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ABSTRACT

Introduction and aim. Procalcitonin is widely used as a biomarker to distinguish bacterial infections from other etiologies of sys-
temic inflammation. Little is known about its value in acute liver injury resulting from intoxication with paracetamol. Material and
methods. We performed a single-center retrospective analysis of the procalcitonin level, liver synthesis, liver cell damage and renal
function of patients admitted with paracetamol-induced liver injury to a tertiary care children’s hospital. Children with acute liver fail-
ure due to other reasons without a bacterial or fungal infection served as the control group. Twelve patients with acute paracetamol
intoxication and acute liver injury were compared with 29 patients with acute liver failure. Results. The procalcitonin levels were
higher in children with paracetamol intoxication than in patients with acute liver failure without paracetamol intoxication (median 24.8
(0.01-55.57) ng/mL vs. 1.36 (0.1-44.18) ng/mL; p < 0.005), although their liver and kidney functions were better and the liver cell inju-
ry was similar in both groups. Outcome analysis showed a trend towards better survival without transplantation in patients with para-
cetamol intoxication (10/12 vs. 15/29). Within each group, procalcitonin was significantly correlated with alanine aminotransferase
and aspartate aminotransferase but was not correlated with the International Normalized Ratio or paracetamol blood levels in the pa-
racetamol group. In conclusion, paracetamol intoxication leads to a marked increase in procalcitonin serum levels, which are signifi-
cantly higher than those seen in acute liver failure. Conclusion. The underlying mechanism is neither caused by infection nor fully
explained by liver cell death alone and remains to be determined.
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INTRODUCTION

Procalcitonin (PCT) is a prepeptide of calcitonin that is
released under normal circumstances by thyroid C cells;
blood levels in healthy subjects are almost undetectable.-
In the case of a systemic bacterial infection, PCT becomes a
useful biomarker to identify septic children and titrate the
length of antibiotic therapy.?® For example, neuroendo-
crine cells of the lungs, leukocytes and liver cells contrib-
ute to the elevated release of PCT. Although the exact
mechanisms remain unclear, cytokine stimuli, such as in-
terleukin 2 and tumor necrosis factor alpha, are thought to
play an important role in mediating the increase in PCT.”#

Furthermore, it has been shown that clinical states with
systemic inflammation might also increase PCT, making it
less ideal as a biomarker for bacterial infections.”!! After
open heart surgery, children who received a cardiopulmo-
nary bypass had markedly elevated PCT levels in the ab-
sence of a bacterial infection.!? Additionally, those with
higher blood levels had longer bypass times and intensive
care unit (ICU) stays. Another study demonstrated the
discriminative power of PCT in identifying critically ill
children who were at a higher mortality risk, independent
of the underlying infection.'?

Elevated PCT levels were also detected in organ-spe-
cific diseases, especially concerning the liver. In patients
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with acute hepatitis, PCT is significantly higher when
acute liver failure (ALF) is present;'* by contrast, in ALF,
PCT is usually increased. In these patients, the PCT level
is independent of the presence or absence of an underly-
ing bacterial infection.!® Mallet, ef al. showed that in pa-
tients with Paracetamol (PCM) intoxication PCT level
cannot discriminate patients with and without infection,
while its discriminative power was preserved in patients
with ALF without PCM intoxication.'® Patients with lung
cancer had higher PCT levels when liver metastases were
present.!” In hepatocarcinoma, the PCT level correlates to
the tumor size and survival.!® After partial liver resection,
PCT is elevated after reperfusion and is considered to be a
consequence of tissue hypoxia and postischemic inflam-
mation.? It is also known that after liver transplantation,
children can have markedly elevated PCT, which is in this
case, not an indicator of infection but an indicator of poor
outcome.'*?

Because we had evidence from clinical experience of
marked elevation in single cases of PCM intoxication
without bacterial infections, we wanted to know whether
this was a constant finding. As the main clinical feature in
these children and adolescents is an acute liver cell injury,
patients with acute liver failure resulting from other rea-
sons without bacterial or fungal infections served as the
control group. ALF in children is often life-threatening,
and treatment might include vasopressor support, hemo-
dialysis, and transplantation. The clinical picture can re-
semble a clinical state, such as septic shock. PCT was
therefore assumed to be elevated.

MATERIAL AND METHODS

Patients

We performed a retrospective single-center case series
in children with an acute liver injury resulting from PCM
intoxication or with ALF resulting from other causes. The
children’s department of the University of Essen is a terti-
ary care center and serves as a referral center for pediatric
liver transplantation. Patients were identified from 2009 to
July 2016 by a computer-based search of Diagnosis-Relat-
ed Groups (DRG) according to International Classifica-
tion of Diseases (ICD) 10, with K72.0 for acute and
subacute liver failure and T39.1 for paracetamol intoxica-
tion. All patients were then reviewed by chart analysis and
were included if they met the following inclusion crite-
ria:

* International Normalized Ratio (INR) > 1.5 and pres-
ence of hepatic encephalopathy, INR > 2 or paraceta-
mol induced liver injury.

¢ PCT was measured at least once within 24 h of admission.

* No underlying chronic liver disease except for Wil-
son’s disease; and

* No systemic or local bacterial or fungal infection
present defined as the absence of Systemic Inflamma-
tory Response Syndrome (SIRS) in the PCM group
and a negative blood culture and/or other cultures ob-
tained from sterile sites, such as ascites in the ALF

group.

For all patients, demographic data (age, sex, and reason
for ALF) and outcomes (discharged home or to a second-
ary institution, received liver transplantation, or died)
were recorded. Laboratory data at admission were collect-
ed, including INR, Alanine Aminotransferase (ALT), As-
partate Aminotransferase (AST), bilirubin, C-reactive
protein (CRP), PCT, creatinine, PCM levels and lactate
dehydrogenase (LDH). In patients with PCM intoxica-
tion, we also documented the time since drug consump-
tion and amount of drug taken.

All identified patients were divided into two groups:
acute liver injury resulting from PCM intoxication (PCM
group) and ALF due to other reasons (ALF group) as con-
trols. A favorable outcome was defined as survival without
liver transplantation.

Statistics

Statistical analysis was performed using IBM® SPSS
Statistics 22. Data are presented as the medians, mini-
mums, and maximums. Comparisons of two unrelated
groups were performed using the Mann-Whitney-U test.
Analysis of categorical variables was performed using the
Chi-square test ()?). Statistical dependence of two non-
parametric variables was calculated by Spearman s rank
correlation coefficient. P < 0.05 was considered statisti-
cally significant.

Ethics

The study protocol was approved by the local ethics com-
mittee of the University Hospital of Essen (15-6558-BO).

RESULTS

A computer-based search of DRG revealed 130 patients
with ALF from 2009 to July 2016, excluding patients with
PCM intoxication (ALF group). For inclusion and exclu-
sion of patients (Figure 1). A search for PCM intoxication
showed 40 patients. Of these patients, nine were misdiag-
nosed; in 17 children and adolescents, PCT was not meas-
ured; and in two children, data were incomplete (PCM
group, Figure 2). Demographic data and the laboratory re-
sults of the patients are provided in table 1. In the ALV
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Excluded:
31 wrongly diagnosed.
32 with underlying chronic liver disease.
16 with insufficient clinical data.
5 with sepsis.
6 with local bacterial infection.
1 with fungal infection.
10 without PCT measurement.

Remaining 29 patients with acute liver failure:
14 with unknown diagnosis.
6 with viral infections: 1 adenovirus,

1 entreovirus, 1 hepatitis A, 3 herpes simplex.

suspected sialidosis.

proven mitochondriopathy.

suspected mitochondriopathies.

systemic lupus erythematodes.

Wilson’s disease.

death cap poisoning.

hemochromatosis.

portal vein thrombosis.

—_ D) =

Figure 1. Inclusion and exclusion of children identified by a computer-
based search of DRG K72.0.

group, five patients had a slight elevation of serum creati-
nine levels, one patient presented with a severe kidney in-
jury (creatinine 271 umol/mL) compared to one patient
with a slight elevation of creatinine in the PCM group.
Creatinine was not correlated with PCT in either the ALV
or PCM groups.

All patients with PCM intoxication showed a marked
elevation of PCT serum levels except for two patients.
Nine out of twelve patients in the PCM group had higher
levels than 10 ng/mL compared to two out of 29 in the
ALF group. Both patients had measurable PCM blood
levels. In general, the markers of liver cell injury, such as
AST, ALT, and LDH, were similar in both groups, but
INR and bilirubin were higher in the ALF group (Table
1). Correlations between PCT and blood tests for liver in-
jury and between PCT and PCM blood levels are given
for both groups in table 3. Considering all patients, the
AST and ALT levels were positively correlated with the
PCT levels.

The two patients with the highest paracetamol blood
levels in the PCM group had the lowest PCT levels and
shortest time interval between drug intake and blood tests.

Excluded:
9 wrongly diagnosed.
2 with insufficient clinical data.
17 without PCT measurement.

Remaining 12 patients with PCM
intoxication:

2 fulfilling criteria of ALF

10 without ALF

Figure 2. Inclusion and exclusion of children identified by a computer-
based search of DRG T39.1

One of the patients with a normal PCT level received
three measurements in total as follow-ups; these were all
normal. Acetylcysteine was started very early (six hours af-
ter intoxication of 20 g of paracetamol), and AST and ALT
remained almost normal. The laboratory results and his-
torical data of patients with PCM intoxication are given in
table 2.

In 14 patients with acute liver failure, the PCM blood
levels were measured. Of those, seven had detectable but
low PCM levels. Within this group, patients with detecta-
ble PCM blood levels had significantly higher PCT levels
(6.30 ng/mL vs. 1.54 ng/mL; p < 0.05) than those with neg-
ative results, but there were no differences in CRP, INR,
AST, ALT, NH4, bilirubin, LDH, age or creatinine.

Considering all patients, there was no statistical differ-
ence in PCT between patients who had complete liver
function recovery compared to those who died or re-
ceived a liver transplantation. In the ALF group alone,
PCT was significantly higher in children with a good out-
come. Patients with a favorable outcome had a PCT of
1.71 (0.1-44.18) compared to 1.03 (0.2-6.27) in patients
who died or received a liver transplantation (p < 0.05).
This difference was not observed in patients with PCM
intoxication. Those with a good outcome had a PCT of
20.88 (0.01-55.57) ng/mL compared to 29.11 ng/mL in the
patient who received a liver transplantation and 33.27 ng/
mlL in the patient who died.

DISCUSSION

This retrospective case series revealed a marked eleva-
tion of serum PCT levels in patients with drug-induced
liver injury because of paracetamol intoxication. The val-
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Table 1. Comparison of children with paracetamol intoxication and children with acute liver failure resulting from other reasons.
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ues of PCT peaked at unusually high levels; under normal
circumstances, this would indicate a bacterial infection
with high predictive probability. The PCT levels ob-
served in our patients exceeded those measured in some
children with septic shock.* Similar results have been
published very recently in adults and in an abstract in the
year 2000, but these data were not found in a Medline
search.'®2! For the first time, it was shown that the rise in
PCT can be partly explained by cell death because there
was a positive correlation between AST, ALT, and PCT.
However, sicker patients in the ALF group with a lower
tendency to recover had significantly lower PCT levels. If
liver cell injury was the key to PCT elevation, one would
expect the opposite, that is, higher values in patients with
acute liver failure.

It has been previously shown that PCT elevation also oc-
curred in patients without infection, e g., in patients with
severe inflammation after cardiopulmonary bypass sur-
gery.!? Sterile inflammation was assumed to enhance PCT
in migraine patients.?? Liver involvement, e.g., as a result of
metastases, also led to elevated PCT levels.!” Compared to
the findings in our patients with PCM intoxication, these
PCT levels were, on average, 10-100 times lower. Similarly,
high levels without infection were only observed in chil-
dren after liver transplantation, and these high levels were
associated with a poor organ outcome.!?° Because the PCT
values did not indicate a poor prognosis in our patients, we
suggest a different mechanism of PCT elevation related to
PCM intoxication. Following liver transplantation, PCT el-
evation might be correlated with severe systemic inflam-
mation, as indicated by high blood lactate, vasopressor
support, and high fluid throughput. By contrast, our PCM
patients were mostly clinically stable, and bacterial infec-
tion was ruled out as well.

Interestingly, we also found significantly higher PCT
levels in patients without PCM intoxication who had a de-
tectable PCM blood level compared to those who had an
undetectable PCM blood level. The consequences of
these findings remain speculative, but it has to be dis-
cussed whether PCM plays a role in elevating PCT serum
values even without intoxication. Only two patients with
PCM intoxication showed a negative PCT serum level.
Difterent from all other patients, these levels were meas-
ured very early (six and eight hours after PCM intoxica-
tion), suggesting that PCT release starts later. This finding
would parallel the PCT release during a systemic bacterial
infection in which the high PCT peak occurs approxi-
mately 12 h after infection. Additionally, one could also
suggest that the missed PCT increase in the patient who
received serial measurements was suppressed by an early
start of acetylcysteine treatment.

What might be the reason for the relationship between
PCM intoxication and the marked PCT increase? In
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Table 2. Characteristics of patients with paracetamol intoxication.
1 16.2 20 6.8 48 20.88 1.42 Healthy
2 13.5 23 63.10 14 3.28 1.16 Healthy
3 16 10 17.9 15 28.8 1.16 Healthy
4 15.1 20 16.9 16 15.4 1.10 Healthy
5 16 13 1.1 40 33.2 1.42 Healthy
6 17.5 30 329 6 0.01 1.28 Healthy
7 18 10 2.4 40 55.57 1.34 Healthy
8 16 20 1.0 50 20.82 2.09 Healthy
9 17 20 18.4 33 44.49 1.84 Healthy
10 17 22 228.2 8 0.01 1.33 Healthy
11 6.8 Unknown* 161 29.11 3.03 Died
12 2.7 Unknown** 30.1 33.27 2.79 Liver tx

*Unobserved administration of paracetamol by mother after hip surgery. ** Repetitive doses of paracetamol q6h daily for 2-3 weeks.

Table 3. PCT in correlation to other laboratory results for both groups.

PCT Correlation 0.67
(PCM group) Significance (p) 0.02
PCT Correlation 0.48
(ALF group) Significance (p) 0.01

0.66 0.53 0.63 -0.45
0.02 0.08 0.03 0.15
0.47 -0.18 0.42 0.58 (n = 14)
0.01 0.93 0.02 0.03

PCM intoxication, hepatocyte damage initiates an innate
immune response, mediating repair mechanisms that are
different from repair mechanisms, e.g., in acute viral infec-
tions.? It has been well described that in PCM-induced
liver damage, hepatocytes release damage-associated mo-
lecular patterns (DAMPs) that induce inflammasomes and
inflammation in the liver.?* This sterile inflammation is
mainly induced by the cytokines IL-1 beta and Tumor
Necrosis Factor Alpha. Because PCT is a marker of the
inflammatory response of the innate immune system, this
might at least partly explain the high levels of PCT in
PCM-induced liver damage. Another reason could be the
otherwise unnoticed involvement of different organs in
PCT release, such as endothelial cells. However, it has to
be stated that the discussed pathophysiological mecha-
nisms for the correlation of PCM intoxication and PCT
elevation remain highly speculative. Interestingly, the two
youngest patients with PCM intoxication developed ALF.
In general, PCM-induced hepatotoxicity is lower in
younger patients, most likely because of the larger cell
mass in these patients.?> The described two patients suf-
fered from underlying diseases (one osteogenesis imper-
fecta and one psychomotor retardation of unknown
origin) that could have influenced hepatotoxicity, e.g., the
nutritional status.?

PCM is a widely used drug in pediatrics that is used to
fight fever and pain. Pediatricians have experience with

this drug worldwide. Weak concerns have been raised in
the past that the drug might contribute to increased cardi-
ovascular events, such as heart attack and stroke. Chan, et al.
found an increased incidence in frequent users of PCM.2
Additionally, it has been recently shown that at least intra-
venous administration of PCM leads to a decrease in
blood pressure.?” In light of these results and in accord-
ance with our data regarding PCT elevation, the question
of negative side effects of PCM in non-toxic doses has to
be addressed. The other question that arises from our case
series is related to the diagnostic value of PCT for bacteri-
al infection in patients with a history of (repeated) PCM
intake. Our data suggest that this topic should be ad-
dressed in further studies.

Our study has certain limitations. First, it is a retro-
spective case study with known limitations. Some impor-
tant data are lacking, e.g., repetitive and standardized PCT
measurements. Additionally, in general, the study group
sample size is small and has great heterogeneity concern-
ing the underlying diagnosis of ALF as well as the age dis-
tribution. Newborns were assessed together with
adolescents.

CONCLUSION

In our study population, PCT was consistently and
markedly elevated in children and adolescents with PCM
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intoxication and could not be explained by a bacterial in-
fection or liver cell injury alone. To learn more about the
relationship between PCM-induced liver injury and its
effect on PCT levels, future prospective trials are needed.

ABBREVIATIONS

ALF: acute liver failure.

ALT: alanine aminotransferase.

AST: aspartate aminotransferase.

CRP: C-Reactive Protein.

DAMP: Damage Associated Molecular Patterns.
DRG: Diagnosis Related Group.

ICD: International Classification of Diseases.
ICU: Intensive Care Unit.

INR: International Normalized Ratio.

LDH: lactate dehydrogenase.

PCM: paracetamol.

PCT: procalcitonin.
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