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Abstract
Introduction: Walled-off pancreatic necrosis (WOPN) is a life-threatening, late complication of acute pancreatitis, in which
a fluid collection containing necrotic material is formed. Infection of the fluid collection significantly increases the mortality of
patients with WOPN.
Aim: To examine the levels of oxidative stress markers in the pancreatic necrotic fluid (PNF) and serum of patients with
sterile and infected WOPN.
Material and methods: Thirty-three adult patients with sterile WOPN and 14 with infected WOPN, as well as 31 patients
with mild AP, were included in this study. Concentrations of oxidative stress markers (8-isoprostane, protein carbonyl groups, and
8-hydroxyguanine) were measured in the PNF and serum of patients with sterile and infected WOPN.
Results: High concentrations of all measured oxidative stress markers in PNF, but not in serum, were detected in patients
with WOPN. Additionally, oxidative stress markers in PNF were significantly increased in patients with infected as compared
to sterile WOPN. The serum high sensitive C-reactive protein (hsCRP) concentrations showed the highest correlation with PNF
oxidative stress marker levels. Receiver operating characteristics (ROC) curve analysis confirmed that serum hsCRP could be
a good predictor of WOPN infection.
Conclusions: Oxidative stress is associated with WOPN development; infection of PNF worsens the course of WOPN, possibly
via increased production of reactive oxygen species; and serum hsCRP concentrations seem to be a good, noninvasive indicator
of PNF infection.

Introduction
Necrotising acute pancreatitis accounts for 10–15%
of cases of acute pancreatitis (AP) and is a potentially
life-threatening condition due to its late complications
such as post-inflammatory pancreatic fluid collections.
A collection of necrotic material arising from peripancreatic or pancreatic tissue that has matured, typically
within 4 weeks, and developed a well-defined fibrous
wall is termed walled-off pancreatic necrosis (WOPN)
[1, 2]. WOPN may be sterile or infected by bacteria and/
or fungi [3, 4]. Infection significantly increases mortali-

ty and morbidity [5]. Diagnosis and confirmation of infected WOPN requires puncture of the fluid collection
– an invasive procedure carrying a risk of introducing
iatrogenic infection into a sterile WOPN [6]. Therefore,
it would be useful to find reliable serum parameter(s)
indicating an infection of WOPN without the need to
perform an invasive procedure.
Oxidative stress plays an important role in the
pathogenesis and progression of AP [7, 8]. Chronic
stress induces ischaemia of the pancreatic tissue followed by reperfusion, accompanied by hypoxia and
reoxygenation, which eventually lead to formation of
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reactive oxygen species (ROS). It may also attract leukocytes, which release additional ROS in a respiratory
burst. Increased immature granulocyte count at the beginning of acute pancreatitis was observed in patients
with severe, but not mild, course of the disease [9]. All
those events are part of the very early stages of this
process [10]. No studies have to date investigated oxidative stress markers in patients with WOPN. Serum
protein carbonyl groups, isoprostanes and 8-hydroxyguanine, products of oxidation of proteins, polyunsaturated fatty acids, and nucleic acids, respectively, are
often examined as oxidative stress markers [11].

Aim
The aim of this study was to determine the serum
concentrations of 8-isoprostane, 8-hydroxyguanine, and
protein carbonyl groups in patients with AP and sterile
and infected WOPN as well as the pancreatic necrotic
fluid (PNF) concentrations of these markers in patients
with sterile and infected WOPN. Moreover, we tried to
find serum parameters that would correlate with PNF
concentrations of oxidative stress markers and serve
as a potential noninvasive predictor of WOPN infection.

Material and methods
The study included 47 adult patients with WOPN
admitted to the Department of Gastroenterology and
Hepatology, Medical University of Gdansk. Thirty-three
of them had sterile WOPN, and 14 had infected WOPN.
The mean age of patients in each group was 48 ±12
and 53 ±17 years, respectively. The WOPN was identified according to the definitions set forth in the Revision of the Atlanta classification [6]. The presence of
infection was presumed based on clinical signs (such
as deterioration of general condition or fever) or the
presence of extraluminal gas in the pancreatic or peripancreatic tissue on contrast-enhanced computed tomography. PNF samples were obtained during the first
step of endoscopic treatment of symptomatic WOPN as
described previously [12–14]. Infection of WOPN was
confirmed by culture of PNF obtained from image-guided fine-needle aspiration in 14 patients. Pathogens detected in the infected WOPN fluid included the following: Escherichia coli, Streptococcus, Peptostreptococcus,
Prevotella, Enterococcus, Enterobacter, Klebsiella, Pseudomonas, Staphylococcus, Morganella, Proteus, Acinetobacter, Bacteroides, and Candida. In 9 patients, WOPN
was infected with multiple pathogens. Blood and PNF
samples were obtained during the first endoscopic procedure performed as part of WOPN endotherapy.
The study also included 31 adult patients with AP
admitted to the Department of Gastroenterology and
Hepatology, Medical University of Gdansk. All of them
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had a mild form of the disease. The diagnosis of acute
pancreatitis and the severity of the disease were established according to the Atlanta classification 2012
[6]. The mean age of this group of patients was 53 ±16
years. Blood samples in this group were obtained between the first and third day of hospitalisation.
Thirty-five healthy male volunteers (aged 46 ±11
years) from the same demographic group as the patients with AP and WOPN, who received annual health
examinations and reported only occasional alcohol consumption, formed the control group.
The study was performed in accordance with the
Declaration of Helsinki of the World Medical Association and was approved by the Medical University of
Gdansk Ethics Committee. All patients signed an informed consent form for this investigation.
Blood samples were obtained from all subjects by
venipuncture and centrifuged within 30–45 min at
3000× g for 20 min. Serum samples were stored at
–80°C until analysis. In patients with WOPN, PNF was
obtained during the drainage procedure by needle aspiration, several samples collected into 2 ml Eppendorf
tubes and then immediately frozen in liquid nitrogen.
The remaining fluid was transported immediately to
the Central Medical Laboratory of the Medical University of Gdansk and to the Department of Biochemistry
of the Medical University of Gdansk for further analysis. Biochemical analysis was performed on supernatant obtained after centrifugation of PNF (20000× g
for 20 min). Standard laboratory parameters in blood
were measured at the Central Medical Laboratory of the
Medical University of Gdansk.
Serum protein carbonyl groups were assayed using
a modified method by Levine [15].
Serum and PNF 8-hydroxyguanine and 8-isoprostane concentrations were measured by commercial immunoassay (Cayman Chemical) according to the manufacturer’s instructions.
Serum and PNF free fatty acid (FFA) concentration
was measured by the enzymatic, colorimetric method
according to the protocol supplied by Wako Chemicals
GmbH (Germany).

Statistical analysis
Descriptive statistics were used to summarise
baseline demographic data. All data were expressed
as mean ± SEM. For normally distributed data the statistical significance of differences between means of
the various biochemical parameters was estimated
by using parametric (Student’s t) test for comparison
between two groups or one-way ANOVA followed by
post-hoc for comparison of more than two groups. The
data without normal distribution were analysed by non-
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parametric (U Mann-Whitney, Wilcoxon) tests or ANOVA
on ranks, respectively. The diagnostic ability of selected
parameters to predict WOPN infection was performed
based on receiver operating characteristic (ROC) curve
analysis. A p-value of < 0.05 was considered statistically
significant for all analyses. Statistical analysis was performed using SigmaPlot software.

Results
Standard laboratory abnormalities found in patients
with AP, sterile and infected WOPN are presented in Table I.
There was a striking increase in oxidative stress
markers in pancreatic necrotic fluid (PNF), with 8-isoprostane and carbonyl groups significantly elevated
compared to their serum concentrations (Table II). The
concentrations of 8-isoprostane, carbonyl groups, and
8-hydroxyguanine were also approximately 3–4-fold
higher in PNF of infected compared to sterile WOPN
(Table II). However, serum concentrations of carbonyl
groups, 8-isoprostane, and 8-hydroxyguanine were not
elevated in patients with AP nor in those with WOPN,
with serum 8-hydroxyguanine concentrations even
slightly decreased in AP and infected WOPN (Table II).
Other remarkable findings included significantly increased FFA in the pancreatic necrotic fluid compared
to serum concentrations, with no statistically significant
differences between sterile and infected WOPN (Table II).

Patients with AP and WOPN, especially infected
WOPN, had increased serum high-sensitive C-reactive
protein (hsCRP) concentrations. White blood cells (WBC)
were significantly increased only in patients with AP
and infected WOPN (Table II). Among the parameters
examined, serum hsCRP concentrations had the highest
correlation with PNF carbonyl groups, 8-hydroxyguanine
and 8-isoprostane (Table III). Also, the ROC curve analysis showed that serum hsCRP could be a good predictor for WOPN infection (area under curve (AUC) = 0.86;
p < 0.01; 95% confidence interval (CI): 0.760–0.967, Figure 1 A). Moreover, a positive correlation was also found
between serum 8-isoprostane and PNF carbonyl groups
as well as between white blood cell count and PNF carbonyl groups (Table III). Among these variables only
WBC was a significant predictor for WOPN infection,
but much weaker than hsCRP (AUC = 0.61; p = 0.03;
95% CI: 0.423–0.797, Figure 1 B).

Discussion
Reactive oxygen species play an important role in
the pathogenesis of inflammation and tissue injury. In
the setting of oxidative stress, when ROS production
and levels exceed those of antioxidants, tissue damage occurs [16]. The major finding of this study is the
presence of severely increased levels of oxidative stress
products in PNF of patients with WOPN. It is generally
believed that oxidative stress typically develops in ear-

Table I. Selected serum or blood biochemical parameters in respective subgroups. Data presented as mean ± SEM
Parameter

Control

Acute pancreatitis

Sterile WOPN

Infected WOPN

Amylase [U/l]

50 ±6.8

1205 ±622*

127 ±34*

117 ±26

24.6 ±3.4

603 ±114*

103 ±33*

95.0 ±28*

34 ±3

355 ±89*

133 ±49*

254 ±78*#

Alkaline phosphatase [U/l]

67 ±4.8

158 ±23*

139 ±35*

180 ±38*

Alanine transaminase [U/l]

21 ±1.6

115 ±26*

28.7 ±7.5

24.2 ±8.2

Aspartate transaminase [U/l]

24 ±1.34

93.2 ±22*

27.6 ±6.8

33.8 ±14*

Glucose [mg/dl]

91.8 ±2.0

121 ±11*

112 ±7.0*

121 ±14*

Triacylglycerol [mg/dl]

87 ±5.4

276 ±82*

121 ±8.7*

193 ±33*#

Total cholesterol [mg/dl]

198 ±5.2

216 ±22

179 ±10*

141 ±10*#

Total protein [g/l]

76.5 ±0.52

61.4 ±1.2*

69.3 ±1.6*

63.5 ±1.9*#

Albumin [g/l]

44.7 ±0.74

29.6 ±1.3*

34.0 ±1.6*

22.5 ±1.1*#

Haemoglobin [g/l]

15.5 ±0.54

13.7 ±0.22*

13.1 ±0.34*

10.3 ±0.48*#

Bilirubin [mg/dl]

0.82 ±0.06

3.0 ±0.46*

1.55 ±0.08*

0.65 ±0.09*#

0.80 ±0.02

0.99 ±0.04*

0.78 ±0.03

0.69 ±0.05

Lipase [U/l]
γ-glutamyl transpeptidase [U/l]

Creatinine [mg/dl]

*P < 0.05 compared to controls; P < 0.05 compared to sterile WOPN; WOPN – walled-off pancreatic necrosis. Haemoglobin was assayed in blood and all
other parameters were assayed in serum of study subjects.
#
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Table II. Selected oxidative stress and some other biochemical parameters in PNF and serum or blood in
respective subgroups. Data presented as mean ± SEM
Parameter

Serum or blood

PNF

Control

Acute
pancreatitis

Sterile WOPN

Infected WOPN

Sterile WOPN

Infected WOPN

8-isoprostane [pg/ml]

23.8 ±0.52

21.3 ±3.3

20.9 ±3.0

25.2 ±10.4

635 ±309*

2894 ±1152*#

8-hydroxyguanine [pg/ml]

6729 ±291

5641 ±250*

6144 ±489

4686 ±489*

8298 ±865

31688 ±8992*#

Carbonyl groups
[nmol/mg protein]

0.74 ±0.03

0.97 ±0,03

1.08 ±0.15

0.79 ±0.04

2.73 ±0.62*

7.50 ±1.3*#

hsCRP [mg/l]

1.82 ±0.39

155 ±17*

34.2 ±11*

138 ±29*

ND

ND

WBC [10 /l]

6.57 ±0.39

11.3 ±0.71*

8.4 ±0.86

9.7 ±1.0*

ND

ND

FFA [mmol/l]

0.17 ±0.02

0.51 ±0.09*

0.5 ±0.09*

0.5 ±0.06*

1.9 ±0.41*

2.9 ±0.91*

9

*P < 0.05 compared to controls; #p < 0.05 compared to sterile PNF; ND – not determined, WOPN – walled-off pancreatic necrosis, PNF – pancreatic necrotic
fluid, hsCRP – high sensitive C-reactive protein, FFA – free fatty acid, WBC – white blood cells. WBC was assayed in blood and all other parameters were
assayed in serum of study subjects.

Table III. The correlation coefficients between selected serum or blood parameters and oxidative stress markers
in pancreatic necrotic fluid
Variable

Serum carbonyl
groups

Serum
8-hydroxyguanine

Serum
8-isoprostane

Serum hsCRP

Blood WBC

PNF carbonyl groups

–0.15

–0.09

0.35*

0.49*

0.38*

PNF 8-hydroxyguanine

–0.08

0.05

0.10

0.44*

0.17

PNF 8-isoprostane

–0.18

0.25

–0.04

0.33*

0.07

*Statistically significant at p < 0.05; PNF – pancreatic necrotic fluid, hsCRP – high-sensitivity C-reactive protein, WBC – white blood cells.
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Figure 1. Receiver operating characteristic (ROC) curve analysis of serum high-sensitivity C-reactive protein
(hsCRP) (A) and blood white blood cells (WBC) (B) as predictors for walled-off pancreatic necrosis (WOPN)
infection. A – area under curve (AUC) = 0.86; p < 0.01; 95% confidence interval (CI): 0.760–0.967. B – AUC
= 0.61; p = 0.03; 95% CI: 0.423–0.797
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ly stages of AP [17]. The present study demonstrated
increased levels of oxidative stress products, including
8-isoprostane, 8-hydroxyguanine, and carbonyl groups,
in the PNF of patients with WOPN, a late complication
of AP. This suggests that oxidative stress plays an important role not only in the pathogenesis of AP but also
in the development of WOPN. Therefore, it is tempting to speculate that reducing the ROS production by
antioxidant therapy may be clinically valuable for the
supportive treatment of WOPN.
Of note, PNF concentrations of oxidative stress products were several times greater in patients with infected
than sterile WOPN (Table II). This confirms the link between ROS production and microbial infection and implies
that persistent infection increases ROS production by host
cells. Interestingly, despite significantly higher levels of oxidative stress markers in the PNF of infected as compared
with sterile WOPN, they were not reflected by their serum
levels (Table II). One possible explanation could be limited permeability (or even impermeability) of the fibrous
walls of the collection. In the early stages of AP oxidative
stress is an intra-acinar as well as systemic process [17,
18]. By contrast, oxidative stress in PNF of patients with
WOPN seems to be predominantly a local process, limited
to the pancreas, surrounding tissues, and the contents of
PNF collection. The damage of cells leads to the release
of several enzymes and catabolites into PNF. In fact, our
previous study showed that PNF obtained from patients
with WOPN has an elevated activity of lactate dehydrogenase, malate dehydrogenase, and quantity of amino
acids, which suggests ongoing necrosis [12]. The high
concentrations of FFA in PNF of WOPN patients (Table II)
reported in our present study could also be the result of
cellular damage.
A new and important observation presented here is
that oxidative stress is affected by infection, as demonstrated by the significant increase in the PNF levels of
oxidative stress products in infected vs. sterile WOPN
(Table II). Infection of WOPN may attract leukocytes
and further increased local ROS production [19, 20].
Increased local ROS production by polymorphonuclear
neutrophils leads to further tissue injury.
Our study found no elevated serum markers of oxidative stress in patients with AP, unlike several other
papers [8, 21–23]. The difference might be that our AP
patients had mild disease and their serum samples
were collected between the first and third day of hospitalisation, which may have affected the serum levels of
oxidative stress markers.
The biochemical characteristics of WOPN have not
yet been sufficiently studied, and increased knowledge
in that regard could hopefully improve our understanding
of its pathogenesis and treatment. It is especially import-

ant to identify useful biomarkers of WOPN infection. At
present, the microbiological diagnosis of PNF infection
requires complicated endoscopic or percutaneous invasive procedures. These procedures carry the risk of introducing iatrogenic infection of a sterile WOPN. Therefore,
they are only performed in cases of a high probability
of WOPN infection and when endoscopic treatment for
WOPN is indicated. Thus, there is a need to find reliable
serum parameter(s) predicting WOPN infection without
the need for invasive procedures. We found that an approximately four-fold increase in PNF oxidative stress
markers is associated with a four-fold increase in serum hsCRP concentrations in patients with infected as
compared with sterile WOPN (Table II). Moreover, serum
hsCRP concentration correlates well with PNF markers
of oxidative stress (Table III). Thus, one can assume that
increased serum hsCRP concentrations could be a non-invasive marker of PNF infection in WOPN patients.
Our study has some limitations. First of all, it would
be worthwhile to assess the biochemical characteristics of WOPN in a larger group of patients, especially
with infected WOPN. However, this is not an easy task
because drainage procedures (either via interventional
radiology, endoscopy, or surgery) are rarely required. As
already mentioned above, only approximately 5–15%
of patients with acute pancreatitis develop necrosis of
the pancreatic parenchyma, the peripancreatic tissue,
or both, and about 10–50% of those patients develop
a superimposed bacterial infection [6, 24].

Conclusions
Our study revealed that WOPN is associated with
highly elevated oxidative stress markers inside PNF collections. PNF concentrations of oxidative stress products were several times greater in patients with infected
compared to sterile WOPN, possibly contributing to the
serious course of this AP complication. Serum hsCRP
concentration seems to be a good predictor of WOPN
infection.
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