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Abstract: Objective: To determine the effects of levetiracetam in combination with topiramate on immune function,
cognitive function, and the neuronal nutritional status of children with intractable epilepsy. Methods: This study
enrolled 124 children with intractable epilepsy who were admitted to our hospital. The control group included 58
children treated with topiramate, and the observation group included 66 children treated with levetiracetam and
topiramate. Flow cytometry was used to determine CD4* and CD8* T cell counts before and after treatment in
both groups. Results: After treatment, the observation group exhibited significantly higher CD4* T cell counts and
BDNF and NGF levels and significantly lower CD8* T cell counts and IL-6, IL-13, and MMP-9 levels than the control
group. The FIQ and VIQ of the observation group were also significantly higher than those of the control group. Ad-
ditionally, the incidence rates of adverse events were not significantly different between the observation and the
control groups. Finally, IL-6, IL-13, and MMP-9 were negatively correlated with full-scale intelligence quotient (FIQ)
and virtual inhibitory quotient (VIQ). Conclusions: Levetiracetam in combination with topiramate is associated with
reduced inflammatory response and improved immune function, cognitive function, and neuronal nutritional status
in children with intractable epilepsy.
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Introduction

Epilepsy is a common disorder of the central
nervous system disease and primarily occurs
in infants, with a pediatric epilepsy incidence
of about 41-187/100,000; it is intractable in
30% of the patients, and few epilepsy drugs
are effective in controlling intractable epilepsy
[1-4]. Increasingly, studies have reported that
seizures and the development of epilepsy are
strongly linked to immune and inflammatory
responses in the brain [5, 6]. For example, a
study by Vezzani et al. suggested that many
autoimmune diseases were precipitating fac-
tors for epileptic seizures and epilepsy and that
inflammation was a major factor for epileptic
seizures and status epilepticus, which might
worsen inflammation in the brain [7]. A study by
Dupuis et al. also concluded that immune and
inflammatory responses in epileptic children

and adolescents were associated with the se-
verity of epilepsy and that long-term epilepsy
and inflammation could lead to neuronal dam-
age in these patients [8]. Several neurotrophic
factors have the ability to lower the frequency of
generalized epileptic seizures, improve cogni-
tive ability, and aid in addressing the neurode-
generation related to chronic epilepsy [9, 10].
Therefore, a more comprehensive understand-
ing of the severity of intractable epilepsy in chil-
dren can be achieved by assessing the immune
function, cognitive function, and neuronal nutri-
tional status of these patients.

Levetiracetam is a pyrrolidine-based drug with
high tolerance that can be effective in various
epileptic seizures and epileptic syndromes; le-
vetiracetam reduces the release of glutamate
and the synaptic vesicle protein SV2a [11, 12].
Topiramate is a second generation broad-spec-
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trum antiepileptic drug that is also used for
migraines. As a natural monosaccharide dex-
trose and fructose sulfide, topiramate enhanc-
es y-aminobutyric acid-mediated activity and
inhibits kainic acid by inhibiting voltage-sensi-
tive sodium and calcium channels. Topiramate
reduced the frequency of epileptic seizures by
at least 50% in 35%-50% of the treated sub-
jects [13, 14]. However, it remains unknown
whether the combined use of levetiracetam
and topiramate can alleviate intractable epi-
lepsy and affect immune function, cognitive
function, and the neuronal nutritional status in
patients with intractable epilepsy. Therefore,
we determined the effect of levetiracetam in
combination with topiramate on immune func-
tion, cognitive function, and neuronal nutrition-
al status of children with intractable epilepsy,
with the aim to provide a clinical reference.

Materials and methods
Clinical data

This study enrolled a total of 124 children with
intractable epilepsy who were admitted to our
hospital. In this study, 58 children were as-
signed to the control group and treated with
topiramate, and the remaining 66 children were
assigned to the observation group and treated
with levetiracetam and topiramate. The study
was approved by the Medical Ethics Committee
of the First People’s Hospital of Wenling. All
patients and their families agreed to partici-
pate in the experiment and signed the inform-
ed consent form.

Inclusion and exclusion criteria

The inclusion criteria were as follows: children
between 1 and 14 years of age diagnosed with
intractable epilepsy, which was confirmed by
imaging and pathology [1]; no allergic reaction
to the study drugs; detailed clinical data avail-
able; and children who could be followed up by
phone calls. Children with other degenerative
brain disorders or comorbid with severe inflam-
matory diseases and those with comorbid
malignant tumors or severe immunodeficiency
were excluded from the study.

Treatment plans

The children in the control group received oral
topiramate at a dose of 1 mg/kg/day, adminis-
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tered once in the morning and once in the eve-
ning. In addition to the treatment adopted for
the children in the control group, those in the
observation group additionally received oral
levetiracetam, administered once in the morn-
ing and once in the evening. Levetiracetam was
administered at an initial dose of 10 mg/kg/
day, and the dose was increased by 5-10 doses
every 2 weeks based on the epilepsy severity,
with a maximum levetiracetam dose of 60 mg/
kg/day. Both treatment groups were treated for
6 months [15].

Treatment drugs and reagents

Levetiracetam was purchased from lJiangsu
Heng Rui Pharmaceutical (State Food and Drug
Administration approval number: H32022820),
and topiramate was purchased from Guang-
dong Techpool Bio-Pharma (State Food and
Drug Administration approval number: H1999-
0133). The enzyme-linked immunosorbent as-
say (ELISA) kits for brain-derived neurotrophic
factor (BDNF), nerve growth factor (NGF), inter-
leukin (IL)-6, IL-1B3, and matrix metalloprotein-
ase-9 (MMP-9; E-EL-HO010c, E-EL-H1205c,
E-EL-HO0102c, E-EL-H0149c¢, and E-EL-H1451c,
respectively) were purchased from Wuhan Ela-
bscience. The CD4/CDS8 flow cytometry detec-
tion kit was purchased from ACEA Bioscienc-
es (United States; medical device registration
certificate number for the People’s Republic of
China: 20153402287). The CytoFlex flow cyto-
metry device was also purchased from ACEA
Biosciences.

Sample collection

For all children, venous blood (5 ml) was col-
lected in coagulation-promoting tubes under
aseptic conditions on the morning of the day
of hospital admittance and at 6 months after
treatment initiation. Immediately after the col-
lection, the samples were centrifuged at 3000
rom for 10 min to separate the serum. All se-
rum samples were stored at -80°C until fur-
ther analyses.

ELISA and flow cytometry

The levels of BDNF, NGF, IL-6, IL-13, and MMP-9
were determined by ELISA, and blank wells for
background reading and wells for standards
and patient serum samples were included. For
all ELISAs, SO standards with a concentration
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of O were added to the blank wells, 50 uL of
the standard at different concentrations were
added into the wells for the standards, and 10
uL of the patient serum samples and 40 uL of
the sample diluent were added to the wells for
the patient samples. A blank well without the
sample diluent was also prepared for all ELISAs.
Next, 100 uL of the horseradish peroxidase-
labeled detection antibody was added to all
wells except for the blank well. The plates were
covered with a microplate sealer and incubat-
ed in a water bath at 37°C for 65 min. Next, the
liquid in each well was discarded, and the
plates were patted dry with absorbent paper.
The plates were washed six times by incubating
with the washing solution for 2 min each, and
the plates were patted dry with absorbent
paper after each wash step. Next, 50 yL sub-
strate A and 50 pL substrate B were added to
each well, and the plates were incubated at
37°Cin the dark for 10 min. The reactions were
stopped by the addition of 50 pL of the stop
solution to each well, and the optical density of
all wells was measured at a wavelength of 450
nm within 15 min. The serum concentrations of
the factors were calculated based on the stan-
dard curves. The CD4* and CD8* T cell percent-
ages were determined using flow cytometry
according to the manufacturer's recommen-
dations.

Observation indices

Primary observation indices of the two groups
included treatment efficacy and changes in
indices of immune function (CD4* and CD8* T
cell percentages), neuronal nutritional status
(BDNF and NGF), and inflammatory indices (IL-
6, IL-1B3, and MMP-9) before and after treat-
ment. Secondary observation indices of the
two groups included the incidence of adverse
events following treatment as well as full-scale
intelligence quotient (FIQ) and virtual inhibitory
quotient (VIQ) before and after treatment.

Statistical analysis

The collected data were analyzed using SPSS
version 20.0 (SPSS, Chicago, IL, United States)
and presented in graphs using GraphPad Prism
7 (GraphPad, San Diego, CA, United States).
Categorical variables were presented as per-
centages and analyzed using the chi-square
test. Data distribution was analyzed using the
Kolmogorov-Smirnov test. Continuous variables
were expressed as means * standard devia-
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tion. Comparisons of the data with normal dis-
tribution between the groups were performed
using the independent-samples Student’s t test
and expressed by t. Pearson’s correlation anal-
ysis was performed to analyze the relationship
between cognitive and serum inflammatory fac-
tors in the observation group. P < 0.05 indicat-
ed a significant difference between the two
groups.

Results
Clinical characteristics of both groups

The comparison of the clinical characteris-
tics of the two groups (Table 1) revealed that
there were no significant differences in age,
sex, disease course, onset of epilepsy, body
mass index, place of residence, seizure type,
family history of epilepsy, perinatal brain dam-
age, and seizure manifestation between the
two groups (P > 0.05 for all).

Comparison of the treatment effect between
the two groups

The analysis of treatment efficacy revealed that
there was no difference in the marked effect or
effect between the two groups (P > 0.05 for
both); however, the overall effect rate was high-
er in the observation group than in the control
group (P < 0.05; Table 2).

Comparison of changes in immune function
after treatment between the two groups

The comparison of the immune function indi-
ces between the two groups revealed that the
mean CD4* and CD8* T cell percentages of the
observation group were not significantly differ-
ent from those of the control group before
treatment (32.36% + 3.60% vs. 31.68% =+
3.42% and 39.37% + 4.33% vs. 40.64% +
4.48% for CD4* and CD8* T cells, respectively;
P > 0.05 for both). In addition, after treatment,
both the observation and the control groups
exhibited significantly increased mean CD4* T
cell percentages compared with those before
treatment (P < 0.05 for both). Furthermore, the
mean CD4* T cell percentage of the observa-
tion group was higher than that of the control
group after treatment (47.36% + 4.67% vs.
38.56% + 4.25%; P < 0.05), whereas the mean
CD8* T cell percentage was reduced in both
groups following treatment (P < 0.05 for both).
Finally, the mean CD8* T cell percentage of the
observation group was lower than that of the
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Table 1. Clinical characteristics of the two groups

Observation group (n = 66)  Control group (n = 58) t/x? P value

Age (Y) 75+2.2 72 +1.8 0.824 0.412
Course of disease (Y) 35+1.2 3.6+13 0.445  0.657
First onset time of epilepsy (Y) 2.7+0.8 24 +0.7 1.472 0.145
Sex 0.115 0.735

Male 39 (59.09) 36 (62.07)

Female 27 (40.91) 22 (37.93)
BMI (kg/m?) 17.14 + 0.62 16.96 + 0.58 1.662 0.099
Place of residence 2.297 0.130

Urban area 47 (72.71) 48 (82.76)

Rural area 19 (28.79) 10 (17.24)
Seizure type 0.645 0.724

Partial seizure 35(53.03) 32 (55.17)

Generalized seizure 21(31.82) 20 (34.48)

Unclassified seizure 10 (15.15) 6 (10.35)
Family history of epilepsy 0.403 0.526

Yes 8(12.12) 5 (8.62)

No 58 (87.88) 53 (91.38)
Perinatal brain injury 0.229 0.632

Yes 19 (28.79) 19 (32.76)

No 47 (71.21) 39 (67.24)
Seizure manifestation 0.618 0.996

Generalized tonic-clonic seizure 11 (16.67) 9 (15.52)

Absence seizure 9 (13.63) 10 (17.24)

Tonic seizure 12 (18.18) 9 (15.52)

Myoclonic seizure 13 (19.70) 10 (17.24)

Infantile spasm 9 (13.64) 8(13.80)

Atonic seizure 6 (9.09) 6 (10.34)

Secondarily generalized seizure 6 (9.09) 6 (10.34)
Table 2. Efficacy of the treatments 15.37 pg/mL and 484.63 + 47.58 vs.

. Observation  Control group 47794 + 44.62 ng/mL for BDNF and
Efficacy group (n=66)  (n=58) ¥x*  Pvalue NGF, respectively). Conversely, after
Marked effect 19 (28.79) 14 (24.14) 0.342 0.558 treatment, both groups exhibited inc-
Effect 37(56.06) 26 (44.83) 1559 0.212 reased mean BDNF and NGF levels.
No effect 10(15.15)  18(31.03) 4.455 0.035 Furthermore, the mean BDNF and NGF
The total effect 56 (84.85) 40 (68.97) levels of the observation group were

control group after treatment (27.93% + 3.19%
vs. 31.36% + 3.50%; P < 0.05; Figure 1).

Comparison of changes in neuronal nutritional
status after treatment between the two groups

The comparison of the indices for neuronal nu-
tritional status revealed that the mean BDNF
and NGF levels of the observation group were
not different from those of the control group
before treatment (108.74 + 13.42 vs. 112.67 +
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higher than those of the control group
(185.52 + 19.67 vs. 148.37 + 18.56
pg/mLand 568.15 + 51.63 vs. 526.26 + 52.37
ng/mL for BDNF and NGF, respectively; P <
0.05 for both; Figure 2).

Comparison of changes in the inflammatory
response after treatment between the two
groups

The comparison of changes in the inflamma-

tory indices between the two groups revealed
that the levels of IL-6, IL-13, and MMP-9 of the
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Figure 1. Immune function of the two groups before and after treatment. A, C: Before treatment, the CD4* T cell
percentages were not significantly different between the two groups (t = 1.074, P = 0.285). After treatment, both
the observation group (t = 22.647, P < 0.001) and the control group (t = 11.265, P < 0.001) exhibited significantly
increased CD4* T cell percentages, which were also higher in the observation group than in the control group (t =
10.917, P < 0.001). B, D: Before treatment, the CD8* T cell percentages were not significantly different between
the two groups (t = 1.603, P = 0.111). After treatment, both the observation group (t = 19.426, P < 0.001) and the
control group (t = 13.578, P < 0.001) exhibited significantly decreased CD8* T cell percentages, which were also
significantly lower in the observation group than in the control group (t = 5.709, P < 0.001). **P < 0.001.
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Figure 2. Neuronal nutritional status of the two groups before and after treatment. A. Before treatment, the brain-
derived neurotrophic factor (BDNF) levels were not significantly different between the two groups (t = 1.520, P =
0.131). After treatment, both the observation group (t = 27.373, P < 0.001) and the control group (t = 15.378, P <
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0.001) exhibited significantly increased BDNF levels, which were also significantly higher in the observation group
than those in the control group (t = 10.773, P < 0.001). B. Before treatment, the two groups exhibited no differ-
ence in the nerve growth factor (NGF) levels (t = 0.804, P = 0.423). After treatment, both the observation group (t =
14.367, P < 0.001) and the control group (t = 7.385, P < 0.001) exhibited significantly increased NGF levels, which
were also significantly higher in the observation group than in the control group (t = 4.478, P < 0.001). P < 0.001.
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Figure 3. Inflammatory factors of the two groups before and after treatment. A. Before treatment, the interleukin-6
(IL-6) levels were not significantly different between the two groups (t = 0.531, P = 0.596). After treatment, both the
observation group (t = 21.759, P < 0.001) and the control group (t = 14.367, P < 0.001) exhibited significantly de-
creased IL-6 levels, which were also lower in the observation group than in the control group (t = 10.242, P < 0.001).
B. Before treatment, the IL-13 levels were not significantly different between the two groups (t = 0.292, P = 0.771).
After treatment, both the observation group (t = 15.637, P < 0.001) and the control group (t = 8.735, P < 0.001) ex-
hibited significantly decreased IL-18 levels, which were also lower in the observation group than in the control group
(t=5.387, P < 0.001). C. Before treatment, the levels of matrix metalloproteinase-9 (MMP-9) were not significantly
different between the two groups (t = 1.382, P = 0.170). After treatment, both the observation group (t = 17.946,
P < 0.001) and the control group (t = 11.463, P < 0.001) exhibited significantly decreased levels of MMP-9, which
were also significantly lower in the observation group than in the control group (t = 10.257, P < 0.001). ""P < 0.001.

observation group were not different from pg/mL for IL-6, IL-13, and MMP-9, respectively;
those of the control group before treatment Figure 3).

(34.76 £ 4.26 vs. 35.22 + 5.37 pg/mL, 16.30 £

3.47 vs. 16.12 + 3.38 pg/mL, and 12.85 + Comparison of incidence rates of adverse
2.45vs. 12.26 + 2.28 pg/mL for IL-6, IL-1B, and events after treatment between the two groups
MMP-9, respectively; P > 0.05 for all). Con-

versely, after treatment, both groups exhibit- The comparison of the incidence rates of adv-
ed reduced levels of IL-6, IL-1B, and MMP-9; erse events after treatment revealed that th-
importantly, the levels of IL-6, IL-13, and MMP-9 ere were no significant differences in the inci-
of the observation group were lower than th- dence rates of appetite loss, dizziness, dro-
ose of the control group (21.25 + 3.27 vs. wsiness, weight loss, irritability, and hypody-
27.56 £ 3.59 pg/mL, 10.25 +2.15vs. 12.48 + namia between the two groups (P > 0.05 for all;
2.46 pg/mL, and 7.34 + 1.03 vs. 9.46 + 1.27 Table 3).
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Table 3. The incidence of adverse events after treatment

trol group, which suggested that the

combination of levetiracetam and to-

Observation  Control group t/x2  Pvalue ; .
group (n = 66) (n =58) pwgmate was more effective than
Loss of appetite 3 (4.55) 2(3.45) 0.096 0.757 topiramate alone. Second, analyses
o of the changes in immune function
Dizziness 2 (3.03) 1(1.73) 0.223 0.637 revealed that the CD4* and CD8* T
Sleepiness 3(4.55) 3(5.17) 0.026 0.871 cell percentages, which were not sig-
Weight loss 2(3.03) 3(5.47)  0.366 0.545 nificantly different between the two
Irascibility 2 (3.03) 2 (3.45) 0.017 0.895 groups before treatment, changed
Hypodynamia 1(1.52) 4 (6.90) 2.310 0.129 significantly after treatment. Specifi-

Comparison of changes in cognitive function
after treatment between the two groups

No significant differences were noted in FIQ
and VIQ between the observation and the con-
trol groups before treatment (91.54 + 7.48 vs.
92.77 + 6.93 and 93.05 + 6.48 vs. 92.25 +
6.18 for the FIQ and VIQ, respectively; P > 0.05
for both). After treatment, both groups exhibit-
ed improved FIQ and VIQ. Additionally, the FIQ
and VIQ of the observation group were higher
than those of the control group (106.37 + 8.36
vs. 102.56 + 7.59 and 108.32 * 7.93 vs.
104.21 + 7.25 for FIQ and VIQ, respectively; P <
0.05 for both; Figure 4).

Relationship between cognitive function and
inflammatory factors

Pearson’s correlation analysis to assess the
relationship between inflammatory factors and
cognitive function in the observation group
revealed that IL-6, IL-13, and MMP-9 were nega-
tively correlated with FIQ and VIQ (Figure 5).

Discussion

A study by Itoh et al. suggested that levetirace-
tam could suppress vascular dysfunction due
to epilepsy, inhibit the upregulation of pro-in-
flammatory molecules leading to epilepsy, and
protect vessels via anti-inflammatory and anti-
angiogenic mechanisms [16]. Topiramate also
demonstrated an ability to protect neurons
and reduce oxidative stress and inflammation
in the amygdala of rats [17, 18]. Therefore, the
present study explored the effects of leveti-
racetam administered in combination with topi-
ramate on immune function, cognitive function,
and neuronal nutritional status of children with
intractable epilepsy.

In the present study, the total efficacy rate was
better in the observation group than in the con-
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cally, there was an increase in CD4* T

cells and a decrease in CD8* T cells
with treatment in both groups, indicating better
immune function and suggesting that both
treatment approaches could improve the im-
mune function of children with intractable epi-
lepsy. However, after treatment, the CD4* T
cells were higher and the CD8" T cells were sig-
nificantly lower in the observation group than in
the control group, which also indicated that the
combination of levetiracetam and topiramate
was more effective than topiramate alone in
improving immune function.

Subsequently, we compared the neuronal nutri-
tional status of the two groups before and after
treatment. We found that although there were
no differences in the BDNF and NGF levels bet-
ween the two groups before treatment, both
groups exhibited significantly increased BDNF
and NGF levels after treatment. Important-
ly, the observation group showed higher BDNF
and NGF levels than the control group, suggest-
ing that the improvement in the neurological
function of the children was better with leveti-
racetam in combination with topiramate than
with topiramate alone. A study by Shin et al.
demonstrated that levetiracetam did not in-
crease apoptosis in neurons and raised the
possibility of levetiracetam as a neuroprotec-
tive agent in animal models [19]. The present
study results also provide support for leveti-
racetam as a treatment option with good safety
for the treatment of neonatal epilepsy.

We also evaluated the changes in inflamma-
tion-related factors, namely IL-6, IL-13, and
MMP-9, following treatment. Our analyses re-
vealed that the levels of these three factors,
which did not differ between the two groups
before treatment, were lower after treatment in
both groups. Critically, the levels of IL-6, IL-1,
and MMP-9 were lower in the observation gr-
oup than in the control group after treatment.
Repeated epileptic seizures were shown to lead
to an inflammatory response in patients [20]. In
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Figure 4. FIQ and VIQ of the two groups before and after treatment. A. Before treatment, there full-scale intelligence
quotient (FIQ) was not significantly different between the two groups (t = 0.945, P = 0.346). After treatment, both
the observation group (t = 12.736, P < 0.001) and the control group (t = 8.979, P < 0.001) exhibited significantly
increased FIQ, which was also significantly higher in the observation group than in the control group (t = 2.643, P
< 0.009). B. Before treatment, the virtual inhibitory quotient (VIQ) was not significantly different between the two
groups (t = 0.701, P = 0.485). After treatment, both the observation group (t = 14.117, P < 0.001) and the control
group (t = 10.562, P < 0.001) exhibited significantly increased VIQ, which was also significantly higher in the obser-
vation group than in the control group (t = 2.997, P < 0.003). P < 0.001, "*P < 0.001.
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Figure 5. Correlation between the inflammatory factors and cognitive ability of the children with intractable epilepsy.
A. IL-6 is negatively correlated with FIQ (r =-0.528, P < 0.001). B. IL-1j3 is negatively correlated with FIQ (r =-0.475,
P < 0.001). C. MMP-9 is negatively correlated with FIQ (r = -0.467, P < 0.001). D. IL-6 is negatively correlated with
VIQ (r =-0.618, P < 0.001). E. IL-1pB is negatively correlated with VIQ (r =-0.462, P < 0.001). F. MMP-9 is negatively
correlated with VIQ (r =-0.508, P < 0.001).

a study by Kalueff et al., the seizures were more at alleviating epilepsy and immune and inflam-
severe in epileptic rats administered with IL.-6 matory responses than single-drug treatments
compared than in the untreated epileptic rats, in children with intractable epilepsy, as both
suggesting that IL-6 could exacerbate epilepsy drugs can protect and aid in the restoration of
[21]. Therefore, lowering the levels of these neurological function [22].

inflammatory factors may alleviate epilepsy. We

predict that the combination treatment with Combined use of the two drugs has several
levetiracetam and topiramate might be better advantages. First, in patients who might devel-
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op resistance to one of the drugs, the second
drug can continue to control epilepsy; different
pharmacological mechanisms might also cre-
ate a synergistic effect [23]. Our comparative
analyses of the two groups for the incidence
of adverse events also demonstrated that the
incidence rates of appetite loss, dizziness, sl-
eepiness, weight loss, irascibility, and hypody-
namia were not significantly different between
the two groups.

We also compared the two groups for two cog-
nitive ability indices, FIQ and VIQ. Our results
demonstrated that the treatment led to incre-
ased FIQ and VIQ, indicating improved cogni-
tive ability while alleviating epilepsy, in both
groups. In addition, we found that the increas-
es in FIQ and VIQ were significantly higher in the
observation group than in the control group.
The Pearson’s correlation analysis also found
that the inflammatory factors IL-6, IL-1B3, and
MMP-9 were negatively correlated with FIQ and
VIQ.

The present study has several limitations. First,
the study included only children with epilepsy
and did not enroll healthy children; therefore,
the differences between children with epilepsy
and healthy children could not be assessed.
Second, we did not perform additional analys-
es to explore the correlations of IL-6, IL-1j3, and
MMP-9 with FIQ and VIQ. Therefore, future ba-
sic research studies are necessary to further
explore and provide support by identifying the
molecular basis for these correlations. Future
studies should also compare levetiracetam in
combination with topiramate to the available
surgical methods for antiepileptic therapy, such
as vagus nerve stimulation [24].

In conclusion, levetiracetam in combination
with topiramate is associated with reduced
inflammatory response and improved immune
function, cognitive function, and neuronal nutri-
tional status in children with intractable epilep-
sy. Furthermore, cognitive function is negatively
correlated with inflammatory response in these
patients.
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