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ABSTRACT

Carbamazepine and sodium valproate are one of the most common antiepileptic medications used in clinical practice. The
period of treatment is commonly associated with benign alternation of the liver enzymes due to drug metabolism. Evaluation of
asymptomatic enzymatic changes could be challenging to the expert clinician and may expose patients to unnecessary procedures
or expenses. Thus, this article aims to focus on the frequency of liver enzyme abnormalities among epileptic children. For this,
an analytic cross-sectional study was conducted in 100 epileptic patients who received carbamazepine or sodium valproate for
1 year. Those with healthy pretreatment liver enzymes were recruited for the study. The results showed an elevation of Aspartate
Aminotransferase (AST) in 24% of the patients treated with sodium valproate (p = 0.01) and 20% of the patients treated with
carbamazepine. Alanine Aminotransferase (ALT) was elevated in both groups to a similar extent, 6% (p = 0.01). In conclusion,
the study showed a lower proportion of liver enzyme abnormalities, since AST is a less sensitive biomarker when compared to
ALT. No measurement exceeds twice the average value, nor are there any clinical abnormalities. There is no proven value of
routine liver enzyme measurement in asymptomatic patients in our study. However, baseline enzyme tests are recommended.

pediatric

1. INTRODUCTION

The word epilepsy is derived from the Greek word epilam-banein,
which means to seize [1]. Epilepsy is defined as a group of abnormal
neurological disorders characterized by recurrent unpredictable
activities [2]. The underlying mechanism of epilepsy is not fully
understood; however, a disturbance within excitatory and inhib-
itory signals in the brain tissue has been defined [3]. The preva-
lence of epilepsy is estimated at 4-10/1000 worldwide, and 60% of
these cases start in childhood [4]. Patients are diagnosed with epi-
lepsy if they have two unprovoked seizures that were unable to be
explained by a reversible medical condition [5]. These seizures are
usually recurrent and self-limited; however, physical injury, includ-
ing bone fracture or bleeding, can complicate status epileptics [6].

The goal of treatment is to achieve seizure control with minimum
side effects. Carbamazepine and sodium valproate are widely used
antiepileptic in pediatric practice. Carbamazepine acts mainly
by blocking the sodium channel and reducing cell excitation [7].
Sodium valproate acts by potentiating the inhibitory neurotrans-
mitter, gamma-aminobutyric acid [8].

Prolonged treatment may expose children to various forms of
hepatocellular injuries. Up to 25% of treatment failure has been
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attributed to adverse antiepileptic drugs [9]. They can be an acute
allergic reaction or dose-dependent. The unpredictable reaction
is often idiosyncratic and requires a change of medication. Dose-
dependent drug reactions usually worsen with increasing treatment
[9]. Side effects include cognitive functions, emotional well-being,
as well as the motor and somatic functions [10].

Hepatic aminotransferase, including Alanine Aminotransferase (ALT)
and Aspartate Aminotransferase (AST), are useful biomarkers for liver
injuries [11]. However, a benign elevation of liver enzymes is com-
monly reported in asymptomatic patients due to drug metabolism
[12]. Further investigations are warranted if the tests double or triple
the standard upper limit [13]. Indiscriminate liver enzyme testing
during anticonvulsant treatment is not recommended [14,15]. Routine
screening can end with improper clinical decisions or stopping med-
ications. Thus, our study aims to evaluate the effect of carbamazepine
and sodium valproate on the liver enzymes of epileptic children. This,
besides further research, will help us to improve pediatric practice.

2. PATIENTS AND METHODS

The study was conducted in the pediatric department and neurol-
ogy clinic at Arryan Hospital/Dr Sulaiman Al Habib Medical Group
(HMG; Riyadh, Saudi Arabia). HMG is a private tertiary center,
Joint Commission International-accredited hospital. The study was
approved by the HMG Institutional Review Board (Approval No:
RC18.11.24).
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It is an analytic cross-sectional study that aims to review the serum
liver enzymes of all patients treated for epilepsy with either
carbamazepine or sodium valproate at the aforementioned hospital.
The inclusion criteria were epileptic patients of either sex between
the ages of 1 and 15 years, patients with healthy pretreatment liver
enzymes, and patients on antiepileptic medications for at least
12 months and within the therapeutic drug level. Our exclusion crite-
ria were patients with any known liver disease, those who have used
other drugs directly affecting the liver, and those on multiple antie-
pileptic or noncomplaints. The study population were divided into
two groups: Group I for carbamazepine patients (15-20 mg/kg/day,
divided twice daily) and Group II for sodium valproate (25-30 mg/
kg/day divided twice daily) [16]. Patients with normal pretreatment liver
enzyme levels were recruited for this study. We checked the serum
liver enzymes (AST, ALT) of the patients 12 months after the treat-
ment. Meanwhile, the patients were subjected to careful clinical eval-
uation (history and examination) for signs and symptoms of hepatic
dysfunction, which includes vomiting, nausea, jaundice, oedema,
right hypochondrial pain, or hepatomegaly. Enzymes were taken from
peripheral venous blood samples and were analyzed by an Architect
1000/Abbott machine (https://www.corelaboratory.abbott/int/en/
offerings/brands/architect). The reference values of enzymes were:
AST 10-40 IU/L and ALT 9-40 IU/L.

The data were collected from an electronic hospital record system
(volunteers for intercultural and definitive adventures) and cate-
gorized on Microsoft Office Excel 2010 (Microsoft Corporation,
Redmond, WA, USA). Our parameters included age, sex, and
serum liver enzymes (AST and ALT) prior to and 12 months after
the treatment for each group, in addition to the parameter of clin-
ical evaluation.

Statistical analysis was performed using SPSS version 19 (SPSS Inc.,
Chicago, IL, USA). Data were presented as descriptive statistics
[mean + Standard Deviation (SD) for continuous data and propor-
tion for categorical data]. A matched paired ¢-test was used to com-
pare liver enzymes prior to and after the treatment. Student t-test
and Chi-square test were used to measure continuous and categor-
ical data, respectively. Logistic regression analysis was incorporated
to estimate the impact of demographic variables on the liver enzymes
abnormalities. Statistical significance was measured with p < 0.05.

3. RESULTS
3.1. Description of the Study Population

We initially identified electronic records of 115 patients treated
for epilepsy with either carbamazepine or sodium valproate at
Dr Sulaiman Al Habib Medical Group. Among these, 15 patients were
excluded (nine of the carbamazepine group and six of the sodium
valproate group), as shown in Figure 1. A total of 100 patients met
the necessary inclusion criteria and were considered for the study.

The study population were divided according to the medications
used: Group I consisted of patients who were treated with carba-
mazepine (50 cases) and Group II comprised those who were given
sodium valproate (50 cases). The age group ranged from 1 to 15
years, with a mean of 7.43 + 3.83. The sex distribution was 56/100 for
males (56%) and 44/100 for females (44%). Demographic differences
among the study groups prior to the treatment are shown in Table 1.

3.2. Liver Enzymes Values among
Participants

The difference in pretreatment liver enzymes among the study
groups is illustrated in Table 2. The values are not statistically
significant.

The mean levels of AST and ALT prior to and 12 months after the
treatment are presented in Tables 3 and 4, respectively.

Exclusion

Figure 1 Number of excluded cases based on study criteria.

Table 1 Baseline characteristics of the study population®

. Carbamazepine Sodium valproate
Variable (n = 50) (n = 50) P
Age 6.92 +3.16 7.94 + 4.37 0.1
Sex Male: 26, Female: 24 Male: 29, Female: 21 0.3

‘Independent-samples ¢-test was used to calculate p-values (p < 0.05).

Table 2 Baseline liver enzymes difference among the study population®

Variable Carbamazepine  Sodium valproate P

AST (10-40 IU/L) 21.44 +4.38 22.96 +4.72 0.9
Mean + SD

ALT (8-40 IU/L) 13.78 £ 5.06 13.06 + 3.96 0.4
Mean + SD

‘Independent-samples t-test was used to calculate p-values (p < 0.05).

Table 3 Mean level of aspartate aminotransferase before and after

medication®

Medications Before After 1y p
Carbamazepine 21.44 +4.38 27.90 +12.01 0.01
Sodium valproate 22.96 +4.72 29.26 +11.76 0.01

*Paired-samples ¢-test was used to calculate p-values (p < 0.05).

Table 4 Mean level of alanine aminotransferase before and after

medication®

Medications Before After 1y p
Carbamazepine 13.78 £ 5.06 16.40 + 8.60 0.02
Sodium valproate 13.06 + 3.96 16.42 +10.41 0.04

*Paired-samples t-test was used to calculate p-values (p < 0.05).
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Comparison of the mean of liver enzymes between the groups after
12 months of antiepileptic treatment is illustrated in Table 5.
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AST and ALT values 12 months after the treatment were distributed

according to the frequency of cases in Figures 2 and 3, respectively.

Logistic regression was used to adjust for different confounders. No
significant demographic differences were seen in our data (Table 8).

3.3. Correlation between Liver Enzymes
and Baseline Variables

Demographic differences between the study groups after treatment

are shown in Tables 6 and 7, respectively.

Table 5 Effect of carbamazepine and sodium valproate after 12 months®

Variable Carbamazepine  Sodium valproate P

AST (10-40 IU/L) 27.90 +12.01 29.26 +11.76 0.5
Mean + SD

ALT (8-40 IU/L) 16.42 + 8.60 16.42 +10.41 0.9
Mean + SD

‘Independent ¢-test was used to calculate p-values (p < 0.05).

AST
M Elevated value
Ml Reference value

Valproate

Medications

Figure 2 AST level after 12 months of antiepileptic treatment according
to the frequency of the cases.

ALT

M Elevated value
Ml Reference value

Count

Carbamezapine Sodium Valproate
Medications

Figure 3 ALT level after 12 months of antiepileptic treatment according
to the frequency of the cases.

3.4. Clinical Findings in the Study Population

No clinical signs and symptoms of hepatic dysfunction have been
detected in the study population, including vomiting, nausea, jaun-
dice, edema, right hypochondrial pain, or hepatomegaly.

4. DISCUSSION

Alternation of liver enzymes is a well-known phenomenon with
antiepileptic medications [17]. Evaluation of abnormal liver enzyme
levels in asymptomatic children can pose a challenge to even an
experienced clinician. Thus, this study was conducted to evaluate
the liver enzymes of 100 epileptic patients, each of whom received
either carbamazepine or sodium valproate for 12 months. The
demographic variables and pretreatment liver enzymes were not
statically significant and did not affect the course of the treatment.

After 12 months of treatment, the liver enzymes were elevated in
22% (22/100) of the total study population (p < 0.05). Despite the

Table 7 Characteristics of the study population based on ALT level®

ALT Carbamazepine Sodium valproate
Variable Normal Altered Normal Altered
Age 7+3.15 56+3.7 7.74 +4.20 11.0 +6.92
Male 25 1 28 3
Female 22 2 19 0

AST (10-40IU/L) 1493 +6.5 39.3+057" 14.40+6.43 48.0+10.58"
Mean + SD

“Level of significance (p-value) was fixed at <0.05. "p > 0.05 (nonsignificant). “p < 0.05

(significant).

Table 8 Demographic predictors of liver enzyme abnormalities*

AST ALT
B SE p B SE p

Carbamazepine

Sex 2.54 3.44 0.46 0.53 3.43 0.89

Age 0.247  0.386  0.52 1.35 0.35 0.11
Sodium valproate

Sex 2.20 3.04 0.47 0.11 2.64 0.96

Age 0.24 0.33 0.21 0.25 0.39 0.51

Level of significance (p-value) was fixed at <0.05. B, beta coefficient; SE, standard error.

Table 6 Distribution of the study population based on AST level*

AST Carbamazepine Sodium valproate

Variable Normal Altered Normal Altered

Age 7.27 £3.19 5.50 + 2.75 8.16 +4.33 7.25 + 4.63"

Male 24 ) 22 9

Female 16 16 3

AST (10-40 IU/L) 23.40 £7.02 45.9 +11.06" 24.03 £5.97 45.83 +10.12"
Mean + SD

“Level of significance (p-value) was fixed at <0.05. p > 0.05 (nonsignificant). “p < 0.05 (significant).
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statistical significance, the observed alternation of AST and ALT
were less than twofold the average value. Similar results were pub-
lished by Camfield et al. [18] after they examined 199 children on
long-term antiepileptic medication prospectively. No severe liver
enzymes reactions were reported. In the same way, Hussein et al.
[19] concluded that carbamazepine and sodium valproate might
associate with mild transient elevation of liver enzymes not linked
to hepatocellular injuries.

Among these abnormalities, AST was the most common enzyme
elevated in both study groups by 22%, whereas ALT was found
abnormal in 6%. Because AST is present in other tissues besides
the liver such as the brain and heart, it is considered a less sensitive
biomarker for hepatocellular injuries [20]. The low frequency of
ALT abnormalities may indicate that AST elevation is not neces-
sarily pathological. This is supported by Jacobsen et al. [21], who
found no significant histopathological changes in liver biopsies of
six epileptic patients who received long-term anticonvulsant treat-
ment and had a moderate elevation of liver enzymes.

Regarding the enzymes level in both groups, there is no statistical
difference after 12 months of treatment. In contrast to our results,
Hadzagic-Catibusic et al. [17] found that sodium valproate causes
asymptomatic elevation of liver enzymes more frequently than
carbamazepine.

It is worth mentioning that no clinical symptoms or signs of hepatic
dysfunction have been reported for this study, including vomiting,
nausea, jaundice, or right hypochondrial pain. The modest eleva-
tion of liver enzymes in asymptomatic children is usually insignif-
icant [22]. This is attributable to the hepatic biotransformation of
drugs, such as enzyme induction [23]. Cytochromes are membrane
proteins responsible for the metabolism of several antiepileptic
drugs [24]. These enzymes are induced by several drugs, especially
carbamazepine and valproic acid. Long-term use of such medica-
tions can accelerate one’s metabolism and reduce one’s active form
[24]. Similarly, antiepileptic drugs are potent enzymes inducers of
other liver enzymes, such as AST and ALT [25]. This can explain
the moderate elevation of liver enzymes without clinical or patho-
logical signs of liver injuries [25].

Therefore, it may not be necessary to pursue extensive evaluation for
all abnormal results, as this would expose many children to unnec-
essary procedures and expenses [26]. Regular clinical assessment
besides patients and family education can play an essential role in
detecting early hepatic injuries. This is in accordance with Schmidt
and Siemes [27], who do not support regular repeated monitoring of
liver enzymes in asymptomatic patients; however, clinical judgment
is paramount. In the same way, Wall et al. [28] screened 206 patients,
including children, and suggested clinical assessment rather than
routine tests in asymptomatic patients as all elevations were moderate.

Nonetheless, several limitations should be noted and considered for
further research. Because there are few observations available on
the small study group, it is advisable to have long-term controlled
studies on a large sample size with other liver enzymes parameters
for further evaluation of the antiepileptic effect.

5. CONCLUSION

Our results showed that the alternation of liver enzymes was
benign and less than twice the average value. There is no significant

enzyme difference between the two groups, and there were no clin-
ical abnormalities of hepatic dysfunction. The study recommends
obtaining baseline liver enzymes tests prior to commencement of
treatment. However, the benefit of routine screening in asymptom-
atic patients has not proved. Further controlled studies with a large
sample size are warranted.
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