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Abstract

Background: Acute pancreatitis (AP) is a severe inflammatory disor-
der that begins with the inappropriate activation of pancreatic enzymes
within acinar cells due to biliary reflux, alcohol abuse, gallstones, and
autoimmune disease. Several biomarkers have been studied that may
aid in the early detection of pancreatic necrosis. The aim of this pro-
ject was to evaluate the usefulness of procalcitonin (PCT) in predicting
mortality in patients with severe AP in Mexican population.

Methods: An observational study, including 59 patients diagnosed
with AP from 2018 to 2023, was conducted in a tertiary care hospital.
Serum PCT levels were assessed on the first and third days of hospi-
talization (24 and 72 h).

Results: A total of 59 patients were included, and the main etiolo-
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gies were lithiasis (28 patients, 47.5%) and endoscopic retrograde
cholangiopancreatography (ERCP) (nine patients, 15.3%). Of the to-
tal patients, 16 (27.1%) died during their hospital stay, and the main
etiologies were septic shock of abdominal origin (10 patients, 62.5%)
followed by extra-abdominal shock (six patients, 37.5%). The aver-
age PCT level was 4.54 + 8.12 on the first day of hospital stay, and
5.20 £ 10.90 at 72 h. The cut-off point was 1.26 ng/mL with the best
sensitivity and specificity of PCT as a predictor of mortality at 72 h
of 75% and 68%, respectively (area under the curve 0.7, 95% confi-
dence interval (CI): 0.61 - 0.88), and positive and negative predictive
values of 0.46 and 0.87, respectively.

Conclusions: We propose the usefulness of PCT as a biochemical
marker to predict mortality in patients with severe AP due to its acces-
sibility in the hospital environment. We propose to carry out studies
with more patients and follow-up times. In addition, it is necessary to
consider other biomarkers associated with PCT to help us improve the
positive predictive value of mortality in this disease.
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Introduction

Acute pancreatitis (AP) is a severe inflammatory process rang-
ing from mild self-limiting involvement to death. It begins with
the inappropriate activation of pancreatic enzymes within the
acinar cells, triggered by various factors such as biliary reflux,
alcohol abuse, gallstones, and autoimmune disease, which
damages the acinar cells, causing their necrosis [1-3]. Addition-
ally, AP is the most common and concerning complication af-
ter endoscopic retrograde cholangiopancreatography (ERCP),
with incidence rates ranging from 1% to 40%. ERCP is widely
recognized as an effective treatment for both benign and malig-
nant conditions of the pancreaticobiliary system [4-6].
Pancreatitis should be suspected in patients with severe
acute pain in the middle epigastrium or the left upper quadrant
radiating to the back. However, diagnosis requires biochemical
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evidence (amylase or lipase levels three times above the stand-
ard limit) and radiological confirmation, typically through a
computed tomography (CT) scan [7].

Based on the complications, AP can be classified as mild,
moderately severe, or severe [8]. Most patients (80-85%) de-
velop a mild, self-limiting course with a mortality rate of less
than 1-3%. However, about 20% of patients develop moderate
or severe AP, with a significantly higher mortality rate ranging
from 13% to 35% [9]. This increased risk is primarily due to
organ failure [10], usually in the early phase (in the first 3 days).
The infection of the necrotic tissue, pancreatic or peripancreatic,
is the leading cause of death in the late phase, with half of the
deaths occurring in the first week of the disease [2, 8, 10].

Disease severity scoring systems and biomarkers have
been used, either alone or in combination, to classify the sever-
ity of pancreatitis and predict outcomes [11]. Notable severity
scoring systems include the Balthazar scale [12], the Bedside
Index for Severity in Acute Pancreatitis (BISAP) [13], and the
Acute Physiology and Chronic Health Evaluation (APACHE)
II [14]. Biomarkers such as C-reactive protein, serum procal-
citonin (PCT), and serum lactate dehydrogenase can aid in the
early diagnosis of pancreatic necrosis [7].

Calcitonin prohormone, or PCT, is a polypeptide produced
by various body tissues in response to releasing endotoxins
or mediators. Proinflammatory cytokines, including interleu-
kin-1, interleukin-6, and elevated tumor necrosis factor, up-
regulate its production [15, 16]. A value higher than 0.05 ng/
mL indicates a possible infection. It begins to rise in the first
4 to 12 h; its circulating levels are reduced daily by half once
the infection is controlled by antibiotics or the immune system
[16].

The study aimed to determine a PCT cut-off point that has
adequate sensitivity and specificity to correlate with mortality
in the Mexican population with severe AP.

Materials and Methods

This was a retrospective non-randomized study. A total of 59
patients were enrolled in this diagnostic test study. These pa-
tients were treated at the Department of General Surgery of
a tertiary care hospital in Guadalajara, Mexico. Serum tests
were obtained for all patients diagnosed with severe AP be-
tween January 2019 and May 2023. Patients over 18 years old,
regardless of gender, with a diagnosis of severe AP according
to laboratory and imaging criteria were included. Patients un-
der 18 years old, with incomplete clinical history, diagnosed
with mild or moderate AP, who died 24 h before the suspected
diagnosis, and in whom PCT values had not been obtained,
were excluded.

The results of imaging studies were obtained from ultra-
sound, contrast-enhanced CT, and, if performed, ERCP.

Suspicion was determined by elevated amylase three
times higher than average, elevated lipase, and elevated PCT,
which are the criteria for assessing the severity of pancreatitis.

The scales used to determine the severity and to predict
mortality were as follows.

Balthazar is a CT-based approach to assessing AP severity

based on the appearance of the pancreas, first introduced in
1994 [12].

BISAP was proposed to help the early recognition of pa-
tients with mortality risk. The 5-point scoring system com-
prises five variables: blood urea nitrogen level > 25 mg/dL,
impaired mental status, development of systemic inflamma-
tory response syndrome (SIRS), age > 60 years, and presence
of pleural effusion [13].

APACHE 1I includes 12 physiological variables (tem-
perature, mean arterial pressure, heart rate, respiratory rate,
A-a PO, (FIO, < 50%), arterial pH or HCO;, serum sodium,
potassium, creatinine, hematocrit, white blood cell count, and
a chronic health evaluation and age adjustment score). Each
variable is weighted from 0 to 4, and the total score range is
from 0 to 71 points [14].

PCT laboratory values were obtained at 24 and 72 h of
hospitalization. Blood samples were taken and centrifuged for
10 min at 3,000 revolutions/minute at a temperature of -4 °C.
Serum was withdrawn and stored at -80 °C. Serum PCT con-
centration was measured using the chemiluminescent immu-
noassay (LUMItest). The reference cut-off point established
for the method was more significant than 0.05 ng/mL.

Statistical analysis

Statistical analysis was performed using SPSS for Windows
26.0 (SPSS Inc., Chicago, IL, USA). Response variables were
presented as raw numbers or in percentages - descriptive phase
with raw numbers, proportions, measures of central tendency,
and dispersion. The Chi-squared test was used to compare
the qualitative data. Quantitative variables were expressed as
means, standard deviations (SDs), medians, and interquartile
ranges (IQRs). Mann-Whitney U test was used for independ-
ent samples. A Spearman’s correlation was used for mortality.
For the analysis of diagnostic tests to determine sensitivity and
specificity, we used receiver operating characteristics (ROC)
curves, as well as calculations of positive predictive value and
negative predictive value. Any value of P <0.05 was consid-
ered statistically significant.

Ethical considerations

The study adhered to the provisions of the Declaration of Hel-
sinki and its amendments, the General Health Law, and the
regulations of the host institution on human research. The Lo-
cal Health Research and Ethics Committee approved the pro-
tocol with registration R-2021-1301-156.

Results

Of the 59 patients in this study, 34 (57.6%) were men and 25
(42.4%) were women, with a median age of 50.73 + 15.62
years. The average length of hospital stay was 17.36 £ 15.85
days. Sixteen (27.1%) of the patients died during their hospital
stay, and the most commonly reported etiologies of morality
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Table 1. Patient Characteristics and Main Clinical Data

Total, n (%) Survivors, n (%) Non-survivors, n (%) P value
Number of patients 59 43 (72.9) 16 (27.1)
Sex 0.2922
Men 34 (57.6) 23 (53.5) 11 (68.8)
Women 25 (42.4) 20 (46.5) 5(31.2)
Etiology
Lithiasis 28 (47.5) 19 (44.1) 9 (56.3) 0.4092
Endoscopic retrograde cholangiopancreatography 9 (15.3) 6 (14) 3(18.8) 0.6492
Idiopathic 7 (11.9) 6 (14) 1(6.3) 0.4162
Alcohol 6(10.2) 5(11.6) 1(6.3) 0.5432
Drugs 5(8.5) 4(9.3) 1(6.3) 0.7082
Hypertriglyceridemia 4(6.8) 3(7) 1(6.3) 0.9212
Balthazar
B 3(5.1) 2(4.7) 1(6.3) 0.8042
C 10 (16.9) 7 (16.3) 3 (18.8) 0.8222
D 20 (33.9) 15 (34.9) 5(31.2) 0.7932
E 26 (44.1) 19 (44.1) 7 (43.8) 0.9762
BISAP 1.86+1.22 1.51+1.03 2.81+1.22 <0.001°
APACHE I 13.40 + 6.42 12.23 £ 6.06 16.56 + 6.48 0.020°

aChi-square test. ®Student’s t-test. APACHE: Acute Physiology and Chronic Health Evaluation; BISAP: Bedside Index for Severity in Acute Pancrea-

titis; n: number.

Table 2. PCT Levels in Survivor Versus Non-Survivor Group

Hospitalization time Mean £+ SD Median (IQR) Mean rank z P value
24 h
Survivors (n = 43) 3.72+£8.22 0.79 (0.25 - 1.79) 26.93 -2.251 0.0242
Non-survivors (n = 16) 6.76 £7.66 3.12(0.76 - 12.16) 38.25
72 h
Survivors (n = 43) 3.97+9.48 0.82 (0.26 - 1.84) 25.98 -2.952 0.0032
Non-survivors (n = 16) 8.60 + 13.83 5.10 (0.94 - 9.16) 40.81

aMann-Whitney U test. IQR: interquartile range; n: number; PCT: procalcitonin; SD: standard deviation.

were septic shock of abdominal origin (10 patients, 62.5%),
followed by extra-abdominal shock (six patients, 37.5%).

A statistically significant difference was not found be-
tween survivors and non-survivors regarding gender, etiology,
or Balthazar scale. However, there was a statistical signifi-
cance in terms of APACHE II and BISAP scale (P =0.020, P <
0.001), as shown in Table 1.

PCT levels were significantly higher in non-survivors than
in survivors. At 24 h, in the non-survivor group, the median
(IQR) value was 3.12 (0.76 - 12.16); in the survivor group, it
was 0.79 (0.25 - 1.79) with a significant P-value of 0.024. Sim-
ilarly, the PCT levels at 72 h were significantly higher in the
non-survivor group (P =0.003) (Table 2). Furthermore, Spear-
man’s correlation was made to determine the level of PCT at
24 and 72 h with the mortality where a P-value with statistical
significance of P = 0.006 and P = 0.005 was obtained, respec-

tively (Table 3).

The ROC curve was used to determine the potential mor-
tality prediction. In the scales used, BISAP and APACHE II
were the two scales with a significant prediction of mortality
(P=0.001 and P =0.018, respectively) (Fig. 1, Table 4).

The PCT level at 24 h with the best sensitivity and speci-
ficity had a cut-off point of 1.09 ng/mL. Moreover, at 72 h, a

Table 3. Correlation of PCT With Mortality

Mortality PCT at24 h PCT at72 h
Rho 0.346 0.428

pa 0.006° 0.005%

N 59 59

aSpearman’s correlation. PCT: procalcitonin; n: number.
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Figure 1. PCT and scales of ROC curve. PCT: procalcitonin; ROC: receiver operating characteristic.

cut-off point of 1.26 ng/mL was obtained, with a sensitivity of fore, early mortality prediction is a valuable tool for guiding
75% and a specificity of 68% (P =0.003). The data are shown effective treatment [18]. Our study used PCT to evaluate its
in Figure 1 and Table 5. effectiveness as a predictor of mortality in patients with severe

AP, as it is an accessible, rapid, and widely available biomark-
er in our setting.

Discussion Infection is one of the most common complications in AP,

often due to prolonged hospitalization and excessive anti-in-
AP has been a common abdominal disease, with increasing flammatory therapy. A cohort study by Wu et al demonstrated
incidence and mortality rates over the past decade [17]. There- that biliary origin is the most common etiology associated with

Table 4. APACHE Il, BISAP and Balthazar Scales Analysis With Mortality

Scales AUC ROC P value 95% CI Cut-off point Sensitivity Specificity PPV NPV
APACHE II 0.702 + 0.07 0.018* 0.54-0.85 14.5 68% 67% 0.44 0.85
BISAP 0.783 + 0.06 0.001* 0.64 - 0.91 1.5 81% 55% 0.40 0.88
Balthazar 0.486 +0.08 0.871 0.31-0.65 3.5 43% 55% 0.26 0.72

*Significant. APACHE: Acute Physiology and Chronic Health Evaluation; AUC: area under the curve; BISAP: Bedside Index for Severity in Acute
Pancreatitis; Cl: confidence interval; NPV: negative predictive value; PPV: positive predictive value; ROC: receiver operating characteristic.

Table 5. Levels of PCT Compared With the Mortality at Different Times

Hospitalization time AUC ROC P value Cut-off point Sensitivity Specificity PPV NPV
24h 0.692 +0.07 0.024 1.09 62% 65% 0.40 0.82
72h 0.751 +0.06 0.003 1.26 75% 68% 0.46 0.87

AUC: area under the curve; NPV: negative predictive value; PCT: procalcitonin; PPV: positive predictive value; ROC: receiver operating character-
istic.
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mortality, mainly due to septic shock [17]; this aligns with our
findings, which showed that 28 (47.5%) patients had lithiasis
and septic shock of abdominal origin was the primary etiol-
ogy of mortality, followed by extra-abdominal septic shock,
observed in 10 (62.5%) and six (37.5%) patients, respectively.

In a study conducted by Jia et al [2] on the Chinese popu-
lation, it was shown that PCT was the most successful test in
terms of predicting severe AP in acute biliary pancreatitis, and
they calculated an AUC of 0.84 for PCT. In addition, Kapiy-
amaz et al determined that the AUC for PCT in predicting mor-
tality was 0.805 [19]. This is consistent with our data, where
the AUC in predicting mortality at 24 h was 0.69, especially at
72 h with an AUC of 0.75.

Multiple studies explore the relationship between PCT
levels and AP in conjunction with other scoring systems such
as APACHE II, BISAP, and Balthazar [20-23]. Assessing PCT
levels at different stages of hospitalization, precisely at 24 and
72 h, in combination with these scales, further supports the
inclusion of these variables in our study, reinforcing the role of
this biochemical marker in predicting mortality. APACHE II
is the most widely used mortality predictor score for critically
ill patients. Miko et al demonstrated in their meta-analysis that
it is the most accurate scoring system for mortality despite its
comprehensive range of items, which rely on thorough labora-
tory and imaging examinations. The BISAP score, on the other
hand, predicts in-hospital mortality within the first 24 h of hos-
pitalization [24].

Choudbhuri et al in their study described that APACHE II
scores and the serum PCT values at 48 h after admission were
significantly higher in non-survivors compared to survivors (P
<0.001) [18]. As observed in our study, the PCT value after 72
h significantly predicts the mortality (P < 0.005). This finding
can be related to its sensitivity (75%).

Pando et al analyzed the BISAP scale and mortality in pa-
tients with AP and found a sensitivity of 95.6% and a specifici-
ty of 58.1% [25]. Our study showed similar results, with a sen-
sitivity of 81% and a specificity of 55%. Unlike the APACHE
I and BISAP scales, the Balthazar score showed the lowest
sensitivity at 43% and a specificity of 55%.

Samanta et al analyzed PCT values to predict poor out-
comes in infected pancreatic necrosis, using a cut-off value of
1 ng/mL as a predictor. Our study found that a similar cut-off
value of 1.09 ng/mL at 24 h and 1.26 ng/mL at 72 h had the
best sensitivity and specificity, therefore showing similar re-
sults [26].

Comparing the PCT values at 24, the PCT value at 72 h is
more significant in predicting mortality in AP; therefore, we
recommended using the last value. In our study, PCT value of
4.54 + 8.12 was recorded on the first day of hospital stay and
a mean value of 5.22 + 10.90 at 72 h, noticing an increase in
the last value. Other studies have shown that increasing serum
PCT levels over time are significantly associated with non-sur-
vivors (P < 0.001), indicating its capacity to predict mortality
[18].

In addition, a significant difference was observed when
PCT levels were compared at 24 and 72 h in survivors vs. non-
survivors. Higher serum PCT levels were predominantly as-
sociated with increased mortality. This finding is corroborated
by the retrospective cohort study conducted by Cavusoglu et

al, which also demonstrated a significant difference in PCT
levels between survivors and non-survivors (P < 0.001) [27].
Furthermore, Spearman’s correlation analysis revealed
that elevated PCT levels at 72 h had a significantly positive
correlation, indicating a strong association with mortality.

Conclusions

Our study shows the usefulness of PCT as a biochemical mark-
er to predict mortality in patients with severe AP due to its ac-
cessibility in the hospital setting, as it is an available, fast, and
valuable tool for early decision-making. We propose to carry
out studies with more patients and follow-up times. In addi-
tion, it is necessary to consider other biomarkers associated
with PCT that help us improve sensitivity and specificity as a
predictor of mortality in our population.
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