by multivariate logistic regression model (Forward
Stepwise – Wald). Bold P < 0.05 considered statistically significant.

FIGURE 4. Correlation of ascetic fluid suPAR level with serum suPAR
level. Ascetic fluid suPAR level was positively correlatedwith serum
suPAR level. Correlation was determined by Spearman test, and
P < 0.05 was considered as significant.

Pancreas • Volume 48, Number 3, March 2019 SuPAR in Severe Acute Pancreatitis Patients
Association of Ascetic Fluid suPAR Level With
Presence or Absence of Discontinuous
Clinical Variables

In the 20 patients with SAP with ascetic fluid, ascetic fluid
suPAR level was observed to be elevated in patients with presence
of pancreatic infection (P = 0.009), MODS (P = 0.012), need for
vasoactive drugs (P < 0.001), and CRRT (P = 0.025) compared
with patients with absence of these conditions (Table 4).

Association of Ascetic Fluid suPAR Level With
Disease Severity and Inflammation Markers

Ascetic fluid suPAR level was positively associated with
APACHE II score (R = 0.563, P = 0.001, Fig. 5A) and SOFA score
(R = 0.558, P = 0.011, Fig. 5D), although it did not associate with
Ranson score (R = −0.033, P = 0.890, Fig. 5B) or Balthazar index
(R = 0.145, P = 0.543, Fig. 5C). As to inflammation markers, as-
cetic fluid suPAR level was not correlated with serum D-dimer
level (R = 0.365, P = 0.114, Fig. 5E) or serum PCT level
(R = 0.173, P = 0.466, Fig. 5F).

Predictive Value of Ascetic Fluid suPAR for
Occurrence of Pancreatic Infection and MODS

Ascetic fluid suPAR disclosed good predictive value for risk
of pancreatic infection (Fig. 6A) and MODS (Fig. 6B) with AUC
of 0.840 (95% CI, 0.664–1.000) and AUC of 0.857 (95% CI,
0.667–1.000), respectively. The sensitivity and specificity were
60.0% and 100.0% at best cutoff point (suPAR = 16.310 ng/mL)
for predicting pancreatic infection and were 85.7% and 83.3% at
best cutoff point (suPAR = 12.580 ng/mL) for predicting MODS.

DISCUSSION
In this present study, we found that (1) serum suPAR level

was greatly raised in patients with SAP than patients with MAP
and HCs, and it correlated with elevated risk of pancreatic ne-
crosis, pancreatic infection, and MODS as well as increased
disease severity in patients with SAP, although it was not asso-
ciated with levels of inflammatory markers or patient mortal-
ity; (2) ascetic fluid suPAR level was positively associated
with serum suPAR level, correlated with elevated risk of pancre-
atic infection and MODS, and correlated with higher disease
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
severity in patients with SAP, although it was not associated with
levels of inflammatory markers.

Soluble form uPAR, as a receptor that is released from cell-
membrane-bound uPAR, has been observed to not only participate
in regulating various cells adhesion, proliferation, and migration,
but also be involved in modulating coagulation, fibrinolysis, in-
flammation, and immune response.19,20 Accumulating studies re-
veal that blood suPAR is increased in various critical diseases
including sepsis, SIRS, severe community-acquired pneumonia
(CAP), acute liver failure, and so on.20–23 A case-control study re-
veals that plasma suPAR level is elevated in patients with sepsis
compared with patients with SIRS and controls, which presents
with a good value in distinguishing sepsis from SIRS and con-
trols.21 Another case-control study shows that serum suPAR con-
centration is increased in patients with severe CAP compared with
healthy individuals.22 Meanwhile, another cross-sectional cohort
study reveals that serum suPAR is greatly elevated in patients with
chronic liver diseases compared with controls.24 In addition, a re-
cent case-control study illustrates that serum suPAR level is dra-
matically increased in acute liver failure patients, which is
independent from the underlying etiology.23 Our previous study
also disclosed that serum suPAR level was elevated in acute respi-
ratory distress syndrome (ARDS) patients with sepsis than ARDS
patients without sepsis.25 However, few studies have explored the
dysregulation of blood suPAR level in patients with SAP. In this
study, we found that serum suPAR level was greatly increased in
patients with SAP compared with patients with MAP and HCs,
which was in line with that blood suPAR level is upregulated in
other critical diseases.20–23,25 The explanation of this result might
be that patients with SAP presented with elevated inflammatory
condition, enhanced immune response, and high possibility of
multiple organ dysfunctions risk, whereas suPAR could promote
plasminogen-activating pathways, increase inflammation, and
modulate various cells adhesion, migration, as well as prolifera-
tion, which also leads to several organ injuries19,20; thus, patients
with SAP illuminated greatly raised serum suPAR level.

As for the value of blood suPAR as marker for disease sever-
ity in monitoring critical diseases, a previous study illuminates
that a high level of suPAR (defined as >11 ng/mL) is correlated
with higher possibility of hypotension and elevated SOFA score
in patients with bacteremia.26 Another study exhibits that serum
suPAR concentration on admission is closely and independently
associated with levels of inflammatory markers (tumor necrosis
www.pancreasjournal.com 339
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TABLE 4. Correlation of Ascitic Fluid uPAR With Presence or Absence of Discontinuous Clinical Variables

Presence Absence

Parameters Ascitic Fluid suPAR, ng/mL n Ascitic Fluid suPAR, ng/mL n P

Hospital death — 0 13.61 (7.00–24.33) 20 —
Pancreatic necrosis 13.61 (7.00–24.33) 20 — 0 —
Pancreatic infection 17.48 (11.33–24.33) 10 12.10 (7.00–16.00) 10 0.009
MODS 15.12 (11.33–24.33) 14 10.83 (7.00–16.00) 6 0.012
Surgical intervention 14.27 (7.00–24.33) 10 13.61 (11.46–20.61) 10 0.912
Need for vasoactive drugs 16.62 (12.62–24.33) 7 12.54 (7.00–20.34) 13 0.024
Need for mechanical ventilation — 0 13.61 (7.00–24.33) 20 —
Need for CRRT 20.34 (11.45–24.33) 5 12.65 (7.00–20.34) 15 0.042

Data presented as median (range). Comparison was determined by Wilcoxon rank sum test. Bold P < 0.05 considered significant.
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factor, C-reactive protein), aswell as hepatic and renal dysfunction
in sepsis patients.27 In a previous study from our research team,
we observed that plasma suPAR level on the first therapeutical
day was associated with higher risk of MODS in patients with
SIRS.28 Another previous study from our research team found
that plasma suPAR level was positively correlated with disease se-
verity, serum PCT level, APACHE II score, and SOFA score in pa-
tients with ARDS.25 These indicated that suPAR could be served
as marker for disease severity in critical diseases especially in-
flammation involved diseases. However, little is known about
the role of suPAR in monitoring disease severity in patients with
SAP. In this present study, we discovered that serum suPAR level
was positively correlated with APACHE II score, Balthazar index,
and SOFA score in patients with SAP, and suPAR level was raised
in patients with presence of pancreatic necrosis, pancreatic infec-
tion, andMODS (these 3 conditionswere severe complications re-
lated to SAP). The possible explanations were as follows: (1) that
FIGURE 5. Correlation of ascetic fluid suPAR level with disease severity a
to be positively associated with APACHE II score (A) and SOFA score (D)
score (B), Balthazar index (C), D-dimer level (E), or PCT level (F) was obs
was considered as significant.
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suPAR expression reflected coagulation, fibrinolysis, inflamma-
tion, and immune response in patients with SAP, which affected
the disease severity and the occurrence of pancreatic necrosis
and pancreatic infection a lot; (2) that suPAR promoted several or-
gan injuries through regulating multiple pathways, which in-
creased MODS risk. However, serum suPAR presented with
only a tread of positive correlation with serum D-dimer level and
serum PCT level, but without statistical significance in our study,
these might result from that (1) the sample size was small that ex-
treme value affected the results a lot and (2) suPAR reflected gen-
eral activation of the immune system rather than exerting
inflammatory actions in patients with SAP.

Blood suPAR level also reveals good value in predicting
prognosis in several critical diseases including severe CAP,
bacteremia, SIRS, sepsis, ARDS, multiple myeloma, and so
on.22,23,25,29–32 For instance, serum suPAR level presents with
good value in predicting mortality in severe CAP patients with
nd inflammation markers. Ascetic fluid suPAR level was illuminated
. However, no correlation of ascetic fluid suPAR level with Ranson
erved. Correlation was determined by Spearman test, and P < 0.05

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 6. Receiver operating characteristic curve analysis of ascetic fluid suPAR for risk of severe complications. Receiver operating characteristic
curve revealed that ascetic fluid suPAR disclosed good value in predicting risk of pancreatic infection (A) and MODS (B). Predicting value was
determined by ROC curve analysis.
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AUC of 0.772,22 and plasma suPAR level is markedly upregulated
in nonsurvivors compared with survivors in patients with bacter-
emia, and the AUC of suPAR in the prediction of case fatality is
0.8421; moreover, plasma suPAR level correlates with increased
30-day mortality in patients with SIRS.29 In addition, a previous
cohort study in the Netherlands showed that plasma suPAR ex-
pression is increased in nonsurvivors compared with survivors
in ARDS patients, which also presents with a good value in
distinguishing nonsurvivors from survivors by ROC curve.30 An-
other study in Italy shows that baseline suPAR level correlates
with increased 7- and 30-day mortality in patients with sepsis.31

These results suggest that high blood suPAR level could be
regarded as a biomarker for predicting worse prognosis in critical
diseases. However, the prognostic role of blood suPAR level in
patients with SAP is still unknown. In our study, we observed
no difference of serum suPAR level between nonsurvivors and
survivors in patients with SAP, whereas it was numerically ele-
vated in nonsurvivors than survivors, which was inconsistent
with its prognostic value in other critical diseases. The possible
explanations were as follows: (1) the total sample size was small,
and thus, extreme value affected the results a lot; (2) number of
death events was only 10 (20%), which affected the statistical
power. Thus, further study enrolling more patients with SAP to
investigate the prognostic role of serum suPAR level is of
great importance.

During the hospitalization of patients with SAP in this pres-
ent study, 20 patients developed ascites; thus, we also detected the
level of ascetic fluid suPAR in these patients. We found that as-
cetic fluid suPAR level was positively correlated with serum
suPAR level, and it was positively associated with APACHE II
score and SOFA score as well as the occurrence of pancreatic in-
fection and MODS. These indicated that ascetic fluid suPAR level
could also serve as a marker for disease severity and risk of severe
complications in patients with SAP with ascetic fluid, and this re-
sult was in line with a previous study that ascetic fluid suPAR was
associated with a severe course of spontaneous bacterial peritoni-
tis and worse outcome in patients with decompensated cirrhosis.33

However, ascetic fluid sample was less feasible to obtain than se-
rum sample, and the detection of ascetic fluid suPAR was later
than serum suPAR,which delayed the prognostic estimation in pa-
tients with SAP.
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
There were some limitations in this study. Firstly, the sample
size was small, which might lead to greater bias due to patient
selection and data collection and result in lack of statistical
power. However, SAP presented with low occurrence and more
time is needed to recruit more patients. Secondly, the age of the
patients included in this study were all older than 35 years; thus,
the correlation of suPAR level with patients' complications, dis-
ease severity, inflammatory markers, and prognosis in younger
patients with SAP was not explored. Thirdly, the patients of this
study mainly came fromMiddle China, whichmight cause patient
selection bias.

In conclusion, serum and ascetic fluid suPAR levels could
serve as markers for disease severity and risk of severe complica-
tions in patients with SAP.
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