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Annals of Child Neurology: Marking a New Path
Soonhak Kwon, MD 
Editor-in-Chief, Annals of Child Neurology
Department of Pediatrics, Kyungpook National University Children’s Hospital, School of Medicine, 
Kyungpook National University, Daegu, Korea

On behalf of the Editorial Board of Annals of Child Neurology and my co-editors, it is my great pleasure to 
announce the official publication of 1st Issue of Annals of Child Neurology. 2019 is a pivotal year of this 
journal to mark a new path. After full discussion with the key committees of the Korean Child Neurology 
Society, we have decided to make a tremendous change in the scope of the journal. It is our intention to 
transform the Journal of the Korean Child Neurology Society into an international, open access journal called 
Annals of Child Neurology, which is to publish up-to-date, high-quality, basic and clinical research papers, 
relevant review articles, alongside letters to editors. The journal covers a variety of different topics ranging 
from epidemiology, etiologies, pathophysiology, brand-new or changing diagnostic procedures and man-
agement of neurologic, neuropsychiatric, neurodevelopmental conditions to all other related conditions.  
Any closely connected or relevant papers will be appreciated and will make a substantial contribution to 
the success of this journal. 

We have drastically expanded the numbers, geographical distribution, breadth of editorial board mem-
bers to compensate for potential short comings and further enrich this journal. It is my sincere hope that 
the journal will inspire innovative, interdisciplinary possibilities, make new ways to ‘never-thought-before’ 
concepts. As always, we welcome and encourage constructive feedback and commentaries. If you have 
any questions or concerns, please feel free to contact at editor@annchildneurol.org. 

Best wishes and thank you in advance for your contribution to Annals of Child Neurology. 
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In this article, we reviewed current knowledge regarding gene-specific therapies for some develop-
mental and epileptic encephalopathy caused by genes with high diagnostic yields, and which are 
therefore, also more frequently encountered by physicians during treatment, including ALDH7A1, 
CDKL5, KCNQ2, KCNT1, SCN2A, SCN8A, STXBP1, and SYNGAP1. Among these therapies, the ones 
directly targeting causative mutations are retigabine in KCNQ2 encephalopathy and quinidine in 
KCNT1 encephalopathy. However, despite promising results in vitro, the outcomes related to these 
therapies were disappointing when administered to patients. Considering the pathologic mecha-
nisms of causative mutations, sodium channel blockers are recommended for patients with KCNQ2 
mutations, infantile epileptic encephalopathy patients with SCN2A mutations, and patients with 
SCN8A mutations. Levetiracetam can be considered for patients with STXBP1 mutations. 

Keywords: Epilepsy; Precision medicine

Frequently Identified Genetic Developmental and Epileptic 
Encephalopathy: A Review Focusing on Precision Medicine 
Ara Ko, MD1, Hoon-Chul Kang, MD2 

1Department of Pediatrics, Pusan National University Children’s Hospital, Pusan National University School of Medicine, Yangsan, Korea 
2Division of Pediatric Neurology, Epilepsy Research Institute, Severance Children’s Hospital and Department of Pediatrics, Yonsei University 
College of Medicine, Seoul, Korea 

Introduction 

With the advent of next-generation sequencing, there have been 
significant advances in the genetics of epilepsy within the last de-
cade [1]. In developmental and epileptic encephalopathy patients, 
targeted gene panels and/or whole exome sequencing have now 
become part of the routine diagnostic workup, which provide a 
genetic diagnosis in about 30% of patients. 

As the number of genetically diagnosed patients has increased, 
so has the demand for more precise treatment based on pathogen-
ic genetic mutations. The demand has resulted in active research 
and a rapidly increasing number of publications focused on preci-
sion medicine in epilepsy (Fig. 1) [2]. Based on current knowl-
edge, approximately 25% of genetically diagnosed epilepsy pa-
tients with de novo monogenic mutations carry potential targets 
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for precision medicine approaches [3]. 
In this article, we review current knowledge regarding gene-spe-

cific therapies for some forms of developmental and epileptic en-
cephalopathy caused by genes with high diagnostic yields, which 
are therefore, more frequently encountered by treating physicians.  

ALDH7A1 

The aldehyde dehydrogenase 7 family, member A1 (ALDH7A1) 
gene encodes the enzyme α-aminoadipic semialdehyde (α-AASA) 
dehydrogenase, also known as antiquitin, a key enzyme in lysine 
metabolism [4]. Biallelic mutations of ALDH7A1 result in defi-
ciency of α-AASA dehydrogenase, which then results in the accu-
mulation of α-AASA and the cyclic equivalent Δ-1-piperideine-6 
carboxylate (Δ1-P6C) [4]. The accumulated Δ1-P6C sequesters 
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the active form of vitamin B6 (pyridoxal 5′-phosphate [PLP]), 
and causes pyridoxine-dependent epilepsy [4]. 

The classic presentation of pyridoxine-dependent epilepsy is 
the neonatal onset of treatment-resistant seizures that respond 
dramatically, both clinically and electroencephalographically, to 
pyridoxine supplementation [5]. Despite adequate seizure con-
trol achieved with pyridoxine alone, 75% of patients with pyridox-
ine-dependent epilepsy have significant intellectual disability 
and/or developmental delay [6]. The degree of intellectual dis-
ability or developmental delay does not correlate with seizure 
control or the age at which pyridoxine treatment is initiated [6]. 

Treatment with pyridoxine supplementation in pyridoxine-de-
pendent epilepsy patients is therapeutic because it overcomes the 
secondary depletion of pyridoxal phosphate (PLP) [5]. Pyridox-
ine supplementation alone does not treat the underlying defect of 
lysine oxidation, but treatment with a lysine-restricted diet and/or 
with a lysine transport inhibitor (arginine) has been shown to im-
prove cognitive function at some level [7-9]. Triple therapy with 
pyridoxine, arginine supplementation, and dietary lysine restric-
tion has been recommended to ameliorate the cognitive impair-
ment seen in pyridoxine-dependent epilepsy [9]. 

CDKL5 

Cyclin-dependent kinase-like 5 (CDKL5) encephalopathy is a se-
vere X-linked neurodevelopmental disease caused by mutations in 
the CDKL5 gene, which lead to deficiency in CDKL5 protein ex-
pression or function [10]. CDKL5 is highly expressed in the 

brain, mainly in neurons, with both nuclear and dendritic localiza-
tion, and its expression peaks during the postnatal period [11,12]. 
In mouse models, Cdlk5 knockout animals exhibited hippocam-
pus-dependent learning and memory impairment, visual and re-
spiratory deficits, and motor stereotypes, which were associated 
with neuroanatomical alterations such as reduced dendritic 
branching of hippocampal and cortical neurons, reduced dendrit-
ic spine density, and altered connectivity [13-19]. 

Epilepsy in CDKL5 encephalopathy patients often starts before 2 
months of age, with frequent generalized tonic seizures that typical-
ly last for less than 1 minute [20]. Seizures at this time are well-con-
trolled with antiepileptic drugs (AEDs), and electroencephalo-
grams (EEGs) are usually normal [20]. Epilepsy relapses in late in-
fancy at a median age of 11 months, when infantile spasms with 
hypsarrhythmia, sometimes combined with brief tonic medica-
tion-resistant seizures, emerge [20]. During the year after onset of 
infantile spasms, epilepsy evolves into late multifocal and myoclonic 
epilepsy, showing frequent pharmacoresistant seizures of multiple 
types such as myoclonic seizures, and EEGs showing high-ampli-
tude delta waves with pseudo-periodic bursts of high-amplitude 
spikes [20]. Severe neurodevelopmental delay is present from the 
beginning, but there is usually no period of regression [21]. 

Seizures in CDKL5 encephalopathy, especially seizures during 
the “late epilepsy” stage are highly refractory, and there are no avail-
able AEDs that are effective in controlling these seizures. A promis-
ing study regarding cannabidiol came out in 2018, which analyzed 
patients with treatment-resistant, childhood-onset epilepsies in-
cluding CDKL5 encephalopathy [22]. In CDKL5 encephalopathy 

Fig. 1. Number of publications on PubMed to search terms epilepsy, and personalized or precision medicine.
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patients (n=17), 50% responder rate was 41% at week 12, and 53% 
by week 48 [22]. However, cautious interpretation is needed due to 
the small number of subjects and due to exclusion of withdrawn pa-
tients from analysis. Therefore, additional placebo-controlled ran-
domized trials with larger sample sizes are needed. 

Several labs are assessing the use of drugs such as tianeptine and 
tideglusib in CDKL5 encephalopathy. Tianeptine is an antide-
pressant that has been used for more than 30 years. Studies utiliz-
ing neurons from Cdkl5 knockout mouse models have proposed 
that CDKL5 deficiency in primary hippocampal neurons nega-
tively affects the expression of the alpha- amino-3-hydroxy-5-
methyl-4-iso-xazole propionic acid (AMPA) receptors, and such 
an effect is likely to contribute, at least in part, to the altered syn-
aptic functions and cognitive impairment linked to loss of 
CDKL5 [23]. Therefore, tianeptine, which is known to recruit 
and stabilize AMPA receptors at the synaptic sites, has been stud-
ied in vitro and results revealed that tianeptine normalized the ex-
pression of membrane-inserted AMPA receptors [23]. 

Tideglusib is a glycogen synthase kinase 3 beta (GSK3β) inhibi-
tor, and is currently undergoing clinical trials for use against diseases 
such as Alzheimer’s, progressive supranuclear palsy, and myotonic 
dystrophy. In mouse, deficiency of Cdkl5 caused defects in postna-
tal hippocampal development and hippocampus-dependent learn-
ing and memory. These defects were accompanied by increased ac-
tivity of GSK3β, an important inhibitory regulator of many neuro-
nal functions [17]. Therefore, tideglusib was tested on Cdkl5 
knockout mice and results showed that tideglusib improved hippo-
campal development, hippocampus-dependent behaviors, and 
memory performance in juvenile Cdkl5 knockout mice [24]. 

Finally, CDKL5 protein substitution therapy was successfully 
conducted in a mouse model using a protein transduction domain 
(TAT) that was able to deliver macromolecules into cells, and 
even into the brain when fused to a specific protein [25]. Intrace-
rebroventricular infusion of TAT-CDKL5 protein was efficiently 
internalized by target cells, which resulted in the retention of 
CDKL5 activity and the restoration of hippocampal develop-
ment, hippocampus-dependent memory, and breathing pattern in 
Cdkl5-null mice [25]. Systemically administered TAT-CDKL5 
protein also crossed the blood-brain barrier, reached the central 
nervous system, and improved behavioral defects in mice [25]. 

KCNQ2 

Mutations in the potassium channel, voltage-gated, KQT-like sub-
family member 2 (KCNQ2) gene, encoding voltage-gated K+ 
channel subunits underlying the neuronal M-current, usually lead 
to loss-of-function of KV7.2 and cause a decrease in neuronal 

M-current conductance, thereby increasing neuronal excitability 
[26]. Functional studies have revealed that a 25% reduction in 
KV7.2 current is sufficient to increase neuronal excitability to epi-
leptogenic levels in early infancy [27]. However in rare cases, vari-
ants of KCNQ2 such as R144Q, R198Q, R201C, and R201H, 
produce gain-of-function effects and are reported to be associated 
with early-onset epileptic encephalopathy, infantile spasms, or 
neonatal nonepileptic myoclonus [28-30]. 

Benign familial seizures of early infancy and early infantile epi-
leptic encephalopathy (EIEE) are two main types of epilepsy as-
sociated with KCNQ2 mutations. Seizure onset in both syn-
dromes occurs as early as in the first days of life [31]. Patients with 
benign seizures in early infancy have an excellent prognosis re-
garding both seizure remission and neurodevelopment. In con-
trast, patients with EIEE suffer from a severe phenotype compris-
ing drug-resistant seizures, intellectual disability, and encephalop-
athic EEG [31]. 

A systematic review conducted in 2019 analyzed the medica-
tions used in EIEE, and revealed that sodium channel blockers 
were the most frequently used monotherapy agent [31]. The dis-
tribution of AEDs used by patients achieving control of their sei-
zures was 37.8% with sodium channel blockers, 26.3% with val-
proic acid, and 33.3% with levetiracetam [31]. Treatment trials 
with phenobarbital were largely unsuccessful: 8.6% of the trials 
led to seizure freedom in patients while 74.3% of the trials showed 
no effect [31]. Therapeutic response to sodium-channel blockers 
in patients with KCNQ2 mutations could be explained by the fact 
that voltage-gated sodium channels and KCNQ potassium chan-
nels co-localize at critical locations on the neuronal membrane 
and therefore, modulation of one channel may significantly affect 
the function of the channel complex [32,33]. Because of this, so-
dium channel blockers such as phenytoin, carbamazepine, and 
oxcarbazepine are recommended as a first-line treatment [31,34]. 
However, sodium channel blockers were not clearly superior to 
levetiracetam or valproate, indicating that the latter AEDs might 
be considered in patients who failed to respond to sodium chan-
nel blockers [31]. 

Retigabine (also known as ezogabine) is a Kv7.2/Kv7.3 opener 
that leads to neuronal hyperpolarization of the membrane poten-
tial and was first introduced as an adjunctive therapy in adults 
with focal seizures [35]. Despite its effectiveness, retigabine was 
withdrawn from the market due to lack of demand caused mainly 
by side effects such as blue discoloration of skin and retina [36]. 
However, the fact that retigabine opens the Kv7 potassium chan-
nel drew interest in its use for patients with KCNQ2 mutations, 
and the results were favorable in animal models [37]. Of all mo-
no-therapeutic treatment trials with retigabine, only 14.3% led to 
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seizure freedom while 71.4% showed no effect and current find-
ings do not support use of retigabine compared to other drugs 
such as sodium channel blockers [31]. 

KCNT1 

The potassium channel subfamily T member 1 (KCNT1) gene 
encodes the sodium-activated potassium channel KCa4.1. 
KCNT1 is widely expressed throughout the brain, as well as in the 
dorsal root ganglia, kidney, and heart, and is responsible for slow 
hyperpolarization after bursts of action potentials [38,39]. The 
pathogenic KCNT1 mutations described to date are all missense 
variants; no nonsense or other truncating mutations have been 
identified yet [40]. This suggests that perturbation of normal 
KCNT1 protein function, rather than the loss of its function, is 
the underlying pathomechanism [40]. This is consistent with 
other reports, including animal models demonstrating that 
KCNT1 pathogenic variants manifest a gain-of-function effect 
with increased current amplitude [39,41,42]. 

Mutations in KCNT1 cause a wide spectrum of epileptic disor-
ders with variable ages at onset and cognitive outcomes including 
Ohtahara syndrome, West syndrome, and severe nocturnal frontal 
lobe epilepsy (NFLE). However, epilepsy of infancy with migrat-
ing focal seizures (EIMFS) and autosomal dominant nocturnal 
frontal lobe epilepsy (ADNFLE) are the two most characteristic 
epilepsies associated with KCNT1 [39,41,43,44]. KCNT1 is the 
most frequently identified genetic cause of EIMFS, and 39% (28 
out of 71) of individuals from EIMFS patient cohorts that have 
been analyzed for KCNT1 mutations are mutation positive [40]. 
Patients with ADNFLE and NFLE with KCNT1 mutations have 
a more severe phenotype than ADNFLE patients with mutations 
in nicotinic acetylcholine receptor subunit genes in terms of earli-
er age of seizure onset, marked increase in frequency of refractory 
seizures, and high frequency of comorbid intellectual disability 
and psychiatric features [44]. 

Quinidine is an inhibitor of several types of potassium channels, 
including KCNT1, and is currently used as an antiarrhythmic 
agent and antimalarial drug [40,45,46]. Given that functional 
studies have shown mutations in KCNT1 cause an increase in 
channel current, quinidine gathered interest as a potential inhibi-
tor that could reverse this abnormal channel function and there-
fore, treat seizures in patients with mutations in KCNT1 
[41,42,47,48]. Indeed, the effectiveness of quinidine in reversing 
the increased current of mutant KCNT1 channels has been 
demonstrated in vitro [42,48]. However, in an order-randomized, 
blinded, placebo-controlled, crossover trial of quinidine in six 
ADNFLE patients, 33.3% (n = 2) of patients discontinued thera-

py due to prolonged QT interval occurring at serum quinidine 
levels below the therapeutic range, and none of four patients who 
completed treatment trial showed 50% seizure reduction [49]. 
Other reports that included 25 EIMFS, two focal epilepsy, one 
West syndrome, and one NFLE patients, demonstrated that 
31.0% (n = 9, including eight EIMFS) of patients experienced im-
provements in seizure activity due to quinidine administration 
while the others did not show any improvements [39,48,50-60]. 
Lack of therapeutic response observed in the majority of patients 
is likely because exposure levels in the brain are too low to cause 
significant in vivo channel blockade [52].  

SCN2A 

The sodium channel, voltage-gated, type II, alpha subunit (SC-
N2A) gene encodes the neuronal sodium channel NaV1.2, one of 
four sodium channel paralogs expressed throughout the central 
nervous system, along with NaV1.1 (SCN1A), NaV1.3 (SCN3A), 
and NaV1.6 (sodium channel, voltage-gated, type VIII alpha sub-
unit [SCN8A]) [61]. Mutations in SCN2A are primarily associat-
ed with three distinct disorders: (1) infantile epileptic encepha-
lopathy characterized by drug-resistant seizures with age of onset 
less than 12 months, followed by neurodevelopmental delay; (2) 
benign (familial) infantile seizures characterized by seizure onset 
at less than 12 months of age, which resolve by 2 years of age with-
out overt long-term neuropsychiatric consequences; and (3) au-
tistic spectrum disorder/intellectual disability (ASD/ID) charac-
terized by global developmental delay, particularly of social and 
language milestones, with up to one-third of children developing 
childhood-onset seizures after 12 months of age [61-63]. 

An integrated analysis of genetic and electrophysiological data 
suggested a model explaining the three disorders associated with 
SCN2A (Fig. 2) [61]. Variants associated with gain-of-function of 
NaV1.2 channel activity led to infantile epileptic encephalopathy 
and benign infantile seizures, while those associated with loss-of-
function led to ASD/ID [62,63]. Further, the degree to which the 
gain-of-function variants potentiate NaV1.2 activity distinguishes 
infantile epileptic encephalopathy from benign infantile seizures, 
with severe variants leading to infantile epileptic encephalopathy 
[62,63]. This model is supported by several other findings includ-
ing observations using in vitro electrophysiology, the restriction of 
protein truncating variants resulting in loss of function in ASD/
ID cases, shared symptoms between individuals with recurrent 
missense variants, and the clustering of infantile epileptic enceph-
alopathy/benign infantile seizure variants around the voltage sen-
sor domain of the channel while the ASD/ID missense variants 
cluster near the pore loop regions [62,63]. 
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Seizures in SCN2A encephalopathy are often resistant to AEDs. 
However, for infants less than 4 months of age, sodium channel 
blockers such as phenytoin and carbamazepine are more effective, 
which is expected considering the gain-of-function nature of caus-
ative mutations [62,63]. For children more than 12 months of age 
with ASD/ID and childhood-onset seizures, the opposite action 
should be taken, and drugs other than sodium channel blockers, 
such as levetiracetam, benzodiazepines, and valproate, are thera-
peutic options. New emerging therapies such as bromides, fenflu-
ramine, and cannabidiol are being studied and have shown effica-
cy in treating Dravet syndrome [64]. Whether such medications 
would provide benefit with SCN2A associated late-onset seizures 
remains unknown. However, when considering such treatments, 
it is important to remember that the NaV1.1 channels affected in 
Dravet syndrome are more commonly expressed in inhibitory 
neurons, and that loss-of-function of NaV1.1 may have opposing 
effects in brain networks compared with NaV1.2 loss-of-function 
in excitatory neurons [65]. 

SCN8A 

The SCN8A gene encodes the pore-forming voltage-gated sodium 
channel subunit Nav1.6, which is widely expressed in the brain and 
is responsible for the initiation and propagation of neuronal action 
potentials contributing to regulation of neuronal excitability [66-
68]. Most mutations identified in SCN8A result in gain-of-function 
changes in biophysical properties leading to elevated channel activi-
ty, either due to premature channel opening or impaired channel in-
activation [69-73]. However, a small subset of mutations cause loss 
of function of SCN8A, resulting in isolated intellectual disability, 
myoclonus, and movement disorders [74,75]. 

SCN8A encephalopathy patients usually show severe develop-
mental delay and intellectual disability, pharmacoresistant epilepsy 
with seizures starting before 18 months of age, in addition to pyra-
midal and extrapyramidal signs [76,77]. Epilepsy in SCN8A en-
cephalopathy patients comprises multiple seizure types, including 
focal, generalized, and epileptic spasms [78]. Sudden unexpected 

death in epilepsy is reported in approximately 10% of cases [77].  
As SCN8A epileptic encephalopathy is mostly due to gain-of-

function mutations of SCN8A, the most effective AEDs reported 
so far are sodium channel blockers including phenytoin, carbamaz-
epine, and oxcarbazepine, usually at supratherapeutic doses [77]. 
Also, at least one study reported improvements in seizure clusters 
and non-convulsive status epilepticus when patients were treated 
with benzodiazepines [77]. Of note, levetiracetam was reported to 
be ineffective and may even worsen seizure activity [77]. 

STXBP1 

The syntaxin-binding protein 1 (STXBP1) gene encodes the 
STXBP1 protein, which is an essential protein for presynaptic 
vesicle docking and fusion through interaction with the soluble 
N-ethylmaleimide sensitive factor attachment protein receptor 
(SNARE) complex proteins, and has an essential function in neu-
rotransmitter release [79,80]. STXBP1 encephalopathy is caused 
by both truncating and missense mutations in STXBP1, and the 
current leading hypothesis is that STXBP1 loss-of-function is the 
common pathomechanism, although some in vitro studies have 
reported possible dominant-negative effects or gain in pathologi-
cal function [80-83]. 

STXBP1 encephalopathy patients show developmental delay/
intellectual disability, epilepsy, autism spectrum disorders, and in-
voluntary movements such as spasms and jerks [84,85]. Epilepsy 
in STXBP1 encephalopathy patients is characterized by early on-
set of tonic spasms, often immediately after birth, and drug-resis-
tant seizures with multifocal epileptic activity on EEG [86]. 

Some case reports are currently available, and some beneficial 
AEDs include vigabatrin, valproic acid, and levetiracetam 
[81,82,87-91]. A beneficial effect of levetiracetam is noteworthy 
because it has been proposed to modulate synaptic vesicle release 
via binding with synaptic vesicle glycoprotein 2a [80,92]. Howev-
er, there is insufficient data for this generalization. There is cur-
rently no drug on the market that directly targets STXBP1. 

Fig. 2. Model of sodium channel, voltage-gated, type II, alpha subunit (SCN2A) encephalopathy pathophysiology. Adapted from Sanders 
et al. [61], with permission from Elsevier.
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SYNGAP1 

The synaptic RAS-GTPase-activating protein 1 (SYNGAP1) 
gene encodes SYNGAP1 protein, which is an important mediator 
in the N -methyl-D-aspartate (NMDA) receptor-activated 
RAS-signaling cascade that regulates postsynaptic density and 
formation, development, and maturation of dendritic spines 
[93,94]. In a mouse model, heterozygous mutations in Syngap1 
led to protein truncations and abnormal dendritic spines during 
development [95], decreasing the ability of Syngap1 to bind 
downstream molecules in the signaling pathway, and thus failing 
to inhibit Ras activity. Increased Ras activation led to the activa-
tion of molecules that regulate the actin cytoskeleton, thus shift-
ing the equilibrium towards the more stable actin form [93,96]. 

This, combined with an increase in insertion of AMPA receptors 
into the postsynaptic membrane during development, caused the 
dendritic spines to mature into mushroom-shaped spines earlier 
than normal, leading to elevated excitatory synaptic transmission 
and excitatory/inhibitory imbalance. The occurrence of these 
events during a critical period of development made the neurons 
more prone to seizures [93,97]. 

SYNGAP1 mutations cause developmental epileptic encepha-
lopathy characterized by generalized epilepsy with eyelid myoclo-
nia with absences and myoclonic-atonic seizures that are often 
pharmacoresistant [98]. Seizures triggered by eating is also a char-
acteristic feature [98]. SYNGAP1 encephalopathy is associated 
with a spectrum of mild to severe intellectual disability, with a 
large proportion of patients with severe ID and other comorbidi-

Table 1. Summary of clinical presentations and recommended therapies by causative genes
Gene Clinical presentations Medications
ALDH7A1 Neonatal onset drug resistant seizures which respond dramatically 

to pyridoxine
Developmental delay/intellectual disability irrespective of pyridoxine 

supplementation

Pyridoxine, with arginine supplementation and/or lysine restricted 
diet [9].

CDKL5 Early infantile epilepsy (<2 months) with very frequent brief drug 
responsive generalized tonic seizures, followed by infantile spasms 
with hypsarrhythmia (around 11 months) that are drug resistant, 
and then drug resistant late multifocal and myoclonic epilepsy (in 
childhood)

No available medication reported to show significant beneficial 
effects.

KCNQ2 Benign familial seizures of early infancy with seizures as early as 
within first days of life showing excellent prognosis regarding 
both seizure remission and neurodevelopment

Early infantile epileptic encephalopathy with drug resistant seizures 
as early as within first days of life, intellectual disability, and 
encephalopathic EEG

Sodium channel blockers are recommended as first line treatment 
[31,34].

Levetiracetam or valproate can be used if patients do not respond 
to sodium channel blockers [31].

Retigabine is inferior to above medications [31].

KCNT1 EIMFS
ADNFLE

Quinidine was not effective in ADNFLE patients [49].
Quinidine showed limited efficacy in EIMFS patients (responder 

rate=32%, n=25) [39,48,50-60].
SCN2A Infantile epileptic encephalopathy with drug-resistant infantile-

onset seizures (<12 months) and developmental delay
Benign (familial) infantile seizures with infantile-onset 

seizures (<12 months) that resolve by 2 years of age without 
neurodevelopmental sequelae

Autistic spectrum disorder/intellectual disability with global 
developmental delay, which 1/3 of patients develop childhood-
onset seizures (>12 months)

Sodium channel blockers are recommended for infantile epileptic 
encephalopathy and benign (familial) infantile seizure patients 
[62,63].

Drugs other than sodium channel blockers—levetiracetam, 
benzodiazepines, and valproate—are recommended for autistic 
spectrum disorder/intellectual disability patients with childhood-
onset seizures [61].

SCN8A Drug resistant epilepsy with seizure onset age of <18 months 
and multiple seizure types including focal seizures, generalized 
seizures, and epileptic spasms, developmental delay/intellectual 
disability, and pyramidal and extrapyramidal symptoms

Sodium channel blockers are recommended, but supratherapeutic 
doses can be needed [77].

Levetiracetam can worsen the seizures [77].

STXBP1 Epilepsy with early onset tonic spasms (often immediately after 
birth) that are drug resistant, multifocal epileptic activity on 
EEG, developmental delay/intellectual disability, and involuntary 
movements such as spasms and jerks

Levetiracetam, vigabatrin, and valproic acid have been reported to 
be beneficial in small number of case reports [81,82,87-91].

SYNGAP1 Generalized epilepsy with eyelid myoclonia with absences and 
myoclonic-atonic seizures that are drug resistant, seizures 
triggered by eating, and developmental delay/intellectual 
disability

Valproate and lamotrigine are most frequently used [98].

ALDH7A1, aldehyde dehydrogenase 7 family, member A1; CDKL5, cyclin-dependent kinase-like 5; KCNQ2, potassium channel, voltage-gated, KQT-like 
subfamily member 2; EEG, electroencephalogram; KCNT1, potassium channel subfamily T member 1; EIMFS, epilepsy of infancy with migrating focal 
seizures; ADNFLE, autosomal dominant nocturnal frontal lobe epilepsy; SCN2A, sodium channel, voltage-gated, type II, alpha subunit; SCN8A, sodium 
channel, voltage-gated, type VIII alpha subunit; STXBP1, syntaxin-binding protein 1; SYNGAP1, synaptic RAS-GTPase-activating protein 1.
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ties such as behavioral problems, autism spectrum disorder, hypo-
tonia, eating problems, and sleeping problems [98]. 

In a retrospective study with 57 patients, valproate (n = 45) and 
lamotrigine (n = 22) were the most commonly prescribed AEDs, 
with long-term treatment with lamotrigine in 77% and valproate 
in 64% of patients, respectively, suggesting effectiveness [98]. 
This is a reasonable result considering that generalized seizures 
occur in SYNGAP1-associated epilepsy patients and because 
there is currently no targeted therapy specifically for SYNGAP1.  

Conclusion 

Here, we have reviewed several developmental and epileptic en-
cephalopathies caused by frequently identified genes. Already too 
well known SCN1A was not addressed. Dietary therapy and 
modulatory therapy such as vagus nerve stimulation were also not 
covered in this review. Therapies directly targeting at causative 
mutations, such as retigabine in KCNQ2 encephalopathy and 
quinidine in KCNT1 encephalopathy were discussed. However, 
despite promising results in vitro, the results were disappointing 
when administered to patients. Considering the pathogenic mech-
anisms of causative mutations, sodium channel blockers are rec-
ommended for patients with KCNQ2 mutations, infantile epilep-
tic encephalopathy patients with SCN2A mutations, and patients 
with SCN8A mutations. Levetiracetam can be considered in pa-
tients with STXBP1 mutations. (Table 1).

With a rapidly increasing number of genetically diagnosed pa-
tients, development of gene-specific therapies is in great demand. 
Studies to identify personalized therapeutic strategies based on 
functional studies of individuals will increasingly be required to 
meet this demand. 
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Purpose: Electroencephalography (EEG) is an effective test in predicting severe cortical dysfunc-
tion associated with poor outcomes in adult patients, but its value in pediatric patients remains 
incomplete. Here, we assessed the prognostic value of EEG regarding sedative history and various 
etiologies in pediatric patients who had undergone EEGs at the pediatric intensive care unit of 
Severance Hospital for 5 years.
Methods: We performed a retrospective study of total 113 pediatric patients who met our criteria. 
In-hospital mortality was measured for the primary outcome.
Results: In-hospital mortality was observed in 43 patients (38.1%) and sedatives were used in 37 
patients (32.7%). Patients who showed in-hospital mortality were more like to have higher EEG 
background scores and absent EEG reactivity (P<0.001 for both). The prognostic values of these 
EEG factors were statistically significant in non-sedated patients (P<0.001 for both) whereas they 
were not significant in sedated patients (P=0.980 and P=0.336, respectively). In a multivariable 
regression analysis conducted in non-sedated patients, higher EEG background score and absence 
of EEG reactivity were independently associated with higher mortality rate (P=0.015 and P=0.001, 
respectively). They also showed high prognostic values of mortality in non-sedated patients, irre-
spective of each etiology (hypoxic ischemic encephalopathy [HIE]: P=0.013 and P=0.021, respec-
tively; non-HIE structural brain disease: P=0.001 and P=0.002, respectively; non-structural brain 
dysfunction: P<0.001 for both).
Conclusion: Our findings prove that both an abnormal background rhythm and the absence of re-
activity in early EEG can be independent factors associated with mortality in non-sedated critically 
ill children irrespective of etiology.

Keywords: Intensive care units, pediatric; Electroencephalography; Mortality; Prognosis; Etiology
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Introduction 

Predicting the prognoses of children admitted to pediatric inten-
sive care units (PICUs) for critical care is important to both clini-
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cians and families. Futile investigations and treatments can be 
avoided when a poor outcome is predicted, while more active 
management can be pursued with patients whose outcomes are 
thought to be favorable. Communication with families is also fa-
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cilitated if poor outcomes are predicted at the start of patient ad-
mission to PICU. Therefore, risk factors, laboratory results, and 
other results from different tests, such as electrocardiography, 
which are thought to have prognostic values in mortality and 
morbidity in patients admitted to PICUs have been continuously 
investigated, and mortality prediction models integrating such 
factors have been suggested [1,2]. 

Electroencephalography (EEG), a non-invasive, bedside investi-
gative tool reflecting cortical activities and dysfunction that can be 
readily applied to both adult and pediatric patients in intensive care 
units (ICUs), is also well known to have prognostic significance in 
critically ill patients in several studies [3-6]. EEG is a sensitive tool 
to detect encephalopathies, and patients with neurologic complica-
tions were shown to have an increased risk of mortality compared 
with patients who do not exhibit these problems [7]. However, 
previous studies have mostly focused on the prognostic values of 
EEG in adult ICU patients compared with pediatric patients, and 
our understanding of specific EEG findings that are associated 
with poor outcomes in pediatric patients is incomplete. In addi-
tion, many of these studies mainly focused on narrow etiologies 
such as hypoxic ischemic encephalopathy (HIE) or sepsis, rather 
than diverse etiologies of real ICU situations. Therefore, EEG find-
ings that are associated with poor outcomes in pediatric patients 
with diverse etiologies admitted to a PICU need to be defined. 

Although studies on adults have shown that continuous sedative 
infusions are associated with prolonged periods of mechanical ven-
tilation and increased mortality, it is difficult to discontinue sedation 
in pediatric patients who are more vulnerable to self-extubation, ad-
verse cardiovascular effects, ventilator fighting, and negative psy-
chological effects causing frequent sedative use in critically ill chil-
dren [8-10]. However, background EEG rhythms can be affected 
by sedatives— increased level of sedation can cause progressive 
slowing in basic EEG rhythms; fast activities may be more domi-
nant upon light sedation; but increased delta activities, burst-sup-
pression, suppression, and then isoelectric patterns are observed as 
sedation becomes deeper [11, 12]. Therefore, EEG background 
rhythms of sedated children may not have prognostic significance 
because the changes could be the results of sedative effects. 

In this context, this study was designed to assess the prognostic 
value of EEG in children with newly developed neurological dis-
orders of diverse etiologies who were admitted to the PICU, and 
to discover EEG findings associated with poor outcomes, such as 
the mortality or morbidity rate. In addition, we compared the 
EEG findings between the sedated and non-sedated groups to as-
sess the relationship with intravenous sedative infusions. 

Materials and Methods 

1. Study design and patient selection 
A retrospective study was conducted with patients who had un-
dergone EEGs at the PICU of Severance Hospital for 5 years, 
from January 2012 to December 2016. The inclusion criteria were 
as follows: (1) patients that had EEGs performed on them within 
72 hours of admission to the PICU, and (2) patients who were 
between the ages of 44 weeks (post-conceptual) and 18 years at 
the time of admission to PICU. Patients with a history of neuro-
logical disorders, epilepsy, developmental delay, or those who had 
a history of abnormal EEGs, were excluded to avoid complica-
tions with baseline abnormalities. Patients admitted to the neuro-
surgical ICU with a primary diagnosis of head trauma or those 
that needed neurosurgical intervention were also excluded. This 
study was approved by the Institutional Review Boards of Sever-
ance Hospital (4-2015-0854). We confirm that we have read the 
Journal’s position on issues involved in ethical publication and af-
firm that this report is consistent with those guidelines.

2. Clinical variables 
In-hospital mortality was selected as a prognostic marker because 
it could be accurately retrieved from the past chart reviews. Mor-
tality was assessed for each group of patients with the same EEG 
background scores, and the relationship between mortality and 
the absence of EEG reactivity was also investigated. 

Clinical factors that may be associated with poor outcomes, 
such as gender, age at EEG recording, duration of ICU or hospital 
admission, time from ICU admission to EEG initiation, etiologies 
of ICU admission, reasons for EEG recording, and sedation histo-
ry, were also collected. Scores of the pediatric risk of mortality III 
(PRISM III), a mortality prediction model for children admitted 
to PICUs, measured at the first 24 hours of PICU stay (PRISM 
III-24), were calculated [1]. 

The etiologies for PICU admission were categorized into one 
of the following: (1) HIE diagnosed by computed tomography or 
magnetic resonance imaging (MRI); (2) non-HIE structural 
brain disease such as encephalitis or other structural brain dam-
age; (3) functional or non-structural brain dysfunction with no 
evident brain damage shown on MRI, but with a possible source 
of brain malfunction such as hypoxic, metabolic, toxic, or infec-
tious etiologies; and (4) others indicating non-central nervous 
system (CNS) dysfunction [5]. 

The reasons that led to EEG evaluations in patients were la-
beled as follows: (1) evaluation after anoxia or hypoxia; (2) alter-
ation in mental status; (3) presence of definite seizures; (4) suspi-
cious movements that are unlikely to be seizures but needed fur-
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ther investigation; and (5) focal neurologic signs. 
The patients were then further divided into two groups, one 

comprising patients who received continuous intravenous infu-
sion of sedatives or analgesics, mostly midazolam, ketamine, fen-
tanyl, or a combination of the three drugs, and the other group 
consisted of patients that were not sedated at the time when their 
first EEGs at the PICU were taken. 

3. EEGs 
Scalp EEGs were performed using gold cup electrodes placed ac-
cording to the international 10 to 20 system, and they were record-
ed using a portable video-EEG system (Telefactor, Grass Technol-
ogies, Rockland, MA, USA). EEGs were either performed for 30 
minutes or monitored continuously (for a minimum of 4 hours) 
depending on the clinician’s judgment based on ongoing EEG re-
sults and the clinical status of the patient. EEG reactivity was 
checked by eye opening and closing or noise in more alert patients, 
or by exposure to alerting stimuli such as touch or light pain to 
more obtunded patients. EEG reactivity was considered present if 
there was a definite reproducible change in the amplitude and fre-
quency in background activities after exposure to stimuli. 

The first EEGs performed after PICU admission within 72 
hours for each patient were freshly reviewed by two pediatric neu-
rologists. The EEG backgrounds and presence of reactivity were 
analyzed. The EEG background scores were recorded according 
to a scoring system that have shown its usefulness for predicting 
the neurological prognosis in hypoxic encephalopathy patients, 
with poorer EEG backgrounds showing higher scores: (1) nor-
mal, (2) diffuse slowing (continuous EEG pattern with a domi-
nant frequency less than that appropriate for age: < 4 Hz for < 6 
months of age, < 6 Hz for < 1 year of age, and < 8 Hz for ≥ 2 years 
of age), (3) epileptiform (seizures and generalized periodic dis-
charges), (4) burst-suppression (clear increases in amplitude of 
≥ 20 µV [bursts], followed by inter-burst intervals of at least 1 sec-
ond with low-voltage activity [suppressions]), (5) low-voltage 
(EEG activity of < 20 µV), and (6) isoelectric (without any visi-
ble EEG activity) [13]. Next, we divided the background EEG 
scores into three different groups including two consecutive 
scores in each group to avoid small-sized patient cohorts. Exam-
ples of EEGs from our patients for each background score are 
demonstrated in Fig. 1. Meetings were held for mutual agree-
ments, but disagreements in background scores and the presence 
of reactivity did not arise. 

4. Statistical analysis 
Comparisons of the two groups were performed using chi-square 
tests or Fisher’s exact tests for categorical or ordinal data and 

Mann-Whitney U tests for non-parametric continuous data. Uni-
variate regression analysis was also used for risk analysis. To ex-
clude any confounding factors, multivariable regression analysis 
was conducted. To avoid false-negative results, factors that were 
highly influenced by each other, such as the background EEG 
score and absence of EEG reactivity, were analyzed separately. A 
P < 0.05 was considered significant. The SPSS version 23.0 (IBM 
Co., Armonk, NY, USA) was used for all the analyses. Values were 
expressed as medians with interquartile ranges (IQRs) for contin-
uous and ordinal variables, or as counts and percentages for cate-
gorical variables. 

Results 

1. Demographics 
In total, 221 patients had undergone EEGs at the PICU of Sever-
ance Children’s Hospital between January 2012 and December 
2016, within 72 hours of admission to the PICU. Of the 221 pa-
tients, 108 patients that had a history of neurologic disorder, delayed 
development, epilepsy before PICU admission, or whose previous 
EEG results showed abnormal findings were excluded. 

The remaining 113 patients were included in this study, and their 
characteristics are summarized in Table 1. Among them, 65 
(57.5%) were boys, and the median age when the first EEGs were 
performed during the PICU stay was 2.0 years (IQR, 0.5 to 6.2). 
The median PICU duration was 14 days (IQR, 7 to 32), and the 
median total hospital duration was 42 days (IQR, 22 to 86). The 
first EEGs of these patients at the PICU were performed at a medi-
an of 19 hours (IQR, 8 to 36) after PICU admission. Thirty-minute 
standard EEGs were performed in 93 patients (82.8%), and contin-
uous EEG monitoring was performed in 20 patients (17.7%). 

Patients with structural brain damage (n = 66, 58.4%), includ-
ing HIE (n = 35, 31.0%) and non-HIE structural brain disease, 
such as encephalitis or other structural brain damage (n = 31, 
27.4%), accounted for more than 50% of patients who underwent 
EEG at the PICU. Patients with non-structural brain dysfunction 
(n = 41, 36.3%) also accounted for a large proportion, mainly due 
to the risk of developing hypoxic encephalopathy from pulmo-
nary diseases (n = 17, 15.0%) and developing metabolic encepha-
lopathy due to hepatic failure (n = 15, 13.3%). Other than pulmo-
nary and hepatic diseases, renal failure (n = 4, 3.5%) and sepsis 
(n = 5, 4.4%) also accounted for some proportion of non-structur-
al brain dysfunction. Six patients (5.3%) were classified as ‘other,’ 
indicating non-CNS dysfunction. 

Among the 113 patients, the most common reason for EEG 
was a hypoxic or an anoxic event (n = 40, 35.4%), followed by al-
teration of the mental status (n = 36, 31.9%), the presence of a sei-
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zure (n = 20, 17.7%), suspicious seizure-like movements (n = 15, 
13.3%), and focal neurologic signs (n = 2, 1.8%). In addition, sed-
atives were used before the initiation of EEG recording in 37 pa-
tients (32.7%). 

2. Clinical characteristics, EEG background score, and 
EEG reactivity according to in-hospital mortality 
Forty-three patients (38.1%) died during the hospital stay, and 70 
patients (61.9%) were discharged from the hospital. Patients who 
showed in-hospital mortality were significantly older (P = 0.012). 
The length of stay at the PICU was significantly longer in patients 
who showed in-hospital mortality (P = 0.001), and the total length 
of hospital stay, including periods in the general ward after PICU 
discharge, was significantly longer in patients that were discharged 

(P = 0.037). The PRISM III-24 score was significantly higher in 
patients who showed mortality (P < 0.001). Both etiologies of 
PICU admission (P = 0.744) and sedation history (P = 0.106) 
were not significantly associated with mortality (Table 1). 

The number of patients who showed each EEG background 
score was as follows: (1) normal (n = 12, 10.6%), (2) diffuse slow-
ing (n = 45, 39.8%), (3) epileptiform (n = 9, 8.0%), (4) burst-sup-
pression (n = 4, 3.5%), (5) low-voltage (n = 24, 21.2%), and (6) 
isoelectric (n = 19, 16.8%). Among them, the mortality cases were 
reported as 0, 9, 3, 2, 13, and 16 patients for each EEG background 
score, respectively, thus showing a higher mortality rate as the 
background EEG score increased (P < 0.001). In addition, of the 
62 patients (54.9%) that showed the absence of EEG reactivity, 40 
patients showed in-hospital mortality with a significant association 

Fig. 1. Examples of background electroencephalography (EEG) rhythms of patients in the pediatric intensive care unit. (A) normal 
background EEG rhythm; (B) diffuse slowing background EEG rhythm (continuous EEG pattern with a dominant frequency less than that 
appropriate for age); (C) epileptiform (seizures and generalized periodic discharges); (D) burst-suppression (clear increases in amplitude 
of ≥20 µV, followed by inter-burst intervals of at least 1 second with low-voltage activity); (E) low-voltage (EEG activity of <20 µV); (F) 
isoelectric (without any visible EEG activity).

A

D

B

E

C

F
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between these two variables (P < 0.001) (Table 1). When multi-
variable regression analysis was conducted to exclude confounding 
clinical factors, the EEG background score (P = 0.003) and ab-
sence of EEG reactivity (P < 0.001) were proven to have prognos-
tic value for in-hospital mortality. 

3. Prognostic values of EEG according to sedation at the 
time of EEG recording 
The patients were then further divided into two groups based on 
receiving intravenous sedative infusion at the time of EEG. Thir-
ty-seven patients (32.7%) were sedated at the time of EEG re-
cording. When the clinical characteristics were analyzed, the 
length of stay at the PICU was significantly longer in sedated pa-
tients (P = 0.005). The EEG background score was significantly 
higher in sedated patients (P = 0.012), and the absence of EEG re-
activity was significantly higher in sedated patients (P < 0.001), 
thus showing that sedation indeed influences EEG background 
rhythms and reactivity. 

Furthermore, clinical factors that are likely to influence EEG fea-
tures were analyzed for their association with in-hospital mortality 
in each group (Table 2). In this univariate analysis, the first EEG 
was performed significantly late in those who showed in-hospital 
mortality in the sedated group (P = 0.027). In addition, patients 
with in-hospital mortality were significantly older (P = 0.049). 
However, the EEG background score and absence of EEG reactivi-
ty were not associated with in-hospital mortality in the sedated 
group (P = 0.980 and P = 0.336, respectively) (Fig. 2A). In the 
non-sedated group, the duration of PICU stay was significantly 
higher in patients who showed in-hospital mortality (P = 0.024). 
The EEG background score was significantly higher, and the ab-
sence of reactivity was significantly more frequent in patients who 
showed in-hospital mortality (P < 0.001 for both) (Fig. 2B). 
PRISM III-24 was significantly higher in patients who showed 
mortality in both the sedated and non-sedated groups (P = 0.037 
and P = 0.004, respectively). 

The odds ratio for mortality according to the EEG background 

Table 1. Demographics of all patients and clinical characteristics according to in-hospital mortality

Characteristic Total (n=113)
In-hospital mortality

Yes (n=43) No (n=70) P value
Age (yr) 2.0 (0.5–6.2) 4.8 (1.3–9.0) 1.2 (0.5–5.1) 0.012a

Male sex 65 (57.5) 24 (55.8) 41 (58.6) 0.773
IOD (day) 14 (7–32) 24 (10–55) 10 (6–22) 0.001a

HOD (day) 42 (22–86) 30 (15–58) 56 (25–93) 0.037a

Etiologies for PICU admission 0.744
 HIE 35 (31.0) 14 (32.6) 21 (30.0)
 Non-HIE structural brain disease 31 (27.4) 11 (25.6) 20 (28.6)
 Non-structural brain dysfunction 41 (36.3) 17 (39.5) 24 (34.3)
 Others 6 (5.3) 1 (2.3) 5 (7.1)
Reason for undergoing EEG 0.140
 After anoxia/hypoxia 40 (35.4) 17 (39.5) 23 (32.9)
 Alteration in mental status 36 (31.9) 17 (39.5) 19 (27.1)
 Presence of seizures 20 (17.7) 6 (14.0) 14 (20.0)
 Suspicious movements 15 (13.3) 2 (4.7) 13 (18.6)
 Focal neurologic signs 2 (1.8) 1 (2.3) 1 (1.4)
PRISM III-24 9 (3–14) 12 (7–16) 7 (2–12) <0.001a

Time from PICU admission to EEG (hr) 19 (8–36) 19 (11–40) 18 (7–28) 0.191
EEG recording duration 0.843
 Standard 30 min 93 (82.3) 35 (81.4) 58 (82.9)
 Continuous monitoring 20 (17.7) 8 (18.6) 12 (17.1)
EEG background score 2 (2–5) 5 (3–6) 2 (2–3) <0.001a

Absence of EEG reactivity 62 (54.9) 40 (93.0) 22 (31.4) <0.001a

In-hospital mortality (yes) 43 (38.1)
Sedation (yes) 37 (32.7) 18 (41.9) 19 (27.1) 0.106

Values are presented as median (interquartile range) or number (%).
IOD, duration of PICU admission; HOD, duration of hospital admission; PICU, pediatric intensive care unit; HIE, hypoxic ischemic encephalopathy; EEG, 
electroencephalography; PRISM III-24, score of the pediatric risk of mortality III measured at the first 24 hours of PICU stay.
aStatistically significant clinical characteristics of critically ill patients according to in-hospital mortality.
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score and reactivity adjusted for variables of age at EEG recording, 
sex, PICU duration, hospital duration, time between PICU ad-
mission and EEG initiation, EEG recording duration (standard 
30-minute recording vs. continuous monitoring), and PRISM III-
24, were then calculated for non-sedated patients at the time of 
EEG recording (Table 3). In this multivariable analysis, a higher 
EEG background score showed a significantly higher mortality 
rate (P = 0.015), and the absence of EEG reactivity was also sig-
nificantly associated with a higher mortality rate (P = 0.001). 

4. Prognostic values of EEG according to the etiology of 

PICU admission in non-sedated patients 
The prognostic values of EEG were then calculated in non-sedat-
ed patients according to the etiologies at PICU admission. In pa-
tients diagnosed with HIE, higher EEG background scores 
(P = 0.013) and the absence of EEG reactivity (P = 0.021) were 
highly associated with in-hospital mortality. Higher EEG back-
ground scores and the absence of EEG reactivity in patients with 
other etiologies were also observed, such as non-HIE structural 
brain disease (P = 0.001 and P = 0.002, respectively) and 
non-structural brain dysfunction (P < 0.001, both), thus confirm-
ing the prognostic value of EEG in various etiologies. 

Table 2. Univariate analysis for mortality in sedated versus non-sedated groupsa

Variable
Sedated at the time of EEG recording (n=37) Not sedated at the time of EEG recording (n=76)

In-hospital mortality 
(n=18)

Discharged
(n=19) P value In-hospital mortality 

(n=25)
Discharged

(n=51) P value

Age (yr) 5.3 (0.8–9.9) 1.6 (0.5–6.6) 0.049a 2.4 (1.4–7.9) 1.1 (0.5–5.1) 0.191
Male sex 9 (50.0) 11 (57.9) 0.630 15 (60.0) 30 (58.8) 0.922
IOD (day) 31.5 (14.25–61) 15 (8–38) 0.130 19 (8–40) 10 (5–18) 0.024a

HOD (day) 47.5 (31.25–77.5) 68 (28.5–119) 0.451 20 (14–42) 47 (25–85) 0.295
Time from PICU admission to EEG (hr) 27 (19–41) 15 (5–21) 0.027a 15 (6–41) 19 (8–46) 0.671
EEG background scoreb 5 (2–5) 4 (2–5) 0.980 5 (5–6) 2 (2–2) <0.001a

Absence of EEG reactivity 17 (94.4) 16 (84.2) 0.336 23 (92.0) 6 (11.8) <0.001a

EEG duration (continuous) 4 (22.2) 3 (15.8) 0.619 4 (16.0) 9 (17.6) 0.858
PRISM III-24 13 (7–15) 9 (2–12) 0.037a 12 (7–17) 7 (2–12) 0.004a

Values are presented as median (interquartile range) or number (%).
EEG, electroencephalogram; IOD, duration of PICU admission; HOD, duration of hospital admission; PICU, pediatric intensive care unit; PRISM III-24, score of 
the pediatric risk of mortality III measured at the first 24 hours of PICU stay.
aStatistically significant clinical characteristics of sedated and non-sedated patients according to in-hospital mortality in univariate analysis; bCompared to 
EEG background score 1–2 (normal to diffuse slowing).

EEG background score

Fig. 2. Mortality rate of patients according to sedation at the time of electroencephalography (EEG) recording. (A) Not sedated at time of 
EEG recording. (B) Sedated at time of EEG recording.
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Discussion 

The relationship between EEG background rhythms and clinical 
outcomes has been demonstrated in previous studies, more fre-
quently with cohorts of post-anoxic comatose patients after cardi-
ac arrest. Quasiperiodic generalized spikes on a suppressed back-
ground, burst-suppression patterns, low-voltage backgrounds, and 
isoelectric patterns were each shown to be associated with mortal-
ity and poor neurologic outcome in post-anoxic comatose adult 
patients after cardiac arrest [4,14-17]. In addition, in a study with 
sedated or comatose adults in ICU with various underlying dis-
eases, a burst-suppression pattern was associated with increased 
mortality; in another study with septic adult ICU patients, diffuse 
slowing, burst-suppression, and an isoelectric pattern were associ-
ated with mortality [3,4,18,19]. In children aged older than a 
post-conceptual age of 44 weeks, the available data are scant, but 
several studies have shown similar results to those of adult studies: 
epileptiform backgrounds, burst-suppression patterns, low-volt-
age backgrounds, and isoelectric backgrounds were associated 
with mortality and poor neurological outcomes in patients with 
HIE after cardiac arrest [20-23]. In children receiving critical care 
for reasons other than HIE, low-voltage, and isoelectric back-
grounds were associated with poor outcomes in children with 
non-traumatic coma, diffuse slowing, epileptiform, and sup-
pressed backgrounds were associated with mortality in children 
with acute liver failure, and diffuse slowing background was asso-
ciated with poor outcomes in near-drowning encephalopathy pa-
tients [24-27]. 

Previous studies largely show the association between the ab-
sence of reactivity and increased mortality and morbidity in adult 
patients [3,4,19,21,28,29]. Although fewer studies were conducted 

in children, a study by Ramachandrannair et al. [30] showed an as-
sociation between the absence of EEG reactivity and increased 
mortality and neurologic impairment in comatose children. 

In our study, a higher EEG background score and the absence 
of EEG reactivity from EEGs performed within 72 hours from 
PICU admission were associated with an increased risk of mortal-
ity after adjusting for clinical factors in non-sedated patients, a 
finding that is concordant with previous study findings. No mor-
tality was found with a normal EEG; in addition, compared with 
patients with a normal EEG or with only diffuse slowing, patients 
whose EEG showed epileptiform backgrounds or burst-suppres-
sion patterns were 193.3 times more likely to die (95% confidence 
interval [CI], 3.4 to 10,886.1; P = 0.010), and patients with 
low-voltage or isoelectric EEG were 692.6 times more likely to die 
(95% CI, 7.6 to 62,708.2; P = 0.004), respectively. Patients with 
absent EEG reactivity were 234.1 times more likely to die than pa-
tients who showed EEG reactivity (95% CI, 9.4 to 5,831.9; 
P = 0.001) (Table 2). 

Changes in the EEG background rhythm and EEG reactivity 
with an increasing level of sedation were also demonstrated in 
previous reports [12,31]. In our study, sedation alone significantly 
influenced the EEG background and reactivity, and the EEG 
background score and reactivity did not predict mortality if EEG 
was performed in sedated patients but predicted mortality in 
non-sedated patients. However, in a study by Azabou et al. [4] 
conducted with septic adult patients in the ICU, excessive seda-
tion was not related to the absence of EEG reactivity [11]. This 
discrepancy is probably due to the deeper level of sedation ob-
served in our patients with a median Richmond agitation-seda-
tion scale (RASS) of –4 (IQR, –3 to –4) compared with –2 in the 
study by Azabou et al. [4]. A deeper level of sedation is possibly 
associated with EEG background change and the absence of EEG 
reactivity [32]. Therefore, although EEG findings can be used as a 
prognostic factor in children in the PICU, accurate prediction of 
outcomes in deeply sedated patients at the time of recording may 
be difficult. 

EEGs in patients with HIE, which often accompanies neuronal 
deaths, have been demonstrated to be more useful in predicting 
prognoses compared with those in patients receiving critical care 
with other etiologies [3]. There is limited literature on the rela-
tionship between the EEG background and clinical outcome in 
critically ill patients with etiologies other than HIE, and even few-
er in children in the PICU. However, neurologic complications 
commonly occur in critically ill children without a definite history 
of anoxia. In addition, in our study comprising patients admitted 
to the PICU with various reasons, the EEG background rhythm 
showed an association with mortality, suggesting that EEG is 

Table 3. Adjusted analysis of the association between mortality 
and EEG (background score and reactivity) in non-sedated 
patients at the time of EEG recording
Variable OR 95% CI P value
EEG background scorea 0.015b

 Score 3 and 4 193.3 3.4–10,886.1 0.010b

 Score 5 and 6 692.6 7.6–62,708.2 0.004b

Absence of EEG reactivity 234.1 9.4–5,831.9 0.001b

Adjusted for age at EEG recording, sex, IOD, HOD, lead time between PICU 
admission and EEG recording, duration of EEG recording, PRISM III-24.
EEG, electroencephalography; OR, odds ratio; CI, confidence interval; IOD, 
duration of PICU admission; HOD, duration of hospital admission; PICU, 
pediatric intensive care unit; PRISM III-24, score of the pediatric risk of 
mortality III measured at the first 24 hours of PICU stay.
aCompared with the EEG background score 1-2 (normal to diffuse 
slowing); bStatistically significant clinical characteristics of non-sedated 
patients according to in-hospital mortality in multivariable regression 
model.
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more widely applicable to diverse patient populations.  
This study is significant because it is the first study to our 

knowledge, to investigate the relationship between early EEG 
findings and mortality outcomes in critically ill children with di-
verse etiologies, irrespective of the comatose status, as well as the 
association with sedatives. 

However, this study has several limitations. Due to its retrospec-
tive nature, the depth of sedation at the exact time of EEG record-
ing was not retrieved. Instead, the RASS scores charted every 8 
hours closest to the time of EEG recording were collected. There-
fore, changes in the EEG background rhythm and reactivity ac-
cording to the depth of sedation could not be assessed. In addi-
tion, because 82.3% of patients underwent standard 30-minute 
EEG while only 17.7% of patients were studied with continuous 
EEG monitoring, seizure burdens that could affect the prognosis 
in critically ill children could not have been assessed [33]. The 
trends and changes in the EEG background rhythms over time is 
also another prognostic factor, but this also could not be analyzed 
[34,35]. Finally, univariate and multivariable regression analysis 
could not be performed in non-sedated patients with each differ-
ent etiologies because of the small-sized cohort. 

In conclusion, abnormal background rhythms and absent reac-
tivity in early EEG can be an independent predictor for mortality 
in non-sedated critically ill children in the PICU, irrespective of 
the etiology. 
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Purpose: This study aimed to identify the clinical characteristics and risk factors of post-traumatic 
seizure (PTS) in preschool-aged children.
Methods: This study is based on a retrospective electronic medical record review of 1,576 children 
under 6 years old, who visited our hospital by head trauma from January 1, 2011 to December 31, 
2015. We reviewed demographics, causes of head trauma, radiologic findings, Glasgow Coma Scale 
(GCS) score, and characteristics of seizure. PTS was divided into 3 groups of immediate (within the 
day of head trauma), early (within 7days) and late (after 7days) seizures.
Results: Of the 1,576 head traumas, 3.4% developed PTS of which 32.1% occurred immediately, 
11.3% early, 56.6% lately. The mean age was 2.02±1.63 years and 60.6% was male, 2.6% had fe-
ver at the time of visit, and 2.9% had a history of seizures. The causes of head injuries were blunt 
trauma (34.5%), fall down (29.5%), slip down injury (25.1%), passenger traffic accidents (7.2%), 
pedestrian traffic accident (1.9%), and causes unknown (1.8%). The severity of traumatic brain in-
jury (TBI) was mild in 99.0%, moderate in 0.4%, and severe in 0.5%. On radiologic findings, 88.6% 
was normal, 6.0% had skull fracture, 2.8% had intracranial hemorrhage (ICH) and 2.7% had both 
skull fracture and ICH.
Conclusion: The incidence of PTS in preschool-aged children was 3.4%. The risk factors for PTS in 
preschool-aged children were fever over 38.0˚C, history of seizure, TBI severity by GCS score. Age, 
sex, causes of head trauma, and radiologic findings did not correlated to the occurrence of PTS.
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Introduction 

Childhood head trauma is a major cause of death and disability. In 
the United States, the incidence of head trauma in childhood has 
increased steadily over the last decade, with more prevalence 
among children under 4 years of age [1]. In Korea, 55% of head 
trauma in children under 18 years old occurred in 0 to 4 years old 
[2]. Posttraumatic seizure (PTS) is complication that occur in pa-
tients with head trauma, which is classified according to the laten-

cy, immediate seizures within 24 hours after trauma, early seizures 
within 7 days, and late seizures after 7 days. The overall incidence 
of PTS in children is 5% to 10% [3-5], and the incidence of PTS 
in severe traumatic brain injury (TBI) is 10 times higher than in 
mild TBI [6,7]. Risk factors associated with the PTS include skull 
fracture, brain parenchymal hemorrhage, focal neurologic deficit 
at admission, duration of unconsciousness over 24 hours, exten-
sive brain contusion, low Glasgow Coma Scale (GCS) score, ab-
normal findings in brain computed tomography (CT) scan, and 

Original article
pISSN 2635-909X • eISSN 2635-9103

Ann Child Neurol 2019;27(1):22-28
https://doi.org/10.26815/acn.2019.00017

www.annchildneurol.org22

Copyright© 2019 Korean Child Neurology Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



age of 2 years or less [8-13]. Although there were many studies 
about PTS in children of various ages, there is a lack of research 
on the clinical characteristics and risk factors of PTS in pre-
school-aged children. 

The purpose of this study was to investigate the incidence, clini-
cal features, and risk factors of PTS in preschool-aged children 
with head trauma. 

Materials and Methods 

1. Patients selection 
From January 2011 to December 2015, total 1,578 patients under 
6 years of age visited the emergency department or outpatient 
clinic of Wonju Severance Christian Hospital due to head trauma. 
Two patients were excluded due to insufficient medical records 
and 1,576 patients were enrolled in this retrospective study. 

2. Definitions 
Head trauma is defined as any physical injury to the head. And 
TBI is defined as a disruption in the normal function of the brain 
that can be caused by a bump, blow, or jolt to the head or a pene-
trating head injury [14]. In this study, the causes of the accident 
were classified into fall down injury, slip down injury, blunt trau-
ma, passenger traffic accident, pedestrian traffic accident and 
cause unknown. Altered brain function was confirmed by thor-
ough neurologic examination, checking alteration of conscious-
ness, GCS score, focal neurologic deficit. In this study, patients 
with GCS score 13 to 15 were classified as mild TBI, GCS 9 to 12 
as moderate TBI, GCS < 8 as severe TBI [15]. PTS are the types 
of seizures that arise from TBI due to physical trauma [16]. PTSs 
are commonly derived into three classes by latency; immediate 
seizures, early seizures, and late seizures. Immediate seizures refer 
to PTSs that happen at or minutes after impact; PTSs that occur 
one week after head injury are called early seizures, and late PTSs 
are defined as those occurring 1 week after injury [12,17,18]. 
Skull X-rays and brain CT scans were performed if indicated ac-
cording to Pediatric Emergency Care Applied Research Network 
(PECARN) rule or if parents wanted. 

3. Statistic analysis  
The characteristics of the patients with and without seizures were 
compared by t-test at age and chi-square test at the other variables. 
Cells with an expected frequency of 5 or less were compared using 
Fisher's exact test. Chi-square test was used to compare the inci-
dence of generalized seizures, and the Kruskal-Wallis test was used 
to compare the mean latency and duration of seizures. If P value 
was less than 0.05, it was judged to be statistically significant, and 

SPSS version 23.0 (IBM Co., Armonk, NY, USA) and SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA) were used. 

4. Ethics 
It was conducted in accordance with ethical standards in accor-
dance with the “Medical Ethics Guidelines” and was approved by 
the Institutional Review Board (CR318094). Informed consent 
was waived due to the retrospective nature of the study. 

Results 

1. Characteristics of head trauma and demographics 
Among the patients with head trauma, 955 (60.6%) were males 
and 621 (39.4%) were females. The male to female ratio was 
1.54:1 and the mean age was 2.02 years. The incidence of head 
trauma was 388 (24.6%) at 1-year-old, 340 (21.6%) at 0-year-old, 
264 (16.8%) at 2-year-old, 203 (12.9%) at 4-year-old, and 155 
(9.8%) at 5-year-old by age. PTS occurred in 53 patients (3.36%) 
(Table 1). 

2. Clinical characteristics of post-traumatic seizures 
Among the patients with PTS, 17 (32.1%) were immediate sei-
zures, six (11.3%) were early seizures, and 30 (56.6%) were late 
seizures. The median latency was 0 hours (range, 0 to 8) in imme-
diate seizure, median 2.5 days (range, 2 to 5) in early seizure, and 
median 197 days (range, 10 to 2,038) in late seizure. Generalized 
seizure was observed in 20 patients, which was 23.5% in immedi-
ate seizures, 50.0% in early seizures, and 43.3% in late seizures. 
The duration of seizure was 185.0 ± 162.5 seconds in immediate 
seizure, 570 ± 927.0 seconds in early seizure, and 215.4 ± 186.5 
seconds in late seizure (P = 0.796) (Table 2). 

3. Risk factors of post-traumatic seizures 
At the time of admission, body temperature was measured in 
1,447 patients, and 38 patients (2.6%) had fever over 38.0℃. 
Nine of 38 patients (23.7%) with fever, and 38 of 1,409 patients 
(2.7%) without fever experienced PTS (odds ratio [OR], 11.20; 
P < 0.001). There was a history of seizures in 45 of patients 
(2.86%) with head trauma, and 10 of them (22.2%) had PTS, 
while only 43 of 1,531 patients (2.8%) without history of seizures 
had PTS (OR, 9.22; P < 0.001). The causes of head trauma were 
in the order of blunt trauma (34.5%), fall down injury (29.5%), 
slip down injury (25.1%), passenger traffic accident (7.2%), pe-
destrian traffic accident (1.9%). The incidence of PTS was high-
est (4.8%) in slip down injury (P = 0.27). According to the TBI 
severity by GCS scores, 1,561 patients (99.0%) had mild TBI, 
seven patients (0.4%) had moderate TBI, and eight patients 
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Table 1. Comparison of clinical characteristics between seizure and non-seizure group
Variable Total (n=1,576) With seizure (n=53) Without seizure (n=1,523) P value
Age (yr) 2.02±1.63 1.68±1.48 2.03±1.63 0.123
 0 340 (21.6) 11 (3.2) 329 (96.8) 0.309
 1 388 (24.6) 20 (5.2) 368 (94.8)
 2 264 (16.8) 8 (3.0) 256 (97.0)
 3 226 (14.3) 7 (3.1) 219 (96.9)
 4 203 (12.9) 3 (1.5) 200 (98.5)
 5 155 (9.8) 4 (2.6) 151 (97.4)
Sex 0.800
 Male 955 (6.06) 33 (3.5) 922 (96.5)
 Female 621 (39.4) 20 (3.2) 601 (96.8)
Body temperature (˚C) <0.001
 >38.0 38 (2.6) 9 (23.7) 29 (76.3)
 ≤38.0 1,409 (97.4) 38 (2.7) 1,371 (97.3)
History of seizure <0.001
 With history 45 (2.9) 10 (22.2) 35 (77.8)
 Without history 1,531 (97.1) 43 (2.8) 1,488 (97.2)
Causes of trauma 0.274
 Fall down 465 (29.5) 11 (2.4) 454 (97.6)
 Slip down 396 (25.1) 19 (4.8) 377 (95.2)
 Blunt trauma 544 (34.5) 17 (3.1) 527 (96.9)
 In car TA 113 (7.2) 3 (2.7) 110 (97.3)
 Out car TA 30 (1.9) 1 (3.3) 29 (96.7)
 Unknown 28 (1.8) 2 (7.1) 26 (92.9)
TBI severity (by GCS) 0.012
 Mild (13–15) 1,561 (99.0) 50 (3.2) 1,511 (96.8)
 Moderate (9–12) 7 (0.4) 1 (14.3) 6 (85.7)
 Severe (3–8) 8 (0.5) 2 (25.0) 6 (75.0)
Radiologic findings 0.358
 Normal 1,396 (88.6) 46 (3.3) 1,350 (96.7)
 Skull fracture 94 (6.0) 2 (2.1) 92 (97.9)
 ICH 44 (2.8) 3 (6.8) 41 (93.2)
 Skull fracture&ICH 42 (2.7) 2 (4.8) 40 (95.2)

Values are presented as mean±standard deviation or number (%).
TA, traffic accident; TBI, traumatic brain injury; GCS, Glasgow Coma Scale; ICH, intracranial hemorrhage.

Table 2. Characteristics of immediate, early, and late posttraumatic seizure
Characteristic Total Immediate Early Late P value
Total 53 (100.0) 17 (32.1) 6 (11.3) 30 (56.6) <0.001
Interval (from head trauma to seizure occurrence) (day) <0.001
 Mean±SD 214.9±436.8 0±0 3.0±1.3 449.8±514.6
 Median (range) 18 (0–2,038) 0 (0–0) 2.5 (2–5) 197 (10–2,038)
Character of seizure 0.235
 Generalized convulsive 20 (37.7) 4 (20.0) 3 (15.0) 13 (65.0)
 Focal 33 (62.3) 14 (42.4) 3 (9.1) 16 (48.5)
Duration of seizure (sec) 0.796
 Mean±SD 250.94±365.79 185.0±162.5 570.8±927.0 215.4±186.5
 Median (range) 180 (5–2,400) 150 (20–600) 195 (5–2,400) 180 (10–600)

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation.
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(0.5%) had severe TBI. The incidence of PTS was 3.2% in mild 
TBI, 14.3% in moderate TBI, and 25.0% in severe TBI 
(P = 0.012) (Fig. 1). Skull X-ray and brain CT scan results were 
normal in 1,396 (88.6%), skull fracture in 94 (6.0%), intracranial 
hemorrhage (ICH) in four (2.8%), concurrent skull fracture and 
ICH in 42 (2.7%), and it was not correlated with the incidence of 
seizures (P = 0.40) (Table 1 and Fig. 2).  

Discussion 

It is known that PTSs occur in 5% to 10% of children, and the in-
cidence recently reported in Korea was 12.3%, among which early 
seizure was 70.7% and late seizure was 29.3% [19]. It has been re-
ported that about 60% of early seizures develop immediately 
within 24 hours after head trauma [3], which is called ‘immediate 
seizure.’ In this study, PTS occurred 3.36% in preschool-aged chil-
dren, among them, 43.4% of early seizures and 56.6% of late sei-
zures occurred and 73.9% of early seizures showed immediate sei-
zures. In previous studies, the study group was set up as an inpa-
tient rather than an emergency room or an outpatient. In this 
study, however, the incidence may have been lowered because the 
number of patients who discharged was included in the study 
population. According to Asikainen et al. [5], the risk of early PTS 
is high in children younger than 7 years and the risk of late PTS is 
high in adolescents and adults, but in this study, the incidence of 
late seizures was higher than early seizures in children under 6 
years of age. This conflicting result is likely to be from the differ-
ence in inclusion criteria. In this study, patients with seizure with 
fever, with previous history of seizure attack, with a history of epi-
lepsy were all included while most of previous studies excluded 
them. Because the current definition of PTS is not clear about the 

history of fever, previous seizures or epilepsy, discussions about 
more clear definition will be needed in the future. 

The latency of PTS is known as an average of 2 years, and in the 
case of early seizure, 25% of the cases appear within 1 hour after 
trauma and 50% of the cases occur within 24 hours after trauma 
[4,6,20,21]. In this study, the overall latency was average of 7.2 
months, with an average of 1 hour in immediate seizure, 3.0 days 
in early seizure, and 15.0 months in late seizure. 

According to Youn et al. [19], 82.9% of generalized seizures, 
17.1% of partial seizures, and 2.4% of status epilepticus were ob-
served in early PTS, while 76.5% of generalized seizures and 
23.5% of partial seizures were observed in late PTS. However in 
this study, 28.6% of generalized seizures were observed in imme-
diate PTS patients, 50.0% in early PTS, and 44.8% in late PTS. It 
is known that in posttraumatic epilepsy patients, the seizure usual-
ly occurs in the mesial temporal lobe or frontal lobe, and not fre-
quently from occipital or parietal lobe [22]. Although PTS can 
occur in all forms, most early PTS show a pattern of generalized 
tonic-clonic seizures [23], about two-thirds of late PTS show gen-
eralized seizures or partial seizure with secondary generalization 
[24-28]. In this study, the incidence of generalized or partial sei-
zures was analyzed but it was not analyzed for more detailed ap-
pearance of seizures, presence of secondary generalization, the re-
lationship between PTS and electroencephalography (EEG) or 
radiologic findings, so further analysis will be needed. 

Mean duration of PTS was 4.2 minutes, which was 3.1 minutes 
for immediate PTS, 9.5 minutes for early PTS, and 3.6 minutes for 
late seizure. The duration was the longest in early PTS group ex-
cept immediate seizure, but the duration of PTS in children has 
not been studied yet. 

This study was the first which analyzed the risk factors of PTS 
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in preschool-aged children, under 6 years. In this study, the risk 
factors for PTS were fever over 38.0℃ at the time of head trauma, 
history of seizure, and low GCS score at visit. However, age, sex, 
cause of head trauma, and radiologic findings were not associated 
with PTS. Because there is little known about the relationship be-
tween fever and PTS, it is noteworthy that fever was identified as a 
risk factor for PTS, especially considering that fever is frequently 
observed in preschool-aged children. Seizures with fever after 
head trauma may be difficult to distinguish from febrile seizures, 
which are common in this age group. Therefore, additional stud-
ies such as EEG, brain imaging modalities, and close follow-up are 
necessary. 

Previous studies have shown that low GCS score in head trau-
ma patients is a poor prognostic factor for TBI and is a risk factor 
for PTS [29-31]. Thapa et al. [32] reported that the risk of PTS in 
severe TBI increased about four times in patients with a GCS 
score of less than 9, compared to patients with a GCS score of 14 
to 15. Similarly, in this study, the risk of PTS was 7.8 times higher 
in patients with severe TBI compared to mild TBI.  

In children less than 2 years of age, the skull is thin due to its an-
atomical structure and it is vulnerable to fractures. In addition, the 
subarachnoid space is narrow so that TBI risk increases. For these 
reasons, PTS in this age group is relatively common, especially 
early PTS [33-35]. In this study, PTS occurred most frequently at 
1 year of age (5.2%), but it was not significant. 

In this study, 60.6% of the patients with head trauma were male 
and there was no difference in incidence of PTS according to sex, 
same as our previous study [36]. 

The causes of childhood head trauma in Korea during the last 
10 years are as follows. For children under 2 years of age in 2007, 
47.4% of fall down injury, 19% of crash injury, 9.5% of traffic acci-
dents were reported [37], and for prechool-aged children in 2015, 
71.4% of fall down injury, 22.1% of crash injury, 6.5% of traffic ac-
cident were reported [36]. And in this study, the causes of head 
trauma in children under 6 year of age were 34.5% of blunt trauma, 
29.5% of fall down injury, 25.1% of slip down injury, 7.1% of pas-
senger traffic accident, 1.9% of pedestrian traffic accident, and 1.8% 
of unknown cause. Because ‘blunt trauma’ and ‘slip down injury’ 
are type of collision, it may be thought that fall down injuries has 
been decreased while injury by collision has increased recently. 

Kim et al. [38] reported 63.2% of cerebral concussion and 45.6% 
of skull fracture in children under 2 years of age according to radio-
logic findings. Kim et al. [39] reported that 83.8% of PTS patients 
under 18 years of age had radiographic abnormalities, of which 
51.6% had brain parenchymal hemorrhage and 45.1% had ICH. In 
this study, radiologic diagnosis of head trauma patients under the 
age of 6 years was similar to that of the previous study in the order 

of brain contusion (88.6%), skull fracture (8.8%), ICH (5.5%). 
The purpose of this study was to investigate the incidence, clini-

cal features and risk factors of PTS in children under 6 years old. It 
is the largest study in Korea, and has identified some interesting 
results presented above, but it has some limitations. First, because 
it was a retrospective study based on medical records, there was a 
limitation in getting more detail history of head trauma, associat-
ed symptoms and in evaluation of TBI severity. Also we could not 
analyze the prognosis because of the lack of long-term follow-up. 
Second, because the results of this study are based on data collect-
ed from a single institution in a city, it is difficult to generalize 
these results as the clinical features of head injury and PTS in pre-
school-aged children in Korea. In the future, a randomized con-
trolled trial in larger population is needed to know the clinical 
characteristics, risk factors, and the prognosis of pediatric head 
trauma and PTS in Korea. 

Conflicts of interest 

No potential conflicts of interest relevant to this article was report-
ed. 

Acknowledgements 

Thanks to Dr. Cha for teaching us throughout this study. 

ORCID

Byung Ho Cha, https://orcid.org/0000-0003-4381-6969

References 

1. Centers for Disease Control and Prevention. National hospital 
ambulatory medical care survey: 2010 emergency department 
summary tables. Atlanta: Centers for Disease Control and 
Prevention; 2013.

2. Kim HB, Kim DK, Kwak YH, Shin SD, Song KJ, Lee SC, et al. 
Epidemiology of traumatic head injury in Korean children. J 
Korean Med Sci 2012;27:437-42.

3. Hendrick EB, Harris L. Post-traumatic epilepsy in children. J 
Trauma 1968;8:547-56.

4. Yablon SA. Posttraumatic seizures. Arch Phys Med Rehabil 
1993;74:983-1001.

5. Asikainen I, Kaste M, Sarna S. Early and late posttraumatic sei-
zures in traumatic brain injury rehabilitation patients: brain 
injury factors causing late seizures and influence of seizures on 
long-term outcome. Epilepsia 1999;40:584-9.

https://doi.org/10.26815/acn.2019.0001726

Shin T et al. • Posttraumatic Seizure in Preschool-Aged Children

https://doi.org/10.3346/jkms.2012.27.4.437
https://doi.org/10.3346/jkms.2012.27.4.437
https://doi.org/10.3346/jkms.2012.27.4.437
https://doi.org/10.1097/00005373-196807000-00006
https://doi.org/10.1097/00005373-196807000-00006
http://www.ncbi.nlm.nih.gov/pubmed/8379848
http://www.ncbi.nlm.nih.gov/pubmed/8379848
https://doi.org/10.1111/j.1528-1157.1999.tb05560.x
https://doi.org/10.1111/j.1528-1157.1999.tb05560.x
https://doi.org/10.1111/j.1528-1157.1999.tb05560.x
https://doi.org/10.1111/j.1528-1157.1999.tb05560.x


6. Annegers JF, Coan SP. The risks of epilepsy after traumatic 
brain injury. Seizure 2000;9:453-7.

7. Annegers JF, Grabow JD, Groover RV, Laws ER Jr, Elveback 
LR, Kurland LT. Seizures after head trauma: a population 
study. Neurology 1980;30(7 Pt 1): 683-9.

8. Pohlmann-Eden B, Bruckmeir J. Predictors and dynamics of 
posttraumatic epilepsy. Acta Neurol Scand 1997;95:257-62.

9. Salazar AM, Jabbari B, Vance SC, Grafman J, Amin D, Dillon 
JD. Epilepsy after penetrating head injury. I. Clinical cor-
relates: a report of the Vietnam Head Injury Study. Neurology 
1985;35:1406-14.

10. Hahn YS, Fuchs S, Flannery AM, Barthel MJ, McLone DG. 
Factors influencing posttraumatic seizures in children. Neuro-
surgery 1988;22:864-7.

11. Temkin NR. Risk factors for posttraumatic seizures in adults. 
Epilepsia 2003;44(s10): 18-20.

12. Frey LC. Epidemiology of posttraumatic epilepsy: a critical re-
view. Epilepsia 2003;44(s10): 11-7.

13. Ratan SK, Kulshreshtha R, Pandey RM. Predictors of post-
traumatic convulsions in head-injured children. Pediatr Neu-
rosurg 1999;30:127-31.

14. Faul M, Xu L, Wald MM, Coronado VG. Traumatic brain in-
jury in the United States: emergency department visits, hospi-
talizations, and deaths. Atlanta: Centers for Disease Control 
and Prevention; 2010. p. 891-904. 

15. Valadka AB, Narayan RK. Emergency room management of the 
head-injured patient. In: Narayan RK, Wilberger JE, Povlishock 
JT, editors. Neurotrauma. New York: McGraw-Hill; 1996. p. 122.

16. Wagner AK, Miller MA, Scanlon J, Ren D, Kochanek PM, 
Conley YP. Adenosine A1 receptor gene variants associated 
with post-traumatic seizures after severe TBI. Epilepsy Res 
2010;90:259-72.

17. Asconape JJ, Penry JK. Poststroke seizures in the elderly. Clin 
Geriatr Med 1991;7:483-92.

18. Jennett WB. Epilepsy after non-missile head injuries. 2nd ed. 
London: Heinemann Medical; 1975. 

19. Youn S, Lee MA, Kim HM, Cha BH. The incidence and risk 
factors of posttraumatic seizure in children. Korean J Pediatr 
2004;47:1198-204. 

20. Caveness WF, Meirowsky AM, Rish BL, Mohr JP, Kistler JP, 
Dillon JD, et al. The nature of posttraumatic epilepsy. J Neu-
rosurg 1979;50:545-53.

21. Pagni CA. Posttraumatic epilepsy. Incidence and prophylaxis. 
Acta Neurochir Suppl (Wien) 1990;50:38-47.

22. Ding K, Gupta PK, Diaz-Arrastia R. Epilepsy after traumatic 
brain injury. In: Laskowitz D, Grant G, editors. Translational 
research in traumatic brain injury. Boca Raton: CRC Press; 

2016. p. 299-314. 
23. Engel J, Pedley TA, Aicardi J. Epilepsy: a comprehensive text-

book. Philadelphia: Lippincott-Raven; 1998. 
24. Haltiner AM, Temkin NR, Dikmen SS. Risk of seizure recur-

rence after the first late posttraumatic seizure. Arch Phys Med 
Rehabil 1997;78:835-40.

25. Englander J, Bushnik T, Duong TT, Cifu DX, Zafonte R, 
Wright J, et al. Analyzing risk factors for late posttraumatic sei-
zures: a prospective, multicenter investigation. Arch Phys Med 
Rehabil 2003;84:365-73.

26. Mazzini L, Cossa FM, Angelino E, Campini R, Pastore I, Mo-
naco F. Posttraumatic epilepsy: neuroradiologic and neuro-
psychological assessment of long-term outcome. Epilepsia 
2003;44:569-74.

27. De Reuck J. Risk factors for late-onset seizures related to cere-
bral contusions in adults with a moderate traumatic brain in-
jury. Clin Neurol Neurosurg 2011;113:469-71.

28. Kazemi H, Hashemi-Fesharaki S, Razaghi S, Najafi M, Ko-
livand PH, Kovac S, et al. Intractable epilepsy and craniocere-
bral trauma: analysis of 163 patients with blunt and penetrat-
ing head injuries sustained in war. Injury 2012;43:2132-5.

29. Jiang JY, Gao GY, Li WP, Yu MK, Zhu C. Early indicators of 
prognosis in 846 cases of severe traumatic brain injury. J Neu-
rotrauma 2002;19:869-74.

30. McNett M. A review of the predictive ability of Glasgow 
Coma Scale scores in head-injured patients. J Neurosci Nurs 
2007;39:68-75.

31. Saadat S, Akbari H, Khorramirouz R , Mofid R , Ra-
himi-Movaghar V. Determinants of mortality in patients with 
traumatic brain injury. Ulus Travma Acil Cerrahi Derg 
2012;18:219-24.

32. Thapa A, Chandra SP, Sinha S, Sreenivas V, Sharma BS, Tripa-
thi M. Post-traumatic seizures: a prospective study from a ter-
tiary level trauma center in a developing country. Seizure 
2010;19:211-6.

33. Berney J, Favier J, Froidevaux AC. Paediatric head trauma: in-
fluence of age and sex. I. Epidemiology. Childs Nerv Syst 
1994;10:509-16.

34. Bishop DV. Plasticity and specificity of language localization in 
the developing brain. Dev Med Child Neurol 1981;23:251-5.

35. Duhaime AC, Alario AJ, Lewander WJ, Schut L, Sutton LN, 
Seidl TS, et al. Head injury in very young children: mecha-
nisms, injury types, and ophthalmologic findings in 100 hos-
pitalized patients younger than 2 years of age. Pediatrics 
1992;90(2 Pt 1):179-85. 

36. Na YH, Koh ID, Cha BH. The risk factors of brain injury by 
head trauma in preschool aged children. J Korean Child Neu-

Ann Child Neurol 2019;27(1):22-28

27https://doi.org/10.26815/acn.2019.00017

https://doi.org/10.1053/seiz.2000.0458
https://doi.org/10.1053/seiz.2000.0458
https://doi.org/10.1212/WNL.30.7.683
https://doi.org/10.1212/WNL.30.7.683
https://doi.org/10.1212/WNL.30.7.683
https://doi.org/10.1111/j.1600-0404.1997.tb00206.x
https://doi.org/10.1111/j.1600-0404.1997.tb00206.x
https://doi.org/10.1212/WNL.35.10.1406
https://doi.org/10.1212/WNL.35.10.1406
https://doi.org/10.1212/WNL.35.10.1406
https://doi.org/10.1212/WNL.35.10.1406
https://doi.org/10.1227/00006123-198805000-00008
https://doi.org/10.1227/00006123-198805000-00008
https://doi.org/10.1227/00006123-198805000-00008
https://doi.org/10.1046/j.1528-1157.44.s10.6.x
https://doi.org/10.1046/j.1528-1157.44.s10.6.x
https://doi.org/10.1046/j.1528-1157.44.s10.4.x
https://doi.org/10.1046/j.1528-1157.44.s10.4.x
https://doi.org/10.1159/000028779
https://doi.org/10.1159/000028779
https://doi.org/10.1159/000028779
https://doi.org/10.1016/j.eplepsyres.2010.06.001
https://doi.org/10.1016/j.eplepsyres.2010.06.001
https://doi.org/10.1016/j.eplepsyres.2010.06.001
https://doi.org/10.1016/j.eplepsyres.2010.06.001
https://doi.org/10.1016/S0749-0690(18)30534-2
https://doi.org/10.1016/S0749-0690(18)30534-2
https://doi.org/10.3171/jns.1979.50.5.0545
https://doi.org/10.3171/jns.1979.50.5.0545
https://doi.org/10.3171/jns.1979.50.5.0545
https://doi.org/10.1007/978-3-7091-9104-0_8
https://doi.org/10.1007/978-3-7091-9104-0_8
https://doi.org/10.1016/S0003-9993(97)90196-9
https://doi.org/10.1016/S0003-9993(97)90196-9
https://doi.org/10.1016/S0003-9993(97)90196-9
https://doi.org/10.1053/apmr.2003.50022
https://doi.org/10.1053/apmr.2003.50022
https://doi.org/10.1053/apmr.2003.50022
https://doi.org/10.1053/apmr.2003.50022
https://doi.org/10.1046/j.1528-1157.2003.34902.x
https://doi.org/10.1046/j.1528-1157.2003.34902.x
https://doi.org/10.1046/j.1528-1157.2003.34902.x
https://doi.org/10.1046/j.1528-1157.2003.34902.x
https://doi.org/10.1016/j.clineuro.2011.02.004
https://doi.org/10.1016/j.clineuro.2011.02.004
https://doi.org/10.1016/j.clineuro.2011.02.004
https://doi.org/10.1016/j.injury.2012.06.007
https://doi.org/10.1016/j.injury.2012.06.007
https://doi.org/10.1016/j.injury.2012.06.007
https://doi.org/10.1016/j.injury.2012.06.007
https://doi.org/10.1089/08977150260190456
https://doi.org/10.1089/08977150260190456
https://doi.org/10.1089/08977150260190456
https://doi.org/10.1097/01376517-200704000-00002
https://doi.org/10.1097/01376517-200704000-00002
https://doi.org/10.1097/01376517-200704000-00002
https://doi.org/10.5505/tjtes.2012.03453
https://doi.org/10.5505/tjtes.2012.03453
https://doi.org/10.5505/tjtes.2012.03453
https://doi.org/10.5505/tjtes.2012.03453
https://doi.org/10.1016/j.seizure.2010.02.004
https://doi.org/10.1016/j.seizure.2010.02.004
https://doi.org/10.1016/j.seizure.2010.02.004
https://doi.org/10.1016/j.seizure.2010.02.004
https://doi.org/10.1007/BF00335073
https://doi.org/10.1007/BF00335073
https://doi.org/10.1007/BF00335073
https://doi.org/10.1111/j.1469-8749.1981.tb02450.x
https://doi.org/10.1111/j.1469-8749.1981.tb02450.x
http://www.ncbi.nlm.nih.gov/pubmed/1641278
http://www.ncbi.nlm.nih.gov/pubmed/1641278
http://www.ncbi.nlm.nih.gov/pubmed/1641278
http://www.ncbi.nlm.nih.gov/pubmed/1641278
http://www.ncbi.nlm.nih.gov/pubmed/1641278
https://doi.org/10.26815/jkcns.2015.23.4.153
https://doi.org/10.26815/jkcns.2015.23.4.153


rol Soc 2015;23:153-8.
37. Jeong JI, Kim AJ, Shin DW, Rho JY, Kim KH, Kim HY, et al. 

The clinical usefulness of halo sign on CT image of trauma 
patients. J Korean Soc Traumatol 2007;20:83-9. 

38. Kim JK, Park JY, Cho TH, Kwon TH, Lim DJ, Chung YK, et 
al. Clinical features and prognostic factors of head injury in 

less than two-year-old children. J Korean Neurosurg Soc 
1998;27:625-31. 

39. Kim JS, Ryu HW, Byun SH, Kim H, Lim BC, Chae JH, et al. 
Clinical characteristics of post-traumatic seizures in children. J 
Korean Child Neurol Soc 2012;20:228-33. 

https://doi.org/10.26815/acn.2019.0001728

Shin T et al. • Posttraumatic Seizure in Preschool-Aged Children

https://doi.org/10.26815/jkcns.2015.23.4.153


Idiopathic Median Mononeuropathy in a Previously Healthy 
Child: The Usefulness of Magnetic Resonance Imaging in 
Making the Diagnosis 
Yong Eun, MD, Hunmin Kim, MD, Hee Hwang, MD, Sun Ah Choi, MD 
Department of Pediatrics, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam, Korea

Mononeuropathy is rare among children. Dey-
meer and Jones [1] reported that 6% of children 
(78 out of 1,319) referred to their pediatric elec-
tromyography (EMG) laboratory within an 
11-year-period (1979 to 1990) were diagnosed 
with mononeuropathy, and 17 patients were di-
agnosed with pediatric median mononeuropathy 
over 14 years (1979 to 1994). A more recent pa-
per from Davis and Vedanarayanan [2] reported 
their experience diagnosing 13 pediatric patients 
with carpal tunnel syndrome, or median neurop-
athy at the wrist, within an 11-year-period, from 
1,800 children who underwent EMG-nerve 
conduction study (NCS). Carpal tunnel syn-
drome is a clinical syndrome where the patient 
experiences a multitude of symptoms including 
tingling or numbness of the hand, pain in hand, 
wrist, or forearm, and reduced grip strength, be-
lieved to be caused by compression of the medi-
an nerve in the carpal tunnel [3]. Causes of car-
pal tunnel syndrome in pediatric patients include 
lysosomal storage diseases like: mucopolysac-
charidosis and mucolipidosis, congenital bone 
anomalies, hypothyroidism, or myopathic con-
tractures [4]. 

A previously healthy 33-month-old girl came 
to the hospital complaining of weakness in her 
right hand. Her mother noticed the weakness a 
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week prior when she held the patient’s hand 
while walking. In some photos taken of her at 
daycare, it was identified that the patient had 
transitioned to primary usage of her left hand, 
despite her right-handedness; suggesting that 
symptoms, like weakness, may have been preva-
lent before the prior week. When asked by clini-
cians, the patient denied symptoms of weakness-
es in other parts of her body. She was unable to 
use her left hand properly, suggesting her having 
pathological left-handedness was less likely. No 
history of trauma or recent infections was found, 
rather, the patient had been in good condition, 
sleeping and eating well. Her immunization re-
cords were up-to-date and development normal. 
She didn’t receive vaccination recently. 

A physical examination at the time of admis-
sion revealed weakness of the right hand. She 
was unable to grasp and perform thumb opposi-
tion motions. The resulting motor grades for her 
thumb, second finger, and third finger were rated 
as grade I, and her fourth and fifth finger were 
rated as grade V, whereas the motor strengths of 
all other extremities were reported normal. Sen-
sitivity to pain was not impaired in either hand, 
although other sensory testing was limited due 
to her age. Reflex testing revealed normal for bi-
lateral biceps, brachioradialis and triceps deep 
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tendon reflexes, and Babinski reflex was negative. Other physical 
examinations were unremarkable. 

Simple radiograph imaging was performed on her bilateral fore-
arm and revealed no significant bony abnormalities. NCS of the 
right arm generated a normal response for both the sensory and 
motor components in the right median and ulnar nerves, although 
F-waves were not observed when stimulating the right median 
nerve. Magnetic resonance imaging (MRI) of the right wrist with 
contrast enhancement showed diffuse T2 signal alterations, with 
swelling of the distal median nerve from distal radius level, and no 
evidence of extrinsic nerve compression in the covered range. This 
suggests a median nerve neuropathy of inflammatory origin. Fur-
thermore, increased T2 signal intensity in the pronator quadratus, 
abductor pollicis brevis, flexor pollicis brevis, opponens pollicis, 
and 1st, 2nd, and 3rd lumbricals muscles was observed without 
any definite atrophic changes, suggesting acute denervation chang-
es of the median nerve. 

Diagnosis of idiopathic median nerve mononeuropathy was es-
tablished given the absence of both trauma history and evidence of 

extrinsic nerve compression. She received steroid pulse therapy 
with intravenous methylprednisolone (30 mg/kg/day) for 3 days. 
There were no reported side effects and weakness improved on the 
4th day of treatment. She was discharged the following day and fol-
lowed up on at an outpatient clinic a week later. During the outpa-
tient visit, motor strengths of all digits of her right hand were rated 
grade V, and she showed no other symptoms. (Fig. 1). 

Even though the terms carpal tunnel syndrome and median 
mononeuropathy in children are used interchangeably in much of 
the literature, carpal tunnel syndrome is a specific form of median 
nerve mononeuropathy, which affects the distal portion of median 
nerve and is caused by increased pressure on the carpal tunnel. 
Causes of carpal tunnel syndrome are in most cases unknown, and 
suspected risk factors include diabetes mellitus, hypothyroidism, 
obesity, and arthritis [3]. 

Anatomically, the distal median nerve was involved in this case; 
however, MRI indicated no evidence of extrinsic nerve compres-
sion, making a carpal tunnel syndrome diagnosis unlikely. Since 
there was no history of infection or any preceding trauma, the pa-

Fig. 1. Magnetic resonance imaging T2 fat saturated sequence with contrast enhancement of left wrist showing (A) swelling of the distal 
median nerve (arrow) and (B) increased T2 signal intensity in the pronator quadratus (arrowheads), and (C, D) abnormal T2 hyperintensity 
without definite atrophic changes on thenar muscles (arrow and arrowheads).

A

C D

B
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tient was diagnosed with idiopathic pediatric median mononeu-
ropathy. 

In contrast to carpal tunnel syndrome, where sensory symptoms 
such as numbness, tingling, burning, or pain are considered to be 
characteristic symptoms, the patient’s chief complaint was weak-
ness of her right hand. Since the patient appeared to be irritated 
until she was with methylprednisone pulse therapy, this makes it 
hard to rule out the possibility of her not being able to express her 
sensory symptoms. A pediatric patient’s inability to effectively 
communicate their symptoms decreases pediatricians’ ability to 
detect rare conditions that benefit from early detection and appro-
priate management. 

Traditionally, the gold standard for diagnosing median 
mononeuropathy is NCS. The sensitivity and specificity of NCSs 
of carpal tunnel syndrome patients vary from 75% to 96.7% de-
pending on the study [5]. Since these studies are based on patient 
data from an adult population, there are clear limitations to extrap-
olating the results found in these studies to pediatric cases. With 
technological improvements to MRI technology, MRIs are used 
increasingly for diagnosing carpal tunnel syndrome, especially to 
elucidate any anatomical abnormalities. In this case, NCS failed to 
reveal any abnormalities in the patient’s median nerve. This may 
have been a false negative due to the acute nature of the illness. 
However, a MRI of the wrist revealed evidence of median nerve 
neuropathy. Currently, there is no research that directly compares 
the sensitivity and specificity of MRI and NCS examinations as a 
means of diagnosing neuropathies, but as shown by this case, an 
MRI might be a useful tool for diagnosing neuropathies more than 
has been previously reported. 

In summary, this case represents a pediatric patient with idio-
pathic mononeuropathy of the median nerve and who was diag-

nosed with clinical features and imaging studies (standard X-ray 
and MRI), and responded well to methylprednisone pulse therapy. 

This study was conducted with verbal informed consent from 
her parents.
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contents. The editor selects peer referees by recommendation of 
Annals of Child Neurology’s editorial board members or from the 
Board`s specialist database.

The journal uses a single-blind peer review process: peer 
reviewer identities are kept confidential (unless reviewers choose 
to reveal their names in their formal reviews); author identities 
are made known to reviewers. The existence of a manuscript 
under review is not revealed to anyone other than peer reviewers 
and editorial staff. Peer reviewers are required to maintain 
confidentiality about the manuscripts they review and must 
not divulge any information about a specific manuscript or its 
content to any third party without prior permission from the 
journal editors. Information from submitted manuscripts may be 
systematically collected and analyzed as part of research to improve 
the quality of the editorial or peer review process. Identifying 
information remains confidential. Final decisions regarding 
manuscript publication are made by an editor who does not have 
any relevant conflicts of interest. All correspondence, including the 
editor's decision and requests for revisions, will be conducted by 
e-mail.
Accepted: The manuscript will be forwarded to the publisher 
without further corrections.
Minor revisions: The author should address the comments from 
the reviewers, which will be confirmed by the reviewers before 
being sent to the publisher.
Major revisions: The author should address the comments from 
the reviewers and make the appropriate corrections for review by 
the three reviewers.
Rejection: When one out of the two reviewers rejects the 
manuscript, the final decision is made by the editorial committee.

The time to first decision without review will normally be made 
within 5 days (median). Within 14 days after the agreement of 
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review by the reviewers, the reviewers’ comments will then be 
sent to the corresponding authors. Revised manuscripts must be 
submitted online by the corresponding author. Failure to resubmit 
the revised manuscript within 2 weeks of the editorial decision is 
regarded as a withdrawal. The editorial office should be notified if 
additional time is needed or if an author chooses not to submit a 
revision.

All authors are required to confirm the following conditions of 
publication prior to their manuscript being considered:

a. If the manuscript does not have a new result or conclusion, 
then it should not have the same title as a previously published 
review article.

b. Once a case has been published in an original paper, it may not 
be reproduced as a case report. However, only in circumstances 
in which a novel diagnostic method, a novel therapeutic trial, 
or a previously unknown accompanying condition is found 
will the editorial board determine the possibility of acceptance.

c. Clinical trials on drugs with commercial implications will be 
reviewed by the proper subcommittee or subspecialty before 
being reviewed for publication.

d. Clinical letters of previously published cases will not be 
accepted. The editorial board will make an exception only 
if the case is very rare. The Annals of Child Neurology index 
should be reviewed before the submission of clinical letters.

e. Rejected manuscripts may not be resubmitted.
f. The manuscript will be rejected if the author does not address 

the comments made by the reviewer or the manuscript does 
not follow the required guidelines.

Manuscript preparation

1. General principles
1) Annals of Child Neurology publishes original articles, reviews, 

letters to the editor, and editorials.
2) The manuscript should not have been published previously, 

and not have been submitted for publication elsewhere. Any 
conflicts of interest of all listed authors should be stated.

3) The manuscript should be written according to the prescribed 
format. If not, the editorial board may return it before 
reviewing. The editorial board decides on publication and may 
modify a portion of the text with little effect on the original.

4) The manuscript must be written in English. Authors 
(particularly non-native English speakers) who submit the 
original article or letters to editor should check their manuscript 
by using professional editing service and submit the manuscript 
with a certificate of English review, including the name, 
institution, position, statement of approval, and signature with 

unstructured format.
5) The text of the manuscript, including tables and their footnotes 

and figure legends, must be double-spaced and in standard 
12-point font on A4 paper size with left and right margin spaces 
of 2 cm and top and bottom margins of 3 cm.

6) Except for units of measurement, abbreviations are strongly 
discouraged. Do not use abbreviations in the title or abstract 
and limit their use in the text. Expand all abbreviations at first 
mention in the text.

7) Measurements of length, height, weight, and volume should 
be reported in metric units (meter, kilogram, or liter) and 
laboratory values should be displayed in International System 
of Units (SI).

8) The number of pages of manuscripts of reviews and original 
articles has no limitation but no more than 10 printed pages 
are recommended. Letters to editor should be written in a 
maximum of 2 printed pages.

2. Cover letter
The cover letter accompanying the manuscript must specify the 
type of manuscript and include statements on ethical issues and 
conflicts of interest, and complete contact information for the 
corresponding author.

The cover letter should include the following statement: “All 
authors have read and approved the submitted manuscript, the 
manuscript has not been submitted elsewhere nor published 
elsewhere in whole or in part, except as an abstract (if relevant).” 
The cover letter may include the names of up to 3 potential 
reviewers whom the authors would like to suggest, especially 
members of the editorial board. The authors may also include the 
names of up to 3 reviewers whom they would like not to evaluate 
their submission. The editor ultimately decides who will review 
the manuscript.

3. Original articles
Original articles are papers reporting the results of basic or clinical 
investigations, which are sufficiently well documented to be 
acceptable to critical readers. The manuscript should be prepared 
according to Recommendations from ICMJE. The manuscript 
should have the following sequence: Title page, Abstract and 
Keywords, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgment, References, Tables, and Figure 
Legends. All pages should be numbered consecutively in the 
middle of the bottom margin, starting with the title page.

Title page
The tile page should contain the following information: (1) title; 
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(2) author list (full names of authors); (3) name of the institutions 
at which the work was performed; (4) acknowledgement of 
research support; (5) name, address, telephone, fax number, and 
e-mail address of the corresponding author; (6) a running title 
should be written of 10 words or less.

Abstract and keywords
The abstract should be a single paragraph of less than 250 
words, and describe concisely, the purpose, methods, results, 
and conclusion of the study, in a structured format. Abstracts of 
letters to editor may have an unstructured format with the same 
restriction on word count. Abbreviations, if needed, should be kept 
to an absolute minimum, and their first use should be preceded by 
the full term in words. The abstract should not include footnotes, 
references, or tables. The abstract can be modified by an English 
language reviewer who is appointed by the editorial board. A 
maximum of 5 keywords should be listed at the end of the abstract 
to be used as index terms. For the selection of keywords, refer to 
Medical Subject Headings (MeSH; https://meshb.nlm.nih.gov/
search).

Introduction
The introduction should provide the background of the study and 
state the specific purpose of research or hypothesis tested by the 
study. It may mention previous publications most closely related to 
the article.

Materials and Methods
The materials and study design should be presented in detail. In 
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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The transfer of copyright from author to Annals of Child Neurology must be clearly stated in writing to enable the Annals of Child Neurology 
to assure maximum dissemination of the author’s work. Therefore, the following agreement, executed and signed by the author, is required 
with each manuscript submission.

In signing this Agreement:
1. I hereby warrant that this Article is an original work, has not been published before and is not being considered for publication 

elsewhere in its final form either in printed or electronic form,
2. I hereby warrant that I have obtained permission from the copyright holder to reproduce in the Article (in all media including print and 

electronic form) material not owned by me, and that I have acknowledged the source;
3. I hereby warrant that this Article contains no violation of any existing copyright or other third party right or any material of an obscene, 

indecent, libellous or otherwise unlawful nature and that to the best of my knowledge this Article does not infringe the rights of others;
4. I hereby warrant that in the case of a multi-authored Article you have obtained, in writing, authorization to enter into this Agreement on 

their behalf and that all co-authors have read and agreed the terms of this Agreement;
5. I will indemnify and keep indemnified the Editors, Annals of Child Neurology against all claims and expenses (including legal costs and 
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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.

xii


	표지
	v27_n1(내지)
	Introduction
	ALDH7A1
	CDKL5
	KCNQ2
	KCNT1
	SCN2A
	SCN8A
	STXBP1
	SYNGAP1
	Conclusion
	Conflicts of interest 
	ORCID
	References
	Introduction
	Materials and methods 
	1. Study design and patient selection 
	2. Clinical variables 
	3. EEGs 
	4. Statistical analysis 

	Results
	1. Demographics 
	2. Clinical characteristics, EEG background score, and EEG reactivity according to in-hospital morta
	3. Prognostic values of EEG according to sedation at the time of EEG recording 
	4. Prognostic values of EEG according to the etiology of PICU admission in non-sedated patients 

	Discussion
	Conflicts of interest 
	Acknowledgements 
	ORCID
	References
	Introduction
	Materials and methods 
	1. Patients selection 
	2. Definitions 
	3. Statistic analysis  
	4. Ethics 

	Results
	1. Characteristics of head trauma and demographics 
	2. Clinical characteristics of post-traumatic seizures 
	3. Risk factors of post-traumatic seizures 

	Discussion
	Conflicts of interest 
	Acknowledgements
	ORCID
	References
	Conflicts of interest 
	ORCID
	References
	General Information
	Aims and Scope
	Research and Publication Ethics
	Copyrights/Open Access/Deposit/Archiving Polic
	Manuscript Submission
	Editorial and Peer Review Process
	Manuscript Preparation
	Manuscripts Accepted for Publication
	Further Information  




