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Abstract. Efficacy of sodium valproate combined with 
levetiracetam (LEV) in pediatric epilepsy and its influence 
on neuron‑specific enolase (NSE), interleukin‑6 (IL‑6) and 
high-sensitivity C-reactive protein (hs-CRP) as well as elec-
troencephalogram (EEG) improvement were studied. Patients 
(n=100) with pediatric epilepsy admitted to and treated in 
Xiantao First People's Hospital Affiliated to Yangtze University 
from December 2015 to 2018 were enrolled in this study and 
randomly divided into observation group (n=50) and control 
group (n=50). Sodium valproate was administered in the control 
group, and the treatment with LEV was combined with sodium 
valproate in the observation group. After 12 weeks the cogni-
tive function of patients was assessed using the Mini-Mental 
State Examination (MMSE) scale, Montreal cognitive assess-
ment (MoCA) scale and Wechsler Memory Scale‑Revised in 
China (WMS‑RC). The quality of life (QOL) of patients was 
evaluated with the QOL in epilepsy‑31 inventory (QOLIE‑31) 
scale and Barthel Index, and blood was drawn from the patients 
to detect the neurological function indicators [NSE and glial 
fibrillary acidic protein (GFAP)] and inflammatory indicators 
(IL‑6, IL‑2 and hs‑CRP). After treatment, the incidence rates 
of adverse reactions notably declined in the observation group 
(P<0.05), and the improvement in the cognitive function in the 
observation group were both superior to those in the control 
group (P<0.05). Observation group had lowered content of 
NSE, GFAP, IL‑6, hs‑CRP and IL‑2 (P<0.05), and α wave was 
markedly decreased, but θ and δ waves were notably increased 
in the observation group (P<0.05). In the treatment of pedi-
atric epilepsy, sodium valproate combined with LEV produces 

better efficacy, fewer adverse reactions, significantly improves 
patients' QOL and notably lowers the content of NSE, IL‑6 
and hs-CRP with notable EEG improvement, so it is a safe and 
reliable treatment that is worth popularization.

Introduction

Epilepsy is quite a common nervous system disease even in 
adults. However, epilepsy has different incidence in different 
age groups, and its seizure frequency in children is obviously 
higher than that in adults (1). Epilepsy may be attributed to 
multiple factors, mainly including genetic abnormality, interrup-
tion of normal development and perinatal injury (2). According 
to the studies on the mental symptoms of children and young 
people experiencing epileptic seizures, epilepsy patients have 
a very high risk of mental disorder (3), including depression 
and anxiety (4). It was reported that the use of barbiturates can 
contribute to depression in childhood, but little is known about 
the overall incidence rate of depression and anxiety in epilepsy 
children and the determinants, which have not yet been deeply 
researched (5). Rutter et al (6) reported that mental disorder 
occurs in as many as 33% of epilepsy children, which was, 
however, not elaborated. Hoare (7) found that the incidence 
rate of behavior difficulty in epilepsy children is higher than 
that in diabetes children, but the incidence rates of depression 
and anxiety remain to be identified. Therefore, the cognitive 
disorders in epileptic child patients need to be further studied.

Valproate (VPA) and its derivants are widely applied in anti-
epileptic drugs (AEDs). As recommended by the International 
League Against Epilepsy, VPA is a potential candidate 
initial monotherapy for childhood absence epilepsy (8). The 
concerns regarding the use of VPA in reproductive women 
enable the shift of the prescription to novel AEDs, especially 
levetiracetam (LEV), lamotrigine and topiramate. LEV, a 
new generation of AED, has widely recognized efficacy and 
tolerance in treating epilepsy. Synaptic vesicle protein 2A 
is an intracellular protein that serves as the binding site of 
LEA in the brain (9,10). Prenatal exposure to lamotrigine has 
been confirmed to be able to significantly heighten the risk 
of neuropsychological function impairment compared to that 
in VPA in children, whether they are aged 4 or 5 years or of 
school age. However, there is little evidence for the risk caused 
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by the exposure to LEV or topiramate. The infants exposed 
to LEV have consistent neurodevelopment with controls, and 
better development at the age of 1 and 3 years, compared 
with that of infants exposed to VPA (11,12), suggesting that 
LEV has fewer adverse effects on epileptic children. In recent 
years, the importance of intellectual function in the judgment 
of agnosia and prognosis in epileptic patients has been better 
understood, and there have been increasingly more relevant 
research. Long-term use of AEDs is one of the important 
factors influencing cognitive function (13).

Aiming at the clinical problems, the electroencephalo-
grams (EEGs) of the potential epilepsy patients are evaluated 
for several different purposes. Firstly, for the patients who 
recently had paroxysmal episodes, EEG evaluation may help 
identify whether these episodes are derived from epilepsy. 
Then for those newly diagnosed with epilepsy or suspected of 
having epilepsy, it is likely to raise the certainty of diagnosis, 
demonstrate the risk of epilepsy recurrence and conduce to 
confirming the presence of epilepsy syndrome. Moreover, EEG 
is used to verify the nature of epilepsy in the existing seizures, 
and more importantly, probably to confirm the precise pres-
ence of epilepsy syndrome in patients with drug-refractory 
epilepsy (14). Lastly, in drug-refractory focal epilepsy, EEG 
remains the gold standard for the preoperative diagnosis, which 
can be used to localize irritative zone and epileptic seizure 
zone, as the symbol of the extension of epileptogenic zone. In 
such a case, postoperative epileptic seizure freedom can be 
predicted using EEG as well. EEG has high time resolution 
and provides a very good overview, thus potently supporting 
the diagnosis of pediatric epilepsy (15).

The present study explored the efficacy of sodium valproate 
combined with LVE in pediatric epilepsy and its influences 
on neuron‑specific enolase (NSE), interleukin‑6 (IL‑6) and 
high-sensitivity C-reactive protein (hs-CRP) as well as EEG 
improvement. The advantages of this regimen were compre-
hensively evaluated by observing the efficacy in patients, 
quality of life (QOL) score, serum indicators such as NSE, 
IL‑6 and hs‑CRP, and EEG improvement, so as to provide a 
theoretical foundation and experimental basis for the treat-
ment of pediatric epilepsy patients.

Patients and methods

General information. A total of 100 patients with pediatric 
epilepsy, who were admitted to and treated in Xiantao First 
People's Hospital Affiliated to Yangtze University (Xiantao, 
China) from December 2015 to 2018, were enrolled as the 
subjects in this study and divided into observation group 
(n=50) and control group (n=50) by the randomized controlled 
method. Inclusion criteria: Patients diagnosed based on the 
diagnosis criteria that conform to the epilepsy syndrome clas-
sification in 2014 National Standardized Diagnosis,Treatment 
and Scientific Research of Epilepsy, those who voluntarily 
participated in the present study, those who signed the 
informed consent, those who received no treatment previously 
and those without allergy history of medications used in this 
study. Exclusion criteria: Patients who recently took drugs that 
affect growth and development as well as glucose and lipid 
metabolisms, those who used glucocorticoids for a long time, 
those with severe electrolyte disorder, or those with severe 

dysfunctions of the liver or kidney. All the clinical specimens in 
this experiment were collected with the approval of the Ethics 
Committee of the hospital and the patients as well as their 
family members, and the clinical trial regimen was approved 
by the Ethics Committee of Xiantao First People's Hospital 
Affiliated to Yangtze University. Table I shows the patients' 
clinical information collected at admission, including age, sex, 
weight, physical conditions and course of disease. There were 
no statistically significant differences in the general clinical 
information of patients between the two groups.

Treatment methods. Patients in the control group were given 
sodium valproate sustained-release tablets normally at the 
dose of 40 mg/kg/d, which was then gradually adjusted to 
50 mg/kg/d, for 3 courses with 30 days as a course. In addi-
tion to the procedures in the control group, LEV treatment 
was performed in the observation group as follows: The initial 
dose was 20 mg/kg/d and the dose was increased once every 
5‑7 days and maintained within 30 mg/kg/d. In case of epileptic 
seizure, the dose was increased by no more than 2 g/days, and 
the medications were taken twice for 3 consecutive months. 
During the whole medication, the administration was appropri-
ately adjusted according to the disease changes in patients, and 
all the indicators were detected after the course of treatment.

Observation of efficacy in the two groups of patients. Efficacy 
was evaluated based on the following criteria: Control: After 
treatment, clinical symptoms and signs completely disappear 
without acute epileptic seizures in the epileptic children. Marked 
effectiveness: After treatment, the frequency of epileptic 
seizures declines by over 75%, and the acute epileptic seizures 
can be controlled by drugs in epileptic children. Effectiveness: 
After treatment, the frequency of epileptic seizures is decreased 
by 50-70% in epileptic children. Ineffectiveness: After treat-
ment, the frequency of epileptic seizures is decreased by <50% 
in epileptic children. The number of patients at each grade was 
counted and recorded in detail.

Observation of adverse reactions in the two groups of patients. 
The adverse reactions were observed and recorded in the two 
groups of patients as follows: the adverse reactions, sleepiness, 
rash, gastrointestinal reaction and nausea, in the two groups 
of patients were recorded by specially-arranged medical staff, 
and the specific types of adverse reactions were counted and 
recorded in detail. Finally, the adverse reactions after treat-
ment in the two groups of patients were summarized.

Cognitive function scoring. After treatment, the cognitive 
function of patients was assessed in the two groups using 
the Wechsler Memory Scale‑Revised in China (WMS‑RC). 
At 3 months after treatment, the Mini‑Mental State 
Examination (MMSE) was performed by specialized neurolo-
gists, with the main examination items of orientation, memory, 
ability of mental arithmetic, short-term ability to listen and 
memorize and language and imitation abilities, and the higher 
the score is, the better the cognitive function will be (100 points 
in total). The cognitive function of the patients was assessed 
using the Montreal cognitive assessment (MoCA) scale with 
the total score of 30 points, and the higher scores correspond 
to better cognitive function.
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QOL scoring. The QOL of the patients was scored using the 
QOL in epilepsy‑31 inventory (QOLIE‑31) scale which was 
properly revised according to Chinese cultural backgrounds 
and features. At the same time, their daily living abilities 
were evaluated using Barthel Index with the total score of 
100 points, and the higher score denotes stronger daily living 
abilities and suggests higher QOL in patients. The scoring was 
conducted and elaborated in the two groups of patients by at 
least three medical staff members.

Detection of changes in the neurological function indicators 
NSE and glial fibrillary acidic protein (GFAP). Before and after 
course of treatment, 5 ml of venous blood was drawn from the 
arm of the patients, respectively, placed in an Eppendorf (EP) 
tube containing anticoagulant and centrifuged at 2,000 x g and 
room temperature for 15 min. The supernatant was collected 
to detect the changes in the content of serum neurological 
function indicators NSE and GFAP according to the instruc-
tions of the enzyme‑linked immunosorbent assay (ELISA) kit 
(Nanjing Jiancheng Bioengineering Institute). The absorbance 
in each group was measured using a microplate reader.

Evaluation of changes in the content of serum IL‑2, IL‑6 and 
hs‑CRP. After treatment, 5 ml of venous blood was drawn 
from the arm of the patients, placed in an EP tube containing 
anticoagulant and centrifuged at 2,000 x g at room tempera-
ture for 15 min. The supernatant was collected to detect serum 
inflammatory factors IL‑2, IL‑6 and hs‑CRP in accordance 
with the operation instructions of the ELISA kit (Nanjing 
Jiancheng Bioengineering Institute). Finally, the absorbance in 
each group was measured using the microplate reader.

Detection of EEG improvement. After the third course of drug 
administration, EEG examination was performed. The elec-
trodes were placed according the international 10-20 system, 
with the monitoring duration no shorter than 4 h, including 
wake‑up and sleep periods. With the number of spike waves 
per minute, namely spike wave index, as the statistical indi-
cator, the mean frequency of α wave and the number of β, θ 
and δ waves was observed and recorded.

Statistical analysis. The raw experimental data recorded were 
processed using SPSS 20.0 analysis software, and subjected to 
multiple comparisons. χ2 test was employed for the percentage. 
The experimental results obtained were expressed as 
mean ± standard deviation (mean ± SD), and P<0.05 indicated 

statistically significant differences. Histograms were plotted 
using GraphPad Prism 6.0.

Results

Clinical efficacy of patients. As shown in Table II, there was 
a statistically significant difference in the total effective rate 
of clinical treatment between the observation group and the 
control group (96 vs. 70%) (P<0.05).

Adverse reactions in the two groups of patients. According to 
the statistical results (Table III), the cases of sleepiness, rash, 
gastrointestinal reaction and nausea declined markedly in the 
observation group (P<0.05).

Cognitive function of patients in both groups. Observation 
group had notably higher WMS‑RC, MMSE and MoCA scores 
than the control group (P<0.05) (Table IV), suggesting that the 
cognitive function was significantly improved.

QOL score. As shown in Fig. 1, the QOL score in the obser-
vation group was remarkably higher than that in the control 
group (P<0.05).

Serum NSE and GFAP content. According to the detection 
results (Table V), there was no statistically significant differ-
ence in the content ratio of NSE/GFAP before treatment 
(p>0.05), and after treatment, the content of NSE and GFAP 
was obviously lowered in both groups of patients, but the 
decline in the observation group was dramatically greater than 
that in the control group (P<0.05).

Serum inflammatory factors detected via ELISA. The content 
of IL‑2, IL‑6 and hs‑CRP was notably reduced in observa-
tion group (P<0.05) (Fig. 2), implying that the treatment with 
sodium valproate combined with LEV can significantly inhibit 
the production of inflammatory factors.

EEG findings. As shown in Table VI, observation group 
exhibited substantially decreased α wave (P<0.05), but notably 
increased θ and δ waves (P<0.05).

Figure 1. QOL score. Observation group exhibits a remarkably higher QOL 
score than control group (P<0.05). *P<0.05 vs. control group. QOL, quality 
of life.

Table I. Clinical information of the patients.

Clinical Control Observation 
information group group

n 50 50
Male 25 26
Mean age (years) 2±1.1 2±1.3
Mean weight (kg) 15.5±3.6 16.1±3.2
BMI (kg/m2) 20.9±1.0 21.2±1.3
Course of disease (month) 4 4.5
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Discussion

Epilepsy is a common neurological syndrome characterized by 
complex etiology and recurrent seizures in childhood, which 
also refers to the convulsive seizure caused by paroxysmal 

and temporary brain dysfunction. It can be classified into 
primary and secondary types according to etiology, with the 
clinical manifestations of recurrent jerk and transient abnor-
malities in consciousness, sense and emotion (16,17). In the 
present study, the efficacy of sodium valproate combined with 
LEV in pediatric epilepsy and its influences on NSE, IL‑6 and 
hs-CRP as well as EEG improvement were observed. Based 
on the results, there was a statistically significant difference in 

Table II. Efficacy.

Group Control Marked effectiveness Effectiveness Ineffectiveness Total effective rate

Control group 11 14 10 15 70
Observation group 16a 20a 12a   2a   96a

There is a statistically significant difference in the total effective rate of clinical treatment between the observation group and the control group 
(96 vs. 70%) (P<0.05). aP<0.05 vs. control group.

Table III. Adverse reactions in the two groups of patients.

Group Sleepiness Rash Gastrointestinal reaction Nausea Adverse reaction rate (%)

Control group 3 2 4 5 28
Observation group 1 1 2 1 10a

Observation group has substantially decreased cases of sleepiness, rash, gastrointestinal reaction and nausea (P<0.05). aP<0.05 vs. control group.

Table IV. Cognitive function of patients in both groups.

 WMS‑RC MMSE MoCA
Group scorea score score

Control group 78.4±2.4 71.7±2.3 21.5±1.9
Observation group 90.8±2.6a 89.5±2.1a 27.9±2.0a

The WMS‑RC, MMSE and MoCA scores in observation group are markedly 
higher than control group (P<0.05). aP<0.05 vs. control group. WMS‑RC, 
Wechsler Memory Scale‑Revised in China; MMSE, Mini‑Mental State 
Examination; MoCA, Montreal cognitive assessment.

Table V. Serum and GFAP content.

Group NSE (ng/ml) GFAP (pg/ml)

Control group
  Before treatment 15.4±1.2 88.1±2.7
  After treatment 8.2±2.1a 30.7±2.1a

Control group
  Before treatment 14.9±1.7 91.7±1.9
  After treatment 5.7±2.7a,b 19.4±1.3a,b

After treatment, the content of NSE and GFAP was reduced in both 
groups of patients, but the decline in the observation group is much 
greater than that in the control group (P<0.05). aP<0.05 vs. before 
treatment; a,bP<0.05 vs. control group at the same time-point. 
NSE, neuron‑specific enolase; GFAP, glial fibrillary acidic protein.

Table VI. EEG findings.

Group α θ β δ

Control group  18.4±2.4 21.7±2.3 11.5±1.9 17.5±1.9
Observation group 12.8±2.6a 29.5±2.1a 10.9±2.0 25.5±1.9a

α wave declines substantially (P<0.05), but θ and δ waves were 
increased notably in the observation group (P<0.05). aP<0.05 vs. 
control group. EEG, electroencephalogram.

Figure 2. Serum IL‑2, IL‑6 and hs‑CRP content. The content of IL‑2, IL‑6 
and hs-CRP declined in observation group (P<0.05). *P<0.05 vs. control 
group. IL, interleukin; hs‑CRP, high‑sensitivity C‑reactive protein.
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the total effective rate of clinical treatment between observa-
tion group and control group (96 vs. 70%), and observation 
group had substantially reduced number of cases of sleepiness, 
rash, gastrointestinal reaction and nausea. A study found that 
the cognitive ability of epilepsy children of school age exposed 
to LEV, topiramate or sodium valproate can be improved 
dramatically (18), and it was found in the present study that 
the WMS‑RC, MMSE and MoCA scores in the observation 
group were notably higher than those in the control group, 
suggesting that cognitive function was remarkably improved. 
Additionally, the QOL score in observation group was remark-
ably higher than that in the control group. The above findings 
in this study are similar to those in the previous study (19).

Currently, NSE is a commonly used indicator for evaluating 
cranial nerve function impairment in epileptic children, and it 
is a key enzyme with enolase activity in glucose metabolism, 
which is specifically present in neurons. When cerebral neurons 
are damaged, the activity of NSE will be remarkably enhanced, 
so the elevation of serum NSE can be taken as a highly 
specific and sensitive biochemical indicator reflecting neuronal 
damage (20). GFAP, a specific astrocyte marker, is expressed 
in the central nervous system. The high expression of GFAP 
can damage various aspects of the central nervous system (21), 
and the regulation of cognitive function, namely information 
reception, integration and transmission, is associated with the 
functions of the neurons and astrocytes in the cerebral cortex. 
According to the findings in the present study, before treatment, 
there was no statistically significant difference in the content 
ratio of NSE/GFAP, and after treatment, the content of NSE and 
GFAP was obviously reduced in both groups of patients, but the 
decline in the observation group was much greater than that 
in the control group. As an acute-phase protein, hs-CRP was 
confirmed to be increased in diabetes patients (22). However, 
whether its content is raised in patients with pediatric epilepsy 
remains to be further studied. The activation of inflamma-
tory factors and generation of cytokines as well as increase 
in oxidative stress may cause tissue damage, and are related 
to the evolution of epilepsy, namely inflammation probably 
promotes the worsening of disease in epileptic patients (23). In 
this study, it was discovered that the content of IL‑2, IL‑6 and 
hs-CRP declined notably in observation group, implying that 
the treatment with sodium valproate combined with LEV can 
significantly inhibit the production of inflammatory factors. A 
study demonstrated that the increases in the absolute power and 
relative power (RP) of δ and θ waves are observed in EEGs of 
epilepsy children, while the RP of α wave is decreased. Besides, 
routine EEGs reveal interictal discharge such as spikes, multiple 
spikes and sharp waves (24), which is a rare activity in children 
with normal development (25). The results of this study showed 
that α wave declined substantially, but θ and δ waves were 
increased notably in the observation group, similarly to previous 
studies. The present study proved through a series of experi-
ments that sodium valproate combined with LEV has favorable 
efficacy in pediatric epilepsy, and can substantially lower the 
levels of NSE, IL‑6 and hs‑CRP, and improve EEG indicators.

In conclusion, it was found through the various experi-
ments in this study that sodium valproate combined with 
LEV can notably improve the pathology, cognitive function 
and QOL of patients, with a favorable overall effect. The 
present study provides a theoretical basis for the prevention 

and treatment of pediatric epilepsy and a novel idea for the 
forthcoming further research.
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