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ABSTRACT
Background and objectives. The use of antiepileptic drug (AED) is often required for a long
period in pediatric patients. However, there is a risk of hepatotoxicity due to its use. This study
aimed to identify the risk factors that affect liver disorder occurrence in pediatric patients with
epilepsy who received AED.
Materials and methods. This case control study was conducted at the Pediatric Neurology
outpatient clinic of Dr. Soetomo General Academic Hospital, Surabaya, Indonesia between May
and July 2023. Children with epilepsy aged 1-18 years who had received (monotherapy or
polytherapy) for at least six months had their blood drawn to measureﬁ’mine transaminase,
gamma-glutamyl transferase, and alkaline phosphatase levels. Risk factors were obtained through
history and clinical examination. Risk factor analysis was conducted using bivariate and
multivariate analysis.
Results. Hepatotoxicity occurred 31/66 (46.9%) patients. Bivariate analysis revealed that treatment
duration (P=0.014) and phenytoin use (P=0.002) significantly affected hepatotoxicity occurre
in epileptic children. Logistic regression analysis showed that the AED treatment of >5 years —10
rs (OR=14.00; 95% CI 1.385-141 48; P=0.025), phenytoin (OR=9.654; 95% CI 2.785-33 465;
P<0.001), and phenobarbital (OR=6.573; 95% CI 1.579-27.360; P=0.01) correlated significantly
with hepatotoxicity occurrence. Meanwhile, age, nutritional status, epilepsy type and syndrome,
and intractable epilepsy incidence were not significant as risk factors for the occurrence of
hepatotoxicity in children.
Conclusions. Treatment period and phenytoin and phenobarbital use are risk factors for
hepatotoxicity in epileptic children.
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Abbreviations:

D — antiepileptic drug
ALP — alkaline phosphatase
ALT — alanine transaminase
AST - aspartate transaminase

GGT — gamma-glutamyl transferase

INTRODUCTION

The number of epilepsy patients in children is expected arise continuously due a increasing
life expectancy throughout the world. Globally, it is estimated that approximately 10.5 million
children under 15 years of age suffer from active epilepsy, rcprescntinwproximately 25% of the
world's epilepsy population [1]. In Indonesia, epilepsy case reached at least 700,000-1,400,000
cases with an increase of 70,000 new cases every year, and it is estimated that around 40-50% of
cases occurred in children [2].

Hepatoﬁicity is a common side effect among conventional antiepileptic drugs (AEDs),
with reactions ranging from mild, transient changes in hepatic enzymes, to severe liver failure [3].
Hepatotﬁicity prevalence that was associated with AED use was found to be only around 2-4% in
Europe. Although paracetamol intoxication is the most common cause of hepatotoxicity leading to
liver transplantation, antiepileptic drugs are known to be the third cause of liver toxicity in 15% of
cases [4].

There are still few studies regarding risk factors that affect hepatotoxicity occurrence in
epileptic children in Indonesia, including at our hospital. Identification of risk factors that affects
liver disorder occurrence is necessary during long-term trcaEcnt, hence acute liver toxicity could
be avoided and improves outcome in children with epilepsy. This study aimed to determine the risk
factors for hepatotoxicity in pediatric patients with epilepsy at our hospital, one of the tertiary

referral centers in Indonesia.

MATERIALS AND METHODS

This was an analytical, observational, case control study po determine the risk factors for
hepatotoxicity in epileptic childﬁn. The population in this study were all children with epilepsy
who were undergoing treatment at the Pediatric Neurology Outpatient Clinic, Department of Child
Health, Dr. Soetomo General Academic Hospital, Surabaya, Indonesia from %ay to July 2023. The
samples in this study were some of the selected epilepsy patients who met the criteria. The inclusion
criteria for this study were children aged 1 to 18 years, epilepsy patients whoacccivcd AED

treatment, cither as monotherapy or polytherapy, for a minimum of 6 months at the Pediatric
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Neurology Outpatient Clinic, Department of Child Health, Dr. Soetomo General Academic
Hospital, and parents or guardians of the patient gave written consent %Jarticipatc by signing a
written consent form after being given informed concerns regarding this study. The exclusion
criteria in this study were children with epilepsy who had a history of liver disorders before
receiving AED and experienced seizures defined as status epilepticus in the last 3 months. The
sampling technique was conducted using consecutive sampling. Every subject with epilepsy whao
met the inclusion criteria was included as study sample. The sample search was stopped when the
sample size was met.

Each child underwent a routine history and physical examination. Basic data was collected
which included age, gender, nutritional status, epilepsy type and syndrome, intractable epilepsy
incidence, AED type that had been given, duration of AED treatment, and data on Eevious liver
disorders and other important disorders. Blood tests was conducted which included liver function
tests (alanine transaminase [ALT], gamma-glutamyl transferase [GGT)], and alkaline pﬁphatase
[ALP]). The examination was conducted at the Clinical Pathology Laboratory, Central Diagnostic
Center Building, Dr. Soetomo General Academic Hospital, Surabaya. If the laboratory results were
inconclusive, corrections were made. The obtained study data were collected, processed, and
analyzed further.

Every patient with epilepsy who met the inclusion criteria had their blood drawn for 3-5 ml
via a peripheral vein using a 5 ml Terumo® brand disposable syringe and a 23.5 G needle. The
blood was put into a tube with a yellouﬁp containing acid-citrate-dextrose. The data was input
into the data collection sheet for further statistical analysis.

Processing and analysis of data was conducted usipg.,the SPSS version 24 statistical
software. Data was presented in tabulated and narrative form. Descriptive analysis was conducted
using statistical measures (mean, standard deviation, and frequency distribution table). The
correlation between two variables (age, nutritional status, epilepsy type an&syndrome, intractable
epilepsy, AED type, and treatment duration on hepatotoﬁ:ity incidence was analyzed using the
Chi-square test. To determine the analyzed risk factors, logistic regression analysis was used to
determine the dominant fﬁars that affects liver disorder occurrence.

The study had as received approval from the Health Research Ethics Committee of Dr.
Soetomo General Academic Hospital, Surabaya, Indonesia with registration number:

0652/KEPK/IV/2023.

RESUH‘S
In this study, a total of 70 pediatric patients were diagnosed with epilepsy and received
AED for at least 6 months. A total of 4 patients were excluded because they refused to undergo

blood tests. The remaining 66 patients met the inclusion criteria, 31 patients experienced
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hepatotoxicity, and 35 patients did not experience hepatotoxicity. The characteristics of the study

subjects revealed that there were more malgsubjects (57.6%) than female subjects, most children
had normal nutritional status (40.9%), and the mean age of childr@diagnosed with epilepsy was
4 years and 5 months (Table 1). The initial onset of seizures was most common in children under
1 year ﬁge (47%).

The most common type of seizure was generalized tonic-clonic seizures (59.1%), with a
seizure frequency of 1-5 times/6 months (37.9%). Temporal lobe epilepsy was the most common
type associated with hepatotoxicity (62.5%). Meanwhile, epilepsy related to post-infection (53.3%)
dominated the non-hepatotoxicity epilepsy group, followed by frontotemporal lobe epilepsy (75%).
More than half of the study subjects used >2 types of AEDs (77.3%) and more than half of the
study subjects had good medication complignce (78.8%).

Treatment duration (P=0.014) was proven to be a significant risk factor for hepatotoxicity
in children (Table 2). For AED type, a separate analysis was conducted fogcach type of drug
because the majority of subjects in this study used more than 2 types of AED. Based on the results
of bivariate analysis, it was found that phenytoin was a significant risk factor for hepatotoxicity in
epileptic children (P=0.002) (Table 3).

Only AED types and treatment duration were conducted multivariate analysis (P<0.25).
Logistic regression analysis was conducted for each of these variables to determine the dominant
factors that affected liver disorder occuralce in children with epilepsy. Treatment duration of 6-
12 months was used as a comparison. Based on the results of the analysis, it was found that
treatment duration of >5 years-10 years (P= 0.025, OR 14.00 (95% ClI 1.385-14518) was a
significant risk factor for hepatotoxicity in epileptic children (Table 4). This indicates that the risk
of hepatotoxicity increases fourteenfold in patients with treatment duration of >5 years-10 years
compared to patients who underwent treatment for 6-12 months. AED types was also analyzed
using the backward method to identify AED type that had the greatest effect on hepatotoxicity. In
this study, phenytoin (p<0.001, OR 9.654 [95%CI 2.785—33.465]) and phenobarbital (P =0.010,
OR 6.573 [95%C1 1.579-27.360]) were significant risk factors for hepatotoxicity in epileptic
children (Table 5).

In this study, liver function tests were condu in epileptic children with and without
hepatotoxicity. Only median GGT level that showed a significant difference (p<0.001) between
patients with (89 [31.5-1567.2]) and without (20.1 [4.0-46.0]) hepatotoxicity (Table 6).

DISC[&SION
In this study, most patients with cpilcpﬁ were in the age range 1-5 years (47.4%). The
proportion of epilepsy cases in previous study at Dr. Soetomo General Academic Hospital from

January to December 2013 reported that most patients were at the age range of 1-5 years (45.63%)
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[5.6]. Howeveaguwarba et al. which stated that pediatric epilepsy incidence was found to be
similar at the 1-5 years age group (42%) and in the younger age group (<l year) with 46% of
patients [2].

One of the risk factors for drug interactions that induce liver age is age. The risk of
AED-related liver damage increases in children aged <24 months [7]. Younger age is a major risk
factor for valproate-induced severe hepatotoxicity, espegially in children under 2 years of age
undergoing polytherapy [8.,9]. In a population-based study in the United States, AED was the fourth
most common cause of drug-induced acute necrotic liver injury lﬁing to liver transplantation. As
age increases, liver damage incidence arises. Population aged >40 years are more susceptible to
liver injury due to changes in medication, drug excretion and intake at the same time. In addition,
older people tend to experience more cholestatic type damage and younger populations (aged =10
years) tend to experience hepatocellular-type damage [10,11].

In this study, most subjects had normal nutritional status in both hepatotoxicity (51.9%) and
non-hepatotoxicity (48.1%) group. However, it was found overweight/obese nutritional status was
more prevalent in non-hepatotoxicity group (64.7%). Further bivariate analysis revealed that
nutrition@tatus was not a risk factor for hepatotoxicity in epileptic children. Malnutrition is very
common in patients with liver disease and has a linear correlation with the severity of liver disease.
Malnutrition negatively impacts the liver, leading to inability of liver to release and store nutrients
(water-soluble vitamins) properly. Therefore, loss of nutrient storage capacity in the liver could
exacerbate micronutrient deficiencies due to low and unbalanced food intake. Malabsorption and
impaired nutrient synthesis might occur, reducing the patient’s energy requirement [12, 13].

Pharmacokinetic interactions between AEDs lead to changes in absorption, metabolism,
protein binding, and excretion processes. The association of AEDs with hepatotoxicity is more
commonly associated with phenytoin, valproic acid, and felbamate, whereas the latest generation
of AEDs are more unlikely to cause hepatotoxicity [14]. Phenytoin is known as an enzyme inducer,
inducing asymptomatigGGT elevation. Liver microsomal enzymes might also increase ALP,even
though it is still lower than GGT. Asymptomatic elevations in ALT and aspartate aminotransferase
(AST) might also occur. The risk of hepatotoxicity due to phenytoin is similar in both sexes. Most
patients experience symptoms of phenytoin-induced hepatotoxicity 2-8 weeks after the start of
treatment, followed by non-specific symptoms such as fatigue, fever, rash, facial edema, and
lymphadenopathy [15].

Most patients in hepatotoxicity group received AED for 13 months-5 years (42.1%)
followed by AED use for more than 5 years (87.5%). In contrast, in the non-hepatotoxicity group,
most patients received AED for 6 months to 12 rﬁnths (66.7%). Bivariate and multivariate analysis
revealed that AED treatment duration was a significant risk factor for the occurrence of

hepatotoxicity in epileptic children, where AED treatment of >5 years-10 years was found to have




AMALTEA MEDICAL PUBLISHING HOUSE Words count — 3.952
@ https://medscience.center/journals/
a significant influence on hepatotoxicity occurrence (p=0.025). Using AED for >5 years-10 years

led to a 14-fold risk of hepatotoxicity compared to using AED for 6-12 months in this study.

A study reported that different types of AEDs and duration of treatment cause different
patterns of liver damage. In valproic acid treatment for 1-6 months, hepatocellular or mixed
damage, increased ammonia, and occasional acidosis were found. Meanwhile, phenytoin and
carbamazepine treatment for 0—3 months causes hepatocellular, cholestatic, or mixed damage, as
well as immungzallergic reactions [16, 17]. This is different from this study, where the mean liver
enzyme levels increased significantly at 3, 6, and 12 months after phenobarbital administration
[18].

In this study, intractable epilepsy was only found in 12 patients (18.2%). The proportion of
intractal& epilepsy was found to be similar in both groupﬁence intractable epilepsy incidence
was not a risk factor for hepatotoxicity in children (P>0.05). In a population-based study conducted
in Western Europe, approximately 22.5% of epilepsy patients had refractory or drug-resistant
epilepsy. Only about 2/3 of epilepsy could be controlled with AEDs, leaving 1/3 uncontrolled,
which resulted in high morbidity and mortality [19, 20]. In the management of intractable epilepsy,
the burden of drug side effects such as hepﬁtoxicity is an important issue that has received little
attention. Complex dgug interactions might increase the risk of side effects and affect drug efficacy,
especially drugs that are metabolized in the liver via the cyﬁhrome P450 system [21].

In terms of enzyme analysis, only GGT level that was a significantly difference between
groups (p<0.001). Liver function disorders vary depending on the type of AED used. As in the case
of hepﬁoxieity due to carbamazepine, very high G&T and ALP values are often found, giving
rise to suspicion of the rare condition of ductopenia, which is characterized by loss of small bile
ducts and the risk of jaundice and impaired liver function. In addition, carbamazepine produces a
variety of liver pathologies that vary across individuals. Carbamazepine also affects the central
nervous system and liver side effects may occur due to carbamazepine overdose [4]. GGT itself is
a sensitive marker for detecting various types of hepatocellular and hepatobiliary disorders. Serum
GGT level might increase early and remain high if cell damage continues to progress [22]. This is
different from ALP level which has no diagnostic value in the incidence of hepatotoxicity in
children. There are changes of ALP activity in the human body during various phases of life and

elopment because it is a marker of osteoblast activity, hence ALP level will increase during the
childhood and adolescence of bone mineralization process and turnoverﬁ higher. ALP plays an
important role in DNA synthesis and resolving inflammation, and is also a useful serum
biochemical marker for liver diseases, especially cholestatic disease. Total ALP level in serum
reach their highest point in the first 6 months of life, then gradually decrease until they reach a

relatively stable level, and increase further after the age of 9 years, with a peak at puberty, although
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not as high as ALP level detected in infancy [23]. Therefore, ALP level in this study did not have
a significant value in the occurrence of hepatotoxicity in children.

This study used a minimal sample size, causing the analysis to be less powerful and unable
to describe the actual incidence of hepatotoxicity. This study also did not have preliminary data on
liver function examinations before the patients received AED, hence it was not possible to clearly
determige the causal correlation between each AED and hepatotoxicity incidence.

One of the weaknesses in case-coﬁol studies is the difficulty for confirming the history of
different risk factors in each group of cases and controls due to memory bias and confusing
subjectivity. In addition, blood AED level in this study was not measured, hence it is not known

for certain the therapeutic range and level of drug toxicity in each patient.

CONCLUSION

The use of phenytoin and phenobarbital increases the risk of hepatotoxicity by 9.6 and 6.5
times respectively compared to epileptic children who do not take these drugs. AED treatment
duration of 6-10 years is also a risk factor for hepatotoxicity in epileptic children compared to AED

treatment for less than a year.
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Parameter n (66)

Y

Mean age (month)

Se
Male 38
Female 28
Nutritional status
Normal 27
Undernourished 22
Overweight/Obese 17
First seizure onset
year 31
1-5 years 26
6-10 years 8
11-18 years 1
Seizure type
General tonic-clonic 39
Focal 20
Absence 7

Seizure frequency

Everyday 9
>5 times/6 month 19
1-5 times/6 month 25
Seizure-free < 2 years 8
Seizure-free > 2 years 5
Number of AED
I type 15
> 2 types 51

Treatment compliance
Regular 52
Irregular 14

4 years, 5 months

57.6
42.4

40.9
33.3
25.8

47.0
39.4
12.1

1.5

59.1
30.3
10.6

13.6
28.8
37.9
12.1

7.6

22.7
71.3

78.8
21.2
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Table 2. Bivariate analysis of risk factors for hepatotoxicity in children

Hepatotoxicity
Variable n (%) P
Yes No
Age when diagnosed
<1 year 3(42.9) 4 (57.1) 0.780
1-5 years 18 (47.4) 20 (52.6)
6-10 years 5(38.5) 8 (61.5)
11-15 years 5(62.5) 3(37.5)
Nutritional status
Normal 14 (51.9) 13 (48.1) 0.530
Undernourished 11(50.0) 11 (50.0)
Overweight/Obese 6(35.3) 11 (64.7)
Epilepsy types and syndromes
Frontal lobe epilepsy 0 (0.0) 1 (100.0) 0.824
Temporal lobe epilepsy 10 (62.5) 6 (37.5)
Occipital lobe epilepsy 2(66.7) 1(33.3)
Frontotemporal lobe epilepsy 2(250) 6 (75.0)
West syndrome 0 (0.0) 2 (100.0)
Lennox-Gastaut syndrome 1 (50.0) 1 (50.0)
Rolandic type epilepsy 1(250) 3(75.0)
Rasmussen’s encephalitis 2(66.7) 1(33.3)
Hippocampal mesial 1(50.0) 1 (50.0)
Idiopathic generalized epilepsy 4(57.1) 3(42.9)
Childhood absence epilepsy 1(33.3) 2 (66.7)
Other 7(46.7) 8 (53.3)
Intractable epilepsy
Yes 6 (50.0) 6 (50.0) 10
No 25(46.3) 29 (53.7)

Pearson Chi-Square test; Fisher’s Exact Test, *p value <0.05: statistically significant
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Table 3. Bivariate analysis of risk factors for hepatotoxicity in children (continued)

Hepatotoxicity
Variable n (%) P
Yes Tidak

AED type
Valproic acid 19 (404) 28 (59.6) 0.161
Carbamazepine 8 (61.5) 5(38.5) 0.387
Clobazam 4 (40.0) 6 (60.0) 0.739
Clonazepam 0(0.0) 1 (100.0) 10
Diazepam 4 (44 4) 5(55.6) 10
Lamotrigine 0(0.0) 1 (100.0) 10
Levetiracetam 7 (58.3) 5(41.7) 0.581
Phenytoin 20 (714) 8(28.6) 0.002*
Phenobarbital 11 (68.8) 5(31.3) 0.086
Topiramate 1(16.7) 5(83.3) 0.202

AED treatment duration
6-12 months 6 (33.3) 12 (66.7) 0.014%*
13 months-5 years 16 (42.1) 22(57.9)
>5 months-10 years 7 (87.5) 1(12.5)
>10-15 years 2 (100.0) 0(0.0)

Number of AED
1 type 4(26.7) 11(73.3) 0.134
= 2 types 27 (529) 24 (47.1)

Pearson Chi-Square test; Fisher’s Exact Test, *p value <0.05: statistically significant
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Table 4. Analysis of AED treatment duration on hepatotoxicity incidence

95% CI
Variable P value OR
Min Max
13 months-5 years 0.531 1455 0450 4.699
>5 years- 10 years 0.025* 14.000 1.385 141.480
>10-15 years 0.999
2
Logistic regression test; *p value <0.05: statistically significant
Table 5. Analysis of AED type on hepatotoxicity incidence
95% CI
Variable P value OR
Min Max
Phenytoin <0.001* 9.654 2.785 33.465
Phenobarbital s 0010% 6.573 1.579 27.360
Logistic regression test; *p value <0.05: statistically significant
Table 6. Analysis of liver function tests in the study subject
Hepatotoxicity
Parameter P
Yes No
Median 22 17 0,014%*
ALT
Min-Max 7.0-160.0 1.0-39.0
Median 89 20,1 <0001%*
GGT
Min-Max 31.5-1567.2 4.0-46.0
Median 185 151 0,154
ALP
Min-Max 61.0-728.0 56.0-326.0






