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Potential Prediction of Acute Biliary Pancreatitis
Outcome on Admission
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Objectives: This pilot study aimed to determine the feasibility of serum
values of osteonectin, adiponectin, transforming growth factor beta 1, and
neurotensin being used in clinical practice to predict the severity of
acute pancreatitis.
Methods: Blood samples were collected from 45 consecutive newly diag-
nosed acute pancreatitis patients and 30matched healthy controls. The 2 groups
were matched according to age, sex, weight, height, diabetes, smoking, and al-
cohol consumption. The aforementioned markers were measured using
enzyme-linked immunosorbent assay kits.
Results: Characteristics of acute pancreatitis patients and healthy controls
were comparable. Osteonectin values differed significantly (P < 0.0001).
Median/lower quartile/upper quartile of osteonectin levels for acute
pancreatitis patients and healthy controls were 263.5/110.3/490.36
and 63.2/46.1/87.2 ng/mL, respectively. Two patients died, 1 patient
underwent necrosectomy, and 4 patients had a prolonged intensive care
unit/hospital stay. Acute Physiology and Chronic Health Evaluation II
and Systemic Inflammatory Response Syndrome scores neither predicted
serum values of any of the measured substances nor the clinical outcome
(need for intervention, prolonged intensive care unit/hospital stay and mortality).
Osteonectin was the only independent predictor for clinical outcome (P = 0.007).
Conclusions: Serum osteonectin strongly discriminates healthy individ-
uals from acute pancreatitis patients. Serum osteonectin shows promise in
the prediction of the clinical outcome.
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I n roughly 15% to 25% of patients, acute pancreatitis progresses
to severe form. A large epidemiologic study between 1988 and

2003 showed that mortality declined from 12% to 2%.1 Still, mor-
tality rates of patients with complicated course can reach up to
30%.2 Identification of patients at increased risk is of utmost im-
portance. Reduction of morbidity and mortality could potentially
be achieved by early allocation of treatment in intensive care units
(ICUs), application of specific interventions, or timely transfer to
From the *Department of Biological Chemistry, Medical School, National and
Kapodistrian University of Athens; †2nd Department of Surgery and Surgical
Oncology Unit of Red Cross Hospital, Athens, Greece; and ‡Department of
Surgery, Furness General Hospital, Dalton Lane, Barrow-in-Furness, Cumbria,
United Kingdom.
Received for publication October 21, 2017; accepted January 29, 2018.
Address correspondence to: Angeliki Papapanagiotou, MD, MS, PhD,

Department of Biological Chemistry, Medical School, National and
Kapodistrian University of Athens, 75 Mikras Asias St, 11527 Athens,
Greece (e‐mail: agpana@med.uoa.gr).

The authors declare no conflict of interest.
This work has been presented in Abstract form at the International Surgical

Congress of the Association of Surgeons of Great Britain and Ireland (3–5
May 2017, Glasgow).

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/MPA.0000000000001026

454 www.pancreasjournal.com

Copyright © 2018 Wolters Kluwer H
high-volume centers,3 which according to studies have better
clinical outcomes.4

Clinical decisions grounded on clinical and laboratory data
occasionally misjudge the severity of acute pancreatitis. In 1 re-
view, decisions of skilled physicians at admission had positive
and negative predictive values of 66% and 82%, respectively, for
foreseeing severe acute pancreatitis.5

Data publicized that very low mortality is related to early de-
tection and adequate intensive therapy.6 Relevant to reduced inci-
dence of morbidity and increased rates of survival are early enteral
nutrition after 48 hours and selective use of antibiotics.3,7

Avariety of prognostic systems have been adopted in clinical
practice to predict the severity of acute pancreatitis. Nevertheless,
these prognostic systems have low specificity but, most importantly,
low positive predictive values.8 Future prognostic systems will
require the integration of biomarkers, genetic polymorphisms/
mutations, proteomic/metabolomic patterns, and sophisticated
methods of analyses.9

In the actual clinical setting, with the exception of patients
having mild pancreatitis on admission, prediction of transient or
persistent organ failure within the first hours after admission
is incomprehensive.

According to the literature, the predictive value of adiponectin
and transforming growth factor beta 1 (TGF-β1) is equivocal, whereas
neurotensin and osteonectin are incomprehensive, not explored as pre-
dictors of acute biliary pancreatitis clinical outcome. We hypothesized
that the aforementioned substances during admission could predict the
clinical outcome of acute biliary pancreatitis.
MATERIALS AND METHODS
Blood samples were collected from 45 acute biliary pancrea-

titis patients and 30 matched healthy controls from December
2013 to January 2015. Blood samples from acute pancreatitis
patients were collected on admission. Workup for the acute pan-
creatitis patients included clinical evaluation, hematological and
biochemical parameters, and abdominal imaging.

Acute pancreatitis was confirmed with agreement to the re-
vised Atlanta 2012 classification10 and established by the exis-
tence of no less than 2 of the 3 of the following: abdominal pain
typical for acute pancreatitis, amylase 3 or more times up the upper
normal limit, and findings on computed tomography (CT) scan.
Contrast-enhanced CTwas done between days 3 and 7 after the onset
of symptoms and was repeated according to clinical presentation.

All healthy controls had normal endoscopies, abdominal CT
scan, mammography already done for various reasons on entry to
the protocol (for female patients), and magnetic resonance imaging
of the pancreas again on January 2016 to document the absence of
pancreatic cancer. Healthy controls were chosen from the depart-
ment's database by applying certain criteria.

Information concerning age, sex, body mass index (BMI),
smoking, performance status, and medications was collected. So
that our model conformed to the proposed risk factors for pancreatitis,
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TABLE 1. Comparison of Clinicopathological Characteristics
Between Groups

Control
N = 30

Acute Pancreatitis
N = 45 P

Age, mean (SD), y 61.15 (9.95) 66.61 (18.31) 0.097
F/M 16/14 26/19 0.704
BMI, mean (SD),
kg/m2

26.26 (3.43) 25.79 (4.23) 0.142

Diabetes, n 6 15 0.339
Smoking, n 7 21 0.158
Alcohol, n 5 17 0.138

SD indicates standard deviation.

Pancreas • Volume 47, Number 4, April 2018 Prediction of Acute Biliary Pancreatitis
patients and controls were matched for age (classification of age
categories was done by 5-year age groups), BMI (according to
BMI classes), and the presence of diabetes, smoking, and alcohol
use (yes/no). This standard population was created so that the fre-
quency of the confounder was identical between each group; this
was achieved by applying sequential filters to the Microsoft Excel
database (Redmond, Wash).

Inclusion/Exclusion Criteria

Patient Inclusion
a) An established diagnosis of biliary pancreatitis

Patient Exclusion
a) Need for emergency surgery/intervention
b) Exposure to certain chemicals or other etiologies of acute
pancreatitis

c) History of cancer
d) Acute or chronic pancreatitis
e) Admission more than 72 hours from the onset of symptoms
f ) Pregnancy/pediatric population
g) Hemolysis in serum samples
h) Informed consent not signed

Healthy Control Inclusion
a) Asymptomatic
b) Having at least one of the confounding factors

Healthy Control Exclusion
a) Cirrhosis of the liver
b) Chronic pancreatitis
c) Inherited genetic syndromes
d) Cancer history/family history
e) Exposure to certain chemicals
f ) Hemolysis in serum samples
g) Informed consent not signed

Definitions
Acute pancreatitis was confirmed with agreement to the revised

Atlanta 2012 classification10 and established by the existence of no
less than 2 of 3 of the following: abdominal pain typical for acute
pancreatitis, amylase 3 or more times up the upper normal limit,
and findings on CT scan.

Our primary outcomewas to determine if the serum values of
the following cytokines/proteins on patient's admission— adiponectin,
TGF-β1, neurotensin, and osteonectin— could predict at least 1 of the
following clinical outcomes: a) need for an intervention, b) clinical de-
terioration with ongoing organ failure needing ICU stay, and c) death.

Interventions were considered laparoscopic and open
necrosectomy, CT/ultrasound-guided drainage and endoscopic
procedures. The need for an intervention was guided by clinical
skepticism about radiologically confirmed infected pancreatic or
peripancreatic necrosis with clinical worsening or ongoing organ
failure some weeks after the onset of the acute pancreatitis, espe-
cially in cases of walled-off pancreatic necrosis. Prolonged hospi-
tal stay was considered if it exceeded 20 days (including
ICU admission).11

Measurements

Osteonectin Enzyme-Linked Immunosorbent Assay
Sample collection and storage: We used a serum separator

tube and allowed samples to clot for 2 hours at room temperature
before centrifugation for 15 minutes at 1000g. Removed serum
and assayed immediately and stored samples at −20°C for
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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4 months or at −80°C. We used the human osteonectin enzyme-
linked immunosorbent assay (ELISA) Kit of Cusabio Company
(Wuhan, China), and the measurements were done according to
the manufacturer's instructions. Calculation of results was done
using the professional soft "Curve Expert 1.3" (Cusabio Company)
to make a standard curve, which was downloaded from the Internet.
A standard curve was created by reducing the data using computer
software capable of generating a 4-parameter logistic curve fit. The
detection range of the kit was 0.78 to 50 ng/mL and the sensitivity
was 0.195 ng/mL.

Measurement of Serum Neurotensin
All samples were obtained on the day of admission. After

centrifugation at 3000 rpm for 10 minutes, they were stored at
−80°C until assayed. Serum levels of neurotensin were measured
using an immunoassay kit, the human neurotensin ELISA kit
(Cusabio Company). The neurotensin measurement was blinded
and performed according to the manufacturer's instructions.
The detection rate was 0.125 to 8 pmol/L, and the sensitivity
was 0.08 pmol/L.

Measurements of TGF-β1 and Adiponectin
All samples were obtained on the day of admission. After

centrifugation at 3000 rpm for 10 minutes, they were stored at
−80°C until assayed. Serum levels of TGF-β1 were measured
using an ELISA kit of Novus Biological (Littleton, Colo) ac-
cording to the manufacturer's instructions. The sensitivity of
the method was 9.0 pg/mL. Serum levels of human adiponectin
were measured using a sandwich ELISA kit, the human
adiponectin ELISA kit from Millipore (Billerica, Mass), ac-
cording to the manufacturer's instructions. The sensitivity of
the method was 0.2 ng/mL.

Primary Outcomes
The prognostic values of osteonectin, neurotensin, TGF-β1,

and adiponectin in the prediction of the severe course of the
disease — prolonged ICU/hospital stay, need for surgical inter-
vention, and mortality — were the primary outcome measures in
this study. The study was approved by the institutional review
board, and informed consent was obtained from all patients
and controls.

Statistical Analyses
Theχ2 test was used to compare 2 categorical variables. The

Mann-Whitney U test was used to test the significance of the dif-
ference between 2 independent samples (groups) of an ordinal
variable as well as differences in the shapes of the distributions
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TABLE 2. Serum Values of Acute Pancreatitis Patients and
Healthy Controls for All the Analyzed Substances

Valid N Median IQR

Acute pancreatitis
Adiponectin, ng/mL 40 12,011.50 7179.250–20442.50
Osteonectin, ng/mL 40 263.51 110.355–490.36
TGF-β1, pg/mL 40 6039.10 4043.115–10,373.58
Neurotensin, pg/mL 40 14.85 8.000–26.34

Controls
Adiponectin, ng/mL 30 11,617.00 8906.500–22,250.00
Osteonectin, ng/mL 30 63.26 46.093–87.25
TGF-β1, pg/mL 30 7022.09 5990.050–9645.21
Neurotensin, pg/mL 30 30.98 21.194–46.13

TABLE 4. APACHE II and SIRS Scores Did Not Predict Serum
Values of Any of the Measured Substances

Generalized Linear Models

SIRS Score APACHE II Score

Wald Statistic P Wald Statistic P

Osteonectin 0.082 0.959 2.699 0.10
Adiponectin 0.027 0.986 0.014 0.906
TGF-β1 0.961 0.618 0.012 0.912
Neurotensin 0.801 0.669 0.0002 0.987
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of the 2 groups. The Wilcoxon matched pairs test was used when
comparing repeated measurements on a single sample to assess
whether their population mean ranks differ when the population
cannot be assumed to be normally distributed. The Kruskal-Wallis
analysis of variance by ranks andmedian test was used to compare
multiple independent samples (groups) in data containing a cod-
ing variable with codes to uniquely identify the group member-
ship of each case. Discriminant function analysis was used to
determine which variables discriminate between 2 or more natu-
rally occurring groups and to determine which variable(s) are
the best predictors. The general linear model module was applied
for analysis in univariate/multivariate design. The general linear
model uses the least square methods of the general linear model
to estimate and test hypotheses about effects. Significance was de-
fined as a level of P less than 0.05. Statistica version 7 (StatSoft,
Inc, Tulsa, Okla) and MedCalc for Windows, version 14.8.1
(MedCalc Software, Ostend, Belgium) were used for data analysis.
RESULTS
Clinicopathological characteristics and confounding factors

of pancreatitis patients and healthy controls are shown in
Table 1. Mean time after onset of the symptoms was 22.3 (SD,
12.4)hours. In all patients, the main etiological factor of acute
pancreatitis was biliary stones.

Pancreatic necrosis was detected in 9 (20%) patients. Two
patients died (4.44%), 1 patient underwent necrosectomy and
had a prolonged ICU/hospital stay, and 4 additional patients had
a prolonged ICU/hospital stay. The systemic inflammatory response
syndrome (SIRS) and Acute Physiology And Chronic Health Evalu-
ation II (APACHE II) score for acute pancreatitis patients was 1.51
(1.16) and 9.94 (6.56), respectively. Mean length of hospital stay
was 26.3 (22.4)days.
TABLE 3. Comparisons of Serum Values Between Pancreatitis
Patients and Healthy Controls

Mann-Whitney U Test

Rank Sum Rank Sum U Z P

Adiponectin 1238.00 778.00 418.00 −0.599 0.548
TGF-β1 1235.00 781.00 415.00 −0.642 0.520
Neurotensin 1027.00 989.00 207.00 −3.611 0.0003
Osteonectin 1679.00 466.00 166.00 4.431 0.0001

Bold values are statistically significant.
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Clinicopathological characteristics and confounding factors
did not differ significantly between acute pancreatitis and control
group (Table 1). The number of acute pancreatitis episodes ranged
between 1 and 2. Acute pancreatitis was mild/moderate in 38 and
severe in 7 patients. Median/lower quartile/upper quartile serum
values of adiponectin, osteonectin, TGF-β1, and neurotensin for
acute pancreatitis patients and healthy controls are depicted
in Table 2.

There were statistically significant differences of serum
osteonectin values (Z-adjusted = 4.43, P < 0.0001) and serum
neurotensin values (Z-adjusted = −3.61, P < 0.001) between acute
pancreatitis patients and healthy controls. Serum adiponectin and
TGF-β1 values were comparable between pancreatitis patients
and healthy controls (Table 3). The APACHE II and SIRS scores
did not predict neither serum values of any of the measured
substances (Table 4) nor the clinical outcome (Table 5). Of all
the analyzed substances, only serum osteonectin values were
predictive of the acute pancreatitis clinical outcome (Table 6).

Means and SDs for serum values of adiponectin, osteonectin,
TGF-β1, and neurotensin on patient's admission related to the
presence of the studied clinical outcome are depicted in Table 7.
Only BMI among diabetes, use of alcohol, and smoking were re-
lated to serum osteonectin values (Z = 6.084, P = 0.0001).

To validate our results for osteonectin difference between
acute pancreatitis and controls, we performed a comparison of
means sample size test, with alpha = 0.05, power = 0.9, (difference
of means = 357.07 ng/mL, SD of acute pancreatitis
group = 573.22 ng/mL, SD of control group = 210.65 ng/mL,
and ratio of sample sizes 45/30). The estimated minimum sample
size would be at least 34 patients for acute pancreatitis and 23 in-
dividuals for controls. An additional 5% would be added to these
numbers so as to include cases of hemolyzed samples and other
exclusion causes.

DISCUSSION
Currently, there is no immediate predictor of severe acute

pancreatitis conclusive for timely patient transfer to a tertiary cen-
ter, administration of enteral nutrition, and possibly prophylactic
use of antibiotics during the early phase.
TABLE 5. SIRS Points and APACHE II Score Did Not Predict
Clinical Outcome

Discriminant Function Analysis

Wilks
Lambda

Partial
Lambda F-remove P

APACHE II 0.997409 0.961191 1.009408 0.324671
SIRS 0.959006 0.999681 0.007975 0.929552
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TABLE 6. Osteonectin Was the Only Independent Predictor of Clinical Outcome

Discriminant Function Analysis

Wilks Lambda Partial Lambda F-remove (1, 35) P Toler. 1-Toler. (R-Sqr)

Adiponectin 0.812398 0.993296 0.236233 0.629 0.979898 0.020102
Osteonectin 0.991273 0.814056 7.994571 0.007 0.992273 0.007727
TGF-β1 0.807415 0.999426 0.020115 0.888 0.676348 0.323652
Neurotensin 0.806981 0.999963 0.001289 0.971 0.661588 0.338412

Bold values are statistically significant.

(1, 35) indicates 1 = degrees of freedom of the effect, 35 = degrees of freedom of error; Sqr, square; and Toler, tolerance.
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Clinical predictors such as age older than 75 years2 and obesity,
defined as a BMI greater than 30,12 and laboratory predictors such as
C-reactive protein,5 procalcitonin strip test,13and urinary trypsinogen
activation peptide (a cleavage product from the amino terminal end of
trypsinogen)14 proved to have limited value in early prediction of the
clinical outcome in cases of severe acute pancreatitis. Scoring
systems such as Ranson score,15 the APACHE II score,16 persistent
SIRS,17 the BISAP (Bedside Index of Severity in Acute Pancreatitis)
score and organ failure scoring systems have not been validated for
predicting outcomes such as length of hospital stay, need for ICU
care, or need for intervention.18 Likewise, various CT scoring sys-
temswere found to be not statistically superior to the APACHE II
or BISAP in predicting the severity of acute pancreatitis.19 The
guidelines of the International Association of Pancreatology/
American Pancreatic Association20 and the guidelines of the
American College of Gastroenterology21suggest a multifacto-
rial methodology in a timely manner to predict the outcome
of acute pancreatitis.

According to our results, adiponectin and TGF-β1 were not
predictors of severe acute pancreatitis clinical outcome. Despite
the fact that neurotensin levels differed significantly between the
acute pancreatitis group and controls, it did not prove to be a pre-
dictor of clinical outcome. Among the analyzed substances, only
osteonectin predicted the clinical outcome in regard with the need
for intervention, prolonged ICU/hospital stay, and mortality.

The APACHE II and SIRS scores did not predict serum values
of any of the measured substances and did not predict clinical out-
come as well. Our sample size validated our results for osteonectin.

To our knowledge, there is only 1 study22 addressing the role
of osteonectin for prediction of severe acute pancreatitis in rela-
tion to pancreatic necrosis only. The authors of this study, in accor-
dancewith our findings, showed that osteonectin on admission for
acute pancreatitis was not related to APACHE II and SIRS scores.
Quite contrary to our results, where acute pancreatitis patients had
significantly higher values compared with control, the study of
Sward et al22 found no difference between osteonectin values on
admission and 3months after discharge in the same patient cohort.
TABLE 7. Serum Values of Adiponectin, Osteonectin, TGF-β1, and N
Studied Clinical Outcome

Need for Intervention, Clinical Deterioration With
Ongoing Organ Failure Needing ICU Stay, Death Adiponec

No 13,622.38 (10
Yes 17,551.50 (8

Data presented as mean (SD).
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Osteonectin is a matricellular protein secreted by inflammatory
and other cells on tissue injury and modulates cell-cell and cell
matrix interaction.23 Moreover, it acts as a key regulator of critical
functions such as proliferation, survival, and cell migration,
whereas wound healing, angiogenesis, and the stroma during tu-
morigenesis induce its activity.24 Probably, the protective role of
osteonectin is to improve the endothelial barrier properties and
thereby to prohibit exaggerated leukocyte recruitment.25 Differ-
ences could well be attributed to different inclusion criteria be-
tween studies. We have exclusively enrolled biliary pancreatitis
patients, whereas the aforementioned study of Sward et al22 in-
cluded alcoholic pancreatitis patients as well.

Conflicting data exist about the diagnostic performance of
adiponectin in acute severe pancreatitis. According to a study, se-
rum adiponectin concentrations from days 1 to 3 were significantly
lower for patients with severe acute pancreatitis.26 Quite the oppo-
site, other studies suggest that adiponectin was not a good marker
for the prediction of severe acute pancreatitis outcome. There was
no significant difference of serum adiponectin values yet in com-
parison with healthy controls.11 These latter findings are consistent
with our results.

The increase of TGF-β127 was found to be a good prognostic
factor of clinical course of acute pancreatitis. Another study found
that TGF-β1 levels were significantly higher on admission com-
pared with controls.28 On the contrary, in our study, TGF-β1 had
neither significantly different levels from healthy controls nor was
an independent predictor of the clinical outcome.

Only 1 study analyzed the role of gastrointestinal peptides in-
cluding neurotensinin acute pancreatitis. Neurotensin levels were
stable through the course of acute pancreatitis.29 In our study,
there was a statistically significant difference between levels of
acute pancreatitis and healthy controls, but neurotensin was not
a predictor of clinical outcome.

The study of Guweidhi et al30 found significantly lower
osteonectin serum levels in pancreatic cancer patients compared
with both healthy controls and chronic pancreatitis patients. Can-
cer patients were excluded from the study, and none of our acute
eurotensin on Patient's Admission Related to the Presence of the

tin Osteonectin TGF-β1 Neurotensin

,334) 352.25 (422) 7534.84 (6650) 20.26 (18)
638) 1158.45 (879) 8947.87 (4341) 21.56 (21)

www.pancreasjournal.com 457

Health, Inc. All rights reserved.



Papapanagiotou et al Pancreas • Volume 47, Number 4, April 2018
pancreatitis patients proved to have pancreatic or any other type
of cancer.

This study is not without its limitations; the sample size of
patients in the severe acute pancreatitis group was significantly
lower than in the moderate/mild group. From 45 included acute
biliary pancreatitis patients, only 7 had a severe course. At this time,
comparisons between severe and moderate/mild serum values and
an receiver operating characteristic curve to disclose the cutoff
value of osteonectin, which could potentially differentiate the
severe acute biliary pancreatitis from mild/moderate ones, are
not statistically meaningful.

In summary, serum osteonectin values strongly discriminate
healthy individuals from acute pancreatitis patients. Serum
osteonectin levels show promise in the prediction of the clinical
outcome in regard with the need for intervention, prolonged
ICU/hospital stay, and mortality, but much has to be done before
it is validated in larger scale prospective studies.
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