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Abstract. Efficacy and safety of sodium valproate (SV) and
lamotrigine (LTG) in treating refractory epilepsy (RE) in
children and the predictive value of serum neuron‑specific
enolase (NSE) and central nervous system specific S100 β
protein (S100 β) on efficacy assessment were explored. A
total of 110 RE children admitted to Xuzhou Children's
Hospital, Xuzhou Medical University were enrolled. Patients
treated with SV alone served as the control group (n=51), and
those treated with SV plus LTG as the study group (n=59).
Serum NSE and S100β expression levels were measured by
enzyme‑linked immunosorbent assay (ELISA). The efficacy,
seizure frequency, adverse reactions, concentration of serum
brain derived neurotrophic factor (BDNF) and nerve growth
factor (NGF), and expression of serum NSE and S100β were
observed and compared. The total effective rate in the study
group was significantly higher than that in the control group,
and the seizure frequency and incidence of adverse reactions
were significantly lower than that in the control group. The
study group showed remarkably higher BDNF and NGF than
the control group after treatment. The expression of serum NSE
and S100β in effectively treated children were significantly
lower than that in ineffectively treated children. The area under
the curve (AUC) of serum NSE and S100β were 0.828 and
0.814 respectively. SV combined with LTG is better and safer
than SV alone in the treatment of RE in children. Serum NSE
and S100β are of high value in predicting the efficacy.
Introduction
Epilepsy, a neurological disease with seizure susceptibility, has a negative impact on 0.6% of the population in
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developed countries and 1.6% in developing countries (1,2).
Refractory epilepsy (RE) is a kind of drug‑resistant epilepsy,
which is defined as refractory because it has no successful
therapeutic response to a variety of antiepileptic drugs (3).
Ten to twenty percent (%) of epileptic children progress to RE,
and ~470,000 children suffer from epilepsy, which means there
are tens of thousands of RE children (4,5). At present, antiepileptic drugs (AEDs) are the first‑line therapy for RE, and the
second‑line is surgery, diet therapy, and vagus nerve stimulation (6). Although the treatment for RE has been continuously
updated, the exploration of high‑efficacy AED combinations
is still ongoing (7). Our study explored the clinical efficacy
and safety of AED regimens for RE children, which is of great
value to improve their quality of life.
Sodium valproate (SV) is a first‑line anti‑epilepsy drug
that can be applied to various seizure types in children, but
it may also induce teratogenicity, neurocognitive impairment
and other side effects (8). Studies have shown that SV plays
a neuroprotective role by inhibiting endoplasmic reticulum
stress and reducing neuronal apoptosis in epilepsy models
induced by experiments (9). SV, an anticonvulsant through
regulating neuronal pathways, has a close molecular structure
with neurotransmitter γ‑aminobutyric acid (GABA), resulting
in GABA synergism, which inhibits the occurrence of epileptic
onsets and epileptic states (10,11). Lamotrigine (LTG) is a
second‑generation AED after SV, and also has the function
of resisting depression and stabilizing mood (12,13). It is
applicable for children and adolescents with various seizure
types and syndromes due to its good anticonvulsant, tolerance,
broad spectrum activity, and safety (14). SV plus LTG, the
most effective AED combination for RE, plays a synergistic
role in pharmacodynamics and reduces the seizure frequency
of children (15).
At present, there are few studies on the efficacy and safety
of SV plus LTG in RE children. Therefore, we evaluated the
clinical promotion value of these two AEDs by comparing the
efficacy and clinical response.
Patients and methods
General data. A total of 110 RE children admitted to Xuzhou
Children's Hospital, Xuzhou Medical University (Xuzhou,
China) from February 2018 to March 2019 were enrolled.
Patients treated with SV alone served as the control group, and
those treated with SV plus LTG as the study group. There were
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35 males and 16 females in the control group, aged 3‑11 years,
with an average age of 6.12±1.05 years, and 34 males and
25 females in the study group, aged 3‑12 years, with an average
age of 6.18±1.13 years. The study was approved by the Ethics
Committee of the Affiliated Xuzhou Children's Hospital of
Xuzhou Medical University. The guardians were all informed
and signed a fully informed consent form.
Inclusion and exclusion criteria. Inclusion criteria: conforming
to the guidelines of RE developed by the International League
Against Epilepsy (ILAE) (16); diagnosed by imaging examinations (17); receiving at least two AEDs in the past 6 months
to one year; reaching maximum blood drug concentration, and
the attacks reduced by at least half; aged 3‑12 years. Exclusion
criteria: complicated with malignant tumor or severe heart,
lung, kidney and liver dysfunction; allergic to the drugs in
this study; with incomplete clinicopathological data; pregnant
women; not cooperating with this study.
Treatment methods. The patients in the control group were
treated with SV alone (J65363, Jinsui Biotechnology Co., Ltd.).
If SV was taken and the blood drug concentration range was
50‑100 µg/ml, other drugs were gradually discontinued.
For patients who had not taken SV, the initial dose was
20 mg/kg/day, which was gradually increased until the blood
drug concentration was in the range of 50‑100 µg/ml. The
patients in the study group were treated with SV plus LTG
(Jinsui Biotechnology Co., Ltd., J34775). If SV was taken and
the blood drug concentration range was 50‑100 µg/ml, LTG
at 0.15 mg/kg was taken once a day, with a weekly increase
of 0.20 mg/kg/day in the first month, 0.30 mg/kg/day in the
second month and 0.50‑1.00 mg/kg/day in the third month.
If the frequency of RE attacks and related symptoms were
controlled or the total dose of LTG reached 10.00 mg/kg/day,
LTG had to be stopped. If SV was not used before, the initial
dose of SV was first taken, then LTG. The specific administration was as above.
Efficacy assessment. By comparing the average monthly
seizure frequency after treatment with the first three months
of treatment, the efficacy was quantified. Reduction of
seizure frequency by 100%, i.e., no seizures, was considered
as control; Reduction of seizure frequency by 75‑99% was
considered as markedly effective; Reduction of seizure
frequency by 50‑74% was considered as considered effective;
Reduction of seizure frequency by no more than 49% was
considered as ineffective; Increase of seizure frequency by at
least 25% was considered as deterioration. The total effective
rate = (control+markedly effective+effective)/total number of
cases x100%.
Outcome measures. The seizure frequency in the two
groups in the 3 months before treatment, and 3 and 6 months
after treatment was observed and compared to assess the
efficacy. The incidence of adverse reactions, serum brain
derived neurotrophic factor (BDNF), nerve growth factor
(NGF) concentration changes, and the expression of serum
neuron‑specific enolase (NSE) and central nervous system
specific S100β protein (S100β) in effectively and ineffectively
treated children were compared.
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Detection methods. Elbow venous blood (5 ml) was drawn
from the subjects before treatment from 8:00 to 9:00 a.m.
4 weeks after treatment, and placed in a vacuum tube
without anticoagulant, then centrifuged at 1,500 x g and 4˚C
for 10 min. Sera were collected in an Eppendorf (EP) tube
and stored at ‑60˚C. After taken from the freezer, the sera
were dissolved in a refrigerator at 4˚C, and then placed at
room temperature for complete dissolution. The expression
of BDNF, NGF, NSE, and S100 β in serum was detected
by enzyme‑linked immunosorbent assay (ELISA) (18) in
strict accordance with the instructions of the kits (Keshun
Biotechnology Co., Ltd., KS017148, KS018187, KS015255,
KS13441). Sample, standard and blank wells were set up. Test
sample (50 µl) and standard (50 µl) were added to the sample
well and standard well, respectively, no treatment for the
blank well. The sample and standard wells were each added
with 100 µl of horseradish peroxidase labeled antibody, sealed
and incubated at 37˚C for 60 min. The liquid was removed,
the wells were dried and washed 5 times. Substrates A
and B were fully mixed (1:1) and added to all wells (100 µl
each well). Afterwards, the plate was sealed, incubation was
carried out at 37˚C for 15 min, and 50 µl of termination solution was added to each well. The optical density (OD) value
at 450 nm of each well was read by a multifunctional ELISA
analyzer (Shanghai Flash Spectrum Biotechnology Co., Ltd.,
SuPerMax 3000FL), and the concentrations of BDNF, NGF,
NSE, and S100β were calculated.
Statistical analysis. This figures were visualized by GraphPad
Prism 6 (GraphPad Software). Counting data were expressed
by cases/percentage [n (%)], and Chi‑square (χ2) test was used
for comparison between groups. The measurement data were
expressed by mean ± SD, and independent sample t‑test was
used for the comparison between the two groups. Receiver
operating characteristic (ROC) curve was employed to assess
the value of serum NSE and S100β in predicting the efficacy
in patients. A value of P<0.05 was considered to be statistically
significant.
Results
Baseline data. There was no significant difference between
the two groups in sex, average age, average course of disease,
systolic blood pressure (SBP), diastolic blood pressure (DBP),
seizure type, medication history, ADE combination, family
history of RE, residence (P>0.05) (Table I).
Comparison of efficacy. Efficacy in the control group: the
number of cases of control, markedly effective, effective, ineffective and deterioration were 15, 10, 6, 14 and 6, respectively,
with a total effective rate of 60.78%. Efficacy in the study
group: the number of cases of control, markedly effective,
effective, ineffective and deterioration were 23, 14, 11, 9 and 2,
respectively, with a total effective rate of 81.35%. The total
effective rate in the study group was significantly higher than
that in the control group (P<0.001) (Table II).
Comparison of seizure frequency. There was no significant
difference in seizure frequency between the study group and
the control group 3 months before treatment (P<0.05). At
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Table I. Comparison of baseline data [n (%), mean ± SD].
Classification

n

Control group (n=51)

Study group (n=59)

Sex				
Male
69
35 (68.63)
34 (57.63)
Female
41
16 (31.37)
25 (42.37)
Average age (years)
110
6.12±1.05
6.18±1.13
Average course of disease (years)
110
3.01±0.45
3.06±0.52
SBP (mmHg)
110
110.24±4.82
109.56±5.06
DBP (mmHg)
110
75.02±4.45
74.86±5.10
Seizure type				
Partial seizure
66
31 (60.78)
35 (59.32)
Generalized seizure
19
9 (17.65)
10 (16.95)
Secondarily generalized seizure
13
6 (11.76)
7 (11.86)
Lennox Gastaut syndrome
12
5 (9.81)
7 (11.87)
Medication history				
Carbamazepine
46
21 (‑)
25 (‑)
SV
56
26 (‑)
30 (‑)
Topiramate
30
17 (‑)
13 (‑)
Valnromide
8
5 (‑)
3 (‑)
Phenytoin sodium
6
3 (‑)
3 (‑)
Gabapentin
6
2 (‑)
4 (‑)
AED combination				
2
67
30 (58.82)
37 (62.71)
3
33
18 (35.29)
15 (25.42)
4
6
2 (3.92)
4 (6.78)
5
4
1 (1.97)
3 (5.09)
Family history of RE				
No
95
45 (88.24)
50 (84.75)
Yes
15
6 (11.76)
9 (15.25)
Residence				
Rural
33
14 (27.45)
19 (32.20)
Urban
77
37 (72.55)
40 (67.80)

χ2/t

P‑value

1.416

0.234

0.287
0.535
0.718
0.174
0.124

0.775
0.594
0.474
0.862
0.989

‑

‑

2.100

0.552

0.283

0.595

0.294

0.588

Table II. Comparison of efficacy [n (%)].
Group

n

Control

Markedly effective

Effective

Ineffective

Deterioration

Total effective rate

Control group
Study group
χ2 value
P‑value

51
59
‑
‑

15 (29.41)
23 (38.98)
‑
‑

10 (19.61)
14 (23.73)
‑
‑

6 (11.76)
11 (18.64)
‑
‑

14 (27.45)
9 (15.25)
‑
‑

6 (11.77)
2 (3.39)
‑
‑

60.78
81.35
18.888
<0.001

3 and 6 months after treatment, the frequency in the study
group was significantly lower than that in the control group
(P<0.05) (Table III).
Incidence of adverse reactions. After treatment, RE children
may present with loss of appetite, hyperactivity, hair loss,
lower limb soreness, dizziness, rash and other adverse reactions, and loss of appetite, hyperactivity, lower limb soreness
are the main ones. The incidence rate of adverse reactions in

the study group was significantly lower than that in the control
group (Table IV).
Comparison of neurotrophic indexes. Before treatment, the
neurotrophic indexes BDNF and NGF were not significantly
different between the two groups (P<0.05), which were significantly increased after treatment (P<0.001), and in the study
group they were significantly higher than the control group
(P<0.001) (Fig. 1).
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Table III. Comparison of seizure frequency (mean ± SD).
Group

n

3 months before treatment

3 months after treatment

6 months after treatment

Control group
Study group
t value
P‑value

51
59
‑
‑

15.43±2.29
15.89±1.04
1.387
0.168

10.43±2.29
7.89±1.04
7.659
<0.001

6.97±1.15
1.88±0.60
29.660
<0.001

Table IV. Adverse reactions [n (%)].
Classification

Control group (n=51)

Loss of appetite
Hyperactivity
Hair loss
Lower limb soreness
Dizziness
Rash
Total

Study group (n=59)

4 (7.84)
4 (7.84)
2 (3.92)
3 (5.88)
2 (3.92)
1 (1.96)
16 (31.37)

3 (5.08)
2 (3.39)
1 (1.69)
2 (3.39)
1 (1.69)
0 (0.00)
9 (15.25)

χ2 value

P‑value

0.349
1.052
0.511
0.531
0.511
1.167
4.047

0.555
0.305
0.475
0.392
0.475
0.280
0.044

Table V. Predictive value of serum NSE and S100β on efficacy assessment.
Group

AUC

95%CI

S.E

Cut‑off

Sensitivity (%)

Specificity (%)

NSE
S100β

0.828
0.814

0.742‑0.914
0.731‑0.896

0.044
0.042

26.05
0.77

79.75
58.23

77.42
93.55

NSE, neuron‑specific enolase; S100β, specific S100β protein.

Expression of serum NSE and S100 β. The treatment was
effective in 79 children and ineffective in 31 children. The
expression of serum NSE was 28.47±3.99 and 21.03±3.18 µg/l
in ineffectively treated and effectively treated children,
respectively, while that of serum S100β were 0.97±0.23 and
0.65±0.26 µg/l, respectively. Therefore, the expression of
serum NSE and S100β in ineffectively treated children were
significantly higher than that in effectively treated ones (Fig. 2).
Serum NSE and S100 β in assessing the efficacy. ROC
curve demonstrated that the AUC, cut‑off, sensitivity, and
specificity of serum NSE in assessing the efficacy were 0.828
(95% CI, 0.742‑0.914), 26.05, 79.75%, and 77.42%, respectively;
while those of serum S100β were 0.814 (95% CI, 0.731‑0.896),
0.77, 58.23 and 93.55%, respectively (Fig. 3 and Table V).
Discussion
RE is a chronic and debilitating disease of the nervous system
with epileptic seizure caused by accidental discharge of cerebral neurons, which may lead to stigma in patients (19‑21).
Therefore, appropriate inhibition of neuronal excitability is
the key in selection of AEDs in RE children (22). SV has been
proved to alleviate neuronal apoptosis in a kainic acid model

of epilepsy by enhancing phosphorylation of PKC‑dependent
GABA A R γ2 Serine 327 (23,24). LTG acts as glutamate
antagonist to exert anticonvulsant and sedative functions
through its pharmacological mechanism affecting sodium
and calcium channels. It can also disturb the pathogenesis of
hyperactivity via regulating excitatory neurotransmitters (25).
In this study, hair loss, hyperactivity, and lower limb soreness were the main adverse reactions of patients. The seizure
frequency in the study group was significantly lower than that
in the control group, and the total effective rate and safety of
treatment were significantly higher than those in the control
group. Therefore, SV plus LTG has high efficacy and safety
on RE children and has better inhibitory effect on the seizure
frequency compared with SV alone.
We screened two neurotrophic indexes, BDNF and NGF,
to compare the improvement of neurotrophic level of RE
children treated with drugs that have inhibitory effects on
neuronal excitability. BDNF mediates survival, growth, and
regeneration of neurons and participates in the regulation of
neural plasticity, playing an important role in the healthy brain
development, and being of high diagnostic and prognostic
value for brain injury (26,27). Tan et al pointed out that BDNF
protected neurons by inhibiting the secretion of excitatory
amino acids, maintaining calcium homeostasis in neurons, as
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Figure 1. Comparison of neurotrophic indexes. (A) Comparison of BDNF before and after treatment. (B) Comparison of NGF before and after treatment.
***
P<0.001. BDNF, brain derived neurotrophic factor; NGF, nerve growth factor.

Figure 2. Expression of serum NSE and S100β. (A) The expression of serum NSE in effectively treated children was significantly lower than that in ineffectively treated children. (B) The expression of serum S100β in effectively treated children was significantly lower than that in ineffectively treated children.
***
P<0.001. NSE, neuron‑specific enolase. S100β, specific S100β protein.

Figure 3. ROC curve of serum NSE and S100β in assessing efficacy. (A) ROC curve of serum NSE in assessing efficacy. (B) ROC curve of serum S100β in
assessing efficacy. ROC, receiver operating characteristic; NSE, neuron‑specific enolase. S100β, specific S100β protein.

well as inhibiting the high expression of oxygen free radicals.
Moreover, low BDNF level generally indicated the decline of
cognitive function in epileptic patients (28). NGF, a typical

representative of neurotrophic factors, is responsible for the
growth, survival, and differentiation of mature neurons. In
addition to being active in a wide array of non‑nervous system
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cells, it is also synthesized by various cell types (29). NGF has
a protective effect on basal forebrain cholinergic neurons and
may reduce the susceptibility to generalized seizures (30,31).
BDNF and NGF were reported to be closely related to epilepsy
and involved in the occurrence and progression of focal
RE (32). Our findings showed that BDNF and NGF levels in
the study group were more significantly increased, indicating
that SV combined with LTG was more useful than SV alone in
improving neurotrophic levels of RE children.
Finally, we assessed the predictive value of serum NSE
and S100β on the efficacy in RE children. NSE and S100β are
brain‑derived proteins whose high expression is related to the
increase of brain injury (33). Shaik et al found that serum NSE
of patients with convulsion showed abnormally high expression, suggesting that it was a marker of epilepsy‑related neuron
injury (34). Another study demonstrated that serum S100 β
protein level of patients with focal epilepsy was significantly
higher than that in healthy controls, which can be a biomarker
for neuronal damage in patients with focal RE (35). In this
study, the effectively treated children had a significantly lower
expression of serum NSE and S100β than those with ineffective treatment, so serum NSE and S100β gradually recovered
to normal levels in RE children after treatment. From the ROC
curve, we obtained AUC of serum NSE and S100β and the
efficacy was 0.828 and 0.814, respectively, which showed that
they had better predictive value in efficacy assessment for RE
children.
This study confirmed that SV plus LTG has higher efficacy
and fewer adverse reactions in the treatment of RE. However,
statistics of various attack types and the efficacy of treatment
in RE children need to be recorded to know which RE type of
children treated by SV plus LTG achieves the highest curative
effect.
In conclusion, SV combined with LTG is better and safer
than SV alone in the treatment of RE in children, which is
more worthy of clinical promotion. Serum NSE and S100β are
of high value in predicting the efficacy.
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