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ABSTRACT

Objective: To determine the factors affecting the procalcitonin level, and its association with the severity of pancreatitis in
patients with acute pancreatitis (AP).

Study Design: Cross-sectional analytical study.

Place and Duration of Study: Division of Gastroenterology, University of Health Sciences, Diyarbakir Gazi Yasargil Education
and Research Hospital and Department of Gastroenterology, Dicle University School of Medicine, Diyarbakir, Turkey, between
April 2017 and June 2021.

Methodology: The study included 214 patients diagnosed with AP according to Atlanta criteria. By checking the PCT and CRP
values of the patients in the first 12 hours, the relationship with these scales that predict the severity of pancreatitis was statisti-
cally examined.

Results: Hundred and fifty-two patients (71.0%) had mild, while 62 patients (29.0%) had severe pancreatitis. According to the
Atlanta criteria, the mean PCT level of patients with mild pancreatitis was 1.4+0.7 ng/mL, while the mean PCT level of patients
with severe pancreatitis was 9.0+12.3 ng/mL (p<0.001). The diagnostic performance of PCT was better for predicting severe AP.
For the 0.94 ng/mL cut-off, PCT had 86.9% sensitivity and 50.7% specificity. (AUC=0.731[95% Cl: 0.669-0.811]; p<0.001; LR:
1.7). In patients with severe pancreatitis, the PCT level was 4.7£18.5 ng/mL in patients without concomitant infection and
15.8+8.1 ng/mL in patients with concomitant infection (p<0.001).

Conclusion: High PCT value measured at the time of the first admission to the hospital may predict severe pancreatitis. In addi-
tion, a high PCT value at the time of admission to the hospital in patients with pancreatitis may indicate another concomitant

infection.
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INTRODUCTION

Acute pancreatitis (AP) is a disease with a variable clinical
course characterised by necroinflammatory changes in the
pancreas. AP usually has a mild course and the inflammationis
limited to the pancreas, in which case it results in clinical and
laboratory improvementinafewdays.
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The course of AP may not always be this way. Severe AP may
cause local and systemic complications that may result in
mortality.! Excessive inflammatory response, which starts
with the development of systemic inflammatory response
syndrome (SIRS) and progresses to multiorgan dysfunction
syndrome (MODS), is responsible for severe pancreatitis.’

The most important thing to be determined from the time of
hospitalisation in patients with AP is the severity of pancre-
atitis. In this way, patients can be effectively treated early and
the possible need for intensive care can be determined in
advance. Therefore, many scoring systems have been devel-
oped from the past to the present in order to predict the
severity and prognosis of AP.>Since some of these scores do
not provide accurate information at first and some require
48-72 hours, researches on rapid and practical blood tests
have been carried out. The most well-known example of this is
CRP. In particular, there are studies stating that values above
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150 mg/dl at the time of application are an indicator of severe
pancreatitis.’

Procalcitonin (PCT) is an inactive propeptide that is secreted by
monocytes as well as hepatocytes and C cells of the thyroid
gland.® Increased PCT levels in the blood are an indicator of
sepsis, especially with bacterial and fungal infections.®

There have been studies showing the importance of PCT, espe-
cially in patients with severe pancreatitis who develop pancre-
atic abscess and necrosis.”® In addition, the PCT level was
compared with scoring systems measuring the severity of
pancreatitisand otherlaboratory parameters.”™

Inliterature, notonly local complications of pancreatitis butalso
the presence of additional infections/inflammations such as
acute cholecystitis, acute cholangitis, and pneumonia have not
been adequately compared in patients with pancreatitis. By
comparing the PCT level with many scoring systems that
measurethe severity of AP, an attempt was made tounderstand
what this means clinically. In addition, how another concomi-
tant infection or inflammations may affect the PCT level in
patients with AP. The objective of this study was to determine
the factors affecting the procalcitonin level, and its association
with the severity of pancreatitis in patients with acute pancre-
atitis (AP).

METHODOLOGY

Atotal of 214 patients, with acute pancreatitis, wereincluded to
the study, between April 2017 and June 2021. Approval was
obtained forthis study from the Ethics Committee of the Univer-
sity of Health Sciences, Gazi Yasargil Education and Research
Hospital (Date: 20.06.2019; Issue No:236). The diagnosis of
acute pancreatitis was made according to the Atlanta criteria.™

Abdominal pain compatible with AP; (spreading towards the
back in the upper right quadrant and epigastric region),
increase in amylase or lipase level more than 3 times the upper
limit of normal interval, and presence of imaging findings
specific to AP (with USG, CT or MR) patients who had 2 of the
criteria were accepted as AP." Patients with previously known
chronic pancreatitis, patients with a history of intra-abdominal
surgery and resection, patients with acute abdomen, patients
with pancreatic and other organ malignancies, and patients
with shock and multiple organ dysfunction when admitted to
hospital (elevated amylase and lipase levels could not be
explained by pancreatitis alone) were excluded.

The selected patients were then divided into groups with mild
andsevere according tothe Atlanta criteria. Cases without local
or systemic complications were evaluated as mild pancreatitis,
and cases with organ failure lasting more than 48 hours were
evaluated assevere pancreatitis.™*

In order not to complicate statistically (to avoid including the
same patients twice), patients whose organ failure findings
improved in the first 48 hours were included in the analysis in
the mild pancreatitis group. However, patients with signs of

organ failure lasting longer than 48 hours and local or systemic
complications of pancreatitis were included in the analysis
among patients with severe pancreatitis.

In addition to other laboratory parameter; CRP and procalci-
toninlevelsweremeasuredinthefirst12 hoursafterhospitalisa-
tion. Procalcitonin level was measured by the immunomineo-
metric method. The reference value determined for this test is
<0.05 ng/mL.” CRP was measured by the immunonephelo-
metric method. The 0-5 mg/L range is designated as the refer-
encerangeforthistest.

Other scores measuring pancreatitis severity were calculated
together with clinical and laboratory parameters as recom-
mended by the guidelines. APACHE-2 scores of patients
admitted to the intensive care unit were calculated. Cases
below 8 points were considered mild, and cases above 8 points
were considered severe pancreatitis.” The age, state of cons-
ciousness, urea, pleural effusion, presence of SIRS parameters,
andBISAPscores ofthe patients were calculated. Patientswitha
BISAP score <1 were evaluated as mild pancreatitis, and
patients with =2 were evaluated as severe pancreatitis.*
Contrast-enhanced CT was performed in patients with fever,
whose abdominal pain was persistent, and amylase and lipase
values did not regress, despite 72-96 hours have passed since
hospitalisation. Balthazar scores of CT patients were calcu-
lated. Patients with 0-6 points were evaluated as mild pancre-
atitis, and patients above =7 points were considered as severe
pancreatitis.”” Ranson scores were calculated by checking
complete blood count (CBC), AST, LDH, glucose, calcium, urea,
and bicarbonate level in blood gas analysis at the time of hospi-
talisation and in the 48" hour. Oral and intravenous fluid intake
andurine outputofthe patients were calculated. Inaddition, the
fluid deficit was tried to be calculated by measuring central
venous pressure in patients with central venous catheters.
Those with a Ranson score =3 were considered as severe
pancreatitis.'®

With these calculated scores, the procalcitonin and CRP levels
ofthe patients were statistically compared.

Inaddition, patientswereevaluatedforotherconcomitantinfec-
tions at the time of admission to the hospital. Patients with
upper right quadrant pain, positive Murphy's findings on phys-
ical examination, and more than 4 mm of gallbladder wall thick-
ness or hydropic gallbladder were considered acute cholecys-
titis."” In addition to the diagnosis of acute pancreatitis, patients
with right upper quadrant pain, common bile duct dilatation on
imaging, fever, and a total bilirubin level above 4 mg/dl were
regarded as acute cholangitis.*®

Apart from acute cholecystitis and cholangitis, other existing
infections of the patients were also detected (such as pneu-
monia, and urinary tract infection). Thus, the authors have
formed 4 patient groups. Inclusion and analysis of patients with
mild and severe pancreatitis, with and without infection,
allowed them to take a broader perspective on the effect of PCT
onacute pancreatitis.
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Table I: Demographic data of patients with acute pancreatitis.

Mild Pancreatitis Severe Pancreatitis p
(n=152) (n=62)
Age 54.7 (17-90) 59.7 (18-95) 0.105
Gender F/M (n/%) 101/51 (66.4%-33.6%) 38/24 (61.3%-38.7%) 0.473
Aetiology
Biliary 110 (72.4%) 43 (69.4%) 0.244
Idiopathic 31 (20.4%) 10 (16.1%)
Hyperlipidemia 5(3.3%) 5(8.1%)
Alcohol 2 (1.3%) 1(1.6%)
Medicines 3 (2.0%) 2 (3.2%)
Infections 1 (0.6%) 1(1.6%)
Comorbid diseases
None 83 (54.6%) 25 (40.3%)
DM 19 (12.5%) 13 (20.9%) 0.431
HT 35 (23.0%) 17 (27.4%)
CAD 10 (6.5%) 8 (12.9%)
CHF 4 (2.6%) 3(4.8%)
CKD 3(1.9%) 3 (4.8%)
Other 5(3.2%) 2 (3.2%)
Concomitant infection
None 102 (67.1%) 38 (61.3%) 0.432
A. Cholecystitis 26 (17.1%) 11 (17.8%)
A. Cholangitis 14 (9.2%) 8 (12.9%)
UTI 4 (2.6%) 2 (3.2%)
Pneumonia 3 (2.0%) 2 (3.2%)
Other 3 (2.0%) 1(1.6%)
Death 0 6 <0.001

DM: Diabetes mellitus; HT: Hypertension; CAD: Coronary artery disease; CHF: Congestive heart failure, CKD: Chronic kidney disease, UTI: Urinary tract

infection. Fisher’s exact test and the independent t-test were also used.

Table II: PCT and CRP levels of patients according to scores.

Procalcitonin (ng/mL)

CRP (mg/dL)

Mild AP Severe AP P Mild AP Severe AP p
Atlanta 1.4+£0.7 9.0£12.3 <0.001 41.1+49.8 84.8+85.9 0.001
BISAP 1.6x4.0 16.5£19.3 0.011 47.8+£69.8 91.7+89.7 0.022
Balthazar 4.1+10.3 13.2+£23.0 0.259 52.7£53.8 74.1+80.5 0.401
APACHE-2 0.6£1.6 10.7£19.4 <0.001 47.5+£59.7 73.6+81.6 0.008
Ranson 1.8+£0.6 10.1+4.1 0.004 46.6+5.2 89.2+14.8 0.010

BISAP: Bedside index of severity in acute pancreatitis; APACHE-2: Acute physiology and chronic health evaluation. Independent samples t-test was used.
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Figure 1: The effect of procalcitonin and C-reactive protein levels in
predicting severe AP according to the Atlanta criteria.

The effect of the presence or absence of a local (pancreatic
abscess or infected necrosis) or systemic infection on the
procalcitonin level in acute pancreatitis was analysed by
statistical methods.
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Figure 2: Effect of concomitant infection on PCT.

Kolmogorov-Smirnov, Shapiro-Wilk test, coefficient of varia-
tion, skewness, and kurtosis methods were used to control
the normal distribution of patient data. While mean and stan-
dard deviation values were specified in continuous variables,
categorical variables were expressed as counts and percent-
ages. Fisher’s exact test was used to examine the difference
between age, gender, etiological causes, comorbid condi-
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tions, and concomitant infection rates among groups in
patients with mild to severe pancreatitis. Independent t-test
was used to determine the mortality difference between the
groups. Independent Samples t-test was used to determine
the difference between groups in terms of procalcitonin and
CRP in patients divided into groups according to Atlanta,
BISAP, Balthazar, Ranson, and APACHE-2. Thresholds of
procalcitonin and CRP in patients with severe pancreatitis
were determined using receiver operating characteristic
(ROC) curves. Sensitivity, specificity, and likelihood ratios
were calculated. To examine the effect of coinfection on
procalcitonin level, two-way repeated measures ANOVA test
was performed and a partial effect value was calculated. All
tests were two-sided and p-value <0.05 was considered statis-
tically significant. Statistical analyses were carried out using
the SPSS 24.0 for Windows (SPSSinc. Chicago, IL, USA)
package program.

RESULTS

A total of 214 patients were included in the study. Hundred
and fifty-two patients (71.0%) were mild according to the
Atlanta criteria, while 62 patients (29.0%) had severe pancre-
atitis. Biliary causes were the most common etiologic cause
in patients with both mild and severe pancreatitis [(mild AP,
n=110 (72.4%); severe AP, n=43 (69.4%)]. Idiopathic pancre-
atitis was the most common aetiologic cause after biliary
causes. No concomitant infection was detected in 67.1%
(n=102) of patients with mild AP at the time of admission.
There was no other concomitant infection in 61.3% (n=38) of
patients with severe AP. Of the patients with mild AP, 17.1%
(n=26) had acute cholecystitis and 9.2% (n=14) had acute
cholangitis at the time of admission. Similarly, 17.8% (n=11)
of patients with severe AP had acute cholecystitis and 12.9%
(n=8) had acute cholangitis at the time of admission. Of the
patients developing severe pancreatitis, 9.6% (n=6) died
(Table I).

According to Atlanta criteria, procalcitonin levels of patients
with mild pancreatitis were 1.4+0.7 ng/mL, while the procalci-
tonin level of severe pancreatitis was 9.0£12.3 ng/mL
(p<0.001). The mean PCT level of patients with mild and
severe pancreatitis was statistically different according to
BISAP criteria (1.6+4.0 vs. 16.5£19.3; p=0.011). Although,
PCT levels of patients with mild and severe pancreatitis were
different according to Balthazar criteria, this difference was
not statistically significant (4.1x10.3 vs. 13.2+23.0;
p=0.259). According to the APACHE-2 criteria, the mean PCT
value of patients with mild pancreatitis was 0.6x1.6 ng/mL,
while the mean procalcitonin value of patients with severe
pancreatitis was 10.7£19.4 ng/mL (p<0.001). According to
Ranson criteria, the mean procalcitonin values of patients
with mild and severe pancreatitis were significantly different
(1.8+0.6 vs. 10.1+4.1; p=0.004, Table II).

In the ROC analysis, where the diagnostic performances of
PCT and CRP in predicting severe AP were compared, it was
seen that the diagnostic performance of PCT was better. For

the 0.94 ng/mL cut-off, PCT had 86.9% sensitivity and 50.7%
specificity. (AUC=0.731[95%Cl: 0.669-0.811]; p<0.001; LR:
1.7). In CRP, it was found to have a sensitivity of 67.2% and
a specificity of 55.3% for a cut-off of 80.1 mg/dL (AUC=0.653
[95%Cl: 0.575-0.737]; p=0.001; LR: 1.5, Figure 1).

Concomitant infection was found to have an effect on the
PCT level. According to the Atlanta classification, concomi-
tant infection increased the PCT level in both mild and
severe pancreatitis patients. The mean PCT level of patients
with mild pancreatitis without concomitant infection was
1.27+3.10 ng/mL, while it was 1.66+4.33 ng/mL in patients
with infection (p=0.006; partial Eta’=0.035). The mean PCT
level of patients with severe pancreatitis without concomi-
tant infection was 4.7£18.5 ng/mL, while it was 15.8+8.1
ng/mL in patients with infection (p<0.001; partial
Eta’=0.092, Figure 2).

DISCUSSION

PCT levels were found to be significantly increased in
patients with severe pancreatitis. PCT level, which increased
significantly in severe pancreatitis according to the Atlanta
criteria, was similarly found to be higher in severe pancre-
atitis in the APACHE-2, BISAP and Ranson scoring systems
that predict the severity of pancreatitis. CRP levels were
similarly higher in severe pancreatitis compared to mild
pancreatitis.

There was no relationship between PCT level and Balthazar
score. This is because the Balthazar score only predicts
necrosis. This is not reflected in PCT level unless necrotic
tissue is infected and an overly inflammatory response
occurs, not giving enough information about necrosis in the
first 72-96 hours. Studies indicate that Balthazar score is
particularly weak in predicting severe pancreatitis
compared to Atlanta and APACHE-2."%

PCT had a stronger model than CRP in predicting severe
pancreatitis according to the Atlanta criteria. The sensitivity
of PCT was found to be higher than CRP. In particular, the
sensitivity of PCT levels is high even at low cut-off values in
patients with severe pancreatitis, but this may not be a
direct indicator of severe pancreatitis, and additional labora-
tory parameters and imaging tests may be needed.

In a study in which patients with pancreatitis were divided
into mild and severe groups according to Atlanta criteria,
serum PCT level was found to be similar to APACHE-2 and
better than Balthazar scoring when cut-off was taken as 1.77
ng/mL.”* In another parallel study, the PCT level measured at
admission and at the 48" hour was found to be correlated
with the APACHE-2 score in patients with severe pancreatitis
hospitalised in the intensive care unit.”> Again, in a meta-a-
nalysis in which 59 studies were evaluated, it was stated
that PCT level could be a predictor of both severe and necro-
tizing pancreatitis when cut off >0.5 ng/mL.* In another
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study, PCT values above 2 ng/mL were found to be 100%
sensitive to predicting severe pancreatitis.”

The importance of PCT, which is a rapid biochemical test,
becomes clearer when we consider the following: it takes 48
hours to calculate the Ranson score, the APACHE-2 score is
based on 16 parameters and is not reliable for the first 24
hours and was not developed for pancreatitis, the Balthazar
score is only sensitive to necrosis.”

PCT levels were found to be higher, especially in patients
with pancreatitis with concomitant infection. This difference
was especially more pronounced in patients with severe
pancreatitis and any concomitant infection. Concomitant
infection with severe pancreatitis is likely to have a cumula-
tive effect on the PCT level. In addition, regardless of
whether the patient has mild or severe pancreatitis, it is
necessary not to attribute the PCT level to this condition
completely, and not to ignore other focus of infection, espe-
cially the additional common cholecystitis and cholangitis.

The most important disadvantage of this study is that it is
based on a single PCT measurement. By making sporadic
measurements at certain hours, a more useful algorithm can
be developed between increasing PCT level and severity.
Contrary to other studies, using all scales and scoring
systems that measure the severity of pancreatitis, and
making an extensive analysis by adding existing comorbid
infections/inflammations constitute the strength and origi-
nality of this study.

CONCLUSION

High PCT value measured at the initial admission to the
hospital, may be predictive of severe pancreatitis. CRP level
is also a useful helper in this regard. Evaluating these two
together will strengthen the clinical diagnosis. Furthermore,
the high PCT value at the time of admission to the hospital in
patients with pancreatitis may indicate another concomitant
infection.
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