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Abstract

BACKGROUND: Some antiepileptic drugs (AEDs), particularly sodium valproate, phenytoin, phenobarbital, and
carbamazepine induce and increase production of hepatic enzymes. The adverse metabolic effects of AEDs
treatments have become main concern, however data about evaluation of serum transaminases and duration of
AEDs in Indonesia still limited.

AIM: The aim of the study was to investigate correlation of AEDs and serum transaminases in children with epilepsy.

METHODS: This cross-sectional research was conducted in pediatric neurology outpatient clinic in Sanglah Hospital.
The target was children with epilepsy who had taken AEDs for at least 6 months. Data were collected from January
2020 to the number of samples were achieved. The exclusion criteria were concomitant liver disease, taking drugs
which induce elevated serum transaminase or alcohol abuse. Data including age, gender, nutritional status, type,
and duration of AEDs were obtained from medical record. Correlation was analyzed by Pearson’s or Spearman’s
correlation, p < 0.05 was considered significant.

RESULTS: Total 148 epileptic children enrolled in this study. Aspartate transaminase (AST) and alanine
aminotransferase (ALT) level were highest in the group receiving combination therapy (34.37 + 24.9 U/L and 35.96
+ 23.3 U/L). There was a significant negative correlation between duration of carbamazepine and AST (r = —-0.723,
p = 0.0001) and ALT (r = —0.457, p = 0.009), as well as duration of valproic acid with AST and ALT (r = -0.689 and
—0.677, p = 0.0001). Duration of phenobarbital administration was positively correlated with AST and ALT (r = 0.546
and 0.425, p = 0.0001). Combination therapy also had positive correlation with AST and ALT (r = 0.815 and 0.781,
p = 0.0001, respectively).

CONCLUSION: Duration administration of carbamazepine and valproic acid had negative correlation with AST and

ALT; however, phenobarbital and combination therapy were positively correlated with AST and ALT.

Introduction

Epilepsy is the most frequent chronic neurologic
condition in children. Studies showed epilepsy as the
most common encountered conditions in pediatric
neurology especially in developing countries [1]. It can
be defined by any of the following conditions: minimal
two unprovoked seizures occurs >24 h apart, one
unprovoked seizure and a probability of further seizure
similar to general seizure recurrence risk (at least 60%)
after two unprovoked seizures, occurs over the next
10 years and diagnosis of epilepsy syndrome [1], [2].

The incidence of epilepsy is still quite high. The
incidence of epilepsy is estimated to be more prevalent
in developing countries than industrialized countries [1].
Approximately 1 out of 150 children is diagnosed with
epilepsy during the first 10 years of life, with the highest
incidence rate was observed during infancy. The
incidence rate of epilepsy was 144/100,000 person-
years in the 1% year of life and 58/100,000 for ages
1-10 years [1]. Moreover, the prevalence of epilepsy
in childhood and adolescence (children <18 years) in

Upper Egypt was 9.7/1000, with the higher prevalence
among children <12 years (10.8/1000) than adolescents
(7.2/1000). The age-specific prevalence was the highest
in early childhood (12.01/1000) and less in adolescence
(7.2/1000) [1], [2]. In Indonesia, the number of epilepsy
at least 700,000-1,400,000 cases with an increase
of 70,000 new cases yearly and 40-50% occurs in
children [3]. In 2010, Suwarba found the incidence of
children with epilepsy in Denpasar was 5.3%. Most of
them were male (56.9%), aged 1-5 years old (42%)
and the onset age was <1 year (46%) [4].

About 70-80% of epilepsy patients may have
their seizures controlled with optimal anticonvulsant [5].
All anticonvulsant medications are associated with
adverse effects which may significantly impact quality
of life and contribute to non-compliance and in rare
circumstances, can be potentially life threatening [5], [6].
Some anticonvulsants, particularly sodium valproate,
phenytoin, phenobarbital, and carbamazepine induce
and increase the production of hepatic enzymes. It
increases the metabolism of some co-administered
drugs. Since liver is primary organ for drug metabolism
and elimination for many antiepileptic drugs (AEDs)

Open Access Maced J Med Sci. 2022 Feb 15; 10(B):395-401.

395


https://orcid.org/0000-0003-2167-7339
https://orcid.org/0000-0001-8675-541X
https://orcid.org/0000-0002-6492-3475

B - Clinical Sciences

Neurology

thus, drug-induced toxicity may occurs. Hepatotoxic
reactions, ranged from mild and transient elevations of
hepatic enzymes to fatal hepatic failure [6], [7].

Hepatotoxicity is defined as damage of
liver caused by drugs or chemicals. There are many
chemical substances capable to damage liver with
several mechanisms. These substances are called
hepatotoxins, it generate free radicals, damage liver
cells and causing many liver diseases [8]. There are
varieties of hepatotoxic reactions, from mild and
transient elevations of hepatic enzymes to fatal hepatic
failure [7], [8], [9]. Elevation of serum transaminase
can serve as markers of hepatocellular injury, for
example, aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) which is known as
transaminitis. It has been found that, carbamazepine,
phenytoin, phenobarbital and sodium valproate are
associated with mild elevation of AST and ALT, which
may occur in up to 50% of patients. Although this
elevation is usually transitory or dose-related, it does
not associated with hepatocellular injury, the AST and
ALT can serve as biological markers of hepatocellular
injury. When compared with other hepatotoxic drugs,
the hepatotoxicity induced by AEDs can lead to death
or acute liver failure which could imperatively requires
liver transplantation [9], [10]. The hepatotoxicity induced
by AEDs induced either by production of reactive
metabolite/s toxic or induction of immunoallergic
reactions. Carbamazepine, phenytoin and sodium
valproate are associated with mild elevations of
serum transaminase, which may occur in up to 50% of
patients [11], [12].

ALT is intracellular = enzyme  found
predominantly in liver, while AST is found in liver, heart,
skeletal muscle, kidneys, brain, and erythrocytes. In
asymptomatic patients, the most frequent causes of
elevated transaminases were drug induced liver injury.
Elevation can be secondary to enzyme induction,
without hepatic pathology.

Lipophilic AEDs require conversion into
hydrophilic/water-soluble state for renal excretion. This
process comprises phase-l and -l reactions. Phase-I
reactions include oxidation, reduction and hydroxylation,
whereas phase-Il reaction imply conjugation.
Glucoronidation is a common phase-Il reaction, leading
to active and inactive metabolites [11], [12], [13].

Liver disease affects the metabolism of AEDs
in several ways with different underlying etiologies. Drug
metabolism depends on hepatic blood flow, albumin
binding, the degree of drug uptake by hepatocyte, the
functional integrity of hepatocytes and finally the patency
of hepatobiliary system. A functional compromise at
any level can potentially impair biotransformation,
accumulate basic compounds or interrupt generation of
active metabolites [12], [13].

Recently the adverse effects of AED
treatments in metabolic process has been concerned,

the objectives of the present study is to investigate the
pattern and the clinical effects of these drugs on serum
transaminases of young children admitted to Outpatient
Department of Child Neurology, Sanglah Hospital
Denpasar, Bali. This study aimed to determine the
correlation between serum transaminase and duration
of AEDs administration in children with epilepsy after
receiving AEDs for at least 6 months.

Materials and Methods

This cross-sectional study was conducted
in Sanglah hospital, Denpasar targeting children with
epilepsy who had been recorded in Neurology outpatient
clinic, Sanglah Hospital start from January 2020
until the number of sample required were achieved.
Inclusion criterion was children aged 1-18 years old
with diagnosis epilepsy and receive any of the following
AED (carbamazepine, sodium valproate, phenytoin,
phenobarbital, and combination) at least 6 months.
The exclusion criteria were children with epilepsy
and concomitant liver disease whom were taking
other drugs causing elevation of serum transaminase
such as antibiotics, anti-rheumatic drugs, statins, and
nonsteroidal anti-inflammatory drugs.

The sample size was calculated by formula
for identifying correlation between two variables. The
sample size was determined by r coefficient data from
previous study [12].

Nutritional status was determined by dividing
actual body weight with ideal body weight according to
height then was classified into well-nourished (>90%)
and malnutrition (<90%). Types of medicines were
divided into five groups as follows, Carbamazepine
as Group 1, Valproic acid as Group 2, phenytoin as
Group 3, phenobarbital as Group 4, and combination
therapy (multiple drugs) as Group 5 such as valproic
acid with phenobarbital or phenytoin.

Elevated serum transaminase was defined as
elevation of liver enzyme (AST and ALT) level from the
baseline. It was grouped into two categories, normal
and abnormal. This study collected data from medical
records of patients in pediatric neurology outpatient
clinic in Sanglah Hospital, Denpasar. The children
who met inclusion were recruited into study. The age,
gender, nutritional status, type, and duration of AEDs
data were obtained from medical record. Liver enzyme
value was taken from electronic medical record in
Sanglah Hospital.

The collected data were analyzed by using
computer program descriptive analysis to describe
the sample’s characteristics. Continuous data
were presented in mean and deviation standard if
distributed normally, or median and range if was not
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distributed normally. Categorical data were presented
in percentage. Analysis bivariate was conducted to
evaluate correlation between the duration of antiepileptic
treatment and age with serum transaminases level. As
well as the association between gender and nutritional
status with serum transaminases level. p < 0.05 was
considered statistically significant. This study had
been approved by Research Ethics Committee at
Medical Faculty Udayana University/Sanglah Hospital,
Denpasar number 983/UN14.2.2.VI1.14/LT/2021.

Results

There were 148 patients included in this
study, 32 patients in both Group 1 dan 2, 31 patients
in Group 3, 26 patients in Group 4, and 27 patients in
Group 5. Table 1 showed characteristic of patients in
which the median age was dominant in Group 3 and 4
compared to the rest. Overall the number of female and
male patients was equal between each group. Nineteen
male patients and 13 female in the first group, 15 male
versus 17 female in the second group, 17 male versus
14 female in the third group, 16 male versus 10 female
in the fourth group, and 11 male versus 16 female in the
fifth group. Moreover most of them were well-nourished.
AST level was the highest in group of combination
therapy 34.37 + 24.9 U/L, followed by fourth group with
31.54 + 25.6 U/L, second group with 31.9 + 24.0 U/L,
first group with 24.84 + 19.7 U/L, and third group with
21.51 £ 9.5 U/L. ALT level was also found to be highest
in the fifth group with 39.59 + 27.3 U/L. While, the AST
level for group 1, 2, 3, and 4 was 29.37 + 17.38 U/L,
35.43+24.4U/L,25.58 +8.5U/L, and 35.96 + 23.3 U/L,
respectively.

The values of serum transaminases in epileptic
patients among five study groups are shown in Table 2.
There was elevation in AST level in each group, in which
the fifth group has the highest number of patients with
elevated AST level 25.9% compared to other. ALT level
was found increased in all groups but most dominant in
the fifth group 29.6% compared to others.

The correlation between duration of drug
administration and serum transaminases showed

Table 1: Characteristic of samples

Table 2: Categories level of serum transaminases among study

groups
Groups Serum Transaminases

AST, n (%) ALT, n (%)

Normal Abnormal Normal Abnormal
Group 1 (n =32) 29 (90.6) 3(9.3) 26 (81,6) 6 (18.7)
Group 2 (n = 32) 27 (84.3) 5(15.6) 27 (84.3) 5(15.6)
Group 3 (n =31) 28 (90.3) 2(6.5) 26 (83.8) 2 (6.5)
Group 4 (n = 26) 20 (76.9) 6(23.1) 19 (73.0) 7(26.9)
Group 5 (n = 27) 20 (74.1) 7(25.9) 19 (70.3) 8(29.6)

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase.

in Table 3 and Figures 1-3. In group 1, there was
statistically significant negative correlation between
duration in administration of carbamazepine and AST
(r coefficient =—0.723, p = 0.0001) as shown in Figure 1.
Significant correlation was also found between duration
in administration of carbamazepine and ALT even
though the correlation was weak (r coefficient = —-0.457,
p = 0.009).

Table 3: Correlation between the duration of drug administration
and serum transaminases level

Duration of drug administration in months Serum transaminase

AST ALT

r p r p
Group 1 (n =32) -0.723 0.0001 —-0.457 0.009
Group 2 (n =32) —0.689 0.0001 —0.677 0.0001
Group 3 (n =31) -0.184 0.322 -0.313 0.087
Group 4 (n = 26) 0.546 0.004 0.425 0.030
Group 5 (n =27) 0.815 0.0001 0.781 0.0001

r = Pearson’s correlation coefficient, P < 0.05 is considered significant, AST: Aspartate aminotransferase,
ALT: Alanine aminotransferase.

R? Linear = 0.523

80

60

AST (U/L)
7
/
/

6 9 12 15
Duration of drug administration (months)

Figure 1: Correlation between the duration of carbamazepine
administration in months and aspartate transaminase in Group 1

In the second group, significant correlation was
found between duration in administration of sodium
valproate and serum transaminases as shown in Table 3
and Figures 2-3. Negative correlations was found
with correlation coefficient (r) = —0.689 and —0.677,

Group 3 (n=31)

Group 4 (n = 26)

Group 5 (n =27)

Characteristic Group 1 (n = 32) Group 2 (n = 32)
Age, median (range), years 3.5 (1-17) 2.5 (1-16)
Gender
Male, n (%) 19 (59.4) 15 (46.9)
Female, n (%) 13 (40.6) 17 (563.1)
AST, mean + SD (U/L) 24.84 +19.7 31.9+24.0
ALT, mean + SD (U/L) 29.37 £17.38 35.43+24.4
Duration
6-9 months, n (%) 11(34.4) 16 (50.0)
9-12 months, n (%) 15 (46.8) 9(28.1)
12—15 months, n (%) 6(18.7) 7(21,8)
Nutritional Status
Well-nourished, n (%) 27 (84.3) 29 (90.6)
Malnutrition, n (%) 5(15.7) 3(9.4)

4 (1-17) 35 (1-17) 4 (1-16)

17 (54.8) 16 (61.5) 11 (40.7)

14 (45.2) 10 (38.5) 16 (59.3)
2138+95 31.54 + 25.6 34.37+£249
2558 8.5 35.96 + 23.3 39.59 +27.3
12 (25.8) 4(15.3) 8 (29.6)

12 (25.8) 12 (46.1) 12 (44.4)
7(19.4) 10 (38.4) 6(22.2)

29 (93.5) 23 (88.4) 25 (92.5)
2(6.5) 3(11.6) 2(7.5)

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase.
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Figure 2: Correlation between the duration of sodium valproate
administration

respectively. Significant positive correlation was found
in the fourth group between duration in administration
of phenobarbital and combination as shown in Table 3
and Figures 4 and 5. A weak positive correlation was
found in phenobarbital with correlation coefficient (r) =
0.546 and 0.425, respectively.
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Figure 3: Correlation between the duration of sodium valproate
administration in months and alanine aminotransferase in Group 2

Table 3 showed correlation between duration
in administration of multiple AEDs and elevated serum
transaminases level in Group 5. A strong positive
correlation was found with correlation coefficient
(r) = 0.815 and 0.781, respectively, as shown in
Figures 6 and 7. There was no significant correlation

Figure 5: Correlation between the duration of phenobarbital
administration in months and alanine aminotransferase in Group 4

between duration in administration and elevated
serum transaminases level in the third group that
used phenytoin. The correlations were all negative
with correlation coefficient (r) = —0.184 and —0.313,
respectively.
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Figure 6: Correlation between the duration of multiple antiepileptic
drug administration in months and alanine aminotransferase in
Group 5

Table 4 presented the correlation between
age and serum transaminases, in which none was
significantly correlated. Gender as well as nutrition
status, was found have no significant relation to elevated
serum transaminases level in all group categories as
presented in Tables 5 and 6, respectively.
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Figure 4: Correlation between the duration of phenobarbital
administration in months and aspartate transaminase in Group 4

Figure 7: Correlation between the duration of multiple antiepileptic
drug administration in months and aspartate transaminase in group

398

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Suwarba et al. Correlation between Level of Serum Transaminase and Duration of Antiepeileptic Drugs

Discussion

The study was conducted in 148 epileptic
patients; 32 patients were using carbamazepine,
32 patients were using sodium valproate, 31 patients
were using phenytoin, 26 patients were on phenobarbital,
and 27 patients were using multiple AEDs.

Table 4: Correlation between age and serum transaminases
level

Age in years Serum Transaminase

AST ALT

r p r p

Group 1 (n = 32) 0.141 0.441 0.062 0.736
Group 2 (n = 32) -0.274 0.129 —-0.256 0.158
Group 3 (n=31) —-0.103 0.580 —0.080 0.669
Group 4 (n = 26) —-0.361 0.129 —0.130 0.596
Group 5 (n = 27) -0.317 0.107 -0.277 0.162

r = Spearman’s correlation coefficient, p < 0.05 is considered significant, AST: Aspartate
aminotransferase, ALT: Alanine aminotransferase.

There was statistically significant negative
correlation between duration of carbamazepine
administration and serum transaminases level. In
accordance with our results, O’Hare et al. demonstrated
statistically significant correlation between duration in
administration of carbamazepine and ALT elevation [11].
The study also attributed this effect on serum
transaminase, induce microsomal hepatic enzymes.
Controversially, Bjornsson et al. [12] reported there was
no correlation between duration of carbamazepine and
elevated serum transaminases.

Table 5: Comparison level of serum transaminases between
gender

Gender Serum Transaminase

AST ALT
p p
Group 1 (n=32) 0.957 0.870
Group 2 (n=32) 0.814 0.939
Group 3 (n=31) 0.566 0.833
Group 4 (n = 26) 0.839 0.329
Group 5 (n =27) 0.221 0.323
Using independent t-test, P < 0.05 is considered significant, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase.
Patients using sodium valproate have

significant correlation between level of sodium valproate
and serum transaminases. Contrary to this findings,
Huang et al. [14] suggested that severe hepatotoxicity
reaction may be unrelated to dosage or duration of
valproic acid. Similarly, Star et al. [15] suggested that
there was no correlation between elevation in ALT and
AST and dosage of valproic acid. In addition, during
initiation of AEDs, the liver enzymes were elevated
due to enzyme inducing property. This occurs during
the first 6 months administration of AED, especially
this study was conducted on epileptic patients taking
AED at least 6 months. As time goes by, the liver tests
can normal despite continued therapy probably due
to adaptation of the liver. Consequently, this thought
explains the statistically significant negative correlation
between duration of AED and AST [14], [15]. Young age
(<2years)stated concurrentuse of other anticonvulsants
appears as important risk factor for acute liver failure
due to valproate [15], [16]. In this study, 68% sample
were children above 2 years with appropriate dosage
and minimal duration of treatment, 6 months. This can

explain why the results of this study are significantly
negative. Valproate has been rarely associated with
anticonvulsant hypersensitivity syndrome and generally
known as safe alternative. Many studies suggested that
VPA-induced hepatotoxicity is more frequent in children
compared with adults and the risk of hepatotoxicity is
estimated up to 1 in 600 for children <2 years of age and
decreases thereafter. Only 1-3% of dosage is excreted
unchanged in urine. The usual half-life elimination
of valproic acid in adults and children is 9-16 h [16].
Young children have prolonged elimination (17—40 h).
Valproic acid is recommended to be initiated at dosages
15-20 mg/kg/day in children and titrated at weekly
intervals by 5—-10 mg/kg/day until seizures are controlled
or adverse effects become intolerable [17], [18]. The
maximum recommended dosage is 60 mg/kg/day;
however, some children with refractory seizures may
require higher dosages to achieve the desired degree
of seizure control. Hepatotoxic effects typically occur
during six months of therapy [16].

Table 6: Comparison level of serum transaminases between
nutritional status

Nutrition Status Serum Transaminase

AST ALT
p P
Group 1 (n =32) 0.415 0.625
Group 2 (n = 32) 0.670 0.501
Group 3 (n =31) 0.894 0.364
Group 4 (n = 26) 0.230 0.158
Group 5 (n = 27) 0.450 0.333
Using independent t-test, P < 0.05 is considered significant, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase.
Gopaul and Sonmez suggested that the

divergence in results may be due to variations in risk
factors of valproic acid induced hepatotoxicity, for
example, younger age, mental retardation, history
of metabolic disorders or inborn error of metabolism,
polypharmacy, and stressful condition such as infection
and underlying liver disease [19], [20].

Patients using phenytoin have significant lower
serum transaminases than those using carbamazepine
or sodium valproate. Our results also revealed that
there was no statistically significant correlation
between duration of phenytoin and elevation of serum
transaminases. Similar to this finding, Craig[21] found no
statistically significant correlation between serum level
of phenytoin and the risk for hepatotoxicity. Meythaler
[22] reported statistically significant positive correlation
between dosage of phenytoin with serum alkaline
phosphatase. Other study found that the elevations of
ALT and AST were transient nature, and the absence
of specific histopathology during chronic treatment with
phenytoin does not result in hepatotoxicity but rather
in enzyme induction and dose-dependent degree
of enzyme induction in epileptic patients receiving
therapeutic doses of phenytoin [23]. The present
study indicated that patients using carbamazepine and
sodium valproate have significant higher level of serum
transaminases than those using phenytoin.
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administration and elevation of serum transaminases
level. Foster et al. [24] in retrospective analysis of
post-mortem liver samples, found about 50% of
patients receiving long-term phenobarbital showed
hepatocellular damage. Phenobarbital has been found
to produce acute hepatonecrosis, while chronic elevation
of serum transaminases associated with phenobarbital
are attributed to enzyme induction alone. Concomitant
use of AEDs that induce microsomal P450 enzymes,
such as phenobarbital and phenytoin, may enhance the
production of toxic metabolite and hence increase the
risk of hepatotoxicity with combined therapy [24]. The
mechanism of phenobarbital hepatotoxicity is thought
to be hypersensitivity or immunological response to
metabolically generated drug-protein complex [23].
Liver involvement is common, but usually mild and
anicteric and overshadowed by other features of
hypersensitivity (rash and fever). In some cases,
hepatic involvement is more prominent with marked
elevations in serum enzyme, jaundice and even signs
of hepatic failure [5]. The typical pattern of serum
enzyme elevations is mixed, but can be hepatocellular
or cholestatic. Phenobarbital is potent cytochrome
P450 enzyme inducer when concentration >40 mg/L,
leading to interactions with other drugs by increasing
their clearance [23], [24].

A strong positive correlation between duration
of multiple AEDs and elevation of serum transaminases
level was found significant. Rao [25] in his study found
that serum transaminases were elevated in patients
receiving either single or multiple AEDs in period of
2 years. This toxicity is directly related to the number
of drugs being consumed and leads to chronic toxicity.
However, it was noted that the levels of these enzymes
were higher in those receiving polytherapy than
those receiving single drug. The elevation of serum
transaminases after chronic antiepileptic medication
would reflect hepatocellular damage [25], [26].

No significant correlation found between age
and incident of elevated serum transaminases. It has
been reported that females were 1, 5 fold greater risk
of developing an adverse drug reaction compared to
males [27]. Gender as well as nutrition status, have no
significant relation to the incident of elevated serum
transaminase in this study [28]. Certain risk factors such
as polytherapy, younger age and malnutrition could
determine the chance of developing hepatotoxicity [29].
Hussein et al. [26] found no correlation between age
and gender as well as nutrition status and incident of
elevated serum transaminases [12].

The advantage of this research was large
sample size which representative for population. The
weakness of this research was secondary data that
may not answer the researcher’s specific research
questions or contain specific information that researcher
would like to have. In the combination group, there was
no specific explanation about the kind of AEDs. Further
study is required to determine the type of combination

AEDs with serum transaminases. We did not categorize
the dosage pattern of AEDs in each patient and perform
complete liver enzyme examination. Further study
in dosage with complete liver enzyme examination is
needed to correlate the rise of liver enzymes noted in
those patients.

Conclusion

The combination of AEDs was found to be
more hepatotoxic rather than monotherapy alone.
Phenobarbital, sodium valproate, and carbamazepine
are more hepatotoxic than phenytoin. Positive
correlation was found between duration of multiple
AEDs administration and phenobarbital toward elevated
serum transaminases. There was negative correlation
between duration in administration of carbamazepine
as well as sodium valproate to serum transaminases.
Routine screening of hepatic enzymes level during
chronic administration of AEDs is recommended. It
is important to obtain baseline liver function tests
before starting antiepileptic therapy and perform serial
follow-up of liver function study might be helpful to
prevent hepatotoxicity. Precautions should be taken
while using AEDs in epileptic patients with pre-existing
hepatic disorders.

Funding

The author(s) received no financial support
for the research, authorship, and/or publication of this
article.

References

1. Aaberg KM, Gunnes N, Bakken |J, Soraas CL, Berntsen A,
Magnus P, et al. Incidence and prevalence of childhood epilepsy:
A nationwide cohort study. Pediatrics. 2017;139(5):e20163908.
https://doi.org/10.1542/peds.2016-3908
PMid:28557750

2. Farghaly WM, Elhamed MA, Hassan EM, Soliman WT, Yhia MA,
Hamdy NA. Prevalence of Childhood and Adolescence
Epilepsy in Upper Egypt (dessert areas). Egyptian J Neurol
Psychiatry Neurosurg. 2018;54(1):34. https://doi.org/10.1186/
$41983-018-0032-0
PMid:30532513

3. Andrianti PT, Gunawan PI, Hoesin F. Pediatric epilepsy profile
and the success of treatment at dr. soetomo hospital year 2013.
Sari Pediatri. 2016;18(1):34-9.

4. Suwarba IGNM. Incidence and clinical characteristics of

400

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Suwarba et al. Correlation between Level of Serum Transaminase and Duration of Antiepeileptic Drugs

10.

1.

12.

13.

14.

15.

16.

epilepsy in children. Sari Pediatri. 2011;13(2):123-8.

Rosati A, De Masi S, Guerrini R. Antiepileptic drug treatment in
children with epilepsy. CNS Drugs. 2015;29(10):847-63. https://
doi.org/10.1007/s40263-015-0281-8

PMid:26400189

Verrotti A, Lapadre G, Di Donato G, Di Francesco L, Zagaroli L,
Matricardi S, et al. Pharmacokinetic considerations for
antiepileptic drugs in children. Expert Opin Drug Metab Toxicol.
2019;15(3):199-211. https://doi.org/10.1080/17425255.2019.15
75361

PMid:30689454

Bengleil MS, Sherif FM. Pattern of anti-epileptic drug use
in Libyan children and their effects on serum transaminase
activities. J Pharmacol Pharm Res. 2018;1(1):1-4.

Vidaurre J, Gedela S, Yarosz S. Antiepileptic drugs and

liver disease. Pediatr Neurol. 2017;77:23-36. https://doi.
org/10.1016/j.pediatrneurol.2017.09.013
PMid:29097018

Hadzagic-Catibusic F, Hasanbegovic E, Melunovic M,
Zubcevic S, Uzicanin S. Effects of Carbamazepine and
valproate on serum aspartate aminotransferase, alanine
aminotransferase and gamma-glutamyltransferase in children.
Med Arch. 2017;71(4):239-42.

PMid:28974841
Adepapo AD, Demaki WE, Lagunju I. Non-dose-dependent

changes in serum transaminase levels of children with
epilepsy on treatment with sodium valproate. Dose
Response. 2020;18(2):1559325820918445. https://doi.

org/10.1177/1559325820918445

PMid:32362796

O’'Hare JA, Duggan B, ODriscoll D, Callaghan N.
Biochemical evidence for osteomalacia with carbamazepine
therapy. Acta Neurol Scand. 1980;62(5):282-6. https://doi.
org/10.1111/j.1600-0404.1980.tb03037.x

PMid:7468150

Bjornsson E. Hepatotoxicity associated with antiepileptic
drugs. Acta Neurol Scand. 2008;118(5):281-90. https://doi.
org/10.1111/j.1600-0404.2008.01009.x

PMid: 18341684

Hussein RR, Soliman RH, Ali AM, Tawfeik MH, Abdelrahim ME.
Effect of antiepileptic drugs on serum transaminase. Beni Suef
Univ J Basic Appl Sci. 2013;2(1):14-9.

Huang YL, Hong HS, Wang ZW, Kuo TT. Fatal sodium valproate-
induced hypersensitivity syndrome with lichenoid dermatitis and
fulminant hepatitis. J Am Acad Dermatol. 2003;49(2):316-9.
https://doi.org/10.1067/s0190-9622(03)00748-5
PMid:12894087

Star K, Edwards IR, Choonara |. Valproic acid and fatalities in
children: A review of individual case safety reports in VigiBase.
PLoS One. 2014;9(10):e108970. https://doi.org/10.1371/
journal.pone.0108970

PMid:25302991

Sridharan K, Daylami AA, Ajjawi R, Ajooz HA. Drug-induced
liver injury in critically ill children taking antiepileptic drugs:
A retrospective study. Curr Ther Res Clin Exp. 2020;92:100580.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

https://doi.org/10.1016/j.curtheres.2020.100580
PMid:32280391

George M, Joseph L, Jose PC. A review article on assessing
the effect of antiepileptics and statins on serum transaminase in
epileptic patients. Pharm J. 2016;5(3):11-4.

Meseguer ES, Elizalde MU, Borobia AM, Ramirez E. Valproic
acid-induced liver injury: A case-control study from a prospective
pharmacovigilance program in a tertiary hospital. J Clin Med.
2021;10(6):1153. https://doi.org/10.3390/jcm10061153

PMid:33801850

Gopaul S, Farrell K, Abbott F. Effects of age and polytherapy,
risk factors of valproic acid (VPA) hepatotoxicity, on the
excretion of thiol conjugates of (E)2,4-diene VPA in people with
epilepsy taking VPA. Epilepsia. 2003;44(3):322-8. https://doi.
org/10.1046/j.1528-1157.2003.07202.x

PMid:12614387

Sonmez FM, Demir E, Orem A, Yildirmis S, Orhan F, et al. Effect
of antiepileptic drugs on plasma lipids, lipoprotein (A), and liver
enzymes. J Child Neurol. 2006;21(1):70-4.

PMid:16551457

Craig S. Phenytoin poisoning. Neurocrit Care. 2005;3(2):161-
70. https://doi.org/10.1385/NCC:3:2:161

PMid:16174888

Meythaler JM, Hazlewood J, DeVivo MJ, Rosner M. Elevated
liver enzymes after non-traumatic intracranial hemorrhages.
Arch Phys Med Rehabil. 1998;79(7):766-71. https://doi.
org/10.1016/s0003-9993(98)90354-9

PMid:9685089

Perucca E. Clinically relevant drug interactions with antiepileptic
drugs. Br J Clin Pharmacol. 2006;61(3):246-55. https://doi.
org/10.1111/j.1365-2125.2005.02529.x

PMid:16487217

Foster GR, Goldin RD, Freeth CJ, Nieman E, Oliveira DB. Liver
damage in long-term anticonvulsant therapy: A serological and
histological study Q. J Med. 1991;79:315-22.

Rao BS. Comparative effect of single and poly therapy on serum
transaminase in epileptic patients under long-term treatment.
J NIMHANS. 1995;13:141-6.

Hussein A, Abdulgalil A, Omer F, Eltoum H, Hamad A, EI-Adil O,
et al. Correlation between serum level of antiepileptic drugs and
their side effects. Oman Med J. 2010;25(1):17-21. https://doi.
org/10.5001/0m;j.2010.5

PMid:22125692

Buzzetti E, Parikh PM, Gerussi A, Tsochatzis E. Gender
differences in liver disease and the drug-dose gender gap.
Pharmacol Res. 2017;120:97-108. https://doi.org/10.1016/].
phrs.2017.03.014

PMid:28336373

Pirmohamed M, Leeder SJ. Anticonvulsant agents. In:
Kaplowitz N, DelLeve LD, editors. Drug-induced Liver Disease.
3" ed. Amsterdam: Elsevier; 2013. p. 423-42.

Walia KS, Khan EA, Ko DH, Raza SS, Khan YN. Side effects of
antiepileptics a review. Pain Pract. 2004;4(3):194-203. https://
doi.org/10.1111/j.1533-2500.2004.04304.x

PMid:17173601

Open Access Maced J Med Sci. 2022 Feb 15; 10(B):395-401.

401



	_Hlk524019082
	OLE_LINK1

