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Purpose: Mutations in the cyclin-dependent kinase-like 5 (CDKL5) gene are associated with epi-
leptic encephalopathy and severe cognitive impairment. We aim to characterize the association 
between this gene and treatment efficacy. 
Methods: We retrospectively analyzed 10 patients who were treated at Severance 
Children's Hospital for epileptic encephalopathy who were subsequently diagnosed with a CDKL5 
mutation using next-generation sequencing. 
Results: Electroencephalography (EEG) results showed generalized pattern abnormalities in 60% 
(6/10) of patients with CDKL5 mutations. We analyzed the effects of three treatments, namely 
antiepileptic drugs (AEDs), ketogenic diet (KD), and steroids. A more than 50% reduction in sei-
zures was observed in 12% (1/8) of patients treated with clobazam. KD treatment proved inef-
fective in most cases. In addition, a more than 50% reduction in seizures was observed in 57% 
(4/7) of patients treated with steroids. EEG analysis of patients treated effectively with steroids 
revealed that 75% (3/4) showed hypsarrhythmia and 25% (1/4) showed focal epileptiform. 
Conclusion: In this study, as in other studies, AEDs and KD did not effectively control seizures in 
most patients with a CDKL5 mutation. However, steroid therapy reduced the frequency of sei-
zures in patients who also exhibited hypsarrhythmia. This suggests that steroid treatment is help-
ful in cases of hypsarrhythmia with CDKL5 mutations. 

Keywords: Spasms, infantile; CDKL5 deficiency disorder; Epilepsy; Epileptic encephalopathy
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Introduction 

Mutations in the cyclin-dependent kinase-like 5 (CDKL5) gene 
are associated with severe cognitive impairments and early epilep-
tic encephalopathy, such as infantile spasm. These mutations are 
mainly expressed in women [1,2]. Accordingly, the CDKL5 muta-
tion was found in two female patients with severe cognitive impair-
ment with an infantile spasm in 2003 [1]. The CDKL5 mutation 
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has been reported in atypical Rett syndrome patients who report 
having seizures before 6 months of age [2,3]. However, unlike pa-
tients with typical Rett syndrome who had epileptic seizures be-
fore 3 years of age, those with CDKL5 mutations, on average, re-
ported seizures 4 months earlier, and in many cases, lacked typical 
Rett syndrome features [3-5]. In 2013, Fehr et al. [6] reported that 
the CDKL5 mutation should be classified as an independent early 
epileptic encephalopathy, not atypical Rett syndrome. Seizures 
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with CDKL5 mutations in early infancy are typically characterized 
by tonic seizures or muscle contractions with vibration, followed 
by a clonic phase with a series of spasms that gradually turn into 
rhythmic distal myoclonic jerks [7]. There is, however, no charac-
teristic electroencephalography (EEG) pattern in patients with a 
CDKL5 mutation [7-10]; EEG can present, initially, as normal 
background activity in patients with this mutation [9,10]. Al-
though patients with CDKL5 mutations show a transient response 
to various antiepileptic drugs (AEDs), they are generally difficult 
to treat and are unresponsive to most intractable epilepsy treat-
ment [11]. 

The purpose of this study was to analyze the characteristics of 
CDKL5 mutations in patients from a single center, as well as to 
confirm the efficacy of therapy. 

Materials and Methods 

We retrospectively analyzed 10 patients with CDKL5 pathogenic 
mutations, diagnosed at Severance Children's Hospital, Seoul, 
South Korea. Patients were reassessed at every outpatient clinic. 
The patient’s response to the drug was categorized into four 
groups: (1) patient was seizure free for more than 6 months; (2) 
seizures were reduced by more than 50%; (3) seizures were re-
duced by less than 50%; or (4) no effect. If the patient does not af-
fect the clinical symptoms, the drug or treatment method will be 
added or changed. In this case, we have assessed the treatment 
methods and drugs we want to investigate. In this study, when ste-
roid was chosen as treatment options, we prescribed prednisolone. 
It was used at 40 to 60 mg/day for 2 weeks and then tapered off for 
2 weeks [12,13]. 

All children underwent several analyses, including next-genera-
tion genetic sequencing, routine EEG recordings, and video EEG 
recordings. The EEG terminology used in this study is based on a 
paper published by Kane et al. [14] in 2017. 

Genomic DNA extracted from all individual samples was used 
for library preparation and target capture using custom panels tar-
geting candidate genes. The databases used for analysis and muta-
tion analysis include online Mendel inheritance, Human Gene 
Mutation Database, ClinVar, dbSNP, 1000 Genome, Exome Ag-
gregation Consortium, Exome Sequencing Project, and Korean 
Reference Genome Database. All pathogenic and possible patho-
genic variants were identified by Sanger sequencing. All patients 
underwent video EEG recording at the first evaluation and routine 
EEG recording at the follow-up evaluation. Routine EEG record-
ings were performed for an average of 30 minutes and video EEG 
recordings were performed for more than 4 hours. Scalp electrodes 
were placed according to the International 10–20 system. 

This study was approved by the Institutional Review Board of 
Severance Hospital (4-2016-0080). Informed consent was waived 
due to the retrospective nature of the study.

Results 

We identified a CDKL5 pathogenic mutation in 10 patients (eight 
women, two men). Amongst all patients, the average age at seizure 
onset was 3.6 months (range, 0.6 to 11). Six patients with the mu-
tation demonstrated generalized abnormalities in the first EEG re-
cording; two patients showed hypsarrhythmic patterns, one 
showed EEG suppression patterns, two patients showed general-
ized sharp and wave discharges, and one patient showed general-
ized slow and disorganized background abnormalities. In total, 
four patients showed hypsarrhythmic patterns during the study pe-
riod. Three patients demonstrated regional epileptiform discharges 
and one patient demonstrated regional paroxysmal fast activities 
on EEG. All patients exhibited motor seizures and six patients ex-
hibited spasms. One of the patients who exhibited spasms did not 
show subsequent motor seizure. Brain magnetic resonance imag-
ing data appeared normal in most cases, and we found no focal ab-
normalities. There was a significant delay in cognition in nine of 
the 10 patients who underwent cognitive testing. Details on genet-
ic and clinical features of patients can be found in Tables 1 and 2. 

We compared the effects of AEDs such as valproic acid (VPA), 
clobazam (CLB), and vigabatrin (VGB) on seizures. Additionally, 
we evaluated the effects of steroids and ketogenic diets (KDs) on 
seizures. Eight of the 10 patients used VPA, six of whom reported 
no effects, and two reported a less than 50% reduction in the fre-
quency of seizures. Nine patients used CLB, four of whom had a 
less than 50% seizure reduction, three had no effect, and one had a 
more than 50% seizure reduction. Seven patients used VGB, five of 
whom reported no effects, and two reported a less than 50% re-

Table 1. Genetic features of 10 patients with CDKL5 mutation
Pt Inheritance CDS/amino acid change Type of mutation
1 - c.2354dupA, 

p.Lys786GlufsTer15
Frameshift duplication

2 De novo c.511T>A, p.Tyr171Asn Missense
3 - c.978-1G>A Splicing
4 De novo c.282+1G<A Splicing
5 De novo c.175C>T, p.Arg59Ter Nonsense
6 De novo c.513C>A, p.Tyr171Ter Nonsense
7 - c.458A>T, p.Asp153Val Missense
8 De novo c.145+2T>A Splicing
9 - c.403+1G>A Splicing
10 De novo c.146-1G>T -
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duction in the frequency of seizures. Eight patients were on KDs, 
seven of whom reported no effect and only one of whom had a less 
than 50% reduction in the frequency of seizures (Table 3). In addi-
tion, seven patients used steroids, one of whom reported no sei-
zures for more than 6 months, and three of whom reported a re-
duction in frequency of seizures by more than 50%. EEG results in 
the patient who remained seizure-free for more than 6 months 
showed regional epileptiform when seizures first occurred (age, 0.6 
months), but no slowing pattern. These three patients under ste-
roids with a reduction of more than 50% in the frequency of sei-
zures showed hypsarrhythmia on EEG. 

Discussion 

Patients with a CDKL5 mutation often present with epileptic en-
cephalopathy, which is a challenging condition to treat, and has 
been reported to be only temporarily affected by AEDs [11,15,16]. 
Therefore, the treatment goal for these patients involves improving 
their quality of life and achieving, at minimum, a slight reduction 
in the frequency of seizures [11]. CDKL5 mutation is a causative 
mutation of infantile spasm, so treatment with steroid has also 
been tried in some cases [12,13,15]. One study reported that sei-
zures were not completely abolished in patients with CDKL5 mu-
tations, but KD and some drugs, such as VGB, have helped to re-
duce the frequency of seizures [15,16]. 

Table 2. Clinical and EEG features of 10 patients with CDKL5 mutation

Pt Sex sz onset 
age (mo) ECD sz type 1st EEG finding Age at 1st 

Hyps (mo) Brain MRI Cognitive function

1 F 11 WS, LGS Spasm Generalized sharp and wave discharges 19 NL Significantly delayed
2 F 3 WS Spasm Normal - NL Significantly delayed
3 F 1.7 EIEE Myoclonic Suppression burst - NL Significantly delayed
4 F 1 WS, LGS Spasm Hyps 3 NL Significantly delayed
5 M 5 WS, LGS Spasm Hyps 5 NL Significantly delayed
6 F 5 WS Spasm Generalized slow and disorganized 

background activities
9 NL Significantly delayed

Regional sharp wave discharges
7 F 3 LGS Spasm Generalized sharp and slow wave - Atrophy Significantly delayed
8 M 0.6 EME Myoclonic Regional sharp wave and regional 

paroxysmal fast activities
- NL Significantly delayed

9 F 4 Focal epilepsy Focal motor Regional slowing - Atrophy Significantly delayed
10 F 2 Focal epilepsy GTC Regional sharp wave discharges - NL -

EEG, electroencephalography; CDKL5, cyclin-dependent kinase-like 5; Pt, patients; sz, seizure; ECD, electroclinical diagnosis; Hyps, hypsarrhythmia; MRI, 
magnetic resonance imaging; WS, West syndrome; LGS, Lennox-Gastaut syndrome; NL, normal; EIEE, early infantile epileptic encephalopathy; EME, early 
myoclonic encephalopathy; GTC, generalized tonic-clonic.

Table 3. Effect of treatment by reduction of seizure frequency for 10 patients with CDKL5 mutation

Pt Hyps Generalized 
pattern EEG Baseline sz freq VPA CLB VGB Steroid KD

1 + + Daily Less than 50% No effect No effect More than 50% No effect
2 -  - 2 times/wk No effect Less than 50% - No effect No effect
3 - + Daily Less than 50% Less than 50% Less than 50% - No effect
4 + + Daily No effect Less than 50% No effect More than 50% No effect
5 + + Daily No effect - Less than 50% More than 50% No effect
6 + + Daily No effect Less than 50% No effect No effect Less than 50%
7 - + 3 times/wk No effect No effect No effect No effect No effect
8 - - Daily - - No effect sz free more than 6 mo -
9 - - Daily No effect More than 50% - - No effect
10 - - Daily - No effect - - -

CDKL5, cyclin-dependent kinase-like 5; Pt, patients; Hyps, hypsarrhythmia; EEG, electroencephalography; sz, seizure; freq, frequency; VPA, valproic acid; CLB, 
clobazam; VGB, vigabatrin; KD, ketogenic diet.
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In the current study, we investigated 10 patients with the CDKL5 
mutation, who were being treated with VPA (n = 8), CLB (n = 8), 
and/or VGB (n = 7). Five patients were being treated with a com-
bination of all three drugs. Except for one patient who showed a 
more than 50% reduction in the frequency of seizures on CLB, 
most drugs yielded a less than 50% reduction in the frequency of 
seizures. There was no effect in six of the eight patients on VPA, 
and five of the seven patients on VGB. With CLB, however, only 
three of the eight patients reported no effect, four patients reported 
a less than 50% reduction, and one patient reported a less than 50% 
reduction. Based on these findings, CLB seems to be the most ef-
fective among the three drugs in reducing seizures. 

We also studied the effect of a KD on seizure reduction. Eight 
patients were on a KD, and seven of them did not show any reduc-
tion in seizures. This seems to be different from previous studies 
that ketone-producing diets are most helpful in reducing the fre-
quency of seizures [15]. However, this study has been studied with 
a small number of patients, so further studies are needed. 

Seven patients were treated with steroids for seizure control. 
One of them maintained a seizure-free condition for more than 6 
months, and three patients reported a more than 50% reduction in 
seizures. EEG results showed that four patients had hypsarrhyth-
mia, three of whom also demonstrated a more than 50% reduction 
in seizures under steroid therapy. This suggests that steroid, a treat-
ment option for infantile spasm, can also be a good treatment op-
tion for patients with CDKL5 mutations when they present with 
hypsarrhythmic EEG. 

Contrary to previous studies, the AED and KD were not effec-
tive in CDKL5 mutation patients. However, in the case of hypsar-
rhythmic pattern on EEG, the steroid treatment showed a more 
than 50% seizure reduction effect (three-fourths). Currently, ste-
roid therapy for infantile spasm is widely used and proven effective 
[12,13]. This study suggests that steroid treatment can also be 
helpful in cases of infantile spasm with a CDKL5 mutation who 
have a hypsarrhythmic EEG. 

Due to the small number of patients included in this study and 
the limitations of the retrospective study, it is difficult to obtain reli-
able results, and some results show different results from previous 
studies. So, further studies will be needed in the future. In addition, 
this study evaluated the correlation with only interictal EEG pat-
tern. This is also a limitation of this study and further research is 
needed. 
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Purpose: Cytokines demonstrate active roles in the occurrence of febrile seizures (FS). However, 
whether a genetic predisposition to inflammation is implicated in FS, febrile seizure plus (FS+) or 
genetic epilepsy with febrile seizure plus (GEFS+) are still unclear. Therefore we perform this 
study to find the association of promotor variants in pro-inflammatory cytokine tumor necrosis 
factor-α (TNF-α) genes and anti-inflammatory cytokine interleukin 10 (IL-10) genes either with 
FS, FS+, and GEFS+ in Korean children. 
Methods: Fifty-seven children with FS, 32 FS+, and 12 GEFS+ patients were compared with 108 
controls. The allelic and genotypic distributions were compared for TNF-α-238 (rs361525), -308 
(rs1800629), -857 (rs1799724), -863 (rs1800630), and IL-10-592 (rs1800872), -819 (rs1800871), 
-1082 (rs1800896), and -1352 (rs1800893). 
Results: Allelic and genotypic frequencies of TNF-α and IL-10 promotor variants showed no sig-
nificant differences between FS, FS+, and GEFS+ versus controls. However, AA genotypes at 
TNF-α-863 were present only in controls. TNF-α-863 (rs1800630) promoter variants showed an 
association with FS, FS+, and GEFS+ in a recessive mode of inheritance pattern (P<0.05). 
Conclusion: Our results suggest that AA genotypes at TNF-α-863 may be associated with FS, FS+, 
and GEFS+, implicating protective roles against to development of FS, FS+, and GEFS+. 

Keywords: Tumor necrosis factor-alpha; Interleukin-10; Epilepsy; Seizures, febrile; Variants
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Introduction 

Febrile seizure (FS) is the most common type of seizure during 
childhood period, and defined as seizures provoked by fever 
without central nervous system (CNS) infection [1]. Febrile 
states are induced by pyrogenic response to various infections, 
and the magnitude of pyrogenic response influence the body 
temperature of each child. Interleukin (IL)-1β, IL-6, and tumor 
necrosis factor-α (TNF-α) are major pro-inflammatory cytokines 
controlling pyrogenic actions [2]. Overproduction of pro-in-
flammatory cytokines can boost pyrogenic action and in some 
children, therefore body temperatures may overwhelm the sei-
zure threshold, provoking to develop FS. 

The association between cytokine genetic variants and suscep-
tibility to FS and epilepsy are still controversial. IL-1β-511 pro-
moter variants were reported to have an association with FS 
[3,4]. TNF-α-308 genotype showed no significant association 
with FS in meta-analysis study [5-8]. In other studies, GG geno-
types of TNF-α-238 were more prevalent than GA genotype 
among FS compared to controls in Iranian children [9]. Japanese 
FS study showed significant lower frequencies of the IL-10-
592C/-819C/-1082A haplotype than controls [10]. In contrast, 
IL-10-592, -819, and -1082 showed no significant allelic associa-
tion in Iranian FS study [11]. 

Genetic epilepsy with febrile seizure plus (GEFS+) is a familial 
disorder with association of FS and epilepsy and shows autoso-
mal dominance inheritance with variable penetrance [12]. And 
febrile seizure plus (FS+) is a same phenotypic disorder to 
GEFS+ without family history. To date, sodium voltage-gated 
channel alpha subunit 1 (SCN1A), sodium voltage-gated chan-
nel beta subunit 1 (SCN1B), and gamma-aminobutyric acid type 
A receptor gamma2 subunit (GABRG2) are known to be dis-
ease-causing genes of GEFS+ [13]. Inheritance in GEFS+ is typ-
ically autosomal dominant with incomplete penetrance, although 
other complex inheritance patterns may also occur. However, 
whether genetic susceptibility to inflammation may be one of the 
genetic causes for FS or GEFS+ is still unclear. 

To determine whether promotor variants of TNF-α and IL-10 
influence the susceptibility to FS, FS+, and GEFS+, we analysed 
genetic variants in the promotor region of TNF-α and IL-10 
among children with FS and GEFS+ patients and compared to 
controls. 

Materials and Methods 

1. Patient information 
Children with FS, FS+, and GEFS+ patients were enrolled in this 

study from June 2008 to May 2013, visiting the emergency room 
of Seoul Metropolitan Government Seoul National University Bo-
ramae Medical Center with acute seizure attacks. Inclusion criteria 
for FS were children with seizures associated with fever above 38°C 
between 6-month-old to 5-year-old, without CNS infection, neu-
rologic deficits and previous afebrile seizures [14]. Diagnosis of ge-
netic epilepsy with febrile seizure plus (GEFSP) followed the crite-
ria established in the 2017 International Classification of Epileptic 
Syndromes [15]. GEFS+ is usually diagnosed in families whose 
members have FSs that may continue past the usual age where 
these are expected to resolve and/or be accompanied by afebrile 
seizures that may be generalized seizures or focal seizures. FS+ are 
distinguished from the GEFS+ on the basis of family history. 
Controls were children matched for age without history of FS nor 
epilepsy. This study was approved by the Institutional Review 
Board at the Seoul Metropolitan Government Seoul National 
University Boramae Medical Center (20080918/06-2008-74/76). 
Informed consent was obtained from the parent of each child. 

2. Variants selection 
A total of four variants located in the promotor region of TNF-α, 
-238 (rs361525), -308 (rs1800629), -857 (rs1799724), -863 
(rs1800630), and also four variants located in the promotor re-
gion of IL-10, -592 (rs1800872), -819 (rs1800871), -1082 
(rs1800896), -1352 (rs1800893), were selected from the dbSNP 
database (www.ncbi.nlm.nih.gov/SNP) and the HapMap human 
SNP database (www.hapmap.org). For selecting variants, vari-
ants with a minor allele frequency above 0.05 were included. To 
estimate pairwise linkage disequilibrium of variant marker, we 
used Haploview v4.0 (http://www.broadinstitute.org/haplo-
view/haploview). All variants did not show the results of the chi-
square test to reject the Hardy-Weinberg equilibrium. The de-
fault confidence interval algorithm of the Haploview program re-
vealed 1 haplotype block (Fig. 1A) of TNF-α-857, -863 and 1 
haplotype block (Fig. 1B) of IL-10-592, -819, -1082, -1352, from 
patient group data. 

3. Variant sequencing and genotyping 
Probes and primers were designed with genomic sequence infor-
mation. After amplifying the variant spanning fragments by poly-
merase chain reaction, genotyping was performed with SNaP-
shot (Sequenom, San Diego, CA, USA). The person analysing 
the genotype result was blinded to the clinical data.  

4. Statistical analysis 
The trend test, chi-square test, Fisher exact test and the logistic 
regression test were the statistical approaches used analysing the 
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genotype distributions of patient group including FS, FS+, and 
GEFS+ and then comparing with controls, depending on mode 
of inheritance [16], such as additive, dominant and recessive, 
based on the minor allele of each variants. IBM SPSS statistics 
version 20 (IBM Co., Armonk, NY, USA) and R version 3.2.5 
(http://www.r-project.org) were used to analyse the tests. The 
statistical significance of differences was set as P < 0.05 for all 
tests. 

Results 

1. Patient characteristics 
Fifty-seven children with FS, 32 FS+, and 12 GEFS+ patients and 
108 controls were enrolled. Semiology of FS were 46 (81%) sim-
ple types and 11 (19%) complex types. Three FS children had a 
history of febrile status epilepticus. All patients with FS+ and 
GEFS+ developed epilepsy after previous FS attacks. The chil-
dren with FS, FS+, and GEFS+ patients did not show significant 
differences by sex, age, and laboratory findings with controls. 

2. TNF-α allele and genotype variants 
AA genotypes at TNF-α-863 were present only in controls. AA 
genotype at TNF-α-863 showed significant negative association 
with FS, FS+, and GEFS+ (P = 0.029) (Table 1). TNF-α-238, 
TNF-α-308, and TNF-α-857 showed no significant allelic and ge-

Fig. 1. Linkage disequilibrium structure of the variants in (A) tumor necrosis factor-α (TNF-α) and (B) interleukin 10 (IL-10), and haplotype 
blocks were analysed in the current study. The red block is a block including variants that showed significant association in single-marker 
analysis.

A B

notypic differences (Table 2).  

3. IL-10 allele and genotype variants 
IL-10-592, -819, -1082, and -1352 failed to show significant allel-
ic or genotypic association with FS, FS+, and GEFS+ compared 
to controls (Table 3 and 4).

4. Haplotype analysis: TNF-α-857 and TNF-α-863 
Haplotype frequencies of block 1 consisted with TNF-α-863 and 
TNF-α-857 showed no significant association with patients 
group of FS, FS+, and GEFS+ compared to controls. 

5. Haplotype analysis: IL-10-592, -819, -1082, and -1352 
Haplotype frequencies of block 1 consisted with IL-10-592, 
-819, -1082, and -1352 showed no significant association with 
patients group of FS, FS+, and GEFS+ compared to controls 
(Table 5). 

Discussion 

This study demonstrates that allelic and genotypic frequencies of 
TNF-α and IL-10 promotor variants showed no significant differ-
ences between FS, FS+, and GEFS+ versus controls in Korean 
children. However, AA genotypes at TNF-α-863 were present 
only in controls, therefore AA genotype at TNF-α-863 showed 
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Table 1. Comparison of genotypic frequencies of 4 TNF-α SNPs between the patients with FS, FS+, and GEFS+ versus controls

Gene variants Genotype
 No. (%)

Genetic mode P value
FS, FS+, GEFS+ (n=100) Control (n=106)

TNF-α-238 rs361525 G/G 84 (84.0) 94 (88.7) Additive 0.329
G/A 16 (16.0) 12 (11.3) Dominant 0.327
A/A Recessive

TNF-α-308 rs1800629 G/G 85 (85.9) 93 (87.7) Additive 0.852
G/A 14 (14.1) 12 (11.3) Dominant 0.691
A/A 0 (0.0) 1 (0.9) Recessive 1.000

TNF-α-857 rs1799724 C/C 71 (71.7) 73 (68.9) Additive 0.828
C/T 24 (24.2) 30 (28.3) Dominant 0.656
T/T 4 (4.0) 3 (2.8) Recessive 0.714

TNF-α-863 rs1800630 C/C 69 (69.0) 69 (65.1) Additive 0.203
C/A 31 (31.0) 31 (29.2) Dominant 0.551
A/A 0 (0.0) 6 (5.7) Recessive 0.029a

TNF-α, tumor necrosis factor-α; SNP, single nucleotide polymorphism; FS, febrile seizure; FS+, febrile seizure plus; GEFS+, genetic epilepsy with febrile seizure 
plus.
aP<0.05.

Table 2. Comparison of allelic frequencies of 4 TNF-α SNPs between the patients with FS, FS+, and GEFS+ versus controls

Gene variants Genotype
   No. (%)

Allelic association P value
FS, FS+, GEFS+ (n=100) Control (n=106)

TNF-α-238 rs361525 G 184 (92) 200 (94) 0.346
A 16 (8) 12 (6)

TNF-α-308 rs1800629 G 184 (93) 198 (93) 0.851
A 14 (7) 14 (7)

TNF-α-857 rs1799724 C 166 (84) 176 (83) 0.824
T 32 (16) 36 (17)

TNF-α-863 rs1800630 C 169 (85) 169 (80) 0.206
A 31 (15) 43 (20)

TNF-α, tumor necrosis factor-α; SNP, single nucleotide polymorphism; FS, febrile seizure; FS+, febrile seizure plus; GEFS+, genetic epilepsy with febrile seizure 
plus.

Table 3. Comparison of genotypic frequencies of 4 IL-10 SNPs between the patients with FS, FS+, and GEFS+ versus controls

Gene variants Genotype
   No. (%)

Genetic mode P value
FS, FS+, GEFS+ (n=100) Control (n=106)

IL-10-592 rs1800872 A/A 54 (54.0) 50 (47.2) Additive 0.383
A/C 40 (40.0) 49 (46.2) Dominant 0.327
C/C 6 (6.0) 7 (6.6) Recessive 0.859

IL-10-819 rs1800871 T/T 54 (54.0) 50 (47.2) Additive 0.383
T/C 40 (40.0) 49 (46.2) Dominant 0.327
C/C 6 (6.0) 7 (6.6) Recessive 0.859

IL-10-1082 rs1800896 A/A 86 (86.0) 95 (91.3) Additive 0.286
A/G 13 (13.0) 8 (7.7) Dominant 0.228
G/G 1 (1.0) 1 (1.0) Recessive 1.000

IL-10-1352 rs1800893 G/G 86 (86.0) 96 (90.6) Additive 0.361
G/A 13 (13.0) 9 (8.5) Dominant 0.307
A/A 1 (1.0) 1 (0.9) Recessive 1.000

IL, interleukin; SNP, single nucleotide polymorphism; FS, febrile seizure; FS+, febrile seizure plus; GEFS+, genetic epilepsy with febrile seizure plus.
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significant negative association with FS, FS+, and GEFS + com-
pared to controls. Thus, this results may suggest that AA geno-
types at TNF-α-863 show protective effects against FS, FS+, and 
GEFS+. However, our study population is small, so further study 
is needed with larger number of patients. 

Pro-inflammatory cytokines play major actions in seizure gen-
eration and exacerbation [17]. IL-1β and TNF-α showed elevat-
ed levels in brains of experimental animals after electrical stimu-
lation of the amygdala [18]. TNF-α is mostly released by microg-
lia in the brain [19] and induces astrocytes to release glutamate 
[20]. An increase in extracellular glutamate may stimulate gluta-
matergic neurons, leading neuronal hyper-excitability. TNF-α 
upregulates α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA) receptors, increasing glutamatergic transmission 
[21]. TNF-α also upregulates endocytosis of gamma-Aminobu-
tyric acid, or γ-aminobutyric acid (GABA) receptors, and even-
tually suppresses effects of the inhibition [22]. Altogether TNF-α 
leads to increase seizure susceptibility [22,23]. 

TNF-α is a potent pro-inflammatory cytokine showing impli-
cations with a large number of human diseases including many 
autoimmune diseases [7]. TNF-α shows alternate roles depend-

ing on variants of TNF-α gene regulating its effect and produc-
tion [24]. Therefore, genetic variants that upregulate cytokine 
production may increase susceptibility to inflammation; subse-
quently, an exaggerated pro-inflammatory cytokine responses 
during infection may predispose in certain children to develop 
FS and subsequent epilepsy, especially FS+, and GEFS+. The 
postictal serum levels of IL-1β, IL-6, TNF-α, and high mobility 
group box 1 (HMGB1) showed significant elevation among chil-
dren with FS attacks and children with epilepsy in afebrile seizure 
attacks, shown in our previous study [25]. 

TNF-α-238, -308, and -863, among promoter regions, demon-
strated to alter transcriptional activity [26]. TNF-α-863 genotype 
showed a negative association with FS, FS+, and GEFS+ among 
Korean children in our study. AA genotype at TNF-α-863 cor-
relates with a lower risk to develop FS, FS+, and GEFS+. CC 
genotype at TNF-α-863 was correlated with an increased risk of 
juvenile rheumatoid arthritis in Turkish patients [27]. Also, CC 
genotypes at TNF-α-863 showed higher serum levels of TNF-α, 
both pre-operatively and post-operatively after cardiac surgery in 
122 German patients [28]. Taken together, CC genotype at 
TNF-α-863 is correlated with more pro-inflammatory action 

Table 4. Comparison of allelic frequencies of 4 IL-10 SNPs between the patients with FS, FS+, and GEFS+ versus controls

Gene variants Allele
No. (%)

Allelic association P value
FS, FS+, GEFS+ (n=100) Control (n=106)

IL-10-592 rs1800872 A 148 (74) 149 (70) 0.401
C 52 (26) 63 (30)

IL-10-819 rs1800871 T 148 (74) 149 (70) 0.401
C 52 (26) 63 (30)

IL-10-1082 rs1800896 A 185 (93) 198 (95) 0.257
G 15 (7) 10 (5)

IL-10-1352 rs1800893 G 185 (93) 201 (95) 0.335
A 15 (7) 11 (5)

IL, interleukin; SNP, single nucleotide polymorphism; FS, febrile seizure; FS+, febrile seizure plus; GEFS+, genetic epilepsy with febrile seizure plus.

Table 5. Haplotype frequency analysis between FS, FS+, and GEFS+ versus controls

Gene variants Allele
                 No. (%)

Allelic association P value
FS, FS+, GEFS+ (n=100) Control (n=106)

IL-10-592 rs1800872 A 148 (74) 149 (70) 0.401
C 52 (26) 63 (30)

IL-10-819 rs1800871 T 148 (74) 149 (70) 0.401
C 52 (26) 63 (30)

IL-10-1082 rs1800896 A 185 (93) 198 (95) 0.257
G 15 (7) 10 (5)

IL-10-1352 rs1800893 G 185 (93) 201 (95) 0.335
A 15 (7) 11 (5)

FS, febrile seizure; FS+, febrile seizure plus; GEFS+, genetic epilepsy with febrile seizure plus; TNF-α, tumor necrosis factor-α; IL, interleukin.
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than AA genotype. 
Korean Reference Genome DB KRGDB (http://coda.nih.

go.kr/coda/KRGDB/index.jsp) are the free database of 1,100 
Korean genomes. A allele frequency of TNF-α-863 is 15% and 
genotype frequencies are no available. In our study, A allele fre-
quency is 15% in patients group of FS, FS+, and GEFS+ and 20% 
in controls; therefore, we can assume that our study population is 
not deviant to the general Korean population. The GG geno-
types of TNF-α-238 were more prevalent than GA genotype 
among FS compared to controls in an Iranian study [9]. Howev-
er, in our Korean population, there were no significant genotypic 
differences at TNF-α-238 in patient group of FS, FS+, and 
GEFS+ compared to controls. 

TNF-α-308 is reported to have an association with higher sus-
ceptibility to asthma, atopic dermatitis, increased fatality in me-
ningococcemia and ankylosing spondylitis [29-32]. However, in 
FS meta-analysis study, TNF-α-308 genotype showed no signifi-
cant association [5-8]. Our study also showed no significant as-
sociation at TNF-α-308 with FS, FS+, and GEFS+. 

IL-10 is a major cytokine having anti-inflammatory action in 
immune system. IL-10 injected animals showed significantly 
higher threshold for provoking FS attacks than that in the con-
trols, suggesting a protective effect to FS development [10]. IL-
10 serum levels are controversial in several FS studies with some 
reporting increased [33] or others not increased levels [3,34]. 

IL-10 transmits negative feedback signals to decrease the im-
mune system activation upon various inflammatory stimuli [35]. 
The IL-10-592, -819, and -1082 are placed in the IL-10 promotor 
regions having putative regulatory actions [36]. In a study of Jap-
anese FS patients, the frequencies of the IL-10-592C/-819C/-
1082A haplotype were significantly lower than controls [10]. In 
our study, the haplotype frequencies of IL-10-592C/-819C/-
1082A/-1352G were also decreased in patient group with FS, 
FS+, and GEFS+ compared to controls, although statistically in-
significant (18.5% vs. 24.5%, P = 0.497). In contrast, Iranian FS 
study reported that IL-10-592, -819, and -1082 showed no signif-
icant allelic association [11]. 

The limitation of our study is relatively small number of pa-
tients enrolled. Therefore, further studies with larger number of 
patients with different ethnicities are needed to reveal the exact 
association of TNF-α gene variants with FS, FS+, and GEFS+ in 
children. 

In summary, allelic and genotypic frequencies of TNF-α and 
IL-10 promotor variants showed no significant differences be-
tween FS, FS+, and GEFS+ versus controls. However, AA geno-
types at TNF-α-863 were present only in controls; therefore, 
TNF-α-863 (rs1800630) promoter variants may be negatively as-

sociated with FS, FS+, and GEFS+. Our results support that the 
promotor genetic variant linked to lesser production of pro-in-
flammatory cytokine TNF-α may be implicated in the protection 
to fever-provoked seizures in Korean children. 
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Purpose: Acquired epileptic aphasia (AEA) accompanied by electroencephalogram (EEG) abnor-
mality is a rare disease; therefore, there are few studies investigating the prognostic factors and 
treatment efficacy. We aimed to determine the therapeutic effects and prognostic factors for 
clinical seizure and neuropsychological function in acquired aphasia patients.
Methods: We retrospectively studied cases of AEA diagnosed at Severance Children’s Hospital 
from January 2013 to October 2017. We evaluated the efficacy of antiepileptic drugs, steroids, 
and ketogenic diets (KD) in treating acquired aphasia. The EEG patterns and prognostic factors 
were predicted by the background EEG and frequency of spike and wave during sleep (SWS).
Results: The study analyzed 20 patients, 11 male and 9 female, with AEA. Aphasia most common-
ly occurred at 4 years of age, and clinical seizure was most likely to occur between 2 and 4 years 
of age and focal seizures were the most common seizure type. KD was shown to be the best 
treatment for clinical seizure in AEA patients. Patients with normal EEG background showed bet-
ter responses to clinical seizure treatment and improvements in neuropsychological function. 
Conclusion: KD and steroids generate the best therapeutic effects for clinical seizure in AEA pa-
tients. Improvements in neuropsychological function in AEA patients may be related to the EEG 
background and the SWS patterns. Additionally, the results suggest that the response of clinical 
seizure to antiepileptic drugs may also be related to the EEG background. However, the current 
study had some limitations and further research is needed.

Keywords: Aphasia; Landau-Kleffner syndrome; Epilepsy
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Introduction 

Acquired epileptic aphasia is a sudden or progressive language 
impairment with an abnormality in the electroencephalogram 
(EEG) [1-3]. Some researchers have reported that epileptiform 
EEG discharges can affect not only language impairment but also 
neurocognitive function [3,4]. Language impairment with an ab-
normality in the EEG is observed in some epilepsy syndrome, 
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such as electrical status epilepticus during sleep (ESES), continu-
ous spike and wave during slow sleep (CSWS), and Landau-Klef-
fner syndrome (LKS) [3]. In much of the previous literature, 
CSWS and ESES were used interchangeably and LKS considered 
a subtype of CSWS [2-5]. 

Acquired epileptic aphasia is commonly referred to as LKS, 
which was first introduced in 1957 [1]. It usually shows auditory 
agnosia with focal or multifocal spikes or spike and wave dis-
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charges on the EEG which are continuous or nearly continuous 
during sleep [5]. 

CSWS shows general developmental difficulties including lin-
guistic problems, and more than 85% of continuous spikes and 
waves in the EEG are seen during sleep. Usually, these are seen as 
bilateral and symmetric, but it could be shown asymmetric or fo-
cal patterns [6-12]. CSWS shows premorbid central nervous sys-
tem dysfunction whereas LKS rarely indicates such [5]. 

Acquired aphasia with clinical seizures is a rare disease, and the 
prognostic factor of treatment and the cognitive outcome were 
less studied. In this study, we investigated the prognosis of neuro-
psychological function and therapeutic effect of clinical seizures 
through EEG in patients who have a language impairment with 
clinical seizure without distinguishing between LKS and CSWS. 

Materials and Methods 

We retrospectively analyzed 20 patients (11 males, nine females) 
with acquired aphasia diagnosed at Severance Children's Hospi-
tal from January 2013 to October 2017. Patients with acquired 
aphasia were included in the study, with or without seizures. 
They were assessed via EEG for more than 4 hours, and this test 
was examined by the International 10 to 20 system. EEG back-
ground waves were divided into four patterns: normal, disorga-
nized, generalized slowing (GSW), and focal slowing (FSW). 
The frequency of spike and wave during sleep (SWS) on the 
EEG was grouped according to frequency as ≥ 85% and 50% to 
84%, and divided into generalized and focal types according to 
the pattern. The response to different treatments was analyzed 
using the antiepileptic drugs (AEDs), valproate (VPA), and leve-
tiracetam (LEV), in addition to other treatments, namely steroid 
and ketogenic diets (KDs). Treatment effects were assessed by 
clinical seizure at each outpatient clinic. We consider a positive 
effect of treatment that the frequency of seizures was reduced by 
50% or more, and continued these statuses for more than 6 
months. If it did not meet the above criteria, the treatment op-
tion was added or changed. The evaluation of neuropsychologi-
cal function was evaluated through evaluation tools such as Ko-
rean Wechsler Intelligence Scale for Children. The test was per-
formed at the time of diagnosis and 3 to 6 months later, and the 
results were evaluated by comparing the two tests. 

Patients were enrolled in the study if they showed language 
impairment irrespective of the type of clinical seizure, including 
cases with no specific findings on their brain magnetic resonance 
imaging. 

We excluded epileptic encephalopathy such as Lennox-Gastaut 
syndrome, which may accompany other cognitive impairments. 

This study was approved by the Institutional Review Board (IRB) 
of Yonsei University (IRB no., 4-2016-0080). Informed consent 
was waived due to the retrospective nature of the study. 

Results 

In our patient cohort, 11 patients (55%) were males and nine pa-
tients (45%) were females. Aphasia occurred at 2 to 9 years of age, 
with six patients (30%) occurring at the age of 4, three patients 
(15%) at the age of 3, and three patients (15%) at the age of 7. 
Most commonly, clinical seizure in acquired aphasia occurred at 2, 
3, and 4 years of age. Their clinical seizures were focal motor sei-
zures (12 patients, 60%), generalized motor seizures (six patients, 
30%), and dyscognitive type seizures (two patients, 10%). 

When the EEG background wave was analyzed, seven patients 
(35%) showed a normal background rhythm, whereas 11 pa-
tients (55%) showed a GSW background pattern. The most 
common EEG patterns during sleep were focal CSWS patterns 
≥ 85%, which occurred in 10 patients (50%), and generalized 
CSWS patterns ≥ 85%, which occurred in six patients (20%). 

The most effective treatment for seizure in acquired aphasia 
was KD, followed by steroid administration, with 100% and 90% 
treatment efficacy, respectively. We also analyzed the relationship 
between EEG background pattern and treatment efficacy. VPA 
was used in a total of 18 patients and showed a positive effect in 
10 of these 18 patients (56%). In patients with GSW EEG back-
ground activity, five of 10 patients (50%) were effectively treated 
with VPA, and in patients with normal EEG background activity, 
five of six patients (83.3%) were effectively treated with VPA. 
LEV was used in 11 patients, of which seven patients were effec-
tively treated by the drug. In patients with normal background 
EEG, LEV was effective at treating all three patients it was pre-
scribed to. In patients with GSW EEG background, LEV was ef-
fective in treating four of six patients. Ten patients who did not 
respond to AEDs were treated with steroids, nine patients (90%) 
showed a response to treatment. Ten patients who had a recur-
rence after steroid therapy and did not respond to AEDs were 
treated with KD, 10 patients (100%) showed a response to treat-
ment. Steroids were used in patients with normal EEG back-
ground (n = 4), GSW (n = 5), and FSW (n = 1). In the case of 
GSW background rhythm, all five patients were effectively treat-
ed for the clinical seizure. Similarly, the one patient with FSW 
was also effectively handled for the clinical seizure by steroid ad-
ministration. KD was used in patients with normal (n = 3), disor-
ganized (n = 1), and GSW (n = 6) EEG backgrounds, and was ef-
fective in treating all patients (Table 1). In the comparison of 
treatment effect on seizure and the frequency of SWS, VPA was 
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an effective treatment in five of 10 patients (50%) with ≥ 85% 
focal SWS, whereas LEV was effective in one of three patients 
(33.3%) with ≥ 85% focal SWS. Steroids were an effective treat-
ment for five of six patients (83.3%) and KD was effective in five 
of five patients (100%) with ≥ 85% focal SWS. In the case of 
≥ 85% of generalized SWS, VPA was effective in four of six pa-
tients (66.7%), LEV was effective in three of five patients (60%), 
and both steroid and KD were effective in four of four patients 
(100%). The above contents are summarized in Table 1. 

We compared neuropsychological function with EEG back-
ground activity and the frequency of SWS in acquired aphasia. 
Ten patients had normal neuropsychological function and 10 pa-
tients had delayed function. In patients with normal neuropsy-
chological function, six patients (60%) showed normal EEG 
background and four patients (40%) showed GSW EEG back-
ground. In patients with normal EEG background, six patients 
(85.7%) showed normal neuropsychological function, and one 
patient (14.3%) showed delayed function. EEG background ac-
tivity showed a GSW pattern in seven patients (70%) with de-
layed neuropsychological function. We also analyzed the correla-
tion between pattern and frequency of SWS and neuropsycho-
logical function. There were 14 patients with focal abnormalities 
those included SWS ≥ 85% pattern and six patients with general-
ized SWS ≥ 85% on EEG. Seven patients (50%) with focal ab-
normality on EEG showed mild to moderate neuropsychological 
abnormality and seven patients (50%) with focal abnormality 
were normal neuropsychological function and three patients 
(50%) with generalized SWS ≥ 85% were normal cognitive func-
tion. However, one patient (17%) generalized SWS ≥ 85% on 
EEG showed severe neuropsychological abnormality (Fig. 1). 
This is the only patient with severe cognitive impairment in this 
study. In 10 patients with abnormal neuropsychological function, 
the functional improvement was seen in nine cases with non-gener-
alized background rhythm or focal epileptiform discharges in EEG 

but neither GSW of EEG background nor generalized CSWS pa-
tients showed functional improvement (Table 2). 

Discussion 

Our results show similar onset age of clinical symptoms to that 
reported by the existing literature [13]. In this study, the most 
common age of aphasia onset was 4 years, and the period of clini-
cal seizure was most commonly 2 to 4 years of age. In our study, 
most patients with aphasia showed ≥ 85% CSWS, more com-
monly exhibiting focal CSWS patterns than the generalized 

Table 1. The effect of treatment for clinical seizure on EEG patterns

Variable

Background rhythm patterns in EEG Frequency of CSWS in EEG

Normal 
(n=7)

DO 
(n=1)

GSW 
(n=11)

FSW 
(n=1) Total

Focal CSWS 
≥85% 
(n=10)

Focal CSWS 
50%–84% 

(n=2)

Generalized 
CSWS ≥  85% 

(n=6)

Focal abnormality 
(n=2) Total

VPA 5/6 (83.3) 0/1 (0) 5/10 (50) 0/1 (0) 10/18 (56) 5/10 (50) 1/1 (100) 4/6 (66.7) 0/1 (0) 10/18 (55.6)
LEV 5/6 (83.3) 0/1 (0) 4/6 (66.7) 0/1 (0) 7/11 (64) 1/3 (33.3) 2/2 (100) 3/5 (60) 1/1 (100) 7/11 (63.6)
Steroid 3/4 (75) - 5/5 (100) 1/1 (100) 9/10 (90) 5/6 (83.3) - 4/4 (100) - 9/10 (90)
KD 3/3 (100) 1/1 (100) 6/6 (100) - 10/10 (100) 5/5 (100) - 4/4 (100) 1/1 (100) 10/10 (100)

Values are presented as number (%).
EEG, electroencephalogram; CSWS, continuous spike and wave during sleep; DO, disorganized; GSW, generalized slowing; FSW, focal slowing; VPA, valproate; 
LEV, levetiracetam; KD, ketogenic diet.

Fig. 1. The relationship between neuropsychological function 
and spikes and waves during sleep (SWS) patterns in the 
electroencephalogram (EEG). The X-axis represents the pattern 
of the EEG, and the Y-axis frequency represents the number of 
patient.
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CSWS pattern. The correlation between EEG background activ-
ity and treatment for clinical seizure was difficult to find. Howev-
er, when patients with ≥ 85% focal CSWS and patients with 
≥ 85% generalized CSWS were compared, it was found that 
overall the latter responded well to treatment. Among the treat-
ments considered, steroid administration and KD was found to 
be most effective, consistent with previous studies [14-16]. The 
results also show, using two different AEDs, VPA and LEV, that 
patients with normal EEG background activity show greater 
treatment response, and those AEDs were more effective in pa-
tients with generalized CSWS patterns than focal patterns. The 
efficacy for clinical seizure patients with CSWS > 85% on EEG 
and the generalized pattern seems to be better. However, the 
therapeutic effect of LEV for clinical seizure showed a better ef-
fect in less than 84% CSWS and simple focal abnormality of EEG 
epileptiform pattern. So, we propose keeping in mind the epilep-
tiform pattern of EEG when treating clinical seizures with ac-
quired aphasia. 

At diagnosis, 50% of patients showed normal neuropsycholog-
ical function, while 45% showed mild to moderate delayed func-
tion. Among the patients with normal neurological function, 
60% showed normal EEG background, whereas 70% of patients 
with delayed neurological function showed GSW EEG back-
ground. Therefore, the results suggest that EEG background ac-
tivity is related to neuropsychological function in patients with 
CSWS. Among the patients with delayed function, one patient 
showed no improvement following treatment. In the relationship 
between prognosis of neuropsychological function and EEG, we 
found that the generalized pattern on EEG got a poor outcome 
than other patterns and the patients with focal CSWS patterns 

were usually mildly delayed, whereas those with generalized 
CSWS patterns were severely delayed. Through these results, we 
could consider that the generalized pattern in the EEG affects 
cognitive function and would suggest that the EEG background 
pattern may help predict the prognosis of neuropsychological 
function. 

We could consider that the EEG pattern will be helpful in the 
treatment of clinical seizure and prediction for neuropsychologi-
cal prognosis in acquired aphasia. However, this study has a lim-
itation due to a small number of patients identified in a single 
center. Additional studies will be needed in the future to eluci-
date this relationship further. 
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Purpose: To investigate the effect of vigabatrin (VGB) as a therapeutic agent for patients with in-
fantile spasms (IS), compare risk factors for treatment response, and review safety of VGB by as-
sessing its side effects. 
Methods: Among 35 patients admitted to the Department of Pediatric Neurology, Seoul St. 
Mary's Hospital, College of Medicine, The Catholic University of Korea who received initial mono-
therapy with VGB under diagnosis of IS, 23 patients who met our inclusion criteria were enrolled 
and their medical records were retrospectively reviewed. 
Results: Of these 23 patients, average age at diagnosis was 7.26±4.8 months and average age at 
spasms was 6.20±3.8 months. Average treatment lag was 1.09±1.8 months. Thirteen patients 
(56.5%) achieved seizure free status. There was no ophthalmic complication among patients. Re-
mission of hypsarrhythmia at 3 and 6 months after treatment was a good prognostic factor 
(P=0.026 and P=0.004, respectively). 
Conclusion: VGB is effective enough to become a first-line drug for children with IS. Better prog-
nosis can be expected in patients with clinical remission of hypsarrhythmia on electroencephalog-
raphy after treatment initiation using VGB compared to those who do not have such remission. 
Regular eye examination and follow-up check-up are also needed in parallel with the use of VGB. 
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Introduction 

Infantile spasms (IS) are intractable epilepsies classified as epilep-
tic encephalopathy in the International League Against Epilepsy 
(ILAE) [1]. They typically present three clinical features: epilep-
tic spasms, developmental delay, and the presence of hypsarrhyth-
mia on electroencephalography (EEG) under 2 years old [2]. 
They do not respond well to conventional anticonvulsant. Thus, 
adrenocorticotrophic hormone (ACTH), steroid, and vigabatrin 
(VGB) have been used as initial therapeutic agents [3]. 

VGB was first marketed for treating intractable complex partial 
seizure and IS in the United Kingdom (UK) in 1989. VGB is an 
irreversible, selective inhibitor of enzyme-activated gamma ami-
nobutyric acid transaminase. It suppresses gamma aminobutyric 
acid transaminase catabolism and enhances the activation of in-
terneurons by increasing availability of gamma aminobutyric 
acid in synaptic cleft [4]. In addition, VGB can partially inhibit 
mammalian target of rapamycin and glial proliferation in animal 
model of tuberous sclerosis complex [5]. However, some studies 
have shown increased risk of peripheral visual field defects 
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(VFDs) by VGB in adults and children [6]. Thus, the use of 
VGB has been limited for a while. The frequency of VFDs has 
been reported to be 21% to 34% in Western studies [7-9]. Tau-
rine deficiency [10,11] and reversible magnetic resonance imag-
ing (MRI) changes [12,13] might play considerable roles in the 
development of VFDs. Nevertheless, it is inadequate to conclude 
that all ethnicities in the world will develop VFDs after using 
VGB as there have been no collected baseline data of patients 
prior to VGB administration. In 2009, the United States Food 
and Drug Administration approved the use of VGB as a mono-
therapy in 1 month old to 2 years old children with IS since 
VFDs seemed to be related to prolonged administration of VGB 
and accumulated quantity of VGB in the body [14]. In 2013, 
VGB was also approved as a therapeutic agent for older patients 
( > 10 years old) with intractable complex partial seizures. 

The use of ACTH for patients with IS is impossible in South 
Korea at present time. Therefore, there are very limited options 
for patients with IS in our country. Recently, it has been reported 
that the incidence of VFDs is not significantly increased when 
VGB is used for a short period of time [15-17]. Therefore, we 
need to reconsider the use of VGB as a therapeutic agent for pa-
tients with intractable epilepsy including IS. Thus, the objective 
of this study was to investigate the effect of VGB in patients with 
IS and identify factors closely related to the treatment by com-
paring two groups (treatment responder group and treatment 
non-responder group). In addition, the safety of VGB was re-
viewed by assessing its side effects.   

Materials and Methods 

1. Study subjects 
Among 35 patients admitted to the Department of Pediatric 
Neurology, Seoul St. Mary's Hospital, College of Medicine, The 
Catholic University of Korea from April 2009 to June 2018 who 
received initial monotherapy with VGB under the diagnosis of 
IS, 23 patients (13 males, 10 females) aged 2 months old to 2 
years old who had follow-up check-up for 6 months or more 
were enrolled. Exclusion criteria were: (1) any symptom or EEG 
interpretation inappropriate for diagnosis of IS, (2) initial thera-
py using agents other than VGB, and (3) patients who failed to 
make follow-up check-up for 6 months or more. 

All participants were referred to the Department of Ophthal-
mology for eye examination prior to treatment and at 3 and 6 
months after initiation of treatment. There was a limitation for 
visual field examination due to patient’s age. Thus, visual adverse 
effects were identified through visual evoked potential (VEP), 
funduscopic examination, and guardian’s questionnaire. 

This was a retrospective study with data collected from medi-
cal records of participants. This study was approved by the Insti-
tutional Review Board (IRB) of Seoul St. Mary's Hospital, Col-
lege of Medicine, The Catholic University of Korea (IRB num-
ber: KC17RESI0535). Written informed consent by the patients 
was waived due to a retrospective nature of our study. 

2. Methods 
IS was diagnosed based on clinical features and EEG findings of 
patients. The feature of epileptic spasm is a brief, bilateral sym-
metrical contraction of muscles involving neck, body, and ex-
tremities. In addition, there must be a presence of hypsarrhyth-
mia or modified hypsarrhythmia on EEG. Based on onset age of 
seizures, participants were divided into four groups: 6, 6 to 12, 12 
to 18, and 18 to 24 months. 

Potential risk factors such as age of onset, age at diagnosis, sex, 
birth history, presence of developmental delay, brain MRI find-
ings, treatment lag (delayed period between clinical onset of 
spasms and initiation of treatment), presence of hypsarrhythmia 
on EEG, and clinical remission of hypsarrhythmia after the treat-
ment were used to examine their associations with VGB treat-
ment response. Participants were divided into two groups ac-
cording to outcome of treatment. Each potential risk factor was 
statistically analyzed by comparing the two groups. All patients 
underwent Bayley scales of Infant Development-II test to assess 
developmental delay. Patients who showed 25% or more delay in 
one developmental area were defined as having developmental 
delays. 

Initial dose of VGB was 40 to 50 mg/kg/day administered in 
two divided doses. The dose of VGB was gradually increased ev-
ery 2 days to a target dose of 100 mg/kg/day. However, if the pa-
tient responded to a given lower dose of medication, the dose 
was maintained without further increase. When a patient did not 
respond to a dose of 100 mg/kg/day, the patient was treated with 
polytherapy in combination with other treatments such as ste-
roid pulse therapy without increasing VGB dose. 

The effect of VGB treatment on participants were evaluated at 
6 months after the treatment based on decrease in frequency of 
spasms as a clinical evaluation criterion. Participants were divid-
ed into three groups based on the decrease in frequency of 
spasms: group 1, completely resolved; group 2, resolved more 
than 50%; and group 3, resolved less than 50%. For statistical 
analysis, patients in groups 2 and 3 were assigned to treatment 
non-responder group. IBM SPSS version 24.0 (IBM Co., Ar-
monk, NY, USA) was used for all statistical analyses. To distin-
guish the difference between treatment responder group and 
treatment non-responder group, independent t-test was used 

https://doi.org/10.26815/acn.2019.0009452

Yoon DH et al. • Reconsideration of VGB Effect in IS



when normality assumption was available whereas Mann-Whit-
ney U test was used when the normality assumption was unavail-
able. Chi-square test was used to determine the relationship with 
independent variables. Result was considered statistically signifi-
cant when P value was less than 0.05.   

Results 

From April 2009 to June 2018, 35 patients who were admitted to 
the Department of Pediatric Neurology, Seoul St. Mary's Hospi-
tal, College of Medicine, The Catholic University of Korea, re-
ceived initial monotherapy with VGB under the diagnosis of IS. 

Only 23 patients (males 13, females 10) met the study criteria. 
Data of each patient including sex, birth history, developmental 
delay, brain MRI findings are shown in Table 1. 

Of these 23 patients, their average age at spasms was 6.20 ± 3.8 
months. Among age groups, those who were less than 6 months 
old accounted for the most (60.9%, 14 patients). Average age at 
diagnosis of IS was 7.26 ± 4.8 months. Twenty patients (86.9%) 
were diagnosed with IS before 12 months of age and 13 patients 
were diagnosed before the age of 6 months old. Treatment lag 
time ranged from less than 1 to 9 months, with average treatment 
lag of 1.09 ± 1.8 months. 

Birth complications were reported in eight patients (34.8%), 

Table 1. Demographic features of cohort, comparison of responders and non-responders
Variable Cohort (n=23) Responders (n=13) Non-responders (n=10) P valuea)

Age at onset of spasms (mo) 6.20±3.8 (1–15) 4.89±2.6 (1–8) 7.90±4.5 (2.5–13) 0.056
 ≤6 14 (60.9) 9 (69.2) 5 (50.0)
 6<n≤12 6 (26.1) 4 (30.8) 2 (20.0)
 12<n≤18 3 (13.0) 0 3 (30.0)
 18<n≤24 0 0 0
Age at diagnosis (mo) 7.26±4.8 (2–22) 5.61±2.5 (2–9) 9.40±6.2 (3–22) 0.058
 ≤6 3 (56.5) 8 (61.5) 5 (50.0)
 6<n≤12 7 (30.4) 5 (38.5) 2 (20.0)
 12<n≤18 2 (8.7) 0 2 (20.0)
 18<n≤24 1 (4.3) 0 1 (10.0)
Treatment lag (mo) 1.09±1.8 (0–9) 0.77±0.6 (0–2) 1.50±2.7 (0–9) 0.974
Sex 0.580
 Male 13 (56.5) 8 (61.5) 5 (50.0)
 Female 10 (43.5) 5 (38.5) 5 (50.0)
Birth history 0.179
 Non-specific 15 (65.2) 10 (66.7) 5 (50.0)
 Abnormal 8 (34.8) 3 (37.5) 5 (50.0)
Brain magnetic resonance imaging 0.103
 Non-specific 7 (30.4) 6 (46.2) 1 (10.0)
 Abnormal 16 (69.6) 7 (53.8) 9 (90.0)
Developmental delay 0.161
 Yes 20 (87.0) 10 (76.9) 10 (100)
 No 3 (13.0) 3 (23.1) 0
Hypsarrhythmia at 1 mo after treatment 0.673
 Resolving 8 (34.8) 5 (38.5) 3 (30.0)
 Remain 15 (65.2) 8 (61.5) 7 (70.0)
Hypsarrhythmia at 3 mo after treatment 0.026
 Resolving 15 (65.2) 11 (84.6) 4 (40.0)
 Remain 8 (34.8) 2 (15.4) 6 (60.0)
Hypsarrhythmia at 6 mo after treatment 0.004
 Resolving 18 (78.3) 13 (100) 5 (50.0)
 Remain 5 (21.7) 0 5 (50.0)

Values are presented as mean±SD (range) or number (%).
a)Calculated by chi-square test, independent t-test and Mann-Whitney U test.
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including five cases (62.5%) of prematurity, four cases (50%) of 
hypoxic-ischemic encephalopathy, three cases (12.5%) of intra-
ventricular hemorrhage, and one case (12.5%) of subgaleal hem-
orrhage. In addition, 20 of 23 patients (87.0%) had developmen-
tal delay. Abnormal brain MRI findings were shown in 16 pa-
tients (69.6%). The most common abnormal findings were hy-
poxic ischemic encephalopathy (five cases) and periventricular 
leukomalacia (three cases).  

Response of patients to VGB treatment was evaluated based 
on frequency of spasms. Number of patients in groups 1 (com-
pletely resolved), 2 (resolved more than 50%), and 3 (resolved 
less than 50%) were 13 (56.5%), six (26.1%), and four (17.4%), 
respectively. There was no difference in dose of VGB between 
the groups. No patient showed significant side effects to discon-
tinue the drug. All patients had normal ophthalmologic findings. 

Clinical remission of hypsarrhythmia on EEG was also 
checked. One month after using VGB, the pattern of hypsar-
rhythmia was resolved in eight patients (34.8%). After 3 months 
of treatment with VGB, 15 patients (65.2%) showed clinical re-
mission of hypsarrhythmia. After 6 months of VGB treatment, 
five of 23 patients (21.7%) still had hypsarrhythmia. 

Analysis of age distribution at diagnosis showed that the aver-
age age at diagnosis in the treatment responder group (5.61 ± 2.5 
months) was younger than that in the treatment non-responder 
group (9.40 ± 6.2 months). Onset age of seizures was also young-
er in the treatment responder group (4.89 ± 2.6 months) than 
that in treatment non-responder group (7.90 ± 4.5 months). All 
patients in the treatment responder group started treatment for 
seizure before 12 months of age. However, neither age at diagno-
sis nor onset age showed statistically significant association with 
treatment response (P = 0.058 and P = 0.056). 

Average treatment lag was 0.77 ± 0.6 months in the treatment 
responder group (13 patients) and 1.50 ± 2.7 months in the treat-
ment non-responder group (10 patients). Although treatment 
lag was longer in the treatment non-responder group than that in 
the treatment responder group, the difference between the two 
was not statistically significant (P = 0.056). 

In the treatment responder group (13 patients), three patients 
(37.5%) presented with abnormal birth history. In the treatment 
non-responder group (10 patients), five patients (50%) had re-
markable birth history. Although birth history was more remark-
able in the treatment non-responder group, the different was not 
statistically significant (P = 0.179). Seven patients (53.9%) in the 
treatment responder group and nine patients (90.0%) in the 
treatment non-responder group had abnormal brain MRI find-
ings. Ten of 13 patients (76.9%) in the treatment responder 
groups and 10 patients (100%) in the treatment non-responder 

group had developmental delay. However, neither brain MRI 
findings nor developmental delay showed statistically significant 
differences between the two groups (P = 0.103 and P = 0.161, re-
spectively). 

Regarding clinical remission of hypsarrhythmia, at 1 month af-
ter treatment, 61.5% (eight patients) in the treatment response 
group and 70% (seven patients) in the treatment non-responder 
group still presented with hypsarrhythmia, showing no signifi-
cant difference between the two groups (P = 0.673). At 3 months 
after treatment, 84,6% (11 patients) in the treatment responder 
group appeared to have clinical remission of hypsarrhythmia 
whereas 40% (four patients) in the treatment non-responder 
group presented clinical remission of hypsarrhythmia on EEG, 
showing statistically significant difference between the two 
groups (P = 0.026). EEG test performed at 6 months after the 
initiation of treatment revealed that all patients (100%) in the 
treatment responder group and 50% patients in the treatment 
non-responder group had clinical remission on hypsarrhythmia, 
showing statistically significant difference between the two 
groups (P = 0.004). 

Discussion 

ACTH, steroid, and VGB are considered as drugs of choice for 
IS. However, ACTH is currently unavailable in South Korea 
while high dose of steroid is known to cause various side effects 
on endocrine system of patients. On the other hand, VGB is an 
initial therapy that is effective and relatively safe in children with 
IS. Previous studies have reported that about 35% to 80% of pa-
tients become seizure free after treating with VGB [18-20]. In 
our study, 56.5% of patients achieved seizure free when they used 
VGB as initial monotherapy, showing effects comparable to 
those of past researches. 

There are various potential risk factors for IS, including sex, 
history of neonatal seizures, age of onset, abnormal brain MRI 
findings, treatment lag, and accessibility to medical institution 
for treatment [18,21,22]. The present study revealed that pa-
tients with clinical remission of hypsarrhythmia after 3 months 
from the initiation of treatment with VGB had better treatment 
response overall, supporting many articles showing that hypsar-
rhythmia was an important prognostic factor [22-25]. At 1 
month after initiation of treatment with VGB, hypsarrhythmia 
was only resolved in 34.8% of patients. There was no statistically 
significant treatment response. However, EEG test performed at 
3 months after the initiation of treatment with VGB revealed that 
65% to 79% of patients showed clinical remission of hypsarrhyth-
mia and achieved seizure free, consistent with existing researches. 
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Therefore, regular evaluation is important to determine patient’s 
outcome even if hypsarrhythmia persists in EEG test. 

Many animal studies and retrospective studies have discussed 
bilateral VFDs due to use of VGB [6,10-14]. However, no patient 
in the present study experienced such adverse drug reaction 
when regular eye examination was performed, consistent with a 
small prospective study recently conducted in Japan [16]. In ad-
dition, a recent study has reported that VFDs are cause by the 
disease itself rather than the use of VGB [17]. However, that 
study had limitations such as small sample size, short duration of 
study period, and lack of patient’s cooperation for eye examina-
tion that might have resulted in inaccuracy of eye examination. 
Hence, different methods such as VEP, funduscopic examina-
tion, and electroretinography need to be used to compensate the 
limitation of eye examination on children. Regular follow-up 
check-up is necessary even after completing treatment with VGB. 

In conclusion, VGB is effective enough to become a first-line 
drug for children with IS. Better prognosis can be expected for 
patients with clinical remission of hypsarrhythmia on EEG after 
treatment initiation using VGB. Regular eye examination and 
follow-up check-up are also needed in parallel with the use of 
VGB. Since this is a retrospective study by analyzing medical re-
cords of a small number of patients, large-scale studies are need-
ed in the future. 
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Antrochoanal Polyp with Severe Headache in a Child 
Sung Hye Park, MD, Na Hyun Lee, MD, Young Se Kwon, MD 
Department of Pediatrics, Inha University School of Medicine, Incheon, Korea

Acute and chronic headaches are common in 
children. Most headaches can be classified as 
primary headaches. About 27% of girls and 
20% of boys complain of frequent or severe 
headaches [1]. Chronic headache can be de-
fined when the headache persists for more than 
3 months and is accompanied by headache for 
more than 15 days per month. The probability 
of chronic headache in children is known to be 
2% to 4% in female children and 0.8% to 2% in 
male children. However, a chronic headache 
can be excluded from the class of chronic head-
aches in the case of an underlying disease or 
structural abnormality [2]. Headaches from 
structural causes are very rare in children [1]. 
Nasal polyps are benign polypoidal masses aris-
ing mainly from chronic inflammation and ede-
ma of the mucous membranes in the nose and 
paranasal sinuses [3]. The presenting symp-
toms of nasal polyps include nasal obstruction, 
rhinorrhea, postnasal drip, anosmia, and head-
ache. Symptoms can vary depending on the site 
and size of the polyps, but a severe headache is 
a rare symptom in children [4]. This paper re-
ports a case of antrochoanal polyp with a severe 
headache in child.

The patient, an 8-year-old girl, complained of 
a headache that had been present for approxi-
mately 3 months. Symptoms worsened one 
month ago, and there the analgesic did not have 
an effect. The headache was usually a dull pain 
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on the whole area of the head, with the greatest 
pain on the left parietal region, and each epi-
sode lasted for about 4 hours. There was no 
aura, and symptoms were aggravated by walk-
ing or moving the temporomandibular joints 
when eating. The symptoms were relieved 
when the patient was lying down and resting. 
The patient did not experience discomfort due 
to symptoms such as nasal obstruction or rhi-
norrhea, but she could not consume any food 
due to the pain. The patient reported having 
previously been healthy and had no history of 
allergy. Her family history was nonspecific. At 
the time of admission, the patient’s blood pres-
sure was 110/66 mm Hg, and there were no 
abnormal findings from the physical examina-
tion. We obtained brain magnetic resonance 
image (MRI) for a severe headache, which re-
vealed sinusitis in the left ethmoidal, and both 
sphenoidal and right maxillary sinus and nasal 
polyp in the left sphenoethmoidal recess (Fig. 
1A and B).

We consulted the department of otorhinolar-
yngology and executed paranasal sinus comput-
ed tomography, which revealed an antrochoanal 
polyp in the left sphenoethmoidal recess with 
sphenoid sinus widening, and associated sinus-
itis in the left ethmoidal and sphenoidal sinuses 
(Fig. 1C and D). The patient was taken to the 
endoscopic sinus surgery for the removal of 
polyp, and the endoscopic examination yielded 
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the diagnosis of antrochoanal polyp (Fig. 2). After surgery opera-
tion, the patient progressed very well and experienced complete 
relief of her severe headache without any additional medication 
including analgesic and antibiotic therapy. She remained asymp-
tomatic and disease-free, at the 4-month follow-up.

Nasal polyps can be seen in 0.2% to 1% of the total population, 
of which antrochoanal polyps account for 33% of children. The 
most common nasal polyp is cystic fibrosis. However, cystic fi-
brosis is mainly observed in children younger than age 12. Antro-
choanal polyp is the most common type of choanal polyp, and 
the most common symptom is obstruction of the nasal passage. 
Symptoms such as rhinorrhea, epistaxis, and allergy-related 
symptoms may also be present. As in our case, polyp can cause 
obstructive sleep symptoms, proptosis, and diplopia. Headaches 
can be seen in 15.7% of children and 37.5% in adults [4]. How-

Fig. 1. Brain magnetic resonance image showed (A, B) sinusitis in the left ethmoid, sphenoid, right maxillary sinus, and nasal polyp in 
the left sphenoethmoidal recess (white arrows) and (C, D) Paranasal sinus computed tomography showed antrochoanal polyp in the left 
sphenoethmoidal recess with sphenoid sinus widening (black arrows), and associated sinusitis in the left ethmoid and sphenoid sinuses.

Fig. 2. Left nasal cavity endoscopic view showed antrochoanal 
polyp (white arrow).

A
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ever, it is not easy to distinguish between headaches attributed to 
polyps or chronic headaches. A report on the relationship be-
tween chronic daily headaches and quality of life (QOL), shows 
that QOL decreases as the use of analgesics increases. It is known 
that the progression to chronic headache rather than the intensi-
ty of pain affects QOL more. It is also known that 25.4% of 
chronic headache patient have experienced drug overdose [5]. 
Therefore, it is necessary to provide proper evaluation and man-
agement for secondary headaches. In the case of antrochoanal 
polyp, such as those which our patient had, surgery can be the 
primary treatment [3]. However, these surgical approaches re-
quire long-term prognosis study and follow-up because of the 
risk of developing teeth, bone growth and facial hyperesthesia, 
but the research involving children is still limited [4]. In our case, 
the patient, who was consistently medicated but no improve-
ment of signs, did not complain of a headache after endoscopic 
polyp removal. Therefore, after surgical treatment, headache im-
proved rapidly, and the origin of headache attributed to disorder 
of the nasal septum, mucosa, and infection could be excluded.

On histopathology, allergic polyps are more common in chil-
dren than are inflammatory polyps. Therefore, medical treatment 
such as oral and topical nasal steroid administration may neces-
sary if allergy polyps are present [4]. However, as in our case, the 
headache was completely relieved without common symptoms, 
such as nasal obstruction and rhinorrhea even though there was 
no additional antibiotic therapy.

In summary, this case presents a child patient with antrocho-

anal polyp and severe headache symptoms. She was diagnosed 
based on clinical features and brain MRI. The surgery completely 
relieved her severe headache.
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Rotavirus Infection-Associated Posterior Reversible 
Encephalopathy Syndrome 
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Rotavirus is an important cause of severe gastro-
enteritis in infants and children. Generally, rota-
virus infections are self-limiting benign diseases 
but occasionally can cause a wide range of neu-
rological manifestations, including benign fe-
brile or afebrile convulsions, meningoencephali-
tis, cerebellitis, and lethal encephalitis or en-
cephalopathy [1]. However, it is unclear how ro-
tavirus can affect the central nervous system 
without direct invasion. 

Posterior reversible encephalopathy syn-
drome (PRES) is a well-recognized clinical dis-
order with typical neuroimaging findings con-
sisting of mostly transient bilateral gray and 
white matter abnormalities in the posterior cere-
bral hemispheric regions and cerebellum [2]. 
The common clinical symptoms are headache, 
confusion, seizures, and visual disturbances such 
as cortical blindness. These symptoms usually 
recover without sequelae following appropriate 
treatment. Common precipitants are sudden el-
evations of blood pressure, renal failure, fluid re-
striction, and treatment with immunosuppres-
sive drugs such as cyclosporine [3]. Recently, 
studies related to infection-associated PRES 
have been published [2,4]. We describe the case 
of a 6-year-old boy with rotavirus gastroenteritis 
who developed clinical and radiological mani-
festations consistent with PRES. 
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We announced this report as a 
poster presentation in 43th meeting 
of Korean Child Neurology Society, 
2017. 

A previously healthy 6-year-old boy was re-
ferred to the pediatric emergency room with a 
4-day history of vomiting and abdominal pain 
despite being treated with fluid therapy at a pri-
vate clinic. His development was normal, and 
his past medical history was unremarkable. On 
examination, the patient was conscious, mildly 
dehydrated, and afebrile. At the time of admis-
sion, his blood pressure was 110/70 mm Hg 
(normal range, 97 to 115/57 to 76) and heart 
rate was 90 beats/minute (normal range, 75 to 
118). The boy experienced sudden visual and 
consciousness disturbances on the day of hospi-
tal admission for fluid treatment. A few hours lat-
er, he had a generalized tonic convulsion for 3 
minutes without definite fever. The results of a 
routine blood test at that time showed no abnor-
malities except for mildly elevated inflammatory 
markers: white blood cell count, 16.3 ×103/μL; 
hemoglobin, 14.9 g/dL; platelet count, 426×103/
μL; total CO2, 26.7 mmol/L; sodium, 134 mEq/
L; potassium, 3.7 mEq/L; chloride, 98 mEq/L; 
C-reactive protein, 1.40 mg/dL; glucose, 151 mg/
dL; ammonia, 26 μmol/L; and calcium ionized, 
1.23 mmol/L. His blood pressure increased slight-
ly to 133/85 mm Hg but remained relatively sta-
ble. A cerebrospinal fluid analysis revealed no 
pleocytosis and was negative for viruses. Immedi-
ate brain magnetic resonance imaging (MRI) 
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demonstrated bilateral multifocal patchy (more prominent in the 
left) increased fluid attenuated inversion recovery (FLAIR) signal 
intensity (negative on diffusion-weighted MRI) at both occipito-
parietal cortices, and some nearby white matter areas exhibited 
slight obliteration (Fig. 1). Rotavirus antigen was detected in a 
stool specimen by latex agglutination. Parents remembered that 
their child had not been vaccinated with rotavirus and this was the 
spring of the epidemic of rotavirus infection. Electroencephalogra-
phy showed semirhythmic high amplitude 1.5 to 2 Hz delta activi-
ties on both occipital areas (Fig. 2). 

We immediately administered intravenous methylprednisolone 
(30 mg/kg/day for 3 days) and continued conservative treat-
ments. MRI taken 12 hours later showed interval resolution of 
previously noted vasogenic edema, gyral swelling, and decreased 
FLAIR signal intensity (Fig. 1). His clinical condition improved 
over the next 2 days. Visual evoked potential testing revealed a de-

lay of evoked potential latencies in the left eye. He was discharged 
on hospital day 10 without any neurologic complications. Two 
weeks later, follow-up brain MRI showed that the previous lesions 
were disappeared (Fig. 1). 

In this case, rotavirus gastroenteritis developed in a patient who 
was older than most patients with rotavirus. Convulsive symp-
toms related to rotavirus infection may occur as PRES without 
definite fluctuation of blood pressures. Approximately one-third 
of patients with PRES have normal or only mildly increased blood 
pressure, though most are hypertensive [4,5]. PRES is an increas-
ingly recognized disorder readily diagnosed via brain MRI in clin-
ical practice. There is a wide clinical spectrum of both symptoms 
and triggers, and yet it remains incompletely understood. The 
most widely accepted theory is that severe hypertension inter-
rupts brain autoregulation [5]. In patients with impaired cerebral 
autoregulation, uncontrolled hypertension leads to hyperperfu-

Fig. 1. Brain magnetic resonance imaging (A, B) axial fluid attenuated inversion recovery (FLAIR) obtained 12 hours after the onset of 
symptoms showing bilateral multifocal patchy hyperintensity at the both parietooccipital, left high frontal cortex, and some nearby white 
matter areas. Axial FLAIR (C) obtained 24 hours after the onset of symptoms showing interval resolving previous vasogenic edema, gyral 
swelling, and hyperintensed lesions, and axial T2-weighted imaging (D) revealed normal finding. After 2 weeks, axial FLAIR (E) and T2-
weighted imaging (F) showed interval normalized, disappeared previous lesions.
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sion and cerebral vessel damage, which can cause fluid to leak into 
the brain parenchyma, eliciting vasogenic edema [5]. However, 
as mentioned earlier, a significant proportion of patients do not 
demonstrate hypertension. An alternative theory is that systemic 
inflammation causes endothelial dysfunction [4]. In a systemic 
inflammatory process such as sepsis, eclampsia, transplantation, 
and autoimmune disease, the vasoconstriction that occurs during 
autoregulation could exacerbate pre-existing inflammatory endo-
thelial dysfunction, causing hypoxia and subsequent vasogenic 
edema [5]. We can explain why a typical PRES without hyper-
tension developed in this case of infection-associated PRES. 
However, we are not sure whether age affected the patient’s 
symptoms. There have been only two cases reported so far: para-
influenza virus infection in an adult and rotavirus infection in an 
infant [4,5]. In other words, infection-associated PRES, as well as 
hypertension-associated PRES, contribute endothelial dysfunc-
tion to the pathophysiology of this clinical-radiological syn-
drome. 

In summary, this case describes a patient with rotavirus infec-
tion-associated PRES with a good prognosis. Pediatricians 
should be well aware that rotavirus gastroenteritis-induced con-
vulsions have a wide spectrum and may be related to reversible 
posterior leukoencephalopathy. Prompt diagnosis and treatment, 
including stopping precipitating factors when possible, are cru-
cial to achieving good reversibility. 
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experimental research, methods should be described in such a 
manner that the experiments can be reproduced by the readers. 
The sources of special chemicals or preparations should be 
given (name of company, city and state, and country). Clinical 
studies or experiments using laboratory animals or pathogens 
should include approval of the studies by relevant committees. A 
statement concerning IRB approval and consent procedures must 
be presented.

Clearly describe the selection of observational or experimental 
participants (healthy individuals or patients, including controls), 
including eligibility and exclusion criteria and a description of the 
source population. Because the relevance of such variables as age, 
sex, or ethnicity is not always known at the time of study design, 
researchers should aim for inclusion of representative populations 
into all study types and at a minimum provide descriptive data for 
these and other relevant demographic variables.

Ensure correct use of the terms sex (when reporting biological 
factors) and gender (identity, psychosocial or cultural factors), 

and, unless inappropriate, report the sex and/or gender of study 
participants, the sex of animals or cells, and describe the methods 
used to determine sex and gender. If the study was done involving 
an exclusive population, for example in only one sex, authors 
should justify why, except in obvious cases (e.g., prostate cancer). 
Authors should define how they determined race or ethnicity and 
justify their relevance.

Results
This section should include a concise textual description of the 
data presented in the tables and figures. Excessive repetition of 
table or figure contents should be avoided.

Discussion
Observations pertaining to the results of research and other related 
materials should be interpreted for your readers. Emphasize new 
and important observations; do not merely repeat the contents 
of the results. Explain the meaning of the observed opinion along 
with its limits, and within the limits of the research results connect 
the conclusion to the purpose of the research. In a concluding 
paragraph, summarize the result and its meaning.

Acknowledgment
The acknowledgments section should contain brief statements 
of assistance and financial support. Any other matters associated 
with research funds, facilities and drugs that were used in the study 
should also be given.

ORCID
Open researcher and contributor IDs (ORCID) are recommended 
for authors. To receive ORCID, authors should register on the 
ORCID website available from: https://orcid.org.

References
Reference citations in the text should be made with consecutive 
numbers in parenthesis (Vancouver style). References should be 
listed in the order of citation in the text, with the corresponding 
number. The reference style for journal articles is as follows : 
names of authors, full title of article, journal name abbreviated in 
accordance with MEDLINE, year, volume, and page numbers. 
List all authors when they are six or less; when they are seven or 
more, list the first six and add ‘et al.’. The names of all authors must 
be listed by the last name and the initials of the first and middle 
names. Papers in press may be listed with the journal name and 
tentative year of publication. The style for a chapter of a book 
is as follows: author and title of the chapter, editor of the book, 
title of the book, edition, volume, place, publisher, year, and page 
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numbers. Cite unpublished data or personal communications in 
the text only and not in the reference list. Internet URLs should 
be as follows; authors’ names, website title, URL and the time of 
the latest update. All other references should be listed as shown in 
the Recommendations from ICMJE. Authors are responsible for 
the accuracy and completeness of their references. The maximum 
number of cited references should be 40 for original articles and 5 
for letters to editor.

Examples of reference styles

1) Journal article
1. Yoon JY, Kang MJ, Kim SY, Seo JY, Yang SW, Lee YA, et al. 

The relationship between initial body mass index and body 
mass index after one year of gonadotropinreleasing hormone 
agonist therapy in idiopathic true precocious puberty girls. J 
Korean Soc Pediatr Endocrinol 2011;16:165-71.

2. Wheless JW, Treiman DM. The role of the newer antiepileptic 
drugs in the treatment of generalized convulsive status 
epilepticus. Epilepsia 2008;49 Suppl 9:74-8

3. Gardos G, Cole JO, Haskell D, Marby D, Paine SS, 
Moore P. The natural history of tardive dyskinesia. J Clin 
Psychopharmacol 1988;8(4 Suppl):31S-37S.

4. Nikitovic M, Wodchis WP, Krahn MD, Cadarette SM. Direct 
health-care costs attributed to hip fractures among seniors: a 
matched cohort study. Osteoporos Int In press 2012.

2) Book
- Book
5. Volpe JJ. Neurology of the newborn. 2nd ed. Philadelphia, PA: 

WB Saunders Co.; 1987.
- Book chapter
6. Pan ES, Cole FS, Weinttrub PS. Viral infections of the fetus 

and newborn. In: Taeusch HW, Ballard RA, Gleason CA, 
editors. Avery’s diseases of the newborn. 8th ed. Philadelphia: 
Elsevier Saunders; 2005. p. 495-529.

- Abstract book or conference proceedings
7. Vivian VL. editor. Child abuse and neglect: a medical 

community response. Proceedings of the First AMA National 
Conference on Child Abuse and Neglect; 1984 Mar 30-31; 
Chicago. Chicago: American Medical Association; 1985.

- Thesis
8. Youssef NM. School adjustment of children with congenital 

heart disease (dissertation). Pittsburgh, PA: Univ. of 
Pittsburgh; 1988.

3) Website

9. On Ministry for Health, Welfare and Family Affairs. The 
Third Korea National Health and Nutrition Examination 
Survey (KNHANES III) [Internet]. Seoul: Ministry for 
Health, Welfare and Family Affairs; 2006 [cited 2006 Jul 8]. 
Available from: http://knhanes.cdc.go.kr.

Tables
1) Each table should be inserted on a separate page, with the table 

number, table title and legend.
2) The numbers of tables should be in Arabic numerals in their 

order of citation.
3) Titles of tables should be concise using a phrase or a clause. 

The first character should be capitalized.
4) Tables should be concise and not duplicate information found 

in figures.
5) The significance of results should be indicated by appropriate 

statistical analysis.
6) Unnecessary longitudinal lines should not be drawn. 

Horizontal lines should be used as sparingly as possible.
7) All symbols and abbreviations should be described below the 

table.
8) Use superscript letters (a, b, c) to mark each footnote and be 

sure each footnote in the table has a corresponding note. List 
abbreviations in the footnote section and explain any empty 
cells.

9) All units of measurements and concentrations should be 
designated.

Figures and figure legends
1) Figures should be submitted separately from the text the 

manuscript. All pictures and photographs should be of 
excellent quality and supplied as JPEG or TIFF files with 
resolution of more than 300 dpi. The preferred size of figure is 
7.4×10.0 cm (3×4 inches). Except for particularly complicated 
drawings that show large amounts of data, all figures are 
published at one page or one column width. All kinds of figures 
may be reduced, enlarged, or trimmed for publication by the 
editor.

2) Color figures and pictures will be published if the editor 
decides it is absolutely necessary.

3) Figure numbers, in Arabic numerals, should appear in the 
figure legends. Arabic numerals should be used in the orderin 
which the figures are referred to in the main text. In cases 
where more than two photographs are used with the same 
number, alphabet characters should be used next to the Arabic 
numeral (e.g.: Fig. 1A, Fig. 1B).

4) All pictures and photographs should be described in the 
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legend with complete sentences rather than incomplete 
phrases or a clause.

5) All symbols and abbreviations should be described below the 
figure.

4. Other types of manuscripts
All other types of manuscripts should meet the above mentioned 
requirements.

1) Reviews articles
Reviews may be written by invitation by the editorial board 
and provide concise reviews of important subjects to medical 
researchers. are organized as follows: title page, abstract and 
keywords, introduction, main text, conclusion, acknowledgments, 
references, tables, figure legends, and figures. An abstract is 
required but it need not be structured.
Reviews should not exceed 7,000 words, include no more than 6 
figures or tables and 150 references.

2) Letters to the editor
Letters to Editor is a type of brief communication on any topics 
that attract attention of journal readers. It should be brief, clear and 
conclusive. No abstraction is required. Body of the letter has no 
structure and the word count is limited to 1,000 words. It should 
be written in a maximum of 2 printed pages, less than 5 references, 
less than 2 table or figures, and less than 5 authors.

3) Editorial
Editorials are invited by the editors and should be commentaries 
on articles published recently in the journal. Editorial topics could 
include active areas of research, fresh insights, and debates in all 
fields of child nerology. Editorials should not exceed 1,000 words, 
excluding references, tables, and figures, and no more than 2 
figures or tables and 10 references.

Manuscripts accepted for publication

1. Final version
After the paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript. The names 
and affiliations of the authors should be double-checked and 
if the originally submitted image files were of poor resolution, 
higher resolution image files should be submitted at this time. The 
EPS, JPG, PPT, or TIF formats are the preferred digital files for 
photographic images. Symbols (e.g., circles, triangles, squares), 
letters (e.g., words, abbreviations), and numbers should be large 
enough to be legible even after on reduction to the journal’s 

column widths. All symbols must be defined in the figure captions. 
If references, tables, or figures are moved, added, or deleted during 
the revision process, renumber them to reflect the changes so that 
all tables, references, and figures are cited in numeric order.

2. Manuscript corrections
Before publication, the manuscript editor will correct the 
manuscript such that it meets the standard publication format. 
The author(s) must respond within 7 days when the manuscript 
editor contacts the author for revisions. If the response is delayed, 
the manuscript’s publication may be postponed to the next issue. 
The author should double-check for corrections in the content, 
title, affiliation, capitalization, locations of figures, and references. 
Corresponding authors are responsible for further corrections 
made after printing.

3. Gallery proof
The author(s) will receive the final version of the manuscript as 
a PDF file. Upon receipt, within 2 days, the editorial office (or 
printing office) must be notified of any errors found in the file. Any 
errors found after this time are the responsibility of the author(s) 
and will have to be corrected as an erratum.

4. Feedback after publication
If the authors or readers find any errors, or contents that should be 
revised, it can be requested from the Editorial Board. The Editorial 
Board may consider erratum, corrigendum or a retraction. If 
there are any revisions to the article, there will be a CrossMark 
description to announce the final draft. If there is a reader’s opinion 
on the published article with the form of Letters to the editor, it 
will be forwarded to the authors. The authors can reply to the 
reader’s letter. Letters to the editor and the author’s reply may be 
also published.

5. How the journal handle complaints and appeals
The policy of Annals of Child Neurology is primarily aimed at 
protecting the authors, reviewers, editors, and the publisher of the 
journal. If not described below, the process of handling complaints 
and appeals follows the guidelines of the Committee of Publication 
Ethics available from: https://publicationethics.org/appeals.

Who complains or makes an appeal?
Submitters, authors, reviewers, and readers may register complaints 
and appeals in a variety of cases as follows: falsification, fabrication, 
plagiarism, duplicate publication, authorship dispute, conflict 
of interest, ethical treatment of animals, informed consent, bias 
or unfair/inappropriate competitive acts, copyright, stolen data, 
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defamation, and legal problem. If any individuals or institutions 
want to inform the cases, they can send a letter via the contact page 
on our website: http://annchlidneurol.org. For the complaints or 
appeals, concrete data with answers to all factual questions (who, 
when, where, what, how, why) should be provided.

Who is responsible to resolve and handle complaints and appeals?
The Editor, Editorial Board, or Editorial Office is responsible for 
them. A legal consultant or ethics editor may be able to help with 
the decision making.

What may be the consequence of remedy?
It depends on the type or degree of misconduct. The consequence 
of resolution will follow the guidelines of the Committee of 
Publication Ethics (COPE).

6. Page charge
There are no page charges to authors. All color figures and tables 
will be reproduced in full color in the online edition of Annals of 
Child Neurology at no cost to authors, but the complete cost in 
the printed version of the journal will be charged to the authors. 
Please contact the Editorial Office if you have any questions about 
potential fees.

7. Confirmation of acceptance
Once the manuscript is at the publisher, confirmation of 
acceptance by the Annals of Child Neurology may be issued.

8. E-publication ahead of print
All accepted manuscripts are subject to copyediting. Before 
publication, page proofs are sent to the corresponding author, who 
is responsible for verifying the final manuscript contents, including 
all copyediting changes. Once a manuscript has been typeset, 
copyedited, and approved by the editor and the authors, it will 
soon appear online in our “Ahead-of Print” section.

Further information

Any correspondence, queries or additional requests for 
information on the manuscript submission process should be sent 
to Annals of Child Neurology editorial office as follows:

Editor-in-Chief: Soonhak Kwon, MD
E-mail: editor@annchilneurol.org
Telephone: +82-2-2228-2050
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1. General provisions
☐ The authors should ensure that the contents of the present manuscript have not been published nor intended to be published in other 

journals.
☐ The manuscript should be formatted as follows: A4 paper, 12 point font, left-aligned, double-spaced.
☐ An original article should be presented in the following order: cover page, abstract, keywords, introduction, methods, results, discussion, 

references, and captions and legends for tables and figures.

2. Cover page
☐ This section should indicate the contact information of the corresponding author: postal code, address, phone number, fax number, and 

email address.
☐ A running title should be given in 10 words or less.

3. Abstract and Keywords
☐ The abstract should be divided into Background and Purpose, Methods, Results, and Conclusions; it should be written in one 

paragraph that is within 250 words.
☐ Three to six keywords should be included (preferably those recommended in MeSH of Index Medicus; the first letter of each key word 

should be capitalized).

4. Main text
☐ The title should not include abbreviations; all the words must be spelled out.
☐ Information regarding approval of an institutional review board and obtaining informed consent should be mentioned in the Method 

section.
☐ References should be numbered in Arabic numbers in the order they are cited.
☐ Superscript numbers should come after commas and periods according to submission rules.
☐ When using abbreviations, their full forms should be used at first mention; abbreviations/acronyms should then be used consistently in 

further occurrences.
☐ Units of measure should be written in accordance with submission rules (except for % and °C, a space should come between the 

number and the unit of measure).
☐ For numbers, a comma should be inserted after every third digit.
☐ All statistical methods used should be described accurately in detail.

5. References
☐ In-text citations should be numbered and should correspond to the numbers in the references.
☐ Up to six authors should be mentioned. In case there are seven or more authors, “et al.” must come after the primary author.
☐ Official abbreviations of quoted journals must be used.
☐ Year, volume, and start page–end page of the quoted literature should be accurately mentioned.
☐ The first letter of the title of the quoted article should be capitalized.
☐ Compliance with quotation styles should be observed.
☐ The manuscript should comply with quotation rules in case a book has separate authors by chapter.

6. Table
☐ Each table must have its own title and be given a separate page.
☐ All abbreviations used in the table should be spelled out.

Author’s checklist
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☐ All superscript numbers used in the table should comply with the contribution rules.

7. Figures
☐ Each figure should be produced in a separate file and should not be included in the main text.
☐ The file name of each figure should be the figure number.
☐ Figures can be black and white or in color; they will be published as submitted.
☐ The titles and legends of the figures should be concisely drafted on a separate page in English.
☐ The figures should be explained in complete sentences, not phrases or clauses.
☐ All abbreviations should be written out.
☐ When a figure contains several pictures, the explanation of the figure should be followed by that of each picture, distinguishing them as A, 

B, C, etc.
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