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Review article

Acute disseminated encephalomyelitis (ADEM) is an acute demyelinating inflammatory disorder 
of the central nervous system. It is characterized by encephalopathy, multifocal neurological defi-
cits, and typical magnetic resonance imaging findings of widespread demyelinating lesions, pre-
dominantly involving the white matter of the brain and spinal cord. ADEM mainly affects chil-
dren and is commonly associated with preceding viral and bacterial infections, and, rarely, vacci-
nations. Despite substantial advances in the understanding of the association of myelin oligoden-
drocyte glycoprotein antibody with recurrent forms of ADEM or other demyelinating conditions, 
specific etiologic agents or biological markers have not been identified. Therefore, the diagnosis 
of ADEM is still based on clinical and radiological findings and the exclusion of other conditions 
mimicking ADEM. However, a prompt diagnosis and adequate treatment are crucial because di-
agnostic delays or inappropriate treatment may lead to unwanted neurological sequelae in some 
children. There is no standardized treatment protocol for ADEM, but the use of corticosteroids, 
intravenous immunoglobulin, and plasmapheresis has been associated with good clinical out-
comes. Adequate treatment has reportedly resulted in favorable outcomes, with full or almost 
full recovery in most children with ADEM, although some children may develop neurological se-
quelae, such as cognitive impairment and motor deficits. Further studies are needed to identify 
biological clues and optimal treatment protocols to minimize the incidence of neurological se-
quelae. 

Keywords: Encephalomyelitis, acute disseminated; Acquired demyelination syndrome; Myelin oli-
godendrocyte glycoprotein antibody  

Introduction 

Acute disseminated encephalomyelitis (ADEM) is an acute or 
subacute immune-mediated demyelinating inflammatory disorder 
of the central nervous system (CNS). It is characterized by enceph-
alopathy with multifocal neurological deficits and characteristic 

magnetic resonance imaging (MRI) findings of widespread demy-
elination, predominantly involving the white matter of the brain 
and spinal cord, and mostly occurs after recent viral or bacterial in-
fections [1-4]. It is predominantly diagnosed in children, is usually 
monophasic, and often resolves within 3 months of treatment. The 
International Pediatric Multiple Sclerosis Society Group (IPMS-
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SG) made enormous efforts to create consensus clinical and radio-
logical diagnostic criteria for ADEM in 2013 (Table 1) [5]. In ad-
dition, the discovery of myelin oligodendrocyte glycoprotein anti-
body (MOG-Ab) and understanding of its association with recur-
rent forms of ADEM, such as multiphasic ADEM (MDEM), have 
made its diagnosis and management possible [6-8]. Despite these 
advances, the diagnosis is still made based on clinical and MRI 
findings, and minimal modifications have been made in the treat-
ment protocol over these years. Although the overall prognosis is 
usually favorable, some patients with ADEM might develop neuro-
logical sequelae such as cognitive impairment, motor deficits, visu-
al problems, and epilepsy [9-11]. Relapse can occur in a minority 
of children with ADEM, although there are gray zones between re-
lapsing ADEM and other neuroinflammatory demyelinating condi-
tions, such as neuromyelitis optica spectrum disorder (NMOSD) 
and MOG-Ab-associated disorders (MOGAD). This review fo-
cuses on the current knowledge and recent advances in the man-
agement of pediatric ADEM. 

Epidemiology 

ADEM can occur at any age, but predominantly develops in child-
hood and adolescence. Its annual incidence is estimated to be 0.3 
to 0.6 cases per 100,000 children with a mean age of 5 to 8 years at 
presentation [2,4,12]. Previous studies have reported a slight male 
preponderance, with male-to-female ratios ranging from 1:0.8 to 
2.3:1 [13]. Its incidence is highest in winter and spring [12]. It is 
also more common with increasing distance from the equator, sim-
ilar to multiple sclerosis (MS) [2]. ADEM is now considered a 
form of autoimmune encephalitis. It often occurs after infection or, 
rarely, after vaccination. In 50% to 86% of cases, ADEM is report-
edly preceded by an acute infectious illness such as upper respira-
tory infections, gastroenteritis, and rarely an exanthematous dis-
ease due to various agents [1,4,12,14]. Clinical symptoms typically 
begin within 2 days to 3 weeks after an infectious event [12]. The 

most frequent associated infections are viral infections, but bacteria 
or other agents have also been implicated (Table 1) [2,12,14-19]. 
Pediatric ADEM cases after infection with severe acute respiratory 
syndrome coronavirus 2 have also been reported [20,21]. Vaccina-
tions have been implicated as a triggering factor for ADEM in 4% 
to 18% of cases [1]. Almost all vaccines have been implicated; 
however, no clear causal association has been proven (Table 1). 
Reportedly, the first vaccination is more likely to trigger ADEM 
than subsequent vaccinations [22]. 

Pathogenesis 

The pathogenesis of ADEM remains unclear, but may involve an 
immune-mediated inflammatory process triggered by infection or 
vaccination in genetically predisposed individuals. Previous studies 
have proposed that some children with certain human leukocyte 
antigen subtypes are more likely to develop ADEM [23-25]. Mo-
lecular mimicry between antigenic determinants of neurotropic vi-
ruses or other causative agents and myelin agents such as myelin 
basic protein (MBP) and MOG is considered a putative mecha-
nism underlying immune-mediated neuronal injury [2,26,27]. An-
other theory is non-specific self-sensitization of reactive T cells 
(bystander activation) against myelin proteins resulting from infec-
tious antigens [28]. This reactivation makes it possible for T cells 
to migrate through glial limitans and enter the brain parenchyma. 
The production of cytokines and chemokines by antigen-present-
ing cells and activated T cells contributes to further recruitment, 
which boosts migration into the CNS of additional immune cells, 
such as T cells and macrophages. Breakdown of the blood-brain 
barrier is also caused by the release of proteases from activated T 
cells, mast cells, and monocytes. Furthermore, T cells possibly play 
a secondary role in other inflammatory processes that can cause 
demyelination and axonal injury [29]. The autoimmune hypothe-
sis is also supported by the fact that anti-MOG-Abs have been 
identified in both serum and cerebrospinal fluid (CSF) during the 

Table 1. Causative agents of acute disseminated encephalomyelitis

Infections Vaccines
Bacteria: Borrelia burgdorferi, Campylobacter jejuni, Chlamydia pneumoniae, 

Haemophilus influenzae type b, Leptospira, Legionella pneumoniae,  
Mycoplasma pneumoniae, Rickettsia, beta-hemolytic Streptococcus

Diphtheria/pertussis/tetanus, hepatitis B, influenza, Japanese B encephalitis, 
measles, mumps, rubella, pneumococcus, polio, rabies, SARS-CoV-2,  
smallpox, varicella

Viruses: Coronavirus/SARS-CoV-2, Coxsackie virus, CMV, EBV, dengue virus, 
hepatitis A virus, HHV-6, HIV, HSV, influenza virus, Japanese encephalitis 
virus, measles virus, rubella virus, varicella zoster virus, West Nile virus, 
Zika virus

Others: Toxoplasma gondii, Plasmodium falciparum, Cryptococcus  
neoformans

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV-6, human herpesvirus 6; HIV, human 
immunodeficiency virus; HSV, herpes simplex virus.
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acute phase in 36% to 60% of children with ADEM, which pro-
gressively declines during the recovery phase [30,31]. High and 
persistent MOG-immunoglobulin G titers are usually associated 
with relapsing forms of MOGAD [31-33]. However, it remains 
uncertain whether anti-MOG-Abs are causative agents or byprod-
ucts of extensive myelin degradation in ADEM or other demyelin-
ating diseases. 

Clinical/diagnostic perspectives 

1. Clinical features 
The initial symptoms typically begin within 2 days to 3 weeks of 
infection or vaccination. The clinical presentation is diverse; how-
ever, patients with ADEM typically show non-specific prodromal 
symptoms, such as fever, malaise, headache, nausea, and vomiting 
shortly before neurological symptoms or signs. The clinical course 
is characterized by rapid progression and development of maxi-
mum deficits within a few days [12]. Neurological manifestations 
typically begin with encephalopathy, characterized by altered con-
sciousness, such as irritability, lethargy, coma, and abnormal be-
havior, which are associated with focal or multifocal neurological 
deficits depending on the lesions. In addition, they can present 
with masquerading symptoms or signs, such as fever, seizures, and 
meningeal irritation, resembling meningoencephalitis. ADEM can 
affect any part of the brain, spinal cord, or peripheral nerves, mean-
ing that it can present with any type of neurological symptoms. 
Common neurological symptoms include pyramidal signs, cranial 
neuropathy, speech impairment or aphasia, sensory deficits, visual 
disturbances, ataxia, and spinal cord signs (Table 2). Children with 
anti-MOG-Abs tend to have multifocal neurological symptoms 
but show complete resolution after steroid treatment [4]. Pediatric 
intensive care unit (PICU) admission is required in 15% to 25% of 
children with ADEM, mainly due to respiratory failure, which re-

sults from coma, brainstem involvement, and status epilepticus 
[1,6,34]. Combined central and peripheral demyelination is also 
common in children. However, a further diagnostic work-up can 
be performed to screen for other conditions, such as metachromat-
ic leukodystrophy and Krabbe disease in certain cases. ADEM is 
typically a monophasic condition but can show a relapsing form 
described as “recurrent” if the lesions are always the same, or “mul-
tiphasic” if the space and time of the lesions are widely dispersed. 
This relapsing form, such as MDEM, appears to be related to high 
and persistent MOG-Ab titers [4,31,32]. 

2. Neuroimaging features 
Because there are no specific biomarkers for diagnosis, MRI is still 
the most sensitive technique for diagnosing ADEM. Brain MRI in 
the acute phase typically shows diffuse, bilateral, randomly distrib-
uted, large (1 to 2 cm), patchy or tumor-like, often heterogeneous, 
poorly demarcated hyperintense lesions on T2-weighted and flu-
id-attenuated inversion recovery (FLAIR) sequences [12,26]. 
Both white and gray matter are affected. When the deep gray mat-
ter is affected, it is more likely to be symmetrical and often involves 
the thalami and basal ganglia. Apart from these lesions, other pat-
terns have been reported in pediatric ADEM (Table 3) [1,12,35]. 
Fig. 1 demonstrates various patterns of MRI lesions in pediatric pa-
tients with ADEM. Brain MRI may show subtle or no abnormali-
ties in the early phase of ADEM. This type of delay should be tak-
en into consideration if the case is clinically suggestive of ADEM, 
but the initial MRIs do not show any abnormal findings [36,37]. 
Spinal cord involvement has been reported in 18% to 80% of chil-
dren with ADEM, and longitudinally extensive transverse myelitis 
(LETM) involving at least three vertebral body segments in length 
has been detected in 60% to 100% of patients [1]. Children with 
anti-MOG-Ab positive ADEM are at a higher risk of LETM [32]. 
Gadolinium enhancement is reported in 18% to 50% of patients 

Table 2. Clinical/neurological features of acute disseminated 
encephalomyelitis

Encephalopathy: sleepiness/irritability to coma
Fever
Headache
Seizures
Meningeal irritation signs
Cranial neuropathy
Pyramidal signs, unilateral or bilateral
Ataxia
Optic neuritis
Bladder insufficiency
Sensory deficits, unilateral or bilateral

Table 3. Various magnetic resonance imaging patterns of acute 
disseminated encephalomyelitis

Diffuse, bilateral, large, confluent, tumor-like lesions with perilesional 
edema

Bilateral, small isolated subcortical white matter lesions
Periventricular white matter lesions
Cortical gray matter lesions
Cerebral white matter lesions with bilateral thalamic or basal ganglia in-

volvement
Cerebral white matter lesions with cerebellum, brainstem, or spinal cord 

involvement
Diffuse, bilateral, symmetrical leukodystrophy-like white matter lesions
Black holes/T1 hypointensities
Hemorrhagic pattern within the large, confluent white matter lesions

Ann Child Neurol 2022;30(4):155-163
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[1,6]. There have been conflicting results regarding MRI diffusion 
patterns. However, no restricted diffusion on diffusion-weighted 
imaging and apparent diffusion coefficient map with high values 
consistent with vasogenic edema were found in 75% of patients 
[1]. Verifying the resolution of lesions in serial MRI studies can 
play a crucial role in bolstering the initial diagnosis of ADEM. 

3. Laboratory findings 
There are no laboratory tests specific to ADEM. Many tests are 
useful in ruling out other neurological conditions. CSF findings are 
usually non-specific, including mild pleocytosis with lymphocyte 
predominance and slightly elevated protein levels. Oligoclonal 
bands, the only established biomarker of MS, are detected in 0% to 
20% of patients with ADEM [1]. Although there are no specific 
biomarkers for ADEM, serum anti-MOG-Ab and anti-aquaporin 
4 antibody (anti-AQP4-Ab) tests are useful in certain cases. Anti-
MOG-Ab was detected in approximately 33% to 66% of pediatric 
ADEM cases and 96% of ADEM cases that developed a relapsing 
form of demyelination [1]. Anti-AQP4-Abs are specific for 
NMOSD, a major type of ADEM that mimics demyelinating dis-
orders. A case-control study showed 91% sensitivity and 100% 
specificity for anti-AQP4-Abs in NMOSD [38].  

4. Electroencephalography
Electroencephalography (EEG) is often performed in pediatric 
ADEM because of seizures or altered consciousness at presenta-
tion. The most common abnormal finding is non-specific, diffuse 
slowing in 80% to 88% of patients [39-41]. Focal epileptiform dis-
charges are identified in 15% to 25% of patients [39-41]. It seems 
that there are no significant associations between EEG findings 

and clinical features, or between abnormal EEG findings and epi-
lepsy development [1]. 

5. ADEM subtypes 
Based on the relapse and time course of ADEM, the IPMSSG has 
proposed an operational definition for ADEM and its variants [5]. 
Although debated, ADEM subtypes include ADEM, MDEM, 
ADEM-optic neuritis (ADEM-ON), and exceptionally acute 
hemorrhagic encephalomyelitis (AHEM) (Table 4). Monophasic 
ADEM refers to a single ADEM episode with no further demye-
linating events or new MRI findings. If a relapse occurs within the 
first 3 months of the initial episode, it is still considered the same 
episode. MDEM indicates two or more episodes of ADEM sepa-
rated by at least 3 months. ADEM-ON is monophasic or MDEM 
with one or more recurrent episodes of optic neuritis. AHEM is a 
severe, fatal form of ADEM with rapid deterioration and poor out-
comes, and it is associated with multifocal hemorrhages and necro-
sis in addition to typical demyelinating lesions. Death can occur 
within 24 hours of onset due to severe brain edema or herniation. 
These diagnoses are not final because ADEM is a heterogeneous 
entity that can evolve into other types. As a result, it must be con-
sidered whether patients develop additional attacks or unusual pre-
sentations that are remote from the initial episode. 

6. Diagnosis 
The diagnosis is still based on clinical and radiological findings and 
the exclusion of other conditions mimicking ADEM because there 
are no specific biomarkers for confirmation. The IPMSSG pro-
posed updated diagnostic criteria for ADEM in 2013, even though 
the criteria are still limited in certain cases (Table 5) [5]. Taking a 

Fig. 1. Various magnetic resonance imaging (MRI) findings in children with acute disseminated encephalomyelitis (ADEM). A 14-month-
old girl presented with sleepiness after a 2-day history of fever and runny nose. Axial T2-weighted imaging shows diffuse, bilateral, 
large (1 to 2 cm), confluent, tumefactive lesions in the subcortical white matter (WM), basal ganglia, and thalami (A). A 10-year-old 
boy presented with right-sided focal motor seizures 3 days after an upper respiratory infection. Axial T2-weighted and fluid-attenuated 
inversion recovery (FLAIR) sequences reveal multiple wedge-shaped hyperintense lesions in the subcortical WM of the left parieto-
temporal (B) and right frontal lobes (C). Follow-up MRI 6 weeks after treatment shows an almost complete resolution of the lesions 
(D). A 4-year-old boy presented with altered consciousness after a 3-day history of fever. Axial T2-weighted sequences reveal diffuse 
symmetrical T2/FLAIR hyperintensities at the bilateral thalami, basal ganglia, periventricular, subcortical WM, and cerebellar WM with no 
evidence of hemorrhage (E).
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Table 4. Subtypes of ADEM

Monophasic ADEM: A single ADEM episode with no further demyelinating events or new MRI lesions
Multiphasic ADEM: Two episodes of ADEM separated by at least 3 months in timea

ADEM-ON: Monophasic or multiphasic ADEM plus one or more recurrent episodes of optic neuritisb

AHL/AHEM: A severe fulminant form of ADEM with rapid deterioration and poor outcomes; associated with multifocal hemorrhages and necrosis in  
addition to typical demyelinating lesions

ADEM, acute disseminated encephalomyelitis; MRI, magnetic resonance imaging; ADEM-ON, ADEM-optic neuritis; AHL, acute hemorrhagic 
leukoencephalitis; AHEM, acute hemorrhagic encephalomyelitis.
aThe second attack at least 3 months after the initial attack, along with new lesions or three or more attacks, suggests the ultimate diagnosis of multiple 
sclerosis, neuromyelitis optica, or other disorders; bNo other demyelinating attacks occur. Monophasic ADEM is followed by recurrent optic neuritis in the 
vast majority of cases, which seems to be associated with myelin oligodendrocyte glycoprotein.

Table 5. Diagnostic criteria for ADEM

1. A first polyfocal, clinical, CNS event with presumed inflammatory demyelinating cause
2. Encephalopathy not explained by fever, systemic illness, or postictal symptoms
3. Brain MRI is abnormal during the acute (3 months) phase
4. No new clinical or MRI findings emerge 3 months or more after onset
5. Brain MRI is abnormal during acute (3 months) phase with diffuse, poorly demarcated, large (1–2 cm) lesions involving predominantly cerebral WM. T1 

hypointense lesions in WM are rare. Deep GM lesions in the thalamus or basal ganglia can be present

Adapted from the International Pediatric Multiple Sclerosis Society Group (IPMSSG) Diagnostic Criteria for ADEM, 2013.
ADEM, acute disseminated encephalomyelitis; CNS, central nervous system; MRI, magnetic resonance imaging; WM, white matter; GM, gray matter.

good history and performing a thorough physical examination are 
the most important first steps in the diagnosis. Children with 
ADEM typically present with acute encephalopathy with various 
multifocal neurological deficits a few days to weeks after infection 
or vaccination. During the acute phase, brain MRI typically diffus-
es bilaterally and is poorly demarcated, with large (1 to 2 cm), hy-
perintense lesions on T2-weighted and FLAIR sequences. Com-
pared with adults with ADEM, MRI more often shows thalamic 
and basal ganglia lesions in children, and typically periventricular 
lesions in adults [42]. Any clinical and radiological findings occur-
ring within 3 months of onset are considered part of the initial epi-
sode. In other words, no new clinical or MRI findings should 
emerge 3 months or more after the first episode of typical ADEM. 
When two or more episodes occur, other conditions, such as 
MDEM, MOG-Ab-associated disease, MS, and NMOSD, should 
be considered. Lumbar puncture for CSF analysis is required to 
rule out other ADEM-mimicking conditions, such as CNS infec-
tions. 

Antibody testing, such as anti-MOG-Ab and anti-AQP4-Ab, can 
help define subtypes of other demyelinating disorders that are dis-
tinct from MS (Fig. 2). Demonstrating the resolution of initial 
MRI lesions in follow-up studies can be a supplementary method 
for the diagnosis of ADEM. 

7. Differential diagnosis 
The diagnosis of ADEM is mainly based on clinical and radiologi-

cal findings owing to the lack of specific biomarkers. As a result, di-
agnosis often requires the exclusion of a wide variety of ADEM- 
mimicking conditions. Many acquired demyelination diseases and 
other inflammatory or non-inflammatory conditions may show 
similar clinical and radiological features and should be considered 
in terms of the differential diagnosis (Table 6).  

First, potentially treatable viral or bacterial CNS infections 
should be ruled out. When a patient presents with movement dis-
orders, seizures, altered consciousness, or other neuropsychiatric 
symptoms a few days to weeks after an infection or vaccination, au-
toimmune encephalitis such as anti-N-methyl-D-aspartate recep-
tor (anti-NMDAR) encephalitis should be considered. Besides 
other immune-mediated demyelinating disorders, stroke-like epi-
sodes potentially indicate CNS vasculitis, systemic lupus erythe-
matosus, moyamoya disease/syndrome, or rarely, mitochondrial 
encephalomyopathy, lactic acidosis, and stroke-like episodes. Bilat-
eral thalamic involvement may be observed in children with 
ADEM, but it can also be noted in children with acute necrotizing 
encephalopathy or deep cerebral venous infarction. Bilateral basal 
ganglia involvement can be observed in toxic, metabolic, or genetic 
disorders. Bilateral cortical and subcortical lesions, predominantly 
in the parieto-occipital lobes, are indicative of posterior reversible 
encephalopathy syndrome, especially in children who are exposed 
to hypertension or immunosuppressive agents. If the clinical 
course progressively worsens, CNS tumors or genetic disorders 
should be considered. 
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Table 6. Differential diagnosis of acute disseminated encephalomyelitis

Meningoencephalitis/encephalitis: viral (HSV, EBV, CMV, HIV), bacterial, 
parasitic

Immune: autoimmune encephalitis (anti-NMDAR-Ab)
Inflammatory demyelinating: MS, NMO
Vascular/vasculitis: moyamoya disease, SLE, etc.
Toxic/metabolic/hypoxic/radiation induced
Neoplastic: multicentric glioma, glioblastoma multiforme, CNS  

lymphoma, histiocytosis
Others: PRES, MELAS, ANE, etc.

HSV, herpes simplex virus; EBV, Epstein-Barr virus; CMV, cytomegalovirus; 
HIV, human immunodeficiency virus; anti-NMDAR-Ab, anti-N-methyl-D-
aspartate receptor antibody; MS, multiple sclerosis; NMO, neuromyelitis 
optica; SLE, systemic lupus erythematosus; CNS, central nervous 
system; PRES, posterior reversible encephalopathy syndrome; MELAS, 
mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes 
syndrome; ANE, acute necrotizing encephalopathy.

Fig. 2. Diagnostic and therapeutic algorithm of acute disseminated encephalomyelitis (ADEM) in children. LP, lumbar puncture; CSF, 
cerebrospinal fluid; PCR, polymerase chain reaction; MRI, magnetic resonance imaging; WM, white matter; MP, methylprednisolone; 
DEX, dexamethasone; PO, per os; IVIG, intravenous immunoglobulin; PE, plasma exchange; CP, cyclophosphamide; OCB, oligoclonal 
bands; MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; PRES, posterior reversible encephalopathy syndrome; 
MELAS, mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes syndrome; anti-MOG-Ab, anti-myelin oligodendrocyte 
glycoprotein antibody; anti-AQP4-Ab, anti-aquaporin 4 antibody; MDEM, multiphasic disseminated encephalomyelitis.

Acute neurological symptoms/signs

History and neurological examination

ADEM

IV MP or DEX for 3-5 days, followed 
by PO steroid over 4-6 weeks

IVIG, PE, CP, or other 
immunomodulatory agents

MS MDEM, NMOSD, etc.

Other demyelinating conditions
Neoplasm, vasculitis, PRES, 

MELAS, etc.

Antibiotics, antiviral agents, etc.
LP for CSF analysis:

Cultures, PCR/multiplex PCR
Positive

Yes

YesYes

Not responsive Positive Positive

No
No

MRI imaging: diffuse, poorly demarcated, large (>1-2 cm) 
lesions involving predominantly cerebral WM, etc.

OCB Anti-MOG-Ab, anti-AQP4-Ab

Treatment 

Since there are no randomized placebo-controlled studies on the 
treatment of ADEM, treatment protocols are mainly based on ex-
pert opinions and observational studies. Symptom-based support-
ive care is important because of its onset at any age or stage of ill-

ness. Supportive care can be provided together with curative treat-
ment. Treatment with antiviral agents and antibiotics is generally 
accepted because ADEM mimics CNS infection. 

The standard protocol is a non-specific immunosuppressive 
therapy including corticosteroids, intravenous immunoglobulins 
(IVIGs), plasma exchange (PE), and other immunomodulatory 
agents. Despite the lack of convincing evidence, first-line treatment 
usually involves a short course of high-dose corticosteroids. The 
most widely used protocol consists of methylprednisolone admin-
istered at 10 to 30 mg/kg/day to a maximum dose of 1 g/day or 
dexamethasone administered at 1 mg/kg/day, followed by oral 
prednisone at 1 mg/kg/day and tapered over 4 to 6 weeks 
[12,43,44]. In cases where corticosteroids yield poor results, IVIGs 
can be administered as an alternative treatment, which is adminis-
tered at a total dose of 2 g/kg administered either as a single dose 
or divided doses over 2 to 5 days [1,12,45]. Another alternative is 
PE, which is usually used in children who fail to respond to corti-
costeroids or IVIGs (Fig. 2). PE usually involves 3 to 6 cycles with 
widely different protocols, and the clinical response is usually obvi-
ous after 2 to 3 exchanges [46,47]. 

Cyclophosphamide can be used in patients in whom conven-
tional treatment fails, and other disease-modifying drugs such as 
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azathioprine, mycophenolate, and rituximab can be favorable in 
children with recurrent MOG-Ab-positive demyelinating syn-
dromes such as MDEM and ADEM-ON. However, clinical evi-
dence is limited for children with ADEM [1,48]. 

Prognosis 

The long-term overall outcome of ADEM is usually favorable be-
cause most children with ADEM respond to conventional treat-
ment. Full recovery with normal neurological examination occurs 
in approximately 50% to 80% of patients, and minor neurological 
deficits, such as clumsiness and mild hemiparesis, are reported in 
20% to 30% of patients [1,4,12]. Long-term cognitive and behav-
ioral problems such as lower intelligence quotient, difficulties in 
executive function, memory impairment, and attention deficits are 
reported in up to 56% of patients [1,4,9,12]. According to a prior 
study, 22% of patients with ADEM had seizures during the acute 
presentation and 16.2% developed epilepsy afterward. Post-
ADEM epilepsy was more frequently observed in children with re-
lapsing disease than in those with monophasic disease and in 
MOG-Ab-positive children than in MOG-Ab-negative cases [49]. 
Although debate continues whether relapsing ADEM, called 
MDEM, is MOGAD or possibly NMOSD, the relapsing form has 
been reported in less than 10% of children with ADEM [6]. Al-
most a quarter of hospitalized patients with ADEM were in a criti-
cal condition and required admission to the PICU, with a mortality 
rate of 1% to 3% [4,6,34].  

Future perspective 

ADEM is an inflammatory demyelinating disease of the CNS that 
mostly affects children after viral or bacterial infections, or rarely 
after various vaccinations. The exact pathogenesis of ADEM re-
mains unclear, although non-specific self-sensitization of reactive 
T cells against myelin proteins, such as MBP and myelin oligoden-
drocyte protein, and molecular mimicry of infectious agents are 
currently considered the predominant pathogenic mechanisms. 
Despite advances in MOG-Ab and other neurobiological clues, 
the diagnosis is still based on clinical and radiological findings and 
the exclusion of other conditions mimicking ADEM. Further stud-
ies are needed to identify any biological clues that can define the 
subtypes of ADEM and distinguish ADEM from other types of 
ADEM that mimic demyelinating diseases. Since conclusive data 
on the optimal treatment of ADEM and its outcomes are still lack-
ing, well-designed collaborative multicenter studies are required to 
achieve the best results and minimize neurological sequelae. 
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Introduction 

The ketogenic diet (KD) has been widely recognized as one of the 
most effective therapies for drug-resistant epilepsy in the pediatric 
population [1,2] since its introduction by Wilder [3]. The KD, 
which involves a restricted diet of high fat and low carbohydrates, is 
expected to increase ketone body concentrations, which can en-
hance inhibitory neurotransmission and thereby control seizures 
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Original article

Purpose: In the past, the use of medium-chain triglycerides (MCTs) for a ketogenic diet (KD) was 
expected to improve both patients’ and caregivers’ adherence to treatment, but many gastroin-
testinal problems have been reported. Through a calculated partial administration of MCTs in a 
KD, we aimed to reduce these complications, while maintaining acceptable seizure reduction. 
Methods: At a tertiary referral center for pediatric patients with epilepsy, MCT oil was given in a 
1:1 ratio with long-chain triglycerides to patients on KDs. Patients who began the diet from Feb-
ruary 2019 to February 2020 were reviewed retrospectively, and 47 patients with at least 3 
months of follow-up records were enrolled in the study 
Results: Overall, 29.8% of patients on a KD with an adjusted MCT ratio experienced complica-
tions, such as gastrointestinal symptoms and behavioral food refusal, compared to 63.0% of prior 
KD patients. The mean seizure reduction rate was 68.45%±40.61%, which was not significantly 
different from the comparison group’s rate of 64.84%±34.24%. 
Conclusion: Adjusted MCT incorporation into a KD showed comparable seizure control results, 
with better tolerability of the diet. 

Keywords: Diet, ketogenic; Triglycerides; Child; Drug resistant epilepsy

to some extent [4]. Several studies have shown that KD therapy is 
effective for treating drug-resistant epilepsy and metabolic disor-
ders such as glucose transporter 1 (GLUT1) deficiency [5] and 
pyruvate dehydrogenase deficiency [6] in children and adoles-
cents. Several randomized controlled trials have shown that dietary 
treatment can reduce seizure frequency by half in 38% to 72% of 
patients with 3 months of therapy [2,4,7]. 

There are several types of KDs, with the classical KD comprising 
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fat in combination with carbohydrates and protein in specific ra-
tios, ranging from 2:1 to 5:1, and typically utilizing long-chain tri-
glycerides (LCTs) for fat [8]. Adherence to restricted food choices 
and amounts must be strictly enforced in order to maintain the tar-
geted ketone range, and even minor lapses, such as sugar-contain-
ing syrup medication, can compromise treatment efficacy. These 
dietary restrictions can be challenging for both patients and care-
givers, especially for children whose adherence may be inconsis-
tent. Food refusal, limited daily intake, and behavioral problems 
(e.g., anger and non-acceptance) are common manifestations of 
adherence problems [9]. Various types of KDs have been designed 
to improve adherence without compromising the seizure control 
effects: the modified KD, modified Atkins diet (MAD), low glyce-
mic index treatment (LGIT), and medium-chain triglyceride diet 
(MCD) [10]. 

Medium-chain triglycerides (MCTs), such as triglycerides (TG) 
of octanoic and decanoic acids, are more ketogenic than LCTs, as 
they lead to the generation of more ketones per kilocalorie of ener-
gy. By replacing LCTs in a KD, MCTs can allow more carbohydrate 
and protein consumption with less total fat, resulting in more ac-
ceptable meals and snacks for patients [11]. Huttenlocher et al. 
[11] first used MCTs for a KD with the expectation of providing a 
more acceptable diet, and their study in 1971 found that the MCD 
showed similar seizure reduction rates to the classic KD. Other 
studies by Schwartz et al. [12] and Neal et al. [13] found no signifi-
cant difference between the classic KD and MCD when using 
MCTs with a KD. However, gastrointestinal (GI) problems such as 
vomiting, bloating, diarrhea, and abdominal pain were common, 
and MCTs have not been widely used in KDs despite their non-in-
ferior efficacy in seizure control [11-13]. 

If this high incidence of GI side effects can be offset by modify-
ing the previously used MCD, the advantages of MCTs over LCTs 
could be utilized more widely. This may be more beneficial for 
some patients who need more leniency from the classic KD. Both 
a greater variety of choices of food and larger amounts of food 
would be desirable for young patients, allowing more freedom of 
diet and more materials to support ongoing body growth. In the 
early MCD studies, MCTs comprised 60% of the diet’s total ener-
gy, and this amount could have caused the frequently reported GI 
troubles [11]. Few studies have reported the implementation of 
MCD and even fewer have discussed any new modifications of the 
MCD to control the side effects. 

After incorporating lower percentages of MCTs than previously 
reported in other MCD studies, we have observed that patients 
were able to tolerate the therapeutic diet better than what was ex-
pected from past literature reviews. 

Subsequently, there have been a small number of studies that 

have tested other versions of MCDs with lower percentages of 
MCTs and supplemental LCTs. Along with the levels of ketosis, 
the amount of total fat and MCTs in various forms of food was also 
taken into consideration, and a mixed-lipid diet (MLD) with a 1:1 
ratio of MCTs and LCTs was tried in a number of patients at our 
center. By comparing them to previous KD patients, we aimed to 
investigate the tolerability and efficacy of the MCT and LCT 
mixed diet, which may become a more feasible KD for pediatric 
epilepsy patients. 

Materials and Methods 

1. Patients 
Patients from the ages of 6 months to 18 years who initiated a KD 
at a tertiary referral center between February 2019 and February 
2020 were recruited retrospectively by reviewing their medical re-
cords, and those who incorporated MCTs into their diet were en-
rolled in the study. Patients who had been followed for less than 3 
months or who had not visited the clinic regularly after starting the 
diet were excluded.  

As the primary endpoint of the study was to assess and analyze 
the complications of the MCD, patients who started the diet for 
cognitive or developmental improvement were also included in 
the study to increase the pool of patients. The small number of re-
cruited MCD patients, with an even smaller number of complica-
tions, may have resulted in incomparable analyses. 

A cohort of patients on a KD without MCTs was selected from 
the patients treated at the same tertiary center from 2017 to 2020. 
Patients’ sex, age at the start of KD, and type of KD were taken into 
account, and those who had maintained the therapy for less than 3 
months were excluded. Patients who were put on the diet for cog-
nitive and developmental reasons were also selected in similar pro-
portions to those of the patients in the MCT diet group. 

2. Ketogenic diet 
Patients on a KD with MCTs began with one of the various KDs: 
4:1, 3:1, 2:1 ratio, MAD, and LGIT. Only after the full implemen-
tation of one of these diets were MCTs introduced into the diet, 
starting with 5% of the total calories. During admission, the 
amount of MCTs was gradually increased by 5% of the total calo-
ries, usually over a 1- to 2-day period. The target MCT quantity 
was 50% of the total fat amount for the designated KD, with the re-
maining fat being LCT oil, resulting in a 1:1 ratio of MCTs in 
quantity. However, the serving amount was limited to 14 g per 
meal and 52 g per day to minimize potential side effects, and the 
lower-ketogenic-ratio diets allowed a wider range of food into the 
diet, reducing the necessary amount of supplementary oil and the 

Ann Child Neurol 2022;30(4):164-172

165https://doi.org/10.26815/acn.2022.00094



quantity of MCT oil, therefore resulting in a lower amount of 
MCT oil than the target. When the calories from each type of oil 
were calculated, the aim was for MCTs to provide approximately 
25% to 30% of the total fat calories, and about 20% to 25% of the 
diet’s total calories. Supplemental vitamins and minerals were fully 
provided. 

If any complications pertaining to the diet arose, such as abdom-
inal pain, vomiting, diarrhea, or other GI symptoms, the amount of 
MCTs was usually reduced by 10%. 

3. Data acquisition 
According to the center’s KD protocol, the majority of patients 
were admitted and evaluated at the start of KD. Patients were regu-
larly followed up at the outpatient clinic after successful diet induc-
tion. The admission, hospital stay, and clinic medical charts were 
reviewed, and patients’ epilepsy status and general condition were 
evaluated at baseline during admission, as well as at 1, 3, 6, and 9 
months at the outpatient clinic. 

The primary endpoint of this study was the occurrence of side 
effects while patients were on the MCT-including KD, including 
clinical symptoms and laboratory results. Any related findings were 
categorized as early or late complications based on the time since 
the start of the KD. Tolerability was determined by the responses 
of parents or caregivers. 

The secondary endpoint of this study was to assess the change in 
the seizure rate when compared to the baseline seizure frequency 
at diet initiation, in order to establish whether the MCD had 
non-inferior efficacy for epilepsy. This was assessed by parental or 
caregiver seizure records. Another secondary endpoint was any 
unexpected abnormal laboratory findings regarding the incorpora-
tion of MCTs into the KD. Total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), and TG levels were compiled. These laboratory results 
were also compared from baseline to 1, 3 months, and if possible, 
also for 6 and 9 months. Withdrawals from the dietary treatment at 
any period were documented, and the reasons for withdrawal were 
also reviewed.  

4. Statistical methods  
SPSS version 25.0 for Windows (IBM Corp., Armonk, NY, USA) 
was used for the statistical analysis. To compare the basic charac-
teristics and seizure outcomes of the MCT group and its compara-
tive cohort group, the Student t-test, chi-square test, Fisher exact 
test, and Mann-Whitney U test were used. The Fisher exact test 
was used to compare complications between the two groups, and 
the Student t-test and, primarily, the Mann-Whitney test were used 
to analyze the lipid profiles of the two groups. The threshold for 

statistical significance was set at P = 0.05. 

Results 

Fig. 1 depicts how the patients were recruited and grouped for this 
study. From February 2019 to February 2020, 65 patients on the 
KD had MCT oil added to their diet, and 49 patients were able to 
stay on the diet for at least 60 days after starting. In total, 47 patients 
continued the KD with MCT oil for at least 3 months, 37 for more 
than 6 months, and 18 for 9 months. 

1. Characteristics of the study patients 
The study patients’ clinical characteristics are summarized in Table 
1. The group was made up of more boys (61.7%) than girls, and 
the patients ranged in age from 12.4 to 197.6 months. About half 
of them experienced daily seizures, and the patients with seizures 
were prescribed an average of 2.47 ± 1.53 anti-seizure medications. 
Several etiologies were suspected as the causes of the patients’ sei-
zures, mainly genetic conditions such as Dravet syndrome, 
GLUT1 deficiency syndrome, or alterations of genes such as 
CDKL5, CSTB, DNM1, GRIN1, and KCNQ2. Other etiologies in-
cluded epilepsy with metabolic causes and structural etiologies 
such as focal brain lesions, while many patients had undetermined 
etiologies. It was difficult to match the comparative cohort group 
in terms of a similar variety of etiologies; however, the two groups 
showed no significant differences in the etiologies of epilepsy. 

Total 65 Patients on ketogenic diet with MCT oil

49 Patients treated for minimal 60 days

2 Patients dropped out
- Poor cooperation

5 Patients ongoing
4 Patients stopped diet
- 3 Patients due to inefficacy
- 1 Patient follow-up loss

11 Patients ongoing
9 Patients stopped diet
- 4 Patients due to inefficacy
- 3 Patients for break
- 2 Patients follow-up loss

47 Patients treated for 3 months

38 Patients treated for 6 months

18 Patients treated for 9 months

Fig. 1. Flow of patients: study enrollment and follow. MCT, 
medium-chain triglyceride.
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Twenty-six patients started with the MAD, 16 patients with a 
3:1-ratio KD, and one patient each received LGIT, a 2:1-ratio KD, 
and a 4: 1-ratio KD. During the 9-month follow-up period, 10 pa-
tients adjusted their diet ratio: five for better tolerability and five for 
better seizure control or cognitive improvement. The use of MCT 
oil was maintained during these adjustments. 

2. Seizure outcomes 
To evaluate short-term seizure outcomes, changes in the seizure 
rate were measured by comparing the seizure frequency from each 
time interval to the number of seizures at baseline. As four patients 
were put on the diet with the expectation of improving their cogni-
tive development, they were excluded from the seizure outcome 
analysis. At the 3-month follow-up visit, 27 patients (27/43, 
62.8%) had more than 90% seizure reduction, and 22 patients 
(22/43, 51.2%) were seizure-free. Altogether, 86.0% of the patients 
(37/43) showed a 50% or greater reduction in seizure frequency at 
the 3-month follow-up visit. Six months after starting the diet with 
MCT oil, 37 patients maintained the diet, and 21 patients (21/37, 
56.8%) were seizure-free. Furthermore, 70.3% (26/37) were able 
to reduce their baseline seizure frequency by 90% or more. Thir-
ty-one patients (31/37, 83.8%) had their seizures reduced by 50% 

or more at the 6-month follow-up interval. At the 9-month inter-
val, corresponding to the last follow-up visit for the study, 18 pa-
tients remained, of whom 11 (11/18, 61.1%) had achieved seizure 
freedom. Twelve patients were able to reduce their baseline sei-
zures by 90% and 16 by 50% or higher. 

At the 3- and 6-month follow-ups, the MLD and comparative 
cohort group showed statistically significant differences in the me-
dian values of the seizure reduction rate (100.00%, 50.00%–
100.00% vs. 75.00%, 50.00%–99.00%, P = 0.041 at 3 months; and 
100.00%, 50.00%–100.00% vs. 66.66%, 50.00%–91.76%, 
P = 0.027 at 6 months). However, at the last follow-up (after 9 
months), the two groups showed no significant difference in the 
median seizure reduction rate (100.00%, 72.50%–100.00% vs. 
90.00%, 61.67%–100.00%, P = 0.403). The overall average seizure 
reduction rate at the last follow-up for patients who were treated 
for a minimum of 3 months was 68.45% ±40.61% in the MLD 
group and 64.84% ±34.24% after treatment for a median duration 
of 6 months in both groups (Table 2). The 43 patients who main-
tained the KD with MCT oil for at least 3 months were prescribed 
an average of 2.47 ± 1.53 anti-seizure medications at the time of 
diet initiation. While 17 (39.5%) of them were able to reduce the 
number of medications or lower the dosage of the medications, the 

Table 1. Characteristics of patients who received a ketogenic diet with MCT oil and the comparative cohort group

Characteristic MCT oil group (n=47) Comparative cohort (n=27) P value
Age at initiation of the ketogenic diet (yr)
 0–≤3 18 11 0.385a

 3–≤7 20 7
 7–≤10 6 7
 <10 3 2
Age (mo) 59.47 (27.17–81.03) 51.40 (23.83–93.03) 0.987b

Sex (male:female) 29:18 16:11 0.979c

Etiology 0.682a

 Dravet syndrome 5 1
 GLUT1 deficiency syndrome 7 1
 Genetic epilepsy 11 9
 Metabolic causes 3 1
 Structural etiology (focal) 6 4
 Periventricular leukomalacia 3 2
 Unknown etiology 12 9
No. of ASMs 2.47±1.53 2.48±1.42 0.932b

No. of seizures at initiation 43 24 0.119a

 Daily 21 17
 Weekly 5 5
 Monthly 11 1
 Yearly or less 6 1

Values are presented as median (interquartile range) or mean±standard deviation.
MCT, medium-chain triglyceride; GLUT1, glucose transporter 1; ASM, anti-seizure medication.
aFisher exact test; bMann-Whitney U test; cChi-square test.
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mean number of anti-seizure medications after MLD was 
2.42 ± 1.71, with no significant difference between before and after 
the diet (P = 0.90). The other KD group also showed no statistical-
ly significant change in the mean number of prescribed medica-
tions (P = 0.92). 

3. Tolerability of dietary treatment 
Early complications of dietary therapy occurred in 14 patients 
during diet implementation or within the first month after diet ini-
tiation, with 19 total cases of insufficient oral intake, dehydration, 
metabolic acidosis, vomiting, or abnormal laboratory results. Fol-
lowing the first month of the diet, three patients experienced 
weight loss, frequent vomiting, and hypercalciuria, which were re-
corded as late complications (Table 3). In contrast, 63.0% of the 
patients in the comparative cohort group (17/27) reported a total 
of 25 cases of KD-related problems. Vomiting (n = 3), poor oral in-
take (n = 2), food refusal (n = 2), and single cases of diarrhea, ab-
dominal discomfort, constipation, and several abnormal laboratory 
findings (n = 9) were noted during the first month after KD induc-
tion, and similar cases of GI symptoms and laboratory results were 
reported, albeit with a lower incidence, during the latter part of KD 
(Table 3). 

In a comparison of the number of reported troubles due to the 
KD between the MLD group and the non-MLD group, no signifi-
cant differences were found in any categories in both the early and 
late stages of the dietary treatment. Taking all the complications 

into account, the patients from the MLD group reported fewer 
complications in the later stage of the diet, constituting a significant 
difference from the comparative group (P = 0.014). Overall, fewer 
patients experienced KD-related complications in the MLD group 
during the entire KD process than in the non-MLD (P = 0.005). 

These complications, in both the early and later stages of the di-
etary treatment, contributed to termination of the diet in some pa-
tients. Thirteen patients (13/47, 27.7%) discontinued the MCT 
oil diet during the 3- to 9-month follow-up period; while five of 
them had suffered from the abovementioned complications, eight 
patients stopped the diet due to poorer than expected seizure con-
trol and either added anti-seizure medications or considered other 
treatment modalities, such as corpus callosotomy or vagus nerve 
stimulation. In the comparative cohort group, 16 patients discon-
tinued the KD, half of whom did so due to poor seizure control. 
Four other patients could not continue the diet because of GI 
symptoms such as vomiting or abdominal discomfort, two patients 
due to poor oral intake, and two patients due to the caretaker’s 
poor adherence to the diet regimen. 

4. Changes in the lipid profile after MCT-oil KD 
Laboratory results from baseline and follow-up visits of the pa-
tients in both groups were collected and statistically analyzed (Ta-
ble 4). Mean values were obtained from the remaining patients at 
each follow-up period. While total cholesterol, HDL-C, LDL-C, 
and non-HDL-C levels all increased during the KD, there was no 

Table 2. Ketogenic diet implementation and comparative seizure outcomes

Variable MCT oil group (n=47) Comparative cohort (n=27) Value
Type of ketogenic diet
 4:1 1 1
 3:1 17 7 0.865a

 2:1 1 1
 1.5:1 1 0
 Modified Atkins diet 26 18
 Low glycemic index treatment 1 0
Follow-up KD period (mo)
 ≥3 47 27
 ≥6 38 20 χ2 =0.465, 0.495c

 ≥9 18 13 χ2 =0.684, 0.408c

Seizure outcomes 43 27
 Seizure reduction rate 68.45±40.61 64.84±34.24 0.352b

 Seizure freedom 21 (48.8) 8 (29.6) χ2 =2.522, P=0.112c

  ≥90% reduction 26 (60.5) 10 (37.0) χ2 =3.644, P=0.056c

  ≥50% reduction 34 (79.1) 23 (85.2) P=0.753a

Values are presented as mean±standard deviation or number (%).
MCT, medium-chain triglyceride; KD, ketogenic diet.
aFisher exact test; bStudent t-test; cChi-square test.
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significant difference between the two groups from baseline to 1 
and 3 months. When compared to the MCT oil group, TG levels 
in the comparative cohort group increased significantly faster at 3 
months. 

According to the pediatric panel of the National Cholesterol Ed-
ucation Program (NCEP) in the United States, each component of 
the lipid profile can be categorized into high, borderline, and low 
levels, and the lipid results of the patients in both groups were ana-
lyzed in those terms (Fig. 2). Only 7.7% of the MCT-oil-added pa-
tients and 8.7% of the patients in the comparative cohort group 
had high LDL levels (above 130 mg/dL) at the start of the diet, 
and this proportion increased throughout the treatment period, 
ending up with 41.7% and 50% of respective groups having high 
LDL levels. At baseline, 9.5% and 12.5% of both groups had total 
cholesterol levels above the acceptable range (200 mg/dL), respec-
tively, and after 9 months of the KD, 46.2% of the MCT-oil group 
and 62.5% of the comparative cohort group had high total choles-
terol levels. Acceptable HDL-C levels ( > 45 mg/dL) were found 
in 68.3% of the patients in the MCT oil group and in 75.0% of the 
comparative cohort group at baseline; however, this higher per-
centage in the comparative cohort group changed after 9 months, 
when the corresponding proportions were 91.7% and 57.1%, re-
spectively. 

The NCEP pediatric panel recommends different acceptable 
TG ranges for children aged 0 to 9 and children aged 10 and up; 

because the study group mostly comprised children under the 
age of 10 (40 out of 43), only TG levels in this specific range 
group were compared. After baseline, 23.7% of patients in the 
MCT-oil group and 32.0% of those in the comparative cohort 
group had elevated TG levels (100 mg/dL); by 9 months after 
KD initiation, these proportions changed to 20.0% and 66.7%, 
respectively. 

Discussion 

As the history of MCT oil incorporation into KDs is not short, 
some previous studies have evaluated its efficacy and clinical appli-
cations. Neal et al. [13] conducted a randomized controlled trial 
demonstrating that the classical KD is not superior to an MCT-
based diet in terms of efficacy and tolerability. A prospective long-
term study (2 years of follow-up) on KD patients, 79.2% of whom 
were supplemented with MCT oil, also showed good tolerability 
and non-inferior efficacy of the diet [14]. However, considering 
the ability of MCT oil to facilitate relaxation of dietary restrictions, 
the benefits of using MCT oil over other LCTs were not as promi-
nent as expected. By fine-tuning the MCT oil application in KD, 
with a 1:1 ratio between MCT oil and LCTs, we aimed to optimize 
the patients’ KD experience with fewer adverse effects and compa-
rable seizure control. 

GI dysfunction such as vomiting and abdominal pain or discom-

Table 3. Early and late complications of ketogenic diets in the two groups

Types of complications
MCT oil group (n=47) Comparative cohort (n=27) P value

Early (start–1 mo) Late (>1 mo) Early (start–1 mo) Late (>1 mo) Early Late All
Gastrointestinal symptoms 2 1 6 4 0.045a 0.056 0.008a

 Vomiting 2 1 3 2
 Diarrhea 0 0 1 1
 Abdominal discomfort 2 0 1 0
 Constipation 0 0 1 1
Poor oral intake 7 0 2 1 0.472 0.365 0.738
Behavioral food refusal 0 0 2 0 0.130 0.130
Abnormal laboratory results
 Hypertriglyceridemia 0 0 2 0
 Liver enzyme increase 1 1 1 1
 Acidosis 3 0 4 0
 Dehydration 4 0 2 0
 Hypercalciuria 0 1 0 2
Total 19 3 17 8
Total patients 14 3 15 8 0.047a 0.014a

Overall cases 20 25
Overall patients 14 patients (29.8%) 17 patients (63.0%) 0.005a

MCT, medium-chain triglyceride.
aFisher’s exact test.
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fort has previously been noted as a major problem in maintaining 
the KD, and this issue was also present in this study’s patients. 
When compared to past MCT oil studies for KD treatment, the 
percentage of patients with vomiting (4.3%) or abdominal discom-
fort (4.3%) was lower. Complaints from patients or caretakers of 
decreased food intake or behavioral food refusal, as well as labora-
tory results depicting dehydration or metabolic acidosis, may also 
possibly be due to GI problems and should be included as such, 
but this specification of the side effects was consistently applied in 
previous works and our comparative cohort group. The slightly 
lower MCT ratio (20% to 25% of the diet’s total calories) in this 
study could be a reason for the lower frequency of GI complica-
tions. 

In patients consuming a KD, the lipid profile shows increases in 
total cholesterol, LDL-C, non-HDL-C, and TG levels throughout 
the diet period; this pattern was observed in both groups in our 
study. The proportions of patients with high levels of total choles-
terol, LDL-C, and TG, and as well as that of patients with low 
HDL-C levels, increased much more sharply in the cohort group. 
This may be in line with a previous observation of less dyslipid-
emia with the use of MCTs for a KD than with the classical KD 
[15]. 

These advantages of utilizing MCT oil for a KD may explain the 
lower dropout rate before 3 months (6.4%) and the overall period 
(29.8%), than reported in prior studies and observed in this study’s 
comparative cohort (59.3%). Fortunately, this advantage did not 
seem to come at the cost of efficacy in seizure control, as this study 
showed comparable seizure reductions in all follow-up periods 
(median seizure reduction rates of 100.00% [50.00%–100.00%] at 
3 months, 100.00% [50.00%–100.00] at 6 months, and 100.00% 
[72.50%–100.00%] at 9 months of follow-up). These results are 
higher than those reported by previous studies, with 79.1% of pa-
tients showing more than 50% seizure reduction at their respective 
final follow-up visits [16]. 

These favorable findings for the mixed MCT and LCT KD may 
have arisen from the uncontrolled selection of patients. This study 
enrolled a large number of patients with GLUT1 deficiency syn-
drome (14.9%), and Dravet syndrome (10.6%), who are known to 
benefit from a KD. The low percentage of patients with focal sei-
zures, which are associated with a less favorable response to KD, 
may also have played a role in these results [17]. This, along with 
the small sample size, is the main limitation of this study, and it 
would be premature to apply these findings to all KD programs. A 
prospective study with a longer follow-up term is required to con-
firm these advantages in utilizing MCT oil for KDs. 

In conclusion, while KD is now an accepted treatment option 
for patients with intractable epilepsy, it can still be challenging for 
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Fig. 2. Percentage of high levels of lipid profile at baseline, and after 1, 3, 6, and 9 months of ketogenic diet. (A) Comparison of 
percentage of high total cholesterol (≥200 mg/dL) patients. (B) Comparison of percentage of low high-density lipoprotein cholesterol 
(HDL-C) (<35 mg/dL) patients. (C) Comparison of percentage of high low-density lipoprotein cholesterol (LDL-C) (≥130 mg/dL) patients. (D) 
Comparison of percentage of high triglyceride (≥100 mg/dL) patients. MCT, medium-chain triglyceride.

many patients and families. Aside from adjusting the ratios of the 
KD, utilizing MCT oil as an alternative source of fat can be just as 
effective, despite near-failures or complications in the past. This 
study demonstrated the possibility of a more tolerable, and thus 
sustainable, solution for dietary therapy by designing a KD with a 
1:1 ratio of MCT and LCT oil. 
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Introduction 

Self-limited epilepsy with centrotemporal spikes (SLECTS) or be-
nign childhood epilepsy with centrotemporal spikes is the most 
frequent type of self-limited focal epilepsy, accounting for 15% to 
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Original article

Purpose: Patients with self-limited epilepsy with centrotemporal spikes (SLECTS) rarely experi-
ence generalized tonic-clonic seizures (GTCS) after remission, and post-remission GTCS has not 
been thoroughly described in earlier studies. Herein, we describe the clinical and electrographic 
features of GTCS after a substantial period of seizure freedom in patients with SLECTS. 
Methods: This study included six patients (three boys and three girls) diagnosed with SLECTS who 
later developed GTCS after or near remission. Medical records, including clinical data and serial 
electroencephalography (EEG) recordings, were retrospectively reviewed for all patients. 
Results: Patients’ age at SLECTS onset ranged from 5.2 to 10.2 years (mean, 8.4 years), while sei-
zure cessation was achieved between 8 and 12.2 years. During SLECTS, typical centrotemporal 
spikes were observed in all patients, and generalized spike-and-wave discharges were observed in 
three patients. The age at the first episode of subsequent GTCS ranged from 14.4 to 17.3 years 
(mean, 15.8 years), constituting an average interval of 5.6 years after the last episode of seizures 
(range, 4.1 to 8.1 years). EEG at subsequent episodes of GTCS revealed generalized discharges in 
two patients, focal discharges in two other patients, and normal discharges in the remaining two 
patients. Two patients had multiple episodes of GTCS. 
Conclusion: Although rare, GTCS may occur near or after remission in patients with SLECTS, and 
clinicians should be aware of this. Subsequent GTCS may be a manifestation of idiopathic gener-
alized epilepsy. However, large-scale studies are needed to determine the nature of such episodes 
of GTCS and their associated risk factors. 

Keywords: Epilepsy, rolandic; Seizures; Epilepsy, generalized

25% of syndromic pediatric epilepsy cases [1,2]. The age of onset 
ranges from 2 to 12 years, with a peak age between 7 and 9 years. 
Onset before 2 or after 12 years of age is unusual [3]. Seizures 
mostly present with focal hemifacial sensorimotor symptoms with 
brief durations and predominantly occur during sleep. Seizures 
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may become focal to bilateral tonic-clonic seizures, which were for-
merly termed “secondary generalization.” Characteristic electroen-
cephalography (EEG) findings include normal background activi-
ty with stereotypical centrotemporal spikes. SLECTS shows an ex-
cellent prognosis, where patients usually enter remission within 1 
to 3 years from onset, and most patients are free of seizures after 
the age of 15 to 16 years [4,5]. 

The occasional occurrence of generalized tonic-clonic seizures 
(GTCS) after SLECTS has been mentioned in the literature. The 
subsequent presentation of generalized seizures, such as absence 
seizures, and less often, GTCS, was reported to occur in 1% to 2% 
of patients with SLECTS. A few published studies have reported 
GTCS following SLECTS [5-7]. Loiseau et al. [8] described that 
SLECTS was associated with a 10-fold higher relative risk of GTCS 
than observed in the normal population. However, other authors 
consider subsequent GTCS to be an independent de novo event 
[9,10]. Nevertheless, to date, there is a lack of detailed descriptions 
of patients with subsequent GTCS after SLECTS. In addition, the 
pathophysiological mechanisms of such seizures have yet to be de-
termined. 

In accordance with the favorable prognosis of SLECTs, most pa-
tients with SLECTS present infrequent seizures, relatively short 
periods of disease, and a good response to antiseizure medication 
(ASM). However, we recently observed rare occurrences of GTCS 
in patients near or after SLECTS remission. Some experienced a 
single GTCS episode, as in most previous studies, whereas others 
experienced multiple seizure episodes, sometimes with generalized 
epileptiform discharges. Thus, we retrospectively reviewed the 
characteristics of six children who developed GTCS after SLECTS. 
This study aimed to inform clinicians that GTCS may occur in pa-
tients after SLECTS, albeit rarely. In addition, we intend to provide 
detailed descriptions of our experiences to improve the clinical un-
derstanding of subsequent GTCS. 

Materials and Methods 

Among patients from the pediatric neurology departments of 
Seoul National University Bundang Hospital and Seoul National 
University Children’s Hospital, six patients (three boys and three 
girls) from 1998 to 2021 were identified as having GTCS after 
SLECTS. Each child had a sequential presentation of SLECTS and 
GTCS. Epileptic syndromes were diagnosed according to seizure 
semiology and interictal EEG recordings, based on the 1989 classi-
fication of epilepsies and epileptic syndromes by the International 
League Against Epilepsy (ILAE) [4]. All patients were followed up 
at regular intervals for at least 6 years from the first visit. 

Medical data, including age, sex, family history, previous diagno-

sis, comorbid conditions, clinical manifestations, treatment, neuro-
imaging, EEG, and patient outcomes, were collected from the elec-
tronic medical records of two participating university hospitals. 
This study was approved by the Institutional Review Boards of the 
participating hospitals (IRB No. B-2106/693-103, J-2108-001-
1239). Due to the retrospective nature of the study, the Institution-
al Review Boards waived the need for written informed consent. 

Selected patients were reviewed for the age at onset of each sei-
zure type, seizure semiology, seizure frequency, the duration of 
medical treatment, seizure-free period, and age at ASM withdraw-
al. Serial EEG recordings were collected from all patients and ana-
lyzed by pediatric neurologists from the participating hospitals. 
EEG findings at the onset of each seizure type and the presence of 
generalized epileptiform discharges before the onset of subsequent 
GTCS were evaluated. 

We used the term “remission” according to the ILAE official re-
port on a practical clinical definition of epilepsy [11]. In 2014, the 
ILAE proposed a definition of “remission” of epilepsy that includ-
ed seizure remission for 10 years and at least 5-year cessation of sei-
zure medications or achieving seizure freedom beyond the age of 
remission in patients with age-dependent epilepsy. In this study, 
with the upper age limit of remission set at 16 years old, we referred 
to patients within the age range of remission as “near remission.”  

Results 

Six SLECTS patients (three boys and three girls) developed GTCS 
at an average of 5.6 years after the last episode of seizures (range, 
4.1 to 8.1 years). Detailed clinical descriptions of the patients are 
provided below. 

1. Case reports 
Patient 1 (female) developed focal motor seizures during sleep at 
5.2 years of age. The semiology included unilateral upper extremity 
stiffening and clonic movements. Focal to bilateral tonic-clonic sei-
zures were sometimes observed in later episodes. She had a history 
of simple febrile seizures at 3 years of age. The patient had no fami-
ly history of febrile seizures or epilepsy. The patient achieved her 
developmental milestones. Physical and neurological examinations 
revealed no abnormalities. Her EEG revealed frequent high-voltage 
spike-and-wave discharges from C3–T3 and C4–T4, which were 
activated during sleep. Brain magnetic resonance imaging (MRI) 
revealed no remarkable findings. Upon diagnosis of SLECTS, car-
bamazepine was administered. She became seizure-free at the age 
of 9 years, and ASMs were discontinued at 14 years of age. Six 
months after withdrawal, the patient experienced daytime GTCS. 
At that time, her EEG revealed generalized bursts of spike-and-
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wave discharges. She was diagnosed with possible idiopathic gen-
eralized epilepsy (IGE), for which valproic acid (VPA) was admin-
istered. She had three more episodes of daytime GTCS until she 
was 21 years old, and no further seizures were reported until the 
last follow-up conducted at 29 years of age. 

Patient 2 (female) experienced GTCS 30 minutes after falling 
asleep at 7 years of age. The patient had a history of simple febrile 
seizures at 18 months of age. She had a positive family history of fe-
brile seizures (maternal uncle) and epilepsy (father and paternal 
aunt; specific syndrome information was not available). The pa-
tient did not exhibit any neurodevelopmental problems. Physical 
and neurological examinations did not reveal any abnormalities. 
EEG revealed spikes or spike-wave discharges from C3 and C4. 
Brain MRI findings were normal. Oxcarbazepine (OXC) was ad-
ministered, and she was seizure-free from the age of 8 years. OXC 
was withdrawn when she was 12 years old. At 16 years of age, she 
developed daytime GTCS while awake. Her EEG revealed fre-
quent generalized spike- or polyspike-wave discharges. Suspecting 
IGE, levetiracetam (LEV) was administered. No further seizures 
were reported until the age of 17 years. 

Patient 3 (male) developed focal motor seizures at the age of 9.8 
years. He had a tonic deviation of the unilateral face during sleep, 
followed by focal to bilateral tonic-clonic seizures. His past and 
family histories were unremarkable, and his developmental profile 
was normal. The EEG findings were abnormal, with spike-wave 
discharges at C3-T3 and C4-T4, and the brain MRI findings were 
normal. After establishing the diagnosis of SLECTS, OXC was ad-
ministered. The patient was seizure-free from the age of 10 years, 
and OXC was discontinued at 13 years of age. At 17 years of age, 
the patient developed daytime GTCS. The EEG findings were 
normal. VPA was prescribed to prevent GTCS. Two more episodes 
of GTCS occurred during treatment, and he was seizure-free at the 
last follow-up conducted at the age of 18 years. 

Patient 4 (female) developed focal motor seizures while taking a 
nap at 10.2 years of age. The semiology included clonic movement 
of one side of her face, which propagated to the upper extremities. 
Identical episodes occurred on several occasions, sometimes with 
focal to bilateral tonic-clonic seizures. She had a negative personal 
history and an unremarkable family history. The patient showed 
normal psychomotor development. EEG revealed high-voltage 
spikes or spike-and-wave discharges from C4-T4 during sleep, and 
brain MRI revealed no abnormal findings. After being diagnosed 
with SLECTS, OXC was administered. A year later, when she was 
11 years old, she was seizure-free, but presented clinically with 
abrupt and clear impairment of consciousness and electronically 
with generalized 3-Hz spike-wave discharges. Centrotemporal 
spikes persisted at this time. VPA was administered instead of OXC 

until electrographic and clinical normalization of both SLECTS 
and childhood absence epilepsy (CAE). During ASM tapering, 
the patient developed daytime GTCS. EEG revealed a few sharp 
wave discharges from F3 and F4. LEV was administered, and no 
further seizures were observed until the last follow-up conducted 
at 16 years of age.  

Patient 5 (male) experienced a focal seizure at 8.11 years of age. 
He presented with focal motor seizures and tonic contraction of 
the right face during sleep. He experienced a simple febrile seizure 
at years of age and had an unremarkable family history. His neuro-
development was normal, and the neurological examination results 
were unremarkable. EEG recordings showed spike-wave discharg-
es from C3–T3, and brain MRI findings were normal. After being 
diagnosed with SLECTS, OXC was administered. The patient was 
seizure-free from 11 years of age, and OXC was withdrawn after 
normalization of EEG at 14 years of age. When the patient was 15 
years old, he developed daytime GTCS. At the time of evaluation, 
the EEG findings were normal. VPA was administered, and no fur-
ther seizures occurred until the last follow-up conducted at 17 
years of age. 

Patient 6 (male) developed GTCS during sleep at 8.9 years of 
age. His past medical history was unremarkable, and his family his-
tory was negative. The patient exhibited a normal developmental 
profile. EEG revealed high-voltage spike-wave discharges from C3–
T3 and C4–T4, and brain MRI revealed no abnormal findings. 
The neurological examination results were normal. After being di-
agnosed with SLECTS, OXC was administered. He became sei-
zure-free at 9 years of age. However, because of persistent centro-
temporal spikes on EEG, ASMs were continued. When the patient 
was 14.4 years of age, he developed daytime GTCS. EEG revealed 
spikes or sharp wave discharges from Fp2–F8 or Fp1–F7. After re-
placing OXC with VPA, the patient remained seizure-free until the 
last follow-up conducted at 16 years of age. 

2. Clinical characteristics 
The general characteristics of the patients are summarized in Table 
1. A history of febrile seizures was found in three patients, and a 
positive family history was observed in one patient. Patient 2 had a 
family history of febrile seizures and epilepsy within second- and 
third-degree relatives. All six patients’ neurodevelopmental profiles 
were normal. The age of onset for SLECTS ranged from 5.2 to 
10.2 years (mean, 8.4 years). The age at the first subsequent GTCS 
ranged from 14.4 to 17.3 years (mean, 15.8 years), occurring after 
remission of SLECTS in three patients and near remission in the 
other three. The mean interval between the last seizure in SLECTS 
and the onset of subsequent GTCS was 5.6 years, ranging from 4.1 
to 8.1 years. The SLECTS seizure types included focal motor sei-
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zures in four children; all had at least once developed focal to bilat-
eral tonic-clonic seizure, whereas isolated GTCS during sleep oc-
curred in two other children. In all cases, the seizures were sleep-re-
lated. Patient 4 had a concomitant absence seizure 1 year after the 
onset of SLECTS. 

Throughout SLECTS, fewer than five seizures were observed in 
four patients, while the two other children experienced six to 10 
episodes, respectively. Four patients presented with solitary GTCS 
episodes, while the two other children had three and four episodes, 
respectively. 

3. EEG characteristics 
The features of the EEG recordings are summarized in Table 2. 
Typical centrotemporal spikes on EEG were found in every patient 
during SLECTS. Three patients showed generalized spike-and-
wave discharges before subsequent GTCS. Among them, general-
ized 3-Hz spike-wave discharges were also revealed in one patient 
who had a clinical absence seizure. At the onset of subsequent 
GTCS, the centrotemporal spikes disappeared. Two patients 
showed generalized spike-waves on EEG, while epileptiform dis-
charges from the frontal lobe were observed in two patients and 
normal EEG findings were observed in two other patients. 

Discussion 

We described six patients with SLECTS who experienced GTCS 
after being seizure-free. These children had some common fea-
tures. All six patients showed electrographically and clinically typi-
cal SLECTS at onset, such as sleep-related seizures in children with 
normal neurodevelopment, characteristic EEG recordings, and the 
absence of structural brain abnormalities.  

Additionally, at the time of evaluation for subsequent GTCS, the 
patients showed changes in electrographic and clinical features 

from their previous SLECTS. Every episode occurred during the 
day, without a sleep association, and centrotemporal spikes no lon-
ger existed on EEG. All patients except one were off medications at 
the time of the first subsequent GTCS. SLECTS disappeared be-
tween 8 and 12 years of age in our patients, which is consistent 
with previous reports stating that the resolution of seizures is 
achieved by the age of 16 [3-5,12]. Three patients did not achieve 
complete remission by definition; however, they had subsequent 
GTCS close to the upper limit of the remission age. 

The later occurrence of GTCS in our patients with SLECTS was 
unexpected, particularly in situations where the children were 
thought to be in a state of post-remission or near remission from 
SLECTS. However, we encountered a few patients with subse-
quent GTCS in recent years, although this has scarcely been re-
ported in the literature. The presentation of GTCS after SLECTS 
was first reported in 1972 [13]. Blom et al. [13] performed a retro-
spective follow-up study of 40 patients aged > 15 years with a his-
tory of SLECTS. They described a girl who had one episode of 
GTCS at 16 years of age, 3 years after the discontinuation of ASMs. 
However, clinical data, such as age at the onset of SLECTS, seizure 
semiology, past medical history, and electrographic recordings, 
were not documented. Loiseau et al. [8] conducted a more exten-
sive, long-term study, in which 168 patients with SLECTS were 
followed up for 7 to 30 years. While 165 of 168 patients showed 
complete remission, three experienced generalized seizures a few 
years after recovery from SLECTS [8]. A 34-year-old woman pre-
sented with one episode of GTCS 24 years after ASM withdrawal. 
Similar to our cases, an 18-year-old girl whose ASM was discontin-
ued at 12 years of age experienced a single GTCS event. Another 
woman had two episodes of generalized seizures at 22 years of age, 
10 years after ASM withdrawal. The authors concluded that con-
cerning the incidence of GTCS in the community, the relative risk 
of such seizures is 10-fold after SLECTS, making them unlikely to 

Table 1. General characteristics of the patients

Case Age (yr)/
Sex

Past Hx of 
febrile  
seizure 

FHx of  
epilepsy/ 

febrile seizure 
Development

SLECTS Subsequent GTCS

Age at 
onset (yr)

Seizure 
type Brain MRI Initial 

ASM

Last  
seizure 

(yr)

Interval 
(yr)

Age at 
onset  
(yr)

Brain MRI ASM

1 29/F Yes No/No Normal 5.2 FS+FBTCS Normal CBZ 9.10 5.5 15.3 Normal VPA
2 22/F Yes Yes/Yes Normal 7.0 GTCS Normal OXC 8.0 8.1 16.1 NP LEV
3 18/M No No/No Normal 9.8 FS+FBTCS Normal OXC 10.6 6.9 17.3 Normal VPA
4 16/F No No/No Normal 10.2 FS+FBTCS Normal OXC 12.2 4.1 16.3 Normal LEV
5 17/M Yes No/No Normal 8.11 FS+FBTCS Normal OXC 11.0 4.1 15.4 Normal VPA
6 16/M No No/No Normal 8.9 GTCS Normal OXC 9.2 5.2 14.4 NP VPA

Hx, history; FHx, family history; SLECTS, self-limited epilepsy with centrotemporal spikes; GTCS, generalized tonic-clonic seizure; MRI, magnetic resonance 
imaging; ASM, antiseizure medication; FS, focal seizure; FBTCS, focal to bilateral tonic-clonic seizure; CBZ, carbamazepine; VPA, valproic acid; OXC, 
oxcarbazepine; NP, not performed; LEV, levetiracetam.
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be distinct entities. More recently, 29 patients with SLECTS were 
prospectively followed up for 12 to 17 years in a Dutch study of 
childhood epilepsy [14]. In a Dutch cohort of children with 
SLECTS, three developed GTCS after having a seizure-free inter-
val of at least 6 months during their 15 years of follow-up. Further 
details of these patients with subsequent GTCS have not yet been 
documented. Although rare, our findings on subsequent GTCS af-
ter SLECTS are supported by observations from earlier reports. 
Unfortunately, descriptions of subsequent GTCS are relatively 
brief, as most previous studies aimed to investigate the long-term 
outcomes of SLECTS. Moreover, such issues seem to be over-
looked by physicians, probably because of their rarity and favorable 
prognosis. Thus, we attempted to provide more detailed descrip-
tions of our patients' clinical and electrographic features and inform 
pediatric neurologists that although GTCS is rare, it can be ob-
served after being seizure-free from SLECTS. 

Whether subsequent GTCS is only an occasional seizure epi-
sode following SLECTS or a manifestation of different epilepsy 
syndromes has not been determined in previous studies. GTCS in 
four of our patients (patients 1–4) appeared to be related to IGE. 
Indeed, EEG recordings for subsequent GTCS revealed general-
ized epileptiform discharges in patients 1 and 2. Moreover, four 
consecutive GTCS episodes occurred in patient 1. Such repetitive 
generalized seizures, along with generalized spike-wave complexes 
on EEGs, indicate IGE. Patient 3 was also likely to have IGE due to 
multiple GTCS episodes, even though his EEG revealed no abnor-
mal findings. Interestingly, patient 4 had concurrent absence sei-
zures, which is a phenotype of IGE. CAE is associated with a much 
higher rate of later GTCS occurrence. In fact, it has been estimated 
that GTCS occurs in 36% to 60% of patients with CAE, usually 5 
to 10 years from the onset [15,16]. Thus, GTCS in patient 4 ap-
pears to have evolved from CAE. Owing to the short follow-up du-
ration after its onset, the nature of sequential GTCS in patients 5 
and 6 remains to be determined. However, both of them had rela-
tively long seizure-free intervals and showed different semiology 
from their previous seizures of SLECTS. In addition, they no lon-

ger showed centrotemporal spikes on EEG. These common fea-
tures of GTCS in patients 5 and 6 may indicate they shared the 
same etiologies. Nevertheless, long-term follow-up is needed to 
evaluate further seizure episodes and serial EEG findings. 

Other forms of epilepsy may coexist in patients with SLECTS. 
Cerminara et al. [17] described two patients with CAE who devel-
oped SLECTS after remission of seizures and normalization of 
EEG recordings. Despite recent interesting observations in animal 
models suggesting a pathophysiological relationship between 
SLECTS and CAE, the authors considered both forms of epilepsy 
to be distinct entities owing to their rarity. Verrotti et al. [18] re-
cently reported 11 cases of SLECTS and CAE occurring in the 
same patient. Four out of 11 patients presented with SLECTS and 
CAE concurrently, while the remaining seven experienced the two 
syndromes at different times. The authors suggested the possibility 
of a pathophysiological relationship with a genetic predisposition. 

Within a broader scope, cases of coexistent focal and generalized 
epilepsy have also been reported by several authors. Twelve cases 
of CAE in patients with localization-related epilepsy were reported 
by Sofue et al. [19] Among those with focal seizures, four had fron-
tal lobe epilepsy, two had occipital lobe epilepsy, and one was diag-
nosed with temporal lobe epilepsy, while the types of seizures were 
undetermined in the remaining five patients. Jeha et al. [20] docu-
mented seven patients with focal and IGE. Four patients showed 
electrographically and clinically proven focal and generalized epi-
lepsy, while the remaining three patients had only focal seizures re-
corded, but developed clinically suspicious generalized epilepsy. 
The authors emphasized the importance of detailed seizure de-
scriptions since they first suspected more than one epilepsy syn-
drome due to the coexistence of auras preceding focal impaired 
awareness seizures, along with sudden-onset GTCS. 

Other types of focal epilepsy may follow the remission of 
SLECTS. Guerrini et al. [21] reported two cases of idiopathic pho-
tosensitive occipital epilepsy in patients who recovered from 
SLECTS. These cases suggest that two different epilepsy syn-
dromes can appear in the same patient. However, the pathophysi-

Table 2. EEG features of the patients

Case EEG at onset of SLECTS G-spW prior to subsequent GTCS EEG at onset of subsequent GTCS
1 C3-T3 or C4-T4 spW No G-spW
2 C3 or C4 spW Yes G-spW
3 C3-T3 or C4-T4 spW No Normal
4 C4-T4 spW Yes F3 or F4 SW
5 C3-T3 spW No Normal
6 C3-T3 or C4-T4 spW Yes Fp2-F8 or Fp1-F7 sp or SW

EEG, electroencephalography; SLECTS, self-limited epilepsy with centrotemporal spikes; G-spW, generalized spike-wave; GTCS, generalized tonic-clonic 
seizure; spW, spike-wave; SW, sharp wave; sp, spike.
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ology of this co-occurrence has not yet been elucidated. This 
seems more likely to be a distinct form of epilepsy that occurs in-
dependently, although more cases with detailed clinical informa-
tion are necessary for further investigations. 

Among the various electrographic and clinical features of our 
cases, we observed generalized epileptiform discharges in three pa-
tients with SLECTS. Similar findings were described in a previous 
study, in which 11 out of 12 patients with localization-related epi-
lepsy showed generalized spike-waves prior to a later onset of CAE 
[19]. These generalized epileptiform discharges in focal epilepsy 
syndrome may predispose patients to the transition to GTCS. 
However, generalized spike-wave complexes are sometimes found 
in children with SLECTS and other focal epilepsies such as child-
hood epilepsy with occipital paroxysms [6,10,22]. Thus, there is 
insufficient support to assume that the presentation of generalized 
discharges before the occurrence of GTCS is a predictive factor. 

In our patients, generalized epileptiform discharges, focal abnor-
malities, and normal findings were revealed on EEG at the time of 
subsequent GTCS evaluation. However, none of the patients 
showed 3 to 6 Hz spike- and polyspike-wave discharges on interic-
tal EEG, a characteristic feature of juvenile myoclonic epilepsy. Al-
though focal epileptiform discharges were observed in two of our 
patients, the semiologic features were primary generalized seizures 
without evidence of focal seizure onset. In fact, the existence of fo-
cal EEG abnormalities is common in IGE and has been found to 
be observed in about one-third of patients with IGE in previous 
studies [23]. Therefore, those patients with focal interictal EEG 
features can still be associated with IGE. In the aforementioned 
study by Loiseau et al. [8], EEG recordings upon GTCS were only 
noted in two out of three patients with GTCS after SLECTS. One 
patient with subsequent GTCS at the age of 34 years showed EEG 
without paroxysms, whereas the other 22-year-old patient had dif-
fuse, erratic sharp waves on EEG. A large amount of EEG data 
must be collected to detect significant common electrographic fea-
tures. 

In this study, we sought to describe patients’ clinical and electro-
graphic findings in detail, which were lacking in previous research. 
Such descriptions are essential to identify the cause of sequential 
GTCS for precise evaluation, diagnosis, and treatment. We have 
also thoroughly reviewed the previous literature to corroborate our 
findings. However, some limitations of this study should be men-
tioned. Due to the descriptive nature of the case series, risk factors 
and possible pathophysiologic mechanisms were not analyzed. 
Another limitation is that although the diagnosis of SLECTS and 
IGE in our patients was based on their electrographic and clinical 
characteristics, the findings of generalized EEG abnormalities in 
SLECTS and focal EEG features in IGE should be interpreted cau-

tiously. Generalized spike-and-wave discharges are sometimes ob-
served in patients with localization-related epilepsy and, likewise, 
focal discharges may be present in patients with generalized epilep-
sy. Therefore, serial EEG results and characteristic clinical manifes-
tations should be considered upon diagnosis. In addition, our 
study included a small number of patients, who may not be repre-
sentative of a larger group of patients. Further studies with a larger 
number of patients and longer follow-up duration would greatly 
improve our understanding of subsequent GTCS and help discov-
er the associated risk factors. 

In conclusion, although complete remission of SLECTS has 
been taken for granted for many years, we observed the subsequent 
occurrence of GTCS after seizure-free intervals of several years. Al-
though not yet clarified, this form of GTCS may be a manifestation 
of a different epileptic syndrome, such as IGE. Lastly, pediatric 
neurologists who treat patients with SLECTS should be aware of 
the possibility of GTCS occurrence, even after several years of free-
dom from seizures. 

Conflicts of interest

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

Author contribution 

Conceptualization: HJK, YJK, SYK, AC, HK, BCL, HH, JHC, JC, 
and KJK. Data curation: HJK, YJK, SYK, AC, HK, BCL, HH, 
JHC, JC, and KJK. Formal analysis: HJK, YJK, AC, and HK. 
Methodology: HJK, YJK, AC, and HK. Project administration: 
HJK. Visualization: HJK. Writing-original draft: HJK. Writing-re-
view & editing: HJK and HK. 

ORCID 

Hye Jin Kim, https://orcid.org/0000-0001-9111-5572 
Hunmin Kim, https://orcid.org/0000-0001-6689-3495 

References 

1. Cavazzuti GB. Epidemiology of different types of epilepsy in 
school age children of Modena, Italy. Epilepsia 1980;21:57-62. 

2. Larsson K, Eeg-Olofsson O. A population based study of epi-
lepsy in children from a Swedish county. Eur J Paediatr Neurol 
2006;10:107-13. 

3. Bouma PA, Bovenkerk AC, Westendorp RG, Brouwer OF. The 
course of benign partial epilepsy of childhood with centrotem-

https://doi.org/10.26815/acn.2022.00115178

Kim HJ et al. • GTCS after SLECTS

https://doi.org/10.1111/j.1528-1157.1980.tb04044.x
https://doi.org/10.1111/j.1528-1157.1980.tb04044.x
https://doi.org/10.1016/j.ejpn.2006.02.005
https://doi.org/10.1016/j.ejpn.2006.02.005
https://doi.org/10.1016/j.ejpn.2006.02.005
https://doi.org/10.1212/wnl.48.2.430
https://doi.org/10.1212/wnl.48.2.430


poral spikes: a meta-analysis. Neurology 1997;48:430-7. 
4. Commission on Classification and Terminology of the Interna-

tional League Against Epilepsy. Proposal for revised classifica-
tion of epilepsies and epileptic syndromes. Epilepsia 1989;30: 
389-99. 

5. Panayiotopoulos CP. Benign childhood partial seizures and re-
lated epileptic syndromes. London: John Libbey; 1999. 

6. Gelisse P, Genton P, Bureau M, Dravet C, Guerrini R, Viallat D, 
et al. Are there generalised spike waves and typical absences in 
benign rolandic epilepsy? Brain Dev 1999;21:390-6. 

7. Holmes GL. Benign focal epilepsies of childhood. Epilepsia 
1993;34 Suppl 3:S49-61. 

8. Loiseau P, Duche B, Cordova S, Dartigues JF, Cohadon S. Prog-
nosis of benign childhood epilepsy with centrotemporal spikes: 
a follow-up study of 168 patients. Epilepsia 1988;29:229-35. 

9. Lerman P, Kivity S. The benign focal epilepsies of childhood. 
In: Pedley TA, Meldrum BS, editors. Recent advances in epilep-
sy. Vol. 3. Edinburgh: Churchill Livingstone; 1986. p. 137-56. 

10. Pal DK, Nordli DR Jr, Panayiotopoulos CP. Childhood-rolandic 
epilepsy. In: Pellock JM, Nordli DR, Sankar R, Wheless J, edi-
tors. Pellock's pediatric epilepsy: diagnosis and therapy. 4th ed. 
New York: Demos Medical Publishing; 2016. p. 355-64. 

11. Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH, 
Elger CE, et al. ILAE official report: a practical clinical defini-
tion of epilepsy. Epilepsia 2014;55:475-82. 

12. Panayiotopoulos CP, Michael M, Sanders S, Valeta T, Koutrou-
manidis M. Benign childhood focal epilepsies: assessment of 
established and newly recognized syndromes. Brain 2008;131 
(Pt 9):2264-86. 

13. Blom S, Heijbel J, Bergfors PG. Benign epilepsy of children with 
centro-temporal EEG foci: prevalence and follow-up study of 
40 patients. Epilepsia 1972;13:609-19.  

14. Callenbach PM, Bouma PA, Geerts AT, Arts WF, Stroink H, 
Peeters EA, et al. Long term outcome of benign childhood epi-
lepsy with centrotemporal spikes: Dutch Study of Epilepsy in 

Childhood. Seizure 2010;19:501-6. 
15. Loiseau P, Pestre M, Dartigues JF, Commenges D, Barberg-

er-Gateau C, Cohadon S. Long-term prognosis in two forms of 
childhood epilepsy: typical absence seizures and epilepsy with 
rolandic (centrotemporal) EEG foci. Ann Neurol 1983;13:642-
8. 

16. Medina MT, Bureau M, Hirsch E, Panayiotopoulos CP. Child-
hood absence epilepsy. In: Genton P, Thomas P, Bureau M, edi-
tors. Epileptic syndromes in infancy, childhood and adoles-
cence. 5th ed with video sequences. Montrouge: John Libbey; 
2012. p. 277-95. 

17. Cerminara C, Coniglio A, El-Malhany N, Casarelli L, Curatolo P. 
Two epileptic syndromes, one brain: childhood absence epilep-
sy and benign childhood epilepsy with centrotemporal spikes. 
Seizure 2012;21:70-4. 

18. Verrotti A, Casciato S, Spalice A, Carotenuto M, Striano P, Parisi 
P, et al. Coexistence of childhood absence epilepsy and benign 
epilepsy with centrotemporal spikes: a case series. Eur J Paediatr 
Neurol 2017;21:570-5. 

19. Sofue A, Okumura A, Negoro T, Hayakawa F, Nakai Y, Toyota 
N, et al. Absence seizures in patients with localization-related 
epilepsy. Brain Dev 2003;25:422-6. 

20. Jeha LE, Morris HH, Burgess RC. Coexistence of focal and idio-
pathic generalized epilepsy in the same patient population. Sei-
zure 2006;15:28-34. 

21. Guerrini R, Bonanni P, Parmeggiani L, Belmonte A. Adolescent 
onset of idiopathic photosensitive occipital epilepsy after remis-
sion of benign Rolandic epilepsy. Epilepsia 1997;38:777-81. 

22. Beydoun A, Garofalo EA, Drury I. Generalized spike-waves, 
multiple loci, and clinical course in children with EEG features 
of benign epilepsy of childhood with centrotemporal spikes. 
Epilepsia 1992;33:1091-6. 

23. Seneviratne U, Cook M, D’Souza W. Focal abnormalities in id-
iopathic generalized epilepsy: a critical review of the literature. 
Epilepsia 2014;55:1157-69. 

Ann Child Neurol 2022;30(4):173-179

179https://doi.org/10.26815/acn.2022.00115

https://doi.org/10.1212/wnl.48.2.430
https://doi.org/10.1111/j.1528-1157.1989.tb05316.x
https://doi.org/10.1111/j.1528-1157.1989.tb05316.x
https://doi.org/10.1111/j.1528-1157.1989.tb05316.x
https://doi.org/10.1016/s0387-7604(99)00040-6
https://doi.org/10.1016/s0387-7604(99)00040-6
https://doi.org/10.1016/s0387-7604(99)00040-6
https://doi.org/10.1111/j.1528-1167.1993.tb06259.x
https://doi.org/10.1111/j.1528-1167.1993.tb06259.x
https://doi.org/10.1111/j.1528-1157.1988.tb03711.x
https://doi.org/10.1111/j.1528-1157.1988.tb03711.x
https://doi.org/10.1111/j.1528-1157.1988.tb03711.x
https://doi.org/10.1111/epi.12550
https://doi.org/10.1111/epi.12550
https://doi.org/10.1111/epi.12550
https://doi.org/10.1093/brain/awn162
https://doi.org/10.1093/brain/awn162
https://doi.org/10.1093/brain/awn162
https://doi.org/10.1093/brain/awn162
https://doi.org/10.1111/j.1528-1157.1972.tb04396.x
https://doi.org/10.1111/j.1528-1157.1972.tb04396.x
https://doi.org/10.1111/j.1528-1157.1972.tb04396.x
https://doi.org/10.1016/j.seizure.2010.07.007
https://doi.org/10.1016/j.seizure.2010.07.007
https://doi.org/10.1016/j.seizure.2010.07.007
https://doi.org/10.1016/j.seizure.2010.07.007
https://doi.org/10.1002/ana.410130610
https://doi.org/10.1002/ana.410130610
https://doi.org/10.1002/ana.410130610
https://doi.org/10.1002/ana.410130610
https://doi.org/10.1016/j.seizure.2011.09.005
https://doi.org/10.1016/j.seizure.2011.09.005
https://doi.org/10.1016/j.seizure.2011.09.005
https://doi.org/10.1016/j.seizure.2011.09.005
https://doi.org/10.1016/j.ejpn.2017.02.002
https://doi.org/10.1016/j.ejpn.2017.02.002
https://doi.org/10.1016/j.ejpn.2017.02.002
https://doi.org/10.1016/j.ejpn.2017.02.002
https://doi.org/10.1016/s0387-7604(03)00030-5
https://doi.org/10.1016/s0387-7604(03)00030-5
https://doi.org/10.1016/s0387-7604(03)00030-5
https://doi.org/10.1016/j.seizure.2005.10.004
https://doi.org/10.1016/j.seizure.2005.10.004
https://doi.org/10.1016/j.seizure.2005.10.004
https://doi.org/10.1111/j.1528-1157.1997.tb01464.x
https://doi.org/10.1111/j.1528-1157.1997.tb01464.x
https://doi.org/10.1111/j.1528-1157.1997.tb01464.x
https://doi.org/10.1111/j.1528-1157.1992.tb01764.x
https://doi.org/10.1111/j.1528-1157.1992.tb01764.x
https://doi.org/10.1111/j.1528-1157.1992.tb01764.x
https://doi.org/10.1111/j.1528-1157.1992.tb01764.x
https://doi.org/10.1111/epi.12688
https://doi.org/10.1111/epi.12688
https://doi.org/10.1111/epi.12688


pISSN 2635-909X • eISSN 2635-9103
Ann Child Neurol 2022;30(4):180-188

https://doi.org/10.26815/acn.2022.00164

Received: May 6, 2022 
Revised: June 17, 2022 
Accepted: June 21, 2022 

Corresponding author:
Jin-Hwa Moon, MD 
Division of Pediatric Neurology, 
Department of Pediatrics, Hanyang 
University Guri Hospital, Hanyang 
University College of Medicine, 153 
Gyeongchun-ro, Guri 11923, Korea 
Tel: +82-31-560-2258 
Fax: +82-31-552-9493 
E-mail: jinhwamoon@hanyang.ac.kr  

Assessment of Parenting Attitudes by Children and 
Adolescents with Migraine 
Kyeong Mi Lee, MD1, Min Suk Koh, MS2, Ho-chan Lim, PhD3, Soorack Ryu, PhD4, Yong Joo Kim, MD5,  
Jin-Hwa Moon, MD2,5  
1Department of Pediatrics, Hanyang University Hospital, Seoul, Korea 
2Child Neuro-developmental Lab, Hanyang University Guri Hospital, Guri, Korea 
3Department of Psychological Rehabilitation, Korea Nazarene University, Cheonan, Korea 
4Biostatistical Consulting and Research Lab, Medical Research Collaborating Center, Hanyang University, Seoul, Korea 
5Department of Pediatrics, Hanyang University College of Medicine, Seoul, Korea 

Original article

Purpose: We aimed to investigate the parenting attitudes reported by patients and their relation-
ships with the characteristics of headaches in children and adolescents with migraine. 
Methods: We conducted a retrospective review of medical records of children and adolescents 
with migrainous headaches (n=115; 59.1% female; mean age, 11.89±2.00 years). Children evalu-
ated parental attitudes using the Parenting Attitude Test-Youth (PAT-Y), which comprises eight 
subscales and four newly devised secondary subscales. Headache severity was calculated by the 
visual analog scale (VAS), monthly frequency (MF), and VAS×MF/4 (VF). The scores of PAT-Y sub-
scales and the correlations between PAT-Y scores and headache severity were analyzed by age 
group and sex. Scores for children’s depression inventory, childhood behavior checklists, and an 
attention deficit hyperactivity disorder scale were also analyzed. 
Results: In the elementary school age group, VAS was weakly negatively correlated with the 
“achievement press” (r=–0.28, P<0.05) and “high expectation” (r=–0.25, P<0.05) attitudes, and 
VF was weakly negatively correlated with “achievement press” (r=–0.32, P<0.05), “punishment” 
(r=–0.27, P<0.05), and “high expectation” (r=–0.29, P<0.05). In the middle-school age group, MF 
and VF were moderately positively correlated with the “achievement press” attitude (r=0.48, 
P<0.01 and r=0.48, P<0.01, respectively), VF was weakly positively correlated with the “neglectful” 
attitude(r=0.31, P<0.05), and MF was weakly positively correlated with scores for depression 
(r=0.29, P<0.05) and internalized problems (r=0.31, P<0.05). 
Conclusion: Parenting attitudes perceived by children and adolescents with migrainous head-
aches varied by age, and some parenting attitudes were related to headache severity. Education 
on age-appropriate parenting attitudes may help cope with migrainous headaches. 

Keywords: Headache; Child; Migraine disorders; Parenting; Attitude
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Introduction 

Headache is one of the most common neurological symptoms in 
children. Among the various causes of recurrent acute headaches, 
migrainous headaches are a common condition without organic 
causes. The prevalence of pediatric migraine was reported to be 
7.7% to 9.1% [1,2], with 4% to 11% in children 7 to 11 years of age 
and up to 8% to 23% in adolescents [1-4]. The prevalence is simi-
lar in both sexes, but pediatric migraine is more common in girls 
before adolescence [2]. Although migraine is usually a benign con-
dition, uncontrolled headaches can cause various impairments in 
activities of daily living. 

Parenting attitudes refer to the behavioral patterns and attitudes 
of primary caregivers that manifest when raising children. Parent-
ing attitudes tend to be consistent during parenting [5], although 
they may influence or be influenced by disease-related attitudes or 
behaviors of children with migraine. Researchers have classified 
parenting attitudes in several ways, mainly using dimensional ap-
proaches [6-9]. The most commonly referenced parenting attitude 
types, as suggested by Baumrind [10] (1971) are authoritative, au-
thoritarian, permissive, and neglectful attitudes, based on the 
warmth and control dimensions [11]. One of the well-known 
methods of assessing parenting attitudes is the Parental Attitudes 
Determining Scale developed by Lamborn et al. [12] (1991), 
which consists of 26 items. In Korea, both the Parenting Attitude 
Test (PAT) (assessed by the parent) and the Parenting Attitude 
Test-Youth (PAT-Y) (assessed by youth) are tools that consider the 
cultural background of Kore [13]. 

There are few studies on parenting attitudes toward children 
with migrainous headaches. Studies have shown that parents of 
chronic migraine patients have higher oppressive-authoritarian at-
titudes than those of patients with other types of headache [14], 
and are more sensitive and overprotective regarding their children's 
health problems [15]. Higher age of patients was associated with 
negative parenting styles [14,16,17]. Previous studies on the rela-
tionship between headache characteristics and parenting attitudes 
have shown that the ambivalent attachment style was associated 
with high attack frequency and pain intensity in children with mi-
graine [18]. However, other studies found no significant relation-
ships between headache severity and parenting attitudes [14]. 
Nonetheless, detailed reports on the parenting attitudes of children 
with migraine or on differences according to children’s age group 
remain scarce. Evaluating parenting attitudes from the perspective 
of children can provide valuable information for understanding 
headache-related behaviors or for the provision of family counsel-
ing. 

In the present study, we investigated parenting attitudes as per-

ceived by children with migraine and investigated the relationship 
between headache severity and parenting attitudes. We hypothe-
sized that the parental attitudes perceived by youth may be differ-
ent in children and teenagers. The analyses were first performed 
among children of all ages and then separately for elementa-
ry-school age group (ESAG) and middle-school age group 
(MSAG). 

Materials and Methods 

1. Patients 
We retrospectively reviewed the data of patients treated between 
March 2014 and November 2019 at the Pediatric Department of 
Hanyang University Guri Hospital. The inclusion criteria were pa-
tients 8 to 15 years of age who were diagnosed with migraine or 
probable migraine and underwent testing with a battery of behav-
ioral checklists, including the PAT-Y. We excluded patients with 
migraine-related episodic syndrome. 

2. Clinical data 
Migraine was diagnosed based on each patient’s history, physical 
examination, and neurological examination. For clinical data, age, 
sex, and characteristics of headache were analyzed. In the present 
study, we included patients diagnosed with migraine with aura, mi-
graine without aura, and probable migraine. The diagnosis of mi-
graine was re-evaluated during data analysis based on the Interna-
tional Classification of Headache Disorders, third edition [19]. 
Headache severity was calculated by visual analog scale (VAS) 
(range, 1–10; no pain, 0; worst pain, 10), monthly frequency (MF) 
(number of times of headache occurrence per month), and 
VAS × MF/4 (VF) score. This study protocol was approved by the 
Institutional Review Board of Hanyang University Guri Hospital 
(IRB reference no: GURI 2022-01-018). Written informed con-
sent by the patients was waived due to a retrospective nature of our 
study.

3. Behavioral scales 

1) Parenting Attitude Test-Youth 
The PAT-Y was developed by Lim and Lee [13] to evaluate par-
ents' parenting attitudes, which are estimated by children using 
items that are highly related to emotional exchange and behavioral 
expression between parents and children. It consists of 43 items, 
each of which is answered on a 5-point Likert scale, and has the fol-
lowing eight subscales for parenting attitudes [13]: “supportive ex-
pression,” “rational explanation,” “achievement press,” “high in-
volvement,” “punishment,” “superintendence,” “high expectation,” 
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and “inconsequence.” The PAT-Y provides a raw score, percentile 
scores, and appropriate percentile ranges for each scale. After ob-
taining scores for the eight primary subscales, we recalculated them 
into four secondary subscales, corresponding to authoritative, au-
thoritarian, permissive, and neglectful attitudes. Therefore, 12 sub-
scales were used for the analysis in the present study. 

2) Korean Children’s Depression Inventory 
The Korean Children’s Depression Inventory (K-CDI) is a self-re-
ported scale used to evaluate the emotional, cognitive, and behav-
ioral symptoms of depression in children and adolescents. It con-
sists of a total of 27 items, and a score of ≥ 22 is considered to indi-
cate depression. In the present study, the total score was used for 
analysis [20]. 

3) Korean Child Behavior Checklists 6-18 
The Korean Child Behavior Checklists 6-18 (K-CBCL 6-18) are 
used for early identification and diagnosis by evaluating emotional 
and behavioral problems in children and adolescents using reports 
from primary caregivers. There are eight subscales within the prob-
lem behavior scale: anxious/depressed, withdrawn/depressed, so-
matic complaints, social problems, thought problems, attention 
problems, delinquent behavior, and aggressive behavior. These 
subscales can be grouped into two higher-order factors, known as 
internalizing and externalizing problems. In the present study, per-
centile scores of internalizing and externalizing problems scales 
were used for analysis [21,22]. 

4) Korean Attention Deficit Hyperactivity Disorder Rating Scale-
IV 
The Korean Attention Deficit Hyperactivity Disorder Rating 
Scale-IV (K-ARS-IV) [23,24] consists of 18 items with 4-point 
scales (0–3). The total score of odd-numbered items measures at-
tention deficit symptoms, and the total score of even-numbered 
items measures hyperactivity-impulsivity symptoms. If the total 
score is ≥ 19 based on the parental evaluation and ≥ 17 according 
to the teacher’s evaluation, a child is considered to have attention 
deficit hyperactivity disorder (ADHD) [25]. In the present study, 
parental evaluation was conducted, and the total score was used for 
the analysis. 

4. Statistical analysis 
The demographic characteristics of the study population are pre-
sented as mean ± standard deviation and range for continuous vari-
ables and as frequency (percentage) for categorical variables. The 
independent two-sample t-test was performed to compare differ-
ences in demographic and behavioral scales in total and by age 

group. Pearson correlation analysis was performed to analyze the 
relationships between behavioral scales and headache severity 
(VAS, MF, and VF). The statistical analyses were performed using 
SPSS version 26.0 (IBM Corp., Armonk, NY, USA). A P < 0.05 
was considered statistically significant. 

Results 

1. Clinical characteristics 
In total, 115 patients were finally included in the analysis (female, 
59.1%; mean age, 11.89 ± 2.00 years). The 62 children attending 
elementary school (mean age, 10.32 ± 1.30 years; range, 8 to 12) 
and 53 adolescents attending middle school (mean age, 13.71 ±  
0.66 years; range, 13 to 15) were grouped as the ESAG and the 
MSAG, respectively. 

The mean MF of headaches was 12.93 ± 10.03 times/month 
(range, 0.2 to 28), and the mean VAS was 5.78 ± 1.92 (range, 2 to 
10). The mean VF score was 18.33 ± 16.47 (range, 0.2 to 70). De-
tails of the characteristics are presented in Table 1. 

2. Behavioral scales 

1) PAT-Y 
The mean percentile scores for the eight primary parenting atti-
tude subscales ranged from 46 to 60 (ESAG, 50 to 58; MSAG, 43 
to 63). The mean percentile scores for four secondary subscales 
ranged from 49 to 55 (ESAG, 45 to 54; MSAG, 43 to 58). The 
mean distributions were generally in or around the middle range. 
The mean scores were more widely distributed in the MSAG than 
in the ESAG (Supplementary Table 1). 

In all age groups, the mean percentile of ”supportive expression” 
was significantly higher in males than in females (57.13 ± 28.82 vs. 
43.22 ± 28.08, P = 0.011); in particular, the ESAG (63.33 ± 22.91 
vs. 44.56 ± 30.70, P = 0.009) showed significantly higher scores in 
males. In the MSAG, “achievement press” was significantly higher 
in males than in females (59.71 ±18.07 vs. 41.75 ±26.36, P =  
0.014). Supplementary Table 1 presents the results in detail ac-
cording to age group. 

Overall, the scores for positive parenting items as perceived by 
the patients tended to be higher in the ESAG than in the MSAG, 
and the scores for negative parenting items tended to be higher in 
the MSAG than in the ESAG. In particular, the mean percentile 
scores for “rational explanation” (54.58 ± 30.56 vs. 43.30 ± 29.65, 
P = 0.048) and ”authoritative parenting” (54.11 ± 27.48 vs. 
43.33 ± 27.91, P = 0.04) attitudes were higher in the ESAG than in 
the MSAG, and that for “high expectation” (46.24 ± 30.26 vs. 
61.06 ± 26.71, P = 0.007) was significantly higher in the MSAG 
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9.51 ± 6.27, P = 0.029). The mean CDI score was significantly 
higher in the MSAG than in the ESAG (13.28 ± 7.06 vs. 9.68 ±  
7.54, P = 0.01) (Supplementary Table 2). 

The mean percentile score for internalizing problems in the K-CB-
CL showed no significant difference based on age group or sex. 
However, the mean percentile score for externalizing problems in the 
MSAG was significantly higher than that of the ESAG (66.92 ±  
25.31 vs. 56.42±26.00, P=0.032) (Supplementary Table 2). 

In all age groups, the mean score for inattention (4.85 ± 5.00 vs. 
3.24 ± 3.48, P = 0.045), hyperactivity-impulsivity (2.89 ± 3.48 vs. 
1.40 ± 2.18, P = 0.006), and ADHD-total (7.74 ± 8.09 vs. 
4.64 ± 5.24, P = 0.014) were significantly higher in males than that 
in females. The mean score of ADHD scales was not significantly 
different according to sex in the ESAG. However, in the MSAG, 
the mean scores for inattention (6.71 ± 5.90 vs. 3.78 ± 3.58, 
P = 0.029), hyperactivity-impulsivity (3.76 ± 4.12 vs. 1.42 ± 2.10, 
P = 0.008), and ADHD-total (10.47 ± 9.70 vs. 5.19 ± 5.26, 
P = 0.013) were significantly higher in males than in females (Sup-
plementary Table 2). 

3) Correlation between PAT-Y and headache severity 
In all age groups, there was no clear correlation between the fre-
quency and intensity of headache and parenting attitudes, with 
only very weak, significantly negative correlations between MF 
and the “authoritative parenting” attitude (r = –0.19, P < 0.05) and 
between VF and the “rational explanation” attitude (r = –0.19, 
P < 0.01) (Table 2). 

In the ESAG, VAS showed weak negative correlations with 
“achievement press” (r = –0.28, P < 0.05) and “high expectation” 
(r = –0.25, P < 0.05), and VF showed weak negative correlations 
with “achievement press” (r = –0.32, P < 0.05), “punishment” 

Table 1. Baseline demographic and clinical characteristics of patients

Variable Total (n=115) ESAG (n=62) MSAG (n=53) P valuea

Demographics
 Age (yr) 11.89±2.00 (8–15) 10.32±1.30 (8–12) 13.72±0.66 (13–15) <0.001b

 Male sex 47 (40.9) 30 (48.4) 17 (32.1) 0.077
Clinical characteristics
 Migraine with aura 49 (42.6) 21 (33.9) 28 (52.8) 0.041b

  Probable migraine with aura 8 (16.3) 4 (19.0) 4 (14.3) 0.057
 Migraine without aura 66 (57.4) 41 (66.1) 25 (47.2) 0.041b

  Probable migraine without aura 34 (51.5) 20 (48.8) 14 (56.0) 0.057
 Monthly frequency (no. of times per month) 12.93±10.03 (0.2–28) 11.28±9.07 (0.2–28) 14.87±10.82 (0.2–28) 0.055
 Severity according to the VAS 5.78±1.92 (2–10) 5.69±2.11 (2–10) 5.90±1.69 (2–9) 0.560
 VF score 18.33±16.47 (0.2–70) 15.88±15.19 (0.2–70) 21.20±17.56 (0.45–63) 0.084

Values are presented as mean±standard deviation (range) or number (%).
ESAG, elementary-school age group; MSAG, middle-school age group; MF, monthly frequency; VAS, visual analog scale; VF, VAS×MF/4.
aP value for mean difference between the ESAG and the MSAG; bP<0.05.

Supp exp.
90
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Neglectful
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Authoritatarian
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High invol.
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Ratio expl.a

High expext.a

    ESAG     MSAG

Fig. 1. Comparison of Parenting Attitude Test-Youth (PAT-Y) 
subscales between the elementary-school age group and middle-
school age group. The radial axis indicates the percentile scores 
of PAT-Y subscales. Supp exp., supportive expression; Ratio 
expl., rational explanation; Achiev pr., achievement press; High 
invol., high involvement; High expect., high expectation; ESAG, 
elementary-school age group; MSAG, middle-school age group. 
aP<0.05.

than in the ESAG. The differences in parenting indices according 
to age group are shown in Fig. 1. The PAT-Y subscales were also 
compared based on the classification of patients with migraine ac-
cording to whether they did or did not experience auras, and this 
analysis showed no significant difference (Supplementary Fig. 1). 

2) K-CDI, K-CBCL 6-18, and K-ARS-IV 
In all age groups, the mean score of CDI was 11.34 ± 7.51, which 
was significantly higher in females than in males (12.60 ± 8.06 vs. 
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Table 2. Correlation matrix between Parenting Attitude Test-Youth and headache severity in all age groups

Supp exp.
Supp exp. 1.00 Ratio expl.
Ratio expl. 0.78b 1.00 Achiev pr.
Achiev pr. –0.03 -0.09 1.00 High invol.
High invol. –0.26b –0.29b 0.41b 1.00 Punishment
Punishment –0.29b –0.27b 0.30b 0.60b 1.00 Superintendence
Superintendence 0.52b 0.35b 0.17 0.20a 0.07 1.00 High expect.
High expect. –0.30b –0.20a 0.38b 0.40b 0.49b 0.03 1.00 Inconsequence
Inconsequence –0.27b –0.25b 0.20a 0.56b 0.57b 0.04 0.36b 1.00 Authoritative
Authoritative 0.94b 0.95b –0.06 –0.29b –0.29b 0.46b –0.26b –0.28b 1.00 Authoritarian
Authoritarian –0.08 –0.14 0.38b 0.83b 0.77b 0.49b > 0.44b 0.75b –0.12 1.00 Permissive
Permissive 0.01 –0.04 0.08 0.00 –0.12 –0.08 –0.02 0.02 –0.02 –0.06 1.00 Neglectful
Neglectful –0.02 –0.08 0.00 0.01 –0.10 0.07 –0.05 –0.01 –0.06 –0.01 0.09 1.00 VAS
VAS 0.06 –0.04 –0.11 –0.05 –0.09 0.01 –0.08 –0.05 0.01 –0.06 0.04 0.14 1.00 MF
MF –0.18 –0.17 0.13 0.03 –0.11 –0.06 –0.01 0.11 –0.19a –0.01 0.05 0.07 –0.08 1.00 VF
VF –0.15 –0.19a 0.04 –0.01 –0.13 –0.08 –0.06 0.08 –0.18 –0.05 0.06 0.14 0.31b 0.88b 1.00 Age
Age –0.10 –0.12 0.09 0.18 0.07 0.10 0.29b 0.11 –0.11 –0.11 0.16 0.11 0.00 0.16 0.20 1.00

Supp exp., supportive expression; Ratio expl., rational explanation; Achiev pr., achievement press; High invol., high involvement; High expect., high 
expectation; VAS, visual analog scale; MF, monthly frequency; VF, VAS×MF/4.
aP<0.05; bP<0.001.

Table 3. Correlation matrix between Parenting Attitude Test-Youth and headache severity in the elementary-school age group

Supp exp.
Supp exp. 1.00 Ratio expl.
Ratio expl. 0.73b 1.00 Achiev pr.
Achiev pr. –0.07 –0.13 1.00 High invol.
High invol. –0.41b –0.49b 0.51b 1.00 Punishment
Punishment –0.38b –0.36b 0.35b 0.70b 1.00 Superintendence
Superintendence 0.47b 0.21 0.19 0.06 0.02 1.00 High expect.
High expect. –0.34b –0.20 0.39b 0.37b 0.43b –0.06 1.00 Inconsequence
Inconsequence –0.33b –0.30a 0.19 0.53b 0.61b –0.09 0.38b 1.00 Authoritative
Authoritative 0.92b 0.93b –0.11 –0.48b –0.40b 0.36b –0.29a –0.34b 1.00 Authoritarian
Authoritarian –0.22 –0.33b 0.45b 0.83b 0.84b 0.37b 0.40b 0.73a –0.30a 1.00 Permissive
Permissive 0.07 0 –0.03 –0.03 –0.23 –0.05 –0.12 –0.07 0.03 –0.14 1.00 Neglectful
Neglectful 0.08 –0.06 –0.14 –0.13 –0.18 0.08 –0.14 –0.14 0.01 –0.13 0.12 1.00 VAS
VAS –0.06 –0.16 –0.28a –0.06 –0.16 –0.03 –0.25a –0.07 –0.12 –0.11 0.02 0.10 1.00 MF
MF –0.06 –0.06 –0.18 –0.18 –0.22 –0.03 –0.17 0.09 –0.06 –0.12 –0.13 –0.09 –0.03 1.00 VF
VF –0.09 –0.14 –0.32a –0.24 –0.26a –0.08 –0.29a 0.03 –0.13 –0.20 –0.09 –0.03 0.40b 0.84b 1.00 Age
Age 0.10 0.11 0.07 0.04 –0.02 0.09 0.17 –0.03 0.11 0.03 –0.15 –0.05 –0.02 –0.09 –0.14 1.00

Supp exp., supportive expression; Ratio expl., rational explanation; Achiev pr., achievement press; High invol., high involvement; High expect., high 
expectation; VAS, visual analog scale; MF, monthly frequency; VF, VAS×MF/4.
aP<0.05; aP<0.001.

(r = –0.26, P < 0.05), and “high expectation” (r = –0.29, P < 0.05) 
(Table 3). 

In the MSAG, age showed a weak positive correlation with “su-
perintendence” (r = 0.34, P < 0.05), and MF and VF showed mod-
erate positive correlations with “achievement press” (r = 0.48, 
P < 0.01 and r = 0.48, P < 0.01, respectively). VF also showed a 

weak positive correlation with the “neglectful” attitude (r = 0.31, 
P < 0.05) (Table 4). 

4) Correlation between other behavioral scales and headache 
severity 
In all age groups, there was no clear correlation between the fre-
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quency and intensity of headache and other behavioral scales, with 
only very weak, significantly positive correlations between MF and 
VF and the internalizing problem score of the K-CBCL (r = 0.20, 
P <  0.05 and r = 0.21, P < 0.05, respectively) (Supplementary Ta-
ble 3). 

In the analysis of MSAG, MF showed weak positive correlations 
with the CDI score (r = 0.29, P < 0.05) and internalizing problems 
(r = 0.31, P < 0.05), and VF showed a weak positive correlation 
with the internalizing problems (r = 0.34, P < 0.05) (Supplementa-
ry Table 4). However, in the ESAG, the frequency and intensity of 
headaches did not show significant correlations with other behav-
ioral scales (Supplementary Table 5). 

Discussion 

In the present study, parenting attitudes perceived by youth dif-
fered between the ESAG and MSAG. Some parenting attitudes 
presented different relationships with the degree of headache by 
age group. In the ESAG, the headache intensity presented by VAS 
was negatively correlated with “achievement press” and “high ex-
pectation,” and the general severity score presented by VF was neg-
atively correlated with “achievement press,” “punishment,” and 
“high expectation.” In the MSAG, the headache frequency mea-
sured by MF and the general severity score showed moderately 
positive correlations with “achievement press,” and VF showed a 
weakly positive correlation with the “neglectful” attitude. 

Parenting attitudes refer to all attitudes and behaviors consistent-
ly displayed by primary caregivers regarding the desired growth 
and development of a child when raising a child. A desirable par-
enting attitude is to help children take responsibility for their own 
lives and have the ability to control their own behavior. It also helps 
to form good interpersonal relationships as they grow up and to 
develop self-esteem [13]. 

Although the importance of parental roles and parenting atti-
tudes in managing headaches in children and adolescents has been 
emphasized, there are not many studies on parenting attitudes 
based on the patient’s perspective [14-17]. In previous studies on 
migraine patients, migraine was positively associated with anxiety 
symptoms, and parents of children with chronic migraine showed 
higher oppressive-authoritarian attitudes than those of other head-
ache patients [14]. In addition, another study showed that parents 
of children with headaches were more sensitive to health problems 
and showed an overprotective attitude [15]. Higher age was asso-
ciated with a negative parenting style [14,16,17].  

To evaluate parenting attitudes, this study used the PAT-Y devel-
oped by Lim et al. [13]. It consists of eight primary subscales and 
four newly developed secondary subscales. The eight primary sub-
scales include the verified attitudes of parenting. “Supportive ex-
pression” evaluates the degree of expression of affection by parents 
(the ideal range is around the 75th ± 10th percentile). “Rational 
explanation” quantifies the degree of effort that parents make to 
explain their children's mistakes so that they could understand 

Table 4. Correlation matrix between Parenting Attitude Test-Youth and headache severity in the middle-school age group

Supp exp.
Supp exp. 1.00 Ratio expl.
Ratio expl. 0.82b 1.00 Achiev pr.
Achiev pr. 0.04 –0.01 1.00 High invol.
High invol. –0.02 0.02 0.26 1.00 Punishment
Punishment –0.15 –0.11 0.22 0.44b 1.00 Superintendence
Superintendence 0.60b 0.53b 0.15 0.36b 0.14 1.00 High expect.
High expect. –0.16 –0.11 0.36b 0.38b 0.55b 0.14 1.00 Inconsequence
Inconsequence –0.17 –0.16 0.22 0.58b 0.51b 0.19 0.29a 1.00 Authoritative
Authoritative 0.95b 0.95b 0.02 0.00 –0.13 0.59b –0.14 –0.18 1.00 Authoritarian
Authoritarian 0.13 0.13 0.29a 0.82b 0.69b 0.63b 0.45b 0.77b 0.14 1.00 Permissive
Permissive –0.08 –0.12 0.24 0.07 0.04 –0.11 0.15 0.15 –0.11 0.04 1.00 Neglectful
Neglectful –0.13 –0.10 0.19 0.18 0.00 0.05 0.06 0.13 –0.12 0.12 0.06 1.00 VAS
VAS 0.24 0.16 0.17 –0.06 0.00 0.07 0.17 –0.04 0.21 –0.01 0.08 0.20 1.00 MF
MF –0.24 –0.24 0.48b 0.19 –0.04 –0.09 0.08 0.10 –0.25 0.05 0.24 0.22 –0.16 1.00 VF
VF –0.16 –0.19 0.48b 0.18 –0.04 –0.08 0.11 0.11 –0.19 0.05 0.22 0.31a 0.20 0.90b 1.00 Age
Age 0.14 0.03 0.19 0.13 –0.11 0.34a 0.08 0.25 0.09 0.23 0.11 0.00 –0.10 0.22 0.17 1.00

Supp exp., supportive expression; Ratio expl., rational explanation; Achiev pr., achievement press; High invol., high involvement; High expect., high 
expectation; VAS, visual analog scale; MF, monthly frequency; VF, VAS×MF/4.
aP<0.05; bP<0.001.
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them from the child's point of view when they rebuke them (the 
ideal range is the 75th ± 10th percentile). “Achievement press” as-
sesses the degree to which parents strongly demand social success 
from their children (the ideal range is the 60th ± 10th percentile). 
“High involvement” evaluates the degree to which parents are re-
luctant to respect their children's privacy (the ideal range is the 
50th ± 10th percentile). “Punishment” assesses the degree to 
which parents impose physical punishment or psychological 
threats on their children (the ideal range is the 40th ± 10th percen-
tile). “Superintendence” quantifies the degree to which parents 
check their children's schedule (the ideal range is the 40th ± 10th 
percentile). “High expectation” evaluates the degree of parents’ im-
plicit expectations (the ideal range is the 30th ± 10th percentile). 
“Inconsequence” assesses the degree of inconsistency in the stan-
dards of rebuke for their children's behavior (the ideal range is the 
20th ± 10th percentile) [13]. 

In the present study, the range of mean percentiles of all patients 
for each of the eight subscales was generally in the middle of the 
scores (range, 46.22 to 60.46). However, there were differences ac-
cording to the subscales. In general, the “supportive expression,” 
“rational explanation,” and “achievement press” scores were lower 
than the ideal ranges, and the “high expectation” and “inconse-
quence” scores were higher than the ideal ranges. The “high in-
volvement,” “punishment,” and “superintendence” scores were in 
ranges similar to or slightly different from the ideal scores. The av-
erage scores of some attitudes did not meet the ideal ranges. Since 
it is often found that parental attitudes do not meet the ideal crite-
ria in the general population [13], it is difficult to determine 
whether these results are characteristic of the families of headache 
patients. 

‘Supportive expression’ perceived by patients was significantly 
lower in females than in males, especially in the ESAG. The reason 
why elementary-school girls perceived that they received less sup-
port from their parents is not clear. However, we suggest that par-
ents of girls of this age group should express more support. The 
mean percentile score of “rational explanations” was significantly 
lower in the MSAG than in the ESAG. Parents need to increase 
their rational explanations in a way that adolescents can under-
stand. The mean percentile score of “achievement press” was sig-
nificantly higher in males than in females in the MSAG. This sug-
gests that adolescent boys with headaches included in this study 
perceived more stress than girls by their parents because of school-
work. However, the mean percentile scores of “achievement press” 
were lower than the recommended range of approximately the 
60th percentile in these patients. As opposed to “rational expres-
sion,” the mean percentile scores of “high expectation” perceived 
by patients were significantly higher in the MSAG than in the 

ESAG. The mean percentile of “high expectation” for adolescents 
was twice as high as the recommended range. Adolescents’ percep-
tions that they are not meeting their parents' expectations can be a 
factor that lowers their self-esteem. 

Four secondary subscales were newly developed by the authors 
for further analysis. The authoritative attitude was defined as the 
average of the “supportive expression” and “rational explanation” 
attitudes, which are usually positive attitudes. The percentile score 
of the authoritative attitude was significantly higher in the ESAG 
than in the MSAG. The authoritarian attitude was defined as the 
average of four subscales (“high involvement,” “punishment,” “su-
perintendence,” and “inconsequence”). The permissive attitude 
was defined as 100–(the average of the percentile scores of 
“achievement press” and “high expectation”). The neglectful atti-
tude was defined as 100–(the average of four subscales: “support-
ive expression,” “rational explanation,” “high involvement,” and “su-
perintendence”). There were differences by age and sex in the au-
thoritarian, permissive, and neglectful attitudes. 

As in previous studies, no clear association between headache 
severity and parenting attitudes was found in all age groups, includ-
ing both the ESAG and MSAG [14]. However, when analyzing 
correlations by age group, differences were found in the correla-
tions for several parenting attitude items. In the ESAG, the intensi-
ty and frequency of headaches were lower when the scores for the 
“achievement press,” “high expectation,” and “punishment” atti-
tudes were higher, but these correlations were slight. “Achievement 
press” and “high expectation” corresponded to non-permissive 
parenting attitudes, and the “punishment” attitude corresponded 
to authoritarian parenting. Although it is difficult to accurately in-
terpret these correlations, it may be possible that the attitude of 
parents who do not accept pampering of their child may affect 
their child's expression of headaches. Whether authoritarian con-
trol is effective in reducing headache symptoms in the ESAG needs 
to be assessed in future studies. On the contrary, higher levels of 
non-permissive parenting, as exemplified by the “achievement 
press” and “neglectful” attitudes, were related to headache severity 
in the MSAG. This implies that during adolescence, parental pres-
sure to study may increase pain, while indifference from parents 
may also increase the severity of headaches. Although these results 
should be interpreted carefully and also need further studies for 
validation, they imply that different parenting attitudes are related 
to the exacerbation of headaches in childhood and adolescence. 

The use of self-reported questionnaires in evaluating parents' 
parenting attitudes may have limitations in accuracy. However, par-
enting attitudes as scored by children may be more closely related 
to the behavioral characteristics of children than to the parenting 
attitudes of the parents [26]. A strength of the present study is that 
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this was the first study in Korea to assess and analyze parenting at-
titudes in migraine patients by age group. The limitations are that 
this is a retrospective study and could not be compared with con-
trols or patients with other types of primary headaches. 

Therefore, the importance of parenting attitudes in managing 
pain should be emphasized more strongly. Performing psychologi-
cal and behavioral evaluations in the treatment of pediatric head-
aches would be helpful in establishing a comprehensive treatment 
plan for patients. The same parenting attitude may have different 
effects on children depending on their age. Adjusting the parenting 
attitude of parents according to the growth stage of their children 
will help to cope with headaches in these children. 
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Original article

Purpose: Developmental and/or epileptic encephalopathy with spike-and-wave activation in 
sleep (D/EE-SWAS) is a spectrum of conditions characterized by various phenotypes of cognitive, 
linguistic, and behavioral regression associated with spike-and-wave activation in sleep. We 
aimed to investigate the phenotypic spectrum and treatment outcomes of pediatric patients with 
D/EE-SWAS. 
Methods: We retrospectively analyzed the medical records of pediatric patients diagnosed with 
D/EE-SWAS and treated at Severance Children’s Hospital from 2006 to 2022. We extracted infor-
mation from their medical records on electroencephalography before and after treatment, types 
of treatment, seizure frequency, and developmental profiles. The primary outcome was reduction 
of the spike-wave index on electroencephalography after treatment. 
Results: Twenty-one patients with a median age of 5.3 years (interquartile range, 4.1 to 6.6) at 
diagnosis were included. Ten patients had delayed development. The patients received various 
anti-seizure medications. Fourteen received long-term, high-dose steroid therapy, 10 were placed 
on a ketogenic diet, four received intravenous steroid pulse therapy, and one each was treated 
with intravenous immunoglobulin and cannabidiol. The most effective treatments were steroid 
therapy and a ketogenic diet, which were also effective in reducing seizures and improving cog-
nition. Side effects during treatment were transient and treatable. 
Conclusion: We described the clinical spectrum of pediatric patients with D/EE-SWAS. Steroid 
therapy and a ketogenic diet can be considered effective therapeutic options for patients with D/
EE SWAS. 
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Introduction 

Developmental and/or epileptic encephalopathy with spike-and-
wave activation in sleep (D/EE-SWAS) is a spectrum of condi-
tions characterized by cognitive, linguistic, and behavioral regres-
sion associated with marked spike-and-wave activation in sleep, 
which has been newly defined by the International League Against 
Epilepsy (ILAE) in 2022. This syndrome includes Landau-Kleff-
ner syndrome (LKS) as a subtype and has been proposed to re-
place what was formerly named epileptic encephalopathy with 
continuous spike-and-wave in sleep (CSWS) and atypical benign 
focal epilepsy of childhood [1]. 

Electrical status epilepticus in sleep (ESES), an electroencepha-
lography (EEG) pattern of D/EE-SWAS, has no gold-standard 
treatment and is often resistant to traditional anti-seizure medica-
tions [2-4]. ESES is characterized by non-rapid eye movement 
sleep-induced continuous spike and/or slow waves with a frequen-
cy of 1.5 to 3.0 Hz, causing neurocognitive deficits [5]. ESES is 
originally defined by a spike-wave index (SWI) of at least 85% of 
epileptiform activity during a particular period [6]. However, some 
studies have included an SWI in the range of 50% to 85% in the 
definition of ESES [4]. The clinical presentation of D/EE-SWAS 
varies, including developmental delay or regression, various cogni-
tive defects such as acquired aphagia, and seizures [6,7]. The age of 
incidence of D/EE-SWAS ranges from 1 to 14 years, with a peak at 
4 to 8 years [1,4]. Severe neurocognitive regression is found at 5 to 
6 years [7]. Early detection and intervention are important to ad-
dress cognitive sequelae that could become permanent [8]. While 
the pathogenesis of ESES is still unknown, the cortico-thalamic 
circuitry is strongly suggested to be linked to the epileptiform dis-
charges [7,9]. Moreover, there are some underlying variants in 
genes such as glutamate ionotropic receptor NMDA type subunit 
2A (GRIN2A) that cause ESES [10]. 

It is difficult to establish a treatment strategy for D/EE-SWAS 
because there is no accepted first line of treatment, such as anti-sei-
zure medications, immune-modulating therapy, ketogenic diet, or 
surgery [11,12]. Corticosteroids and adrenocorticotropic hor-
mone are known to be effective in improving cognitive function 
and reducing the SWI [4,8]. A study on D/EE-SWAS showed that 
26 of 37 (70%) children who received steroid therapy had im-
provement in seizures, and 24 of 36 (67%) patients had cognitive 
improvement [6]. Another study in 2020 revealed that seven of 10 
(70%) CSWS patients had more than 50% seizure reduction with 
methylprednisolone pulse therapy [13]. 

This study aimed to investigate the clinical characteristics of pe-
diatric patients diagnosed with D/EE-SWAS. In addition, we eval-
uated the outcomes of various treatments such as anti-seizure 

medications, steroid therapy, and a ketogenic diet. 

Materials and Methods 

1. Study population 
This retrospective study was performed at the epilepsy clinic of 
Severance Children’s Hospital from 2006 to 2022; patients under 
the age of 18 years diagnosed with D/EE-SWAS were included in 
the study. The inclusion criteria were as follows: (1) diagnosis of 
D/EE-SWAS and (2) treatment at Severance Children’s Hospital 
for at least 3 months. The exclusion criteria were as follows: (1) in-
ability to undergo EEG during sleep and (2) SWI < 50% on EEG. 

This study was approved by the Institutional Review Board of 
Severance Hospital (IRB 4-2020-0368). The requirement for in-
formed consent was waived because of the retrospective nature of 
the study. 

2. Data collection 
We retrospectively reviewed the patients’ medical records and col-
lected data on the age at D/EE-SWAS diagnosis, age of seizure on-
set, seizure type, seizure frequency before and after treatment, pres-
ence of an underlying disease, findings of brain magnetic resonance 
imaging (MRI), EEG findings, developmental profiles, treatments 
(including anti-seizure medications, a ketogenic diet, steroids, and 
intravenous immunoglobulin [IVIG]), and adverse effects.  

We evaluated the EEG findings before and 3 months after each 
treatment. We performed EEG for 4 hours and ensured that more 
than 1 hour of sleep state was included in this period. EEGs that 
did not include over 1 hour of sleep were excluded from the evalu-
ation. In addition, we evaluated the frequency of seizures 1 month 
before treatment and 3 months after treatment. In order to identify 
the type and frequency of seizures, guardians were asked to record 
a seizure diary, and the type and frequency of seizures mentioned 
in the diary were confirmed at each outpatient clinic visit. Reduc-
tion in the frequency of seizures after treatment was evaluated 
based on the seizure diary. Side effects were also assessed and re-
corded by guardians while writing the seizure diary. A develop-
mental assessment before the treatment was conducted using 
questionnaires from an intelligence quotient (IQ) test, and patients 
were divided into three groups: moderate to severe, mild, and nor-
mal. Mild delayed development was determined when the IQ was 
70 to 85 or there were two or more domains that were marked 
“need for follow-up” in the Korean Developmental Screening Test 
for Infants and Children (K-DST), and moderate to severe delayed 
development defined as an IQ was less than 70 or two or more do-
mains that were in the “recommendation for further evaluation” 
category in the K-DST [14]. Two IQ tests were used in this study: 
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the Korean Wechsler Primary and Preschool Scale Intelligence IV 
(K-WPPSI-IV) for ages between 2.5 and 6 years, and the Korean 
Wechsler Intelligence Scale for Children (K-WISC-IV) for ages 
between 6 and 16.9 years. 

3. Treatment and outcome assessments 
Various traditional anti-seizure medications were administered to 
patients with D/EE-SWAS. We evaluated the EEG findings and 
seizure frequency after 3 months of treatment. However, cases in 
which two or more treatments were administered within 3 months 
were excluded from the evaluation. All patients were previously on 
anti-seizure medications, and additional treatment was applied. 

Patients who underwent dietary therapy were treated by pediat-
ric epileptologists according to the classic 4:1 or 3:1 ketogenic diet 
or a modified Atkins diet schedule [15]. Long-term, high-dose ste-
roid therapy was administered according to the schedule presented 
in our previous paper on Lennox-Gastaut syndrome [16]. During 
the first 2 weeks of oral prednisolone therapy, 60 mg/day was ad-
ministered in four divided doses, followed by the same dose of 
prednisolone on alternate days for 3 months. Intravenous steroid 
pulse therapy was administered to patients for 3 days at a dose of 
30 mg/kg per day (maximum dose, 1 g). IVIG was administered 
to patients at a dose of 1 g/kg per day for 2 days. Cannabidiol was 
administered to patients at a dose of 10 mg/kg per day after titra-
tion [17]. 

The primary outcome was the reduction of the SWI on EEG af-
ter each treatment. We determined that there was a response to 
treatment if the SWI value decreased by more than 50% from the 
pre-treatment value after 3 months of treatment. Additionally, we 
assessed the reduction in seizure frequency after treatment for pa-
tients with seizures. We evaluated treatment as effective when the 
seizure frequency before treatment was reduced by more than 
50%. Changes in development after treatment were evaluated 
through interviews with guardians in the outpatient clinic. We de-
fined a recurrence as an increase in the SWI by more than 50%. 

4. Statistical analysis 
Variables with a normal distribution are represented as mean and 
standard deviation, and variables without normal distribution are 
represented as medians and interquartile ranges. Data were ana-
lyzed using MedCalc version 19.2 (MedCalc Software bvba, Os-
tend, Belgium).  

Results  

1. Baseline characteristics 
From July 2006 to May 2022, 25 patients were diagnosed with D/

EE-SWAS at Severance Children’s Hospital. However, four pa-
tients whose EEGs changed to a typical EEG pattern of Len-
nox-Gastaut syndrome were excluded. Finally, a total of 21 patients 
were included in this study. 

The median age at diagnosis of D/EE-SWAS was 5.3 years (in-
terquartile range, 4.1 to 6.6) and 14 patients (66.7%) were male. In 
this study, all patients experienced seizures, and the most common 
type of seizure was focal impaired awareness type (57.1%). Clini-
cal seizure was detected at a median age of 3.7 years (interquartile 
range, 2.9 to 4.2). One patient showed clinical seizures at the age of 
1 month due to a neonatal cerebral hemorrhagic lesion. His EEG 
findings changed to D/EE-SWAS when he was 3 years old. There 
were 10 patients with developmental delay, and their developmen-
tal delay was recognized by guardians at a median age of 2.8 years 
(interquartile range, 1.0 to 4.5). Brain MRI results revealed abnor-
mal findings in four patients, including two cases of a mild decrease 
in hippocampal volume, atrophic changes in the corpus callosum, 
and chronic hemorrhagic lesions in the thalamus. Diagnostic ex-
ome sequencing was performed in 16 of 21 (76.2%) patients, and 
none of them demonstrated pathogenic variants. The median 
number of treatments administered to each patient was 4.2 (inter-

Table 1. Baseline characteristics of patients

Variable Total (n=21)
Male sex 14 (66.7)
Age at diagnosis (yr) 5.3 (4.1–6.6)
Seizure type
 Focal impaired awareness 12 (57.1)
 Generalized tonic-clonic 9 (42.9)
Age at seizure onset (yr) 3.7 (2.9–4.2)
Development
 Normal 11 (52.3)
 Delayed 10 (47.6)
  Mild 4/10 (40.0)
  Moderate to severe 6/10 (60.0)
Age at developmental delay onset (yr)a 2.8 (1.0–4.5)
Brain MRI
 Normal 17 (81.0)
 Abnormal 4 (19.0)
Pathogenic variant in diagnostic exome sequencing 0/16
Underlying disease
 None 20 (95.2)
 Neonatal cerebral hemorrhage 1 (4.8)
Number of treatmentsb 4.2 (3.0–5.0)

Values are presented as number (%) or median (interquartile range).
MRI, magnetic resonance imaging.
aRefers to the age subjectively reported by the guardian; bThe number 
of treatments was the summation of different types of anti-seizure 
medications that had been taken during the treatment years.
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quartile range, 3.0 to 5.0), including steroid therapy and a ketogen-
ic diet (Table 1). 

2. Effect of each treatment on EEG, seizure, and cognitive 
improvements 
We evaluated the effectiveness of each treatment after 3 months. 
Each patient had kept the previous anti-seizure medications and 
received new medication simultaneously. Hence, the efficacy of 
each treatment was assessed 3 months after each treatment started. 
Patients were treated with various anti-seizure drugs, long-term, 
high-dose steroids (66.7%), a ketogenic diet (47.6%), intravenous 
steroid pulse therapy (19.0%), IVIG (4.8%), and cannabidiol 
(4.8%). None of the patients underwent epileptic surgery. Most 
patients (16/21, 76.1%) received valproic acid, and 62.5% demon-
strated improvements in EEG and cognitive function. Among pa-
tients who were treated with anti-seizure medications, valproic acid 
showed the most favorable effects (Table 2). However, approxi-
mately 70% of patients for whom anti-seizure medications were ef-
fective did not maintain the treatment effect for a year, and there-
fore, other treatments were administered. 

The most effective therapy for EEG improvement was intrave-
nous steroid pulse therapy (3/4, 75.0%). For seizure improvement, 
intravenous steroid pulse therapy (3/4, 75.0%) yielded the most 
successful results, followed by long-term, high-dose steroid therapy 

(10/14, 71.4%). In a previous study, out of 575 cases of ESES pa-
tients, high-dose steroid therapy was the second most effective 
treatment, with 81% (134 of 161) of patients showing improve-
ment, after surgery, which had a 90% improvement rate (56 of 62 
patients) [4]. In our study, long-term, high-dose steroid therapy 
was administered to 14 patients (66.7%); among them, the EEGs 
of 10 patients (71.4%) showed improvement. Treatment with a 3:1 
ketogenic diet was provided to six patients, while two received a 2:1 
ketogenic diet and two received a modified Atkins diet. The keto-
genic diet had the most favorable effect on cognitive performance 
(8/10, 80.0%). In addition, the ketogenic diet showed favorable ef-
fects on improving EEG and reducing seizure frequency. Approxi-
mately 70% of patients who were treated with steroids and a keto-
genic diet maintained the therapeutic effect for more than a year. 
IVIG and cannabidiol were each administered to one patient with 
intractable epilepsy. Cannabidiol was effective in improving EEG 
activity. However, this was not observed in the patients treated 
with IVIG. 

Most patients treated with steroid therapy and a ketogenic diet 
showed more than a 50% reduction in the SWI. The patient pre-
sented in Fig. 1 underwent treatment with a long-term, high-dose 
steroid protocol. This patient not only showed an improvement in 
the SWI on EEG after 3 months but also demonstrated a dramatic 
effect on EEG after 6 months of treatment.  

Table 2. Effect of each treatment on EEG, seizure, and cognitive function

Treatment Total (n=21) EEG improvement Seizure improvement Cognitive improvement
Anti-seizure medication
 VPA 16 (76.1) 10 (62.5) 9 (56.3) 10 (62.5)
 LEV 12 (57.1) 5 (41.7) 4 (33.3) 5 (41.7)
 TPM 4 (19.0) 1 (25.0) 2 (50.0) 1 (25.0)
 CLB 4 (19.0) 2 (50.0) 2 (50.0) 0
 ZNS 2 (9.5) 0 0 0
 LCM 1 (4.8) 0 0 0
 LMT 1 (4.8) 1 (100.0) 1 (100.0) 1 (100.0)
 PRP 1 (4.8) 0 0 0
 CBZ 1 (4.8) 0 0 0
 VGB 1 (4.8) 1 (100.0) 1 (100.0) 0
 PB 1 (4.8) 1 (100.0) 1 (100.0) 1 (100.0)
Long-term, high-dose steroid 14 (66.7) 10 (71.4) 10 (71.4) 8 (57.1)
Ketogenic diet 10 (47.6) 7 (70.0) 7 (70.0) 8 (80.0)
Intravenous steroid pulse 4 (19.0) 3 (75.0) 3 (75.0) 3 (75.0)
IVIG 1 (4.8) 0 0 0
Cannabidiol 1 (4.8) 1 (100.0) NAa 1 (100.0)

Values are presented as number (%). Several treatments were applied to one patient. Improvement in EEG was defined as a more than 50% reduction of 
the spike-wave index.
EEG, electroencephalography; VPA, valproic acid; LEV, levetiracetam; TPM, topiramate; CLB, clobazam; ZNS, zonisamide; LCM, lacosamide; LMT, lamotrigi-
ne; PRP, perampanel; CBZ, carbamazepine; VGB, vigabatrin; PB, phenobarbital; IVIG, intravenous immunoglobulin; NA, not available.
aBefore the patient took cannabidiol, there were no clinical seizures. 
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Fig. 1. Electroencephalography (EEG) 
of patient who responded favorably to 
long-term, high-dose steroid therapy. 
(A) EEG before steroid therapy. (B) EEG 
after 3 months of steroid therapy. (C) 
EEG after 6 months of steroid therapy. 
A 9-year-old female patient whose 
disease was intractable with three anti-
seizure medications (phenobarbital, 
valproic acid, and topiramate) received 
long-term, high-dose steroid therapy 
for 3 months.
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Cognitive improvement was evaluated by a comparison of the 
findings of the K-WPPSI-IV or K-WISC-IV upon diagnosis with 
subsequent results from the same tests (13/21, 62.9%). The other 
patients, who were not tested using the K-WPPSI or K-WISC, 
were evaluated using the K-DST or based on the guardians’ report. 
Any improvement was counted, and valproate acid presented the 
most favorable results, with an improvement rate of 62.5% (10 of 
16), except for cannabidiol, which had a 100% improvement rate 
(one of one). 

3. Adverse effects of treatments 
Steroid therapy, including long-term, high-dose steroid therapy, 
and intravenous steroid pulse therapy, showed various side effects 
in almost all patients. The most common symptoms were weight 
gain and Cushingoid face. However, most side effects of the ste-
roids were treatable and transient. Among 18 patients, there were 
no severe side effects such as gross gastrointestinal bleeding, osteo-
porosis, or cardiovascular effects. 

A ketogenic diet was given to 14 patients. However, only 10 pa-
tients maintained the ketogenic diet for more than 3 months. The 
most common side effects of the ketogenic diet were mainly gas-
trointestinal symptoms, and most of these adverse effects were 
treatable. Severe metabolic acidosis was treated while controlling 
the dietary ratio, and there were no life-threatening side effects  
(Table 3). 

In addition, several patients reported side effects of anti-seizure 
medications, especially levetiracetam (4/12, 33.3%) and valproic 
acid (3/16, 18.8%), displaying aggressive behavior or an increase 

in seizure frequency. Two patients who received clobazam (50%) 
showed lethargy and general weakness. The single patient who re-
ceived cannabidiol complained of mild abdominal pain. 

Discussion 

This study described the clinical characteristics of D/EE-SWAS 
and evaluated the various treatments employed in its management. 
The global incidence of D/EE-SWAS is 0.6% to 0.7% of all child-
hood epilepsies [1]. The exact incidence of D/EE-SWAS in South 
Korea, is not known. According to the Health Insurance Review & 
Assessment Service of South Korea, 27 patients with LKS had 
EEGs showing the ESES pattern and were under medical care in 
2019. We can assume that the incidence of D/EE-SWAS is ex-
tremely low in South Korea compared to the prevalence of LKS in 
Japan in 2014, which was 1 in a million in patients aged 5 to 14 
years [18]. 

In this study, the median age of seizure onset in D/EE-SWAS 
patients was 3.7 years (interquartile range, 2.9 to 4.2), which is sim-
ilar to that in other studies in which the seizure onset peaked at the 
age of 4 to 5 years [1]. While the onset of seizures in patients oc-
curred at a median age of 3.7 years, the onset of developmental de-
lay was approximately a year ahead, at a median age of 2.8 years. 
This suggests that developmental delays could be the early sign of 
D/EE-SWAS. Other studies have reported that the cause of D/
EE-SWAS could be variants in genes such as GRIN2A and struc-
tural anomalies of the brain [19,20]. However, our study did not 
detect any specific pathogenic gene variants or structural anoma-
lies. 

While valproate showed a response in nine of 51 (17.6%) 
CSWS patients in another study in 2021 [6], our study population 
demonstrated a good response on EEG for nine of 21 (56.3%) pa-
tients. However, maintaining the therapeutic effects of anti-seizure 
medications was a major concern [4]. In Germany, acetazolamide 
was the most widely used drug, in 96 of 345 patients, resulting in 
EEG improvements in 22 of 96 (22.9%) patients [6]. 

In this study, steroid therapy and a ketogenic diet were the key 
components in lowering the SWI, whereas six recent studies 
showed variable results of ketogenic diets on ESES [21]. Many 
other studies have also revealed that steroid therapy yields good 
outcomes in terms of EEG results and cognitive improvement. 
There is no standard steroid therapy in terms of steroid type, dose, 
and treatment duration. In France, among 44 patients with CSWS, 
including four LKS patients on prednisolone, a favorable response 
was found in 34 (77.2%) patients; 22 of 44 patients showed im-
provements on EEG, better development, and shorter SWI dura-
tion [22]. A study in China, with 82 ESES patients, including six 

Table 3. Side effects of patients with steroid therapy and a 
ketogenic diet

Side effects Value
Steroid therapya 18
 Cushing face 18 (100)
 Weight gain 18 (100)
 Irritability 12 (66.7)
 Lethargy 5 (27.8)
 Hirsutism 3 (16.7)
 Diarrhea 2 (11.1)
 Stomatitis 1 (5.6)
Ketogenic diet 10
 Lethargy 4 (40.0)
 Vomiting 3 (30.0)
 Diarrhea 2 (20.0)
 Severe metabolic acidosis 2 (20.0)

Values are presented as number (%).
aSteroid therapy includes long-term, high-dose steroid therapy, and 
intravenous steroid pulse therapy.
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LKS patients, showed that 68 of 82 (82.9%) ESES patients and six 
of six (100%) LKS patients had significantly lower SWI after re-
ceiving prednisolone (1 to 2 mg/kg/day) for 6 months [23]. How-
ever, in another Chinese study, 1-year recurrence was observed in 
42 of 82 (51%) ESES patients and three of six (50%) LKS patients. 
Our study showed a low recurrence rate (approximately 30%) with 
steroid therapy and a ketogenic diet. Early diagnosis and treatment, 
with quicker normalization of EEG, could minimize neurocogni-
tive deterioration in patients with CSWS. 

The mechanism of corticosteroid therapy in refractory epilepsy 
remains unclear, although several hypotheses have been proposed. 
By modulating gamma-aminobutyric acid receptors, steroids re-
duce the excitability of neurons, thus acting as anti-seizure medica-
tions. Other receptors such as glycine, nicotinic acetylcholine, and 
5-hydroxytryptamine 3 (5-HT3) receptors, are also known as tar-
get-modulating receptors of steroids [24]. A ketogenic diet is 
known to have numerous mechanisms that together reduce neuro-
nal excitability [25]. For example, medium-chain fatty acids have 
their own independent anti-epileptic effects, and decanoic acid can 
act as an anti-seizure medication by directly inhibiting α-ami-
no-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors. 

This study has several limitations. First, a small number of pa-
tients was included because of the low prevalence of D/EE-SWAS. 
Second, the developmental status was assessed using IQ or the 
K-DST when the patient was first diagnosed or manifested wors-
ening of the disease. Accordingly, the patient’s cognition after 3 
months of each treatment was subjectively evaluated by a caregiv-
er's report, and formal IQ tests were not performed every time. 
Further studies should use standardized rating scale such as the 
Clinical Global Impression or a customized questionnaire with a 
scale given before and after treatment. Third, since cannabidiol and 
IVIG treatments were received by one patient each, we were not 
able to properly evaluate their efficacy. Although valproate was 
used for the first treatment, the order of subsequent treatments was 
not consistent. Therefore, further research may be needed to deter-
mine the effectiveness of the treatment order. 

In conclusion, this study demonstrated the characteristics and 
current treatments of a rare type of epilepsy, D/EE-SWAS, in 
South Korea. Although the hallmark of D/EE-SWAS is develop-
mental delay, approximately half of the patients had developmental 
delays and cognitive dysfunction [2]. Steroid therapy and a keto-
genic diet could be considered effective therapeutic options for the 
management of patients with D/EE-SWAS. Further studies 
should be conducted with larger numbers of patients to compare 
the efficacy of various treatments. 
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Letter to the Editor

Myelin oligodendrocyte glycoprotein (MOG) an-
tibody-associated disease (MOGAD) is a demye-
linating disease of the central nervous system. 
MOG is a glycoprotein located on the surface of 
oligodendrocytes that acts as a cellular adhesive 
molecule in the central nervous system. The role 
of MOG has not been fully elucidated, but it is 
known to regulate microtubule stability and mod-
ulate myelin-immune interactions by mediating 
the complement cascade [1]. MOGAD clinically 
presents with optic neuritis, transverse myelitis 
(TM), or rarely, acute disseminated encephalomy-
elitis (ADEM), depending on the location of the 
lesion. The clinical manifestations of MOGAD 
differ by age. Younger children mostly present 
with an ADEM phenotype. In contrast, optic neu-
ritis is commonly observed in older children and 
adults [2]. Since the symptoms correlate with the 
location of the demyelinating lesion, it is often dif-
ficult to distinguish between multiple sclerosis 
(MS), aquaporin-4 antibody-associated neuromy-
elitis optica spectrum disorder (AQP4-NMOSD), 
and monophasic acquired demyelinating syn-
drome (ADS). These demyelinating diseases were 
traditionally classified according to recurrence. 
Since the early 2000s, advances in diagnosis using 
antibody assays have led to the recognition of 
MOGAD as a new disease entity distinct from 

other demyelinating diseases [3]. Herein, we pres-
ent a case of MOGAD with complete remission 
following a combination of plasmapheresis, intra-
venous immunoglobulin (IVIG), and steroids. 
This study was approved by the Institutional Re-
view Board of the Gangnam Severance Hospital, 
Yonsei University College of Medicine (3-2017-
0168). The requirement for informed consent for 
this retrospective study was waived by the board. 

A 12-year-old girl complained of progressive vi-
sual loss for 3 days and became completely blind. 
She had a history of an upper respiratory tract in-
fection a week prior to symptom onset. The visual 
defect started in the right eye and progressed to 
the left eye, eventually affecting both eyes. Eye ex-
amination revealed decimal visual acuity of 
0.1/0.3 (right/left). A fundus examination with 
pupil dilation revealed a swollen optic disc in both 
eyes but no disc redness, retinal hemorrhage, or 
changes in the retinal vessels. NMOSD, ADEM, 
MS, and other central nervous system inflamma-
tory diseases were considered in the differential di-
agnosis. The patient was treated with methylpred-
nisolone (1 g/day) for 5 days. However, her vision 
did not improve, and she was referred to a tertiary 
hospital. 

On admission, the patient’s visual acuity had de-
teriorated to hand motion in the right eye and a 
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finger count of 10 cm in the left eye. Automated perimetry revealed 
complete depression of the visual field in both eyes. Blood tests 
and cerebrospinal fluid (CSF) analyses were performed, and the 
results were normal. The C-reactive protein level and erythrocyte 
sedimentation rate were normal. CSF analysis revealed normal 
protein levels with a slight increase in the white blood cell count 
and negative oligoclonal bands. Brain magnetic resonance imaging 
(MRI) revealed bilateral optic neuritis, including the optic nerves, 
optic chiasm, and focal abnormalities in the subcortical white mat-
ter and cortical gray matter of both insula (Fig. 1A and B). There 
was no evidence of demyelination of the spinal cord. Six cycles of 
plasmapheresis were initiated, followed by IVIG at 2 g/kg for 
2days. 

During admission, serum MOG antibody (MOG immunoglob-
ulin G) was tested using a fluorescence-activated cell sorting live 
cell assay. It tested positive, with a positive cell ratio of 0.422 (nega-
tive, ≤ 0.141; borderline, > 0.141 or ≤ 0.254; positive, > 0.254). 
Serum anti-aquaporin 4 antibody was negative. We were able to 
confirm her diagnosis as MOGAD. Ophthalmic examinations 
were performed on consecutive days after each cycle of plasma-
pheresis. The patient’s visual acuity and visual field improved pro-
gressively. After six cycles of plasmapheresis, the MOG antibody 
level test revealed a negative conversion. At discharge, the patient’s 
visual acuity improved to 0.04/0.02 (right/left), and the visual 
field also improved to 71%/31% (right/left). She was discharged 
with a prescription of oral prednisolone at 1 mg/kg/day and 
monthly administration of IVIG (1 g/kg) until full recovery of vi-
sual acuity. 

One month after discharge, the patient visited our hospital for 
her monthly IVIG treatment and follow-up MRI. The brain MRI 
demonstrated resolution of the bilateral optic neuritis, including 
the optic nerves and optic chiasm, and there were no newly devel-
oped lesions on follow-up MRI (Fig. 1C and D). There was also 

no evidence of demyelination in the spinal cord on spinal MRI. An 
ophthalmic examination revealed a visual acuity of 0.08/0.06 
(right/left) and a visual field of 65%/71% (right/left). Owing to 
the side effects of oral prednisolone, such as iatrogenic Cushing 
syndrome, we prescribed deflazacort to the patient instead of 
prednisolone and gradually tapered off. She regularly had outpa-
tient department visits for routine check-ups. Three months after 
treatment, an examination revealed further improvement in visual 
acuity (0.9/0.8, right/left). Three cycles of monthly IVIG were 
administered, and the patient’s visual acuity almost returned to 
the pre-morbid level, with a visual field of 94%/97% (right/left) 
(Fig. 2). There was no recurrence during the 4-month observation 
period, and the patient remained seronegative for the MOG anti-
body. 

Between 0.5 and 1.66 per 100,000 children have ADS. When 
children first present with ADS, the differential diagnosis is crucial 
because specific and timely treatment may be required [4]. 
MOGAD, MS, and AQP4-NMOSD are the common diagnostic 
possibilities. One-fifth of children with ADS are diagnosed with 
MS, and MOG-Ab is found in approximately 30% of children with 
ADS [3]. Optic neuritis and TM are the frequent symptoms in all 
three diseases, whereas ADEM is present in MOGAD and AQP4-
NMOSD, but rarely in MS. Whereas monocular optic neuritis is 
common in MS, bilateral eyes are affected in MOGAD and AQP4-
NMOSD. The diagnosis should be confirmed based on laboratory 
findings, especially an antibody assay [3]. 

Management of an acute demyelinating event is key to reducing 
inflammation and promoting recovery without sequelae. The first-
line treatment involves intravenous steroids (1–2 g/day for 5–7 
days). If the patient is resistant to steroids, plasma exchange or 
IVIG is used as second-line treatment. Considering the severity 
and risk of relapse, chronic immunotherapy may be needed to pre-
vent relapse. Rituximab, azathioprine, tacrolimus, mycophenolate 

Fig. 1. Magnetic resonance imaging (MRI) findings. The initial axial fluid attenuated inversion recovery images revealed bilateral optic 
neuritis (arrows, A) and focal abnormalities in the subcortical white matter and cortical grey matter in insula (arrows, B). Follow-up MRIs 
reveale. Follow-up MRIs revealed resolving process of bilateral optic neuritis and resolved state of both insula lesions (C, D). 
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mofetil, and methotrexate are commonly used [5]. In MS, initial 
disease-modifying treatment is recommended for better control of 
clinical and radiological disease activity owing to a higher relapse 
rate. However, MOGAD tends to be monophasic, and the dis-
ease-modifying treatment used for MS is not suitable [6]. 

The clinical course of MOGAD may be monophasic or relaps-
ing [1]. Younger children or those with the ADEM phenotype 
tend to have monophasic experiences, and persistent seropositive 
MOG antibodies may be associated with a higher relapse rate. In 
particular, the relapse rate is about 50% in MOG-optic neuritis 
(ON), and regular follow-up is needed, including ophthalmic ex-
aminations, neurologic examinations, and MOG antibody level 
tests [7]. The severity of relapse is variable, but most children re-
cover quickly. Almost complete remission is usually seen [2]. The 
severity is also age-dependent. Symptomatic brain involvement is 
more likely to occur in younger children than in older children [8]. 

In conclusion, we present a case of MOGAD manifesting as op-
tic neuritis that was treated with steroids, plasmapheresis, and 
IVIG. The patient recovered, with MOG antibody seronegativity 
and no relapse. A systematic review of pediatric MOGAD includ-
ed 61 studies, all but one of which used corticosteroids as acute-
phase treatment. However, IVIG was used in 21% (128/621) of 
patients and plasmapheresis was only performed in 4% (26/621) 
[9]. MOGAD is commonly well treated with intravenous steroids, 
but cases in which the patient is refractory to steroids or presents 
with severe symptoms such as total blindness could be managed 

with plasmapheresis and IVIG for a better prognosis, as observed 
in our case. 
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Letter to the Editor

Pyridoxine-dependent epilepsy (PDE) is a type of 
developmental and epileptic encephalopathy 
manifesting as seizures that are resistant to anti-sei-
zure medication (ASM) but responsive to phar-
macologic doses of pyridoxine [1]. PDE caused 
by bi-allelic mutations in the aldehyde dehydroge-
nase 7 family member A1 (ALDH7A1) gene on 
chromosome 5q32.2 is designated PDE-ALD-
H7A1 [1,2]. Mutations at this locus are associated 
with decreased activity of α-aminoadipic semial-
dehyde (α-AASA) dehydrogenase in lysine metab-
olism [3]. PDE-ALDH7A1 is a rare disease with 
an estimated incidence of 1:65,000 to 1:250,000 
live births [2]. Refractory neonatal seizures are the 
most common presentation; however, 25% to 
30% of patients were found to present with sei-
zures outside of the neonatal period, and varying 
intellectual disabilities and developmental delays 
were found in 75% of patients [4]. 

We report the case of a 9-year-old boy with in-
tractable seizures related to homozygous ALD-
H7A1 mutations, who improved after triple thera-
py. The patient had neonatal seizures on his 12th 
day of life. He was started on multiple ASMs, in-
cluding phenobarbital, phenytoin, levetiracetam, 
topiramate, vigabatrin, and clonazepam; however, 
his seizures and the related epileptiform discharges 
on electroencephalography (EEG) persisted. He 
received empiric high-dose vitamin therapy, which 

included pyridoxine, inconsistently. For the next 7 
years, he was admitted repeatedly for recurrent 
status epilepticus whenever his medications were 
discontinued. 

When the patient was 7 years old, his father 
stopped giving him the prescribed vigabatrin and 
pyridoxine. Ten days after therapy interruption, he 
was admitted to the intensive care unit (ICU) for 
seizures, vomiting, and poor general condition. 
Doctors resumed vigabatrin and pyridoxine. How-
ever, the recurrence of vomiting prevented oral in-
take of these medications, and he had seizures 
again. He was readmitted to the ICU and was ad-
ministered pyridoxine at 50 mg/day (2 mg/kg 
body weight), after which the seizures stopped. 

Prompted by this clinical information, whole- 
exome sequencing was performed in the proband, 
mother, and father for an accurate diagnosis. Com-
pound heterozygous mutations were identified in 
the ALDH7A1 genes: NM_001182.4:c. 210C>A 
(p.Cys70Ter) and c.871+5G >A. The variants 
confirmed by Sanger sequencing were classified as 
pathogenic according to the guidelines of the 
American College of Medical Genetics and Ge-
nomics [5]. A segregation study showed both par-
ents as carriers of the variants (Fig. 1). We diag-
nosed the patient with PDE and increased the 
pyridoxine dose to 300 mg/day (10 mg/kg). 
Since pyridoxine supplementation, he became sei-
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zure-free, and his EEG demonstrated improvement. However, 
there was no significant change in cognitive development and be-
havior. He was still apt to scream and run around. He exhibited vi-
olent behavior and was unable to obey commands. We initiated ly-
sine restriction and prescribed a lysine-free amino-acid formula. 
We also added folic acid (1 mg/day) and arginine (4,000 mg/day; 
120 mg/kg body weight). After only 4 months of lysine restriction, 
he was able to stay in his bed without the need for restraints and to 
obey his father’s commands. 

To diagnose PDE clinically, 100 to 500 mg of pyridoxine is ad-
ministered intravenously [2] while monitoring the patient’s EEG, 
oxygen saturation, and vital signs [1]. Clinical seizures generally 
cease within several minutes in patients with PDE [1]. Caution 
should be exercised in administering an intravenous infusion of 
pyridoxine because it could cause a sudden increase in the neu-
rotransmitter gamma-aminobutyric acid, leading to electrocerebral 
silence, which manifests clinically as excessive drowsiness or coma 
[1]. 

Molecular genetic testing is the only reliable method to confirm 
the clinical diagnosis of PDE, to diagnose the disease prenatally, 
and to screen family members who may be carriers [1,2]. There 
are no specific seizure or EEG patterns with this disease [6]; there-
fore, PDE needs to be tested in any cases of epilepsy with unknown 
etiology [2]. Additional biochemical testing for α-AASA and 
Δ1-piperideine-6-carboxylate in serum, urine, and cerebrospinal 
fluid should be performed when a single pathogenic variant or a 
variant of uncertain significance is identified on genetic testing 
[1,2]. 

Triple therapy consists of pyridoxine and arginine supplementa-
tion, as well as lysine restriction, and is effective in PDE-ALDH7A1 
[7]. PDE-ALDH7A1 should be treated with pyridoxine supple-
mentation of 100 mg/day in newborns, 30 mg/kg/day (maximum 
of 300 mg/day) in infants, and 5 to 30 mg/kg/day (maximum of 
500 mg/day) in children and adolescents [2]. All patients on pyri-
doxine supplementation must undergo clinical screening for pe-
ripheral neuropathy (PN) [2]. Initially, only patients treated with 
> 500 mg/day of pyridoxine were considered at risk for PN [8]. 
However, Ghavanini and Kimpinski [9] suggested that even pyri-
doxine doses as low as 50 mg/day, if used for greater than 6 
months, may increase the risk of neuropathy. Lysine reduction 
therapies have been associated with improved long-term neurolog-
ic outcomes [2]. The use of a lysine-free formula with amino acid 
supplementation permits the limitation of lysine intake while en-
suring adequate intake of the other amino acids [10]. Lysine is an 
essential amino acid and over-restriction of lysine could lead to 
malnutrition [8]. Thus, patients on a lysine-restricted diet should 
have plasma amino acids measured at least every 3 ( < 3 years of 
age) to 6 months ( > 3 years of age) [2]. Pharmacologic doses of 
arginine compete with lysine for intestinal absorption, transport 
across the blood-brain barrier, and entry into the mitochondria [2]. 
Previous recommendations for arginine dosing recommended 150 
mg/kg/day if administered in addition to a lysine-restricted diet 
and 400 mg/kg/day if administered with pyridoxine alone [2]. 
Coughlin et al. [2] suggested that a higher dose of arginine (300 to 
600 mg/kg/day in adults) may be required to impact lysine trans-
port. 

The patient had an elder brother who died of status epilepticus 
and sepsis (Fig. 1). This boy first had seizures at 2 months of age 
and was treated with ASMs and pyridoxine at 12.5 mg/day. When 
he was 7 years old, he was unable to take oral medications and sup-
plements due to vomiting, and he eventually died. He did not un-
dergo next-generation sequencing, but he is presumed to have had 
the ALDH7A1 mutations. Because the discontinuation of pyridox-
ine coincided with that of the ASMs, physicians failed to relate the 
seizures with the withdrawal of pyridoxine.  

In summary, we report the case of a boy with intractable seizures 
related to ALDH7A1 mutations. Triple therapy controlled his sei-
zures and improved his behavior. This case describing the diagno-
sis and treatment of PDE may be of interest to pediatricians and 
pediatric neurologists who manage this disease. 

This study was approved by the Institutional Review Board of 
the Gangnam Severance Hospital, Yonsei University College of 
Medicine (3-2017-0168). The requirement for informed consent 
for this retrospective study was waived by the board. 

Fig. 1. Findings of genetic testing of the patient. The patient 
and his relatives underwent genetic testing. Both copies of 
the patient’s aldehyde dehydrogenase 7 family member A1 
(ALDH7A1) gene had mutations, albeit different ones. Each of 
these mutations was found in his father and mother, who were 
asymptomatic carriers. A deceased elder brother presented 
similarly and is assumed to have had the mutations. An elder 
sister showed no clinical or genetic evidence of the disease.

ALDH7A1  c.210C>A

ALDH7A1  (-/-) ALDH7A1  c.210C>A
ALDH7A1  c.871+5G>A

ALDH7A1  c.871+5G>A
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Letter to the Editor

Paramyotonia congenita (PC) is a type of Na+ 
channelopathy caused by mutations in the Na+ 
voltage-gated channel alpha subunit 4 (SCN4A) 
gene on chromosome 17q23, which encodes volt-
age-gated Na+ channels (Nav1.4) in skeletal mus-
cles and is inherited in an autosomal dominant 
pattern [1,2]. These channels are integral mem-
brane proteins that exist in most excitable cells. 
They are mainly responsible for rapid membrane 
depolarization, which is the initial phase of the ac-
tion potential. Rapid inactivation after an action 
potential prevents repetitive excitation and main-
tains normal physiological excitability of skeletal 
muscles. 

Abnormal activity of human skeletal muscle due 
to a dysfunctional Na+ channel α-subunit with an 
SCN4A mutation causes excessive excitability and 
leads to the activation or inactivation of the chan-
nel. Clinical phenotypes associated with SCN4A 
mutations include PC, type 2 hyperkalemic peri-
odic paralysis (PP), type 2 hypokalemic PP, con-
genital myasthenic syndrome-16, and acetazol-
amide-responsive myotonia congenita [1]. Fur-
thermore, PC is characterized by muscular myoto-
nia without weakness, and it mainly affects the 
muscles of the neck, face, and upper limbs. PC typ-
ically occurs in infancy or childhood and is trig-
gered by exposure to cold or physical activity [3]. 

In this paper, we report the case of a male ado-
lescent and his three-generation family with PC 
caused by an SCN4A mutation. This case was re-
viewed and approved by the Institutional Review 
Board of Pusan National University Hospital (IRB 
No. 2205-013-114). Informed consent was ob-
tained from all parents. Patients’ medical records 
and other data were anonymized to ensure confi-
dentiality. 

The proband was a 14-year-old boy with a 
2-year history of episodic muscular stiffness and 
weakness. The patient often experienced weakness 
and stiffness in the lower and upper extremities. 
During exercise, the lower extremities were affect-
ed more than the upper extremities; however, 
symptoms were also observed in the hands, arms, 
and face. During the asymptomatic period, the pa-
tient exercised normally. However, once symp-
toms developed, the patient was unable to move. 
When exposed to cold environments, such as 
when washing the face or during cold weather, 
symptoms were aggravated in the exposed body 
parts. 

The patient was born at a gestational age of 40 
weeks via normal vaginal delivery, weighing 3,400 
g. He showed normal development and growth. 
The mother of the patient also had stiffening and 
muscle weakness in the upper extremities, face, 
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and lower extremities from around the age of 10, which worsened 
with cold exposure and exercise. The 16-year-old sister of the pa-
tient also showed similar symptoms from around the age of 9. The 
patient’s maternal aunt and grandmother presented similar symp-
toms. All laboratory tests, including complete blood count, electro-
lytes, liver function tests, creatine kinase level, and thyroid function 
tests, were normal. Electromyography performed at another hospi-
tal revealed a diffuse myotonic discharge. 

We conducted diagnostic exome sequencing (DES) of the pro-
band. Genomic DNA was extracted from peripheral blood leuko-
cytes and DES was performed by Green Cross Genome (Yongin, 
Korea) using the Celenics G-Mendeliome DES panel. The panel 
includes 80,962 targeted exons in 5,870 genes and used 
DNBSEQ-G400 (MGI Tech. Co., Shenzhen, China) with a 
2 × 100 paired-end read method. The sequenced reads were 
mapped and compared with the published human genome build 
(UCSC GRCh37/hg19 reference). We identified a heterozygous 
missense mutation, c.4343G > A (p.R1448H) in SCN4A (Fig. 1). 
The p.R1448H variant in SCN4A has not been reported in popu-
lation databases, such as gnomAD (https://gnomad.broadinsti-
tute.org/) and Korean Reference Genome Database (KRGDB). In 
in silico predictions (sorting intolerant from tolerant [SIFT], poly-
phen, Mutation Taster), the SIFT score was 0 (deleterious), and 
the polyphen-2 score was 1 (probably damaging). We conducted 
Sanger sequencing for the variant in four family members, includ-
ing the proband, a sister, and both parents. The variant was co-seg-

regated with the affected members (proband, a sister, and a moth-
er) within the family (Fig. 2). 

The R1448H variant has been previously reported in PC pa-
tients and has been found to be related to the phenotype of PC in 
functional studies [4]. Thus, the variant was interpreted as a likely 
pathogenic variant according to the 2015 American College of 
Medical Genetics guideline [5]. We administered lamotrigine (3 
to 3.5 mg/kg/day) to the patient and his sister. 

The symptoms of the lower extremities improved, although in-
termittent dystonia in the hands and face persisted. 

It has been shown that PC worsens with exposure to cold, is re-
lieved by warm temperature, and is aggravated by continued activi-
ty (paradoxical myotonia) [1]. Symptoms are usually noticed 
during infancy and present in most patients as teenagers. The pro-
gression of PC with age and muscle atrophy are not observed. 
Symptoms can last from a few seconds to a few minutes and, in 
some cases, for several days. Some patients experience worsening 
symptoms after consuming foods that are high in potassium. Pa-
tients with PC are instructed to avoid potassium-rich foods. Al-
though no permanent disability remains, there are limitations in 
activities of daily living. The treatment of PC involves avoiding 
sudden exposure to very cold weather and sudden intense physical 
activities. Potassium-rich foods can trigger muscle stiffness, and 
patients should know how to manage their potassium intake. Med-
ications that block sodium channels, such as mexiletine and lamo-
trigine, may reduce stiffness in PC patients [2,6]. 

Fig. 1. Genetic analysis by Sanger sequencing of the proband and the family. The proband, sister, and mother had a heterozygous 
c.4343G>A (p.R1448H) mutation in Na+ voltage-gated channel alpha subunit 4 (SCN4A).

Patient
(affected)

c.4343G>A

Mother
(affected)

Sister
(affected)

Father
(affected)
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Voltage-gated Na+ channels are integral membrane proteins that 
conduct Na+ through cell membranes. In excitable cells, Na+ chan-
nels are responsible for the rising phase of action potentials, known 
as “depolarization.” There are many subtypes of Na+ channels, and 
Nav1.4 is mainly present in skeletal muscles. The Na+ channels 
consist of large α- and accessory β-subunits. The α-subunits exhibit 
the core function of the channel, which conducts Na+ in a volt-
age-gated manner, even in the absence of β-subunits. The α-sub-
unit is encoded by the SCN4A gene at chromosome 17q23.3, and 
the β-subunit is encoded by the SCN1B gene at chromosome 
19q13.11 [7]. Mutations of SCN4A cause several subtypes of so-
dium channelopathies, including PC, hyperkalemic PP, hypokale-
mic PP, congenital myasthenic syndrome, and atypical acetazol-
amide-responsive myotonia congenita [1]. Mutations of SCN1B 
have been associated with cardiac arrhythmias, developmental ep-
ileptic encephalopathy, and generalized epilepsy with febrile sei-
zures [7]. Nav1.4 carries the majority of the inward Na+ current. 
The activation of the channel generates an action potential, and 
the rapid inactivation of the channel after an action potential helps 
the membrane potential to return to the resting potential quickly. 
This entire process maintains normal skeletal muscle contraction. 
Gain-of-function mutations in SCN4A, the gene that encodes 
skeletal muscle Nav1.4, enhance the inward Na+ current, which 
leads to increased membrane excitability and a decrease in chan-
nel inactivation [2,8]. As a result, there is an inappropriately in-
creased excitability of action potentials due to the increased 
amount of available Na+ channels (impaired inactivation) and the 
easy opening of Na+ channels with mild depolarization (increased 
excitability) from resting potential due to increased extracellular 
Na+ levels. This pathophysiological mechanism can lead to an ini-

tial burst of myotonia discharges and results in the symptom of 
stiffness. SCN4A mutations produce various clinically distinct 
skeletal muscle disorders, including hyperkalemic PP, PC, potassi-
um-aggravated myotonia, hypokalemic PP, and congenital myas-
thenic syndrome. The SCN4A gene comprises several exons and 
is associated with various clinical phenotypes. The clinical presen-
tation of patients varies depending on which nucleotide, codon, 
or amino acid changes, and the number of mutant exons. If there 
is enhanced excitability with a small amount of Na+ influx, myoto-
nia due to increased excitability can be observed. Mutations asso-
ciated with prominent inactivation defects (abundant Na+ influx) 
with disrupted slow inactivation increase the susceptibility to PP 
from sustained depolarization of the resting potential [9]. After 
the discharge level is increased, most Na+ channels become inac-
tive and do not respond to stimuli, resulting in paralysis symp-
toms [8,9]. 

In conclusion, PC is very rare, with an estimated prevalence of 
less than 1:100,000 [10]. In Korea, there have been no previous re-
ports of PC caused by the R1448H mutation of SCN4A, and the 
present case is the youngest patient with PC. It is important to ob-
tain a detailed history, recognize the characteristic symptoms of 
PC, and conduct appropriate diagnostic tests. We hope that this 
case report will enhance pediatric neurologists’ understanding of 
PC. 
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Fig. 2. The pedigree of the family is shown. The status of being affected by paramyotonia congenita is as noted. Filled squares and circles 
indicate affected male and female individuals. The proband is indicated by an arrow.
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Letter to the editor

Myoclonic epilepsy of infancy, myoclonic-atonic 
epilepsy (MAE) with onset in early childhood, 
and later-onset syndromes such as juvenile myoc-
lonic epilepsy, eyelid myoclonic epilepsy, and my-
oclonic absence epilepsy are all examples of child-
hood-onset myoclonic epilepsy syndromes. De-
generative brain disorders, subacute sclerosing 
panencephalitis (SSPE), autoimmune disorders, 
and a few mitochondrial abnormalities are among 
the other uncommon causes. There have been at-
tempts to define hereditary myoclonic epilepsies 
that do not meet the recognised criteria for myoc-
lonic epilepsy syndromes [1]. The cognitive out-
comes of epilepsy syndromes vary, but in general, 
they have a good prognosis. Myoclonic-atonic 
epilepsy is classified as an epileptic encephalopa-
thy, and the cognitive outcome can be normal to 
severely impaired [2]. 

SSPE, in contrast, is a debilitating neurological 
illness that has so far eluded treatment. It is char-
acterised by cognitive decline, periodic myoclo-
nus, ataxia, vision complaints, a vegetative state, 
and death [3]. Clinicians usually identify SSPE 
using a combination of classic clinical features 
paired with elevated anti-measles antibody titres 
in the cerebrospinal fluid (CSF). Thus, a problem 
arises when a clinician is faced with a case of 
SSPE presenting in its early stages or with atypical 

symptoms. In the case described herein, the initial 
presentation suggested SSPE with an atypical 
presentation, but the work-up to rule out other 
possibilities and careful monitoring led to a final 
diagnosis of MAE. 

A 6-year-old boy with normal development, 
had repeated brief generalised tonic-clonic sei-
zures (GTCS) for the past 4 months (1 to 2 epi-
sodes/week). Valproic acid was started at 20 mg/
kg/day, but discontinued 2 weeks later due to 
new-onset behavioural issues and transaminitis. 
Levetiracetam was then initiated at 20 mg/kg/
day and optimised to 25 mg/kg/day. According 
to the mother’s account, the seizure frequency in-
creased to 3 to 4 episodes/week. At this point, la-
cosamide was started at 2 mg/kg/day and in-
creased weekly to 4 mg/kg/day. He presented to 
the emergency with head drop. He had not expe-
rienced any episode of GTCS for the last one and 
half months. Head drop occurred more frequent-
ly in the morning. He also had progressive cogni-
tive decline and behavioural issues such as hyper-
activity, temper tantrums, irritability, and emo-
tional lability. The child had been vaccinated 
against measles at 9 and 15 months of age, and 
had never had clinical measles. The Childhood 
Behaviour Checklist showed borderline scores 
for inattention (68) and hyperactivity (67). He 
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had no dysmorphism or neurocutaneous markers, and the neuro-
logical examination was essentially normal. The eye examination 
revealed no pigmentary, necrotising, or optic atrophy, and the 
hearing test was normal. Autoimmune encephalitis, SSPE, and 
progressive myoclonic epilepsies were the first clinical possibilities. 
His blood count, arterial lactate, ammonia, glucose, and ketone 
levels were in the normal range. Human immunodeficiency virus 
(HIV) serology was negative. The CSF showed two cells/mm3 
(lymphocytes), 15 mg/dL protein, and 61 mg/dL glucose (ran-
dom blood sugar 96 mg/dL), sterile CSF culture, and a negative 
CSF viral panel. The measles antibody titres in serum and CSF de-
termined by the enzyme-linked immunosorbent assay method are 
presented in Table 1. 

The sleep electroencephalography (EEG) record showed fre-
quent, quasi-periodic (6 to 10 seconds) generalised bursts of spike-
and-wave (2.5 to 3.0 Hz, 450 to 550 μV) and polyspike discharges 
lasting for 0.5 to 3 seconds (Fig. 1). Activation procedures, such as 
photic stimulation and hyperventilation, did not yield any addi-
tional information. Brain magnetic resonance imaging (MRI) was 
normal. Despite the absence of classical EEG findings, SSPE still 
remained a possibility due to evidence of the intrathecal produc-
tion of measles antibodies. 

The child was further investigated for alternative treatable aetiol-
ogies. CSF titres of anti N-methyl-D-aspartate (NMDA) receptor 
antibody and serum antibodies against alpha-amino-3-hydroxy-5-
methyl-4-isoxazole (AMPA), gamma-aminobutyric acid type A 
and B (GABA), contactin-associated protein-like 2 (CASPR2), 

glutamic acid decarboxylase (GAD) were negative. With a working 
diagnosis of seronegative autoimmune encephalitis, immunothera-
py was planned. Pre-therapy, the CSF anti-measles antibody and 
CSF/serum ratio were obtained again from the same laboratory; 
the results were still positive, but with decreasing titres (CSF/se-
rum ratio reference for measles IgG antibody, 7.7). A paired sam-
ple was also sent to two other laboratories because we continued to 
have doubts about the elevated anti-measles antibody titres. The 
child was administered intravenous immunoglobulin at 400 mg/
kg/day for 5 days and intravenous methylprednisolone at 30 mg/
kg/day for 5 days. The antiseizure medications were optimised (le-
vetiracetam at 30 mg/kg/day, lacosamide at 6 mg/kg/day, cloba-
zam at 0.5 mg/kg/day). The child was discharged and followed up 
after 4 weeks. The repeated CSF measles antibody titre was in the 
normal range. The child showed improvements in the behavioural 
and cognitive profile and the frequency of head drop decreased 
significantly. At this time, his parents complained of new parox-
ysms characterised by sudden cessation of ongoing activity along 
with a vacant stare lasting for 10 seconds, especially upon waking 
up. When he was made to hyperventilate for three minutes, an epi-
sode of absence seizure was noted. The same was captured in a 
video EEG recording that showed frequent generalised bursts of 
spike-and-wave discharges (2.5 to 3.5 Hz, 550 to 650 μV) lasting 
for 10 to 15 seconds with abrupt onset and offset and no accentua-
tion of discharges on photic stimulation (Fig. 2). In view of this ad-
ditional finding, we disregarded the diagnosis of SSPE and consid-
ered a possible diagnosis of MAE. The child was started on etho-

Table 1. Serial serum and CSF IgG antibodies against measles

Date Serum total IgG  
(700–1,600 mg/dL)

CSF total IgG  
(0–3.4 mg/dL)

Serum measles virus IgG 
(<13.5 AU/mL)

CSF/serum measles IgG antibodies quotient 
reference by EIA (>1.5 positive) Oligoclonal bands

Nov. 13, 2021 771 0.31 121 33.8 Absent
Dec. 3, 2021 864 1.04 110 7.7 Absent

CSF, cerebrospinal fluid; IgG, immunoglobulin G; EIA, enzyme immunoassay.

Fig. 1. (A) An electroencephalography (EEG) longitudinal bipolar montage (sweep, 30 mm/sec; sensitivity, 150 μV/cm; bandpass, 1.6 
to 70 Hz) shows interictal generalised bursts of spike-and-wave (2.5 to 3.0 Hz/450 to 550 μV) and polyspike discharges. (B) An EEG 
longitudinal bipolar montage (sweep, 10 mm/sec; sensitivity, 150 μV/cm; bandpass, 1.6 to 70 Hz) shows interictal generalised bursts of 
spike and polyspike discharges with variable periodicity (6 to 10 seconds), with each burst lasting for 0.5 to 3 seconds.
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suximide (20 mg/kg/day) and continued with other anti-seizure 
medications except lacosamide, which was tapered off. A genetic 
study was not possible due to monetary constraints. The child’s 
seizure control and behaviour improved significantly at follow-up. 
The parents provided written informed consent to report their 
child’s case. 

The diagnosis of SSPE is catastrophic for both the child and the 
caregivers. An atypical presentation of SSPE often leads to misdi-
agnosis, especially in the early stages [4]. The disease is rare in de-
veloped countries. Currently, India is one of the countries with the 
highest burdens of the disease. Many Indian SSPE children are lost 
to follow-up in the wake of being told the prognosis of the disease. 
With increasing awareness, more children with SSPE with atypical 
presentations are being seen [5-7]. Despite the high incidence of 
SSPE in India, an accurate and early diagnosis remains a challenge. 
In the case presented herein, the combination of cognitive decline, 
myoclonus, periodic/quasiperiodic high amplitude epileptic dis-
charges, and evidence of intrathecal measles antibody positivity 
(CSF/serum ratio, 33.8) was highly suggestive of SSPE. However, 
acute-onset GTCS as the type of seizure marking the beginning of 
illness and the absence of a history of clinical measles in a vaccinat-
ed child were the red flags that mandated a further evaluation of 

the child. With such a debilitating course, one of the possibilities 
was fulminant SSPE, which comprises approximately 10% of all 
cases of SSPE [8]. GTCS, focal tonic seizures, and other seizure 
types have been mentioned in the literature as atypical presenta-
tions of SSPE, which delay the diagnosis of SSPE until classical fea-
tures appear [8-10]. Three patterns of EEG findings have been 
mentioned, with periodicity being common to all. In the current 
case, initial EEG showed quasiperiodic bursts of high-amplitude 
delta waves lasting for 0.5 to 3 seconds, although there was no evi-
dence of polymorphic waves to suggest the classical “Radermecker 
complexes.” The initial EEG findings did not point against the di-
agnosis of SSPE, but subsequent EEG findings clearly did not fa-
vour SSPE. A stormy onset of myoclonic seizures with cognitive 
stagnation or regression is well known in children with MAE. Usu-
ally children tend to have their first seizure by 4 years but seizure 
onset can be as late as 6 years. The initial EEG can be normal, while 
generalised 2 to 5 Hz spike wave discharges appear later. These 
children may also have GTCS and absence seizures. This child de-
veloped GTCS first, followed by head drop, and absence seizures 
appeared last with classical EEG findings. Autoimmune encephali-
tis is the closest mimicker of SSPE, with clinical similarities and 
CSF measles antibody positivity [11]. This treatable disorder can 

Fig. 2. An electroencephalography longitudinal bipolar montage (sweep, 30 mm/sec; sensitivity, 150 μV/cm; bandpass, 1.6 to 70 Hz) 
obtained 2 months later shows an ictal event precipitated during hyperventilation, with anterior predominant generalised 2.5 to 3 Hz 
spike wave discharges with abrupt onset and offset (appreciable in this epoch).
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masquerade as SSPE, which is progressive and fatal. Hence, this 
child was given immunotherapy with initial partial response. What 
remains unexplained in this case is the high CSF measles antibody 
titres. Damage to the blood-brain barrier due to any cause may lead 
to a false elevation of intrathecal CSF measles antibody titres. 
However, to the best of our knowledge, elevated CSF antibodies in 
MAE have not been reported in the literature. The positive serolo-
gy in the current case, with decreasing titres from a laboratory and 
a subsequent negative report from another laboratory, combined 
with the electroclinical evolution of symptoms helped us to rule 
out SSPE. The difference in results from different laboratories can 
be explained either by differences in the dilution standardisation 
used by different laboratories (1:2 or 1:4 dilution) or a coinciden-
tal subclinical measles infection in the child. However, the findings 
of normal CSF biochemistry suggest that the blood-brain barrier 
was intact; hence, the second hypothesis is less likely as the finding 
of elevated CSF antibodies could not have been a simple reflection 
of an increased serum antibody titre. SSPE has no diagnostic brain 
MRI findings except posterior predominant white matter signal 
changes [12]. 

As this case illustrates, the diagnosis of SSPE in a child with an 
atypical presentation should ideally be one of exclusion, and the 
child should be evaluated for treatable underlying causes. SSPE 
should be diagnosed only after careful consideration of the clinical 
course. Clinicians should not be biased towards the diagnosis of 
SSPE by positive serology in the absence of other strong indicators. 

A child with MAE who presents in an unusual way may be mis-
diagnosed with SSPE. Positive measles antibody titres should be 
strongly supported by clinical and EEG features to confirm the di-
agnosis of SSPE. 

This study was approved by the Institutional Review Board of 
Command Hospital Chandimandir (approval number: 1234/
Paeds/CHWC). The written informed consent was taken from 
the parents.
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Letter to the editor

Progressive multifocal leukoencephalopathy 
(PML) is a frequently fatal subacute demyelinat-
ing disease of cerebral white matter caused by the 
human polyomavirus 2, commonly known as the 
John Cunningham virus (JCV) [1]. PML is pri-
marily reported in patients with severe immuno-
suppression caused by human immunodeficiency 
virus (HIV) infection, hematologic malignancy, or 
immunosuppressive therapy, including natalizum-
ab for multiple sclerosis and rituximab for Crohn’s 
disease [1]. However, PML has also been reported 
in primary immunodeficiencies (PID), including 
those with hyper-immunoglobulin M syndrome 
(HIGM), common variable immunodeficiency, 
and Wiskott-Aldrich syndrome [2]. In this case 
study, we describe PML in an immunocompro-
mised child with HIGM during the coronavirus 
disease 2019 (COVID-19) pandemic. 

A 6-year-old boy with a history of HIGM was 
examined after experiencing 3 weeks of left-side 
weakness in June 2021. The patient had a history 
of recurrent otitis media and pneumonia since 12 
months of age and pertussis at 30 months of age. 
The patient was diagnosed with HIGM after the 
pertussis workup. The patient had no family his-
tory of immunodeficiency, and his development 

was normal. The patient had been treated with 
monthly intravenous immunoglobulin (IVIG) 
replacement therapy, which had been discontin-
ued 7 months previously because the patient’s 
parents thought it would be risky to visit a hospi-
tal during the COVID-19 pandemic and underes-
timated the risk of opportunistic infections. The 
patient had been showing fatigue and poor con-
centration for 3 weeks prior to the visit and de-
creased left hand and arm movement for 10 days 
prior to the visit. The patient did not show signs 
of upper respiratory or gastrointestinal infection 
symptoms. The patient was mentally alert; how-
ever, a physical examination revealed additional 
central left facial palsy, urinary incontinence, mut-
ism, and cognitive decline. The patient’s motor 
grade of the left upper extremity was rated as 
grade III, and the left lower extremity was rated as 
grade IV. Right upper and lower motor function 
was intact. No pathologic reflexes were found. Se-
rum inflammatory markers, including C-reactive 
protein and the erythrocyte sedimentation rate, 
were within the normal range. Lymphocyte sub-
set counts were also within the normal range for 
the patient’s age (Table 1). Serum immunoglobu-
lin (Ig) G and IgA levels were extremely low, with 
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elevated IgM levels (Table 1). Serum HIV antigen and anti-HIV 
antibodies were not detected. Antibodies against serum anti-my-
elin oligodendrocyte glycoprotein were absent. The cerebrospinal 
fluid (CSF) analysis was unremarkable (Table 1). CSF herpes sim-
plex virus polymerase chain reaction (PCR), enterovirus PCR, 
and oligoclonal band were negative, and no bacteria were grown 
on the CSF aerobic culture. No acid-fast bacilli or fungi were 
grown on the CSF culture, and no encapsulated yeast was observed 
on direct fungal microscopy. Brain magnetic resonance imaging 
(MRI) with contrast enhancement demonstrated bilateral asym-
metric multifocal regions at the subcortical white matter with high 
signals on the T2-weighted images (Fig. 1). IVIG replacement 
therapy was initiated due to the low levels of IgG. Although PML 
was suspected based on the MRI findings and the history of the 
patient’s immunodeficiency, intravenous methylprednisolone 
pulse therapy was initiated before other encephalopathies includ-
ing acute disseminated encephalomyelitis were excluded. JCV 
PCR tests of the CSF and urine were positive, and the patient was 
diagnosed with PML. The patient showed partial improvement of 
facial palsy and lower extremity weakness with slight or no im-
provement of hand strength and was discharged after 8 days in the 
hospital. Three weeks after the patient was first admitted, he was 
readmitted due to worsening of his left-side weakness and an in-
ability to ambulate. The patient’s right hand and leg presented in-
voluntary movements, and the patient could not speak and showed 
little voluntary movement, such as nodding. Follow-up MRI with 
contrast enhancement demonstrated worsening of the PML le-
sions (Fig. 1). Despite 10 additional hospital admissions with peri-

odic IVIG replacement therapy, the disease worsened. Currently, 
11 months after the original onset of the disease, the patient is bed-
ridden with a tracheostomy, home ventilation care, and percutane-
ous intestinal gastrostomy. 

X-linked HIGM, which is the most common type of HIGM, is 
caused by pathogenic variations in the CD40LG gene. A genetic 
analysis revealed a 4,858-base pair deletion including exon 5 on the 
CD40LG gene, which encodes CD40 ligand, in this patient. Pa-
tients with HIGM syndrome have extremely low levels of serum 
IgG due to a class-switching recombination defect. Therefore, reg-
ular IVIG replacement therapy is important even if it cannot fully 
prevent opportunistic infections. Unfortunately, this patient did 
not receive IVIG replacement during the COVID-19 pandemic. In 
addition, the CD4+ lymphocyte count is not the appropriate indi-
cator of cellular immunity in HIGM patients because T cell counts 
are not affected by defects in CD40 ligand expression; instead, 
CD40 ligand mediates T cell interactions with monocytes, macro-
phages, and dendritic cells [3]. Therefore, an early classification of 
the type of HIGM via genetic testing or a functional assessment 
using flow cytometry is important to decide the appropriate pro-
phylactic or corrective treatment. 

Hematopoietic stem cell transplantation is the mainstay correc-
tive therapy for HIGM patients with CD40 ligand dysfunction [3]. 
However, transplant-related complications are also life-threatening, 
so careful consideration should be given to whom and when stem 
cell transplantation is performed [4]. 

The incidence of PML was estimated to be 44 cases per 
10,000,000 individuals from 2002 to 2004 in the United States [5]. 

Table 1. Findings of the serum and cerebrospinal fluid evaluations

Laboratory test Value
Blood analysis
 Leukocytes (/mm3) 9,500 (0–03)
 Absolute neutrophil count (/mm3) 5,260 (1–20)
 Absolute lymphocyte count (/mm3) 2,888 (1,200–4,700)
 CD+4 lymphocyte count (/mm3) 1,123 (400–2,500)
 CD+8 lymphocyte count (/mm3) 531 (200–1,700)
 IgG (mg/dL) 10.6 (608–1,572)
 IgA (mg/dL) 7.5 (33–236)
 IgM (mg/dL) 489.2 (43–207)
CSF studies
 Leukocytes (/mm3) 1 (0–5)
 Glucose (mg/dL) 75 (40–80)
 Protein (mg/dL) 28.98 (20–40)
 IgG index 73 (0-0.7)

Values are presented as median (range).
CD, cluster of differentiation; IgG, immunoglobulin G; IgA, immunoglobulin 
A; IgM, immunoglobulin M; CSF, cerebrospinal fluid.

Fig. 1. Brain MRI T2 fluid-attenuated inversion recovery (FLAIR) 
of the patient. Initial brain MRI shows multifocal legions with 
a high signal on T2 and mostly on the white matter (A, B, C). 
Follow-up MRI shows worsening lesions with a spongy-like 
appearance and diffuse cerebral atrophy (D, E, F).
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Zerbe et al. [2] found 26 reported cases of PML with PIDs. Four 
of those cases were diagnosed with HIGM. After the publication 
of Zerbe et al. [2], two additional PML cases with HIGM were re-
ported [6]. This case is the first description of PML associated 
with HIGM in Korea, to the best of our knowledge. As any area of 
the brain can be involved, the clinical presentations of PML vary. 
Common clinical presentations include insidious cognitive dys-
function, aphasia, motor or sensory dysfunction, and coordination 
and gait difficulties [1,7,8]. Brain MRI of PML typically shows 
multiple hyperintense lesions on T2-weighted images and the flu-
id-attenuated inversion recovery sequence in the affected white 
matter with or without gadolinium enhancement. PML is com-
monly seen as multifocal lesions in the subcortical white matter of 
the frontal and parieto-occipital lobes. However, PML involvement 
is possible anywhere in the brain, and it can be seen as an isolated 
lesion [8]. The histopathologic features of brain biopsies with 
PML show a triad of multifocal demyelination, enlarged bizarre as-
trocytes, and enlarged oligodendrocyte nuclei. A definitive diagno-
sis of PML requires typical histological findings with evidence of 
JCV infection in the central nervous system. However, brain MRI 
features and a clinical presentation consistent with PML with posi-
tive JCV PCR in the CSF are also sufficient to diagnose PML, as in 
this patient [8]. 

The main goal of PML treatment is immune reconstitution. The 
introduction of antiretroviral therapy significantly improved the 
outcomes of HIV-related PML patients. In immunomodulatory 
drug-induced PML, the discontinuation of these drugs can be con-
sidered to improve the patient’s outcome [7]. Therefore, a poor 
prognosis is anticipated when immune reconstitution is not feasi-
ble [7]. In the past few decades, several antiviral therapies, includ-
ing cidofovir for treating JCV, have been investigated with poor re-
sults [1]. There was no decrease in mortality or improvements in 
disability with cidofovir treatment for HIV-related PML [9]. Cy-
tarabine seemed promising due to its ability to inhibit JCV replica-
tion in vitro. Nevertheless, several clinical trials could not show de-
creased mortality in PML patients treated with cytarabine [1]. 
JCV-specific therapy to improve cellular immunity, including an-
ti-programmed death-1 (anti-PD-1) antibodies (nivolumab and 
pembrolizumab) and interleukins, have also been tested over the 
past few years [7]. However, evaluations are limited to case reports 
or case series. Further studies are needed to evaluate the exact con-
tributions of these therapies to PML treatment. In this case report, 
IVIG replacement therapy was inadequate for reconstitution of 
cellular immunity in this patient, which may indicate a poor prog-
nosis. Therefore, hematopoietic stem cell transplantation should 
be considered in patients diagnosed with PID with CD40 ligand 
deficiency [4]. Although immune reconstitution is the mainstay of 

treatment of PML, it paradoxically can induce PML-immune re-
constitution inflammatory syndrome (IRIS), which presents as 
acute clinical worsening due to the hyperinflammation at the site 
of the original PML lesions [10]. Contrast enhancement and ede-
ma of previous PML lesions in MRI are characteristic of this in-
flammation, which is not a usual sign in classic PML lesions [1]. It 
has been shown that steroid therapy can be helpful in PML-IRIS 
patients [10]. We tried steroid treatment, considering the possibili-
ty that this patient may have had another steroid-responsive dis-
ease, such as acute disseminated encephalomyelitis, not PML. An-
other reason for using steroids was to prevent inflammation caused 
by acute immune reconstitution resulting from IVIG. 

Herein, we report a case of PML in a boy with HIGM who dis-
continued treatment during the COVID-19 pandemic. Although 
cases of PML are relatively rare in PID and largely reported in adult 
patients with acquired immunodeficiency, PML should be sus-
pected when a patient with PID shows subacute neurologic symp-
toms with multifocal brain lesions primarily in the white matter. 

The present study was approved by the Institutional Review 
Board of Hallym University Health System (IRB No. 2022-05-
017). The board waived the requirement of informed consent.
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Microcephaly is defined as a head circumference 
more than 3 standard deviations (SD) smaller 
than the typical value in babies of the same sex 
and age and can result in asymptomatic to severe 
developmental delays and refractory seizures. Un-
like primary microcephaly, which is present at 
birth, secondary microcephaly is characterized by 
a normal head circumference when the infant is 
born and a rapid decrease in head growth thereaf-
ter. Secondary microcephaly is also referred to as 
postnatal microcephaly and is sometimes associ-
ated with rare genetic disorders [1]. Intellectual 
developmental disorder with microcephaly and 
pontine and cerebellar hypoplasia (MICPCH) is 
an X-linked disorder affecting females that is char-
acterized by severely impaired intellectual devel-
opment, microcephaly, and varying degrees of 
pontocerebellar hypoplasia [2]. Calcium/calm-
odulin-dependent serine protein kinase 
(CASK)-associated MICPCH is extremely rare, 
and more than 50 females and a few males with 
MICPCH have been described in the medical lit-
erature [3]. Here, we report a very rare Korean 
case of an infant with MICPCH with a CASK 
mutation. This case was reviewed and approved 
by the Institutional Review Board of Keimyung 
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Letter to the editor

University Dongsan Hospital (IRB No. 2022-07-
032). The requirement for informed consent was 
waived by the board. 

A female infant was born at 40 weeks of gesta-
tion by vaginal delivery at a local hospital. There 
were no remarkable complications during the 
pregnancy. The infant had a birth weight of 3,200 
g (50th percentile), a height of 49.5 cm (50th to 
75th percentile), and a head circumference of 
33.5 cm (25th to 50th percentile). Immediately 
after birth, the auditory brainstem response test 
results were 35 dB on the left and 60 dB on the 
right and she had hearing aid treatment. She was 
found to have severe microcephaly ( < 1st percen-
tile) persistently in routine infant check-ups (at 2 
months), so she underwent brain computed to-
mography (CT) when she was 5 months old at 
another clinic. Cerebellar hypoplasia was found 
on the brain CT. When she came to our clinic (at 
6 months), her weight was 7,830 g (50th to 75th 
percentile), her length was 65.3 cm (25th to 50th 
percentile), and her head circumference was 37.7 
cm (–4 SD [38.1 cm]). She had facial particulari-
ties, including an oval face, micrognathia, arched 
eyebrows, hypertelorism, long eyelashes, epican-
thus, low-set and prominent ears, long philtrum, 
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and a short nose with a broad nasal bridge and tip (Fig. 1). A small 
anterior fontanelle was found in the physical examination. The 
physical examination also found increased muscle tone in the low-
er extremities. Brain magnetic resonance imaging (MRI) findings 
showed microcephaly with diffuse smooth gyral markings of the 
cerebral cortex, and pontocerebellar hypoplasia (Fig. 2). Congeni-
tal viral and metabolic workup test results were all normal. Her 
family history was not significant, and her parents were healthy and 
denied consanguinity. 

Conventional chromosomal analysis revealed a normal female 
karyotype (46, XX). In next-generation sequencing (hereditary 
microcephaly panel), the heterozygote c.2400C > G (p.Tyr800 
Ter) variant was found in the CASK gene. The CASK gene is the 

causative gene of intellectual developmental disorder and MICPCH 
(OMIM #300749), which is inherited in an X-linked dominant man-
ner and is characterized by severely impaired intellectual development 
and varying degrees of pontocerebellar hypoplasia. The patient’s fea-
tures and symptoms were consistent with those of MICPCH. 
CASK c.2400C > G is a novel variant that has not been reported in 
previous publications or in normal population databases, including 
gnomAD/ ExAC (https://gnomad.broadinstitute.org/), the 1000 
Genomes Project (http://1000genomes.org), and the Korean Ref-
erence Genome Database (http://coda.nih.go.kr/coda/KRGDB/) 
(PM2). Loss-of-function is a well-known mechanism of disease as-
sociated with the CASK gene, and c.2400C > G (p.Tyr800Ter) is a 
null variant expected to cause nonsense-mediated decay (PVS1). 
Whether this variant occurred de novo or was inherited in this case 
could not be determined because the parents refused genetic test-
ing. However, neither parent showed any specific symptoms or ab-
normal findings, and the penetrance of MICPCH is known to be 
complete, so the probability of a de novo variant is very high. Ac-
cording to the 2015 American College of Medical Genetics and 
Genomics and the Association for Molecular Pathology guidelines, 
we applied PVS1 and PM1 as evidence of pathogenicity and inter-
preted this to be a likely pathogenic variant. The patient had no sei-
zures and showed developmental delays at 6 months. All develop-
mental domains were at the level of 3 to 4 months. She is undergo-
ing continuous rehabilitation treatment and follow-up. 

CASK-related disorders have two main clinical phenotypes, in-
cluding (1) MICPCH, which primarily affects females and gener-
ally is associated with pathologic loss-of-function variants in the 
CASK gene and (2) X-linked intellectual disability with or without 

Fig. 1. The patient presented with craniofacial dysmorphism with 
microcephaly, facial particularities that included an oval face, 
arched eyebrows, hypertelorism, long eyelashes, epicanthus, long 
philtrum (A), and low-set and prominent ears, micrognathia, a 
short nose with a broad nasal bridge and tip (B).

Fig. 2. Brain magnetic resonance imaging findings of the patient. (A) Sagittal T1-weighted imaging showing a markedly small cerebellum, 
a small flattedned anterior pons. (B) Axial T2-weighted imaging revealing diffuse smooth gyral marking of the cerebral cortex. (C) Axial 
T2 weighted imaging showing diffuse widening of the cerebrospinal fluid space in the posterior fossa and a small cerebellum.
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nystagmus has been reported in males and females, and is generally 
associated with hypomorphic CASK pathogenic variants such as 
missense variants and in-frame deletions [4]. Mental retardation 
and MICPCH are diagnosed in females with severe intellectual 
disabilities and progressive microcephaly, and usually include epi-
leptic seizures [4]. The head circumferences initially range from 
normal to mild microcephaly (approximately –2 SD), followed by 
mild to severe progressive postnatal microcephaly (less than –10 
SD) around 4 months of age [5]. Patients have characteristic facial 
malformations (broad forehead, oval face, arched eyebrows, hyper-
telorism, epicanthus, macrotia, long philtrum, short nose with a 
broad bridge, large eyes, and micrognathia) and ophthalmic (nys-
tagmus, optic nerve hypoplasia, glaucoma, and myopia) and audi-
tory (hearing loss in about 25% of cases) manifestations [2,5]. 
Neurological symptoms such as seizures (about 40% of the pa-
tients), hypotonia, extremity hypertonia, or dystonia may also oc-
cur [4]. Only about 25% of the patients can walk, and most of 
them do not develop language for communication [3,6]. The pa-
tient in our case also showed severe microcephaly after birth, and a 
broad forehead, small chin, arched eyebrows, long eyelashes, large 
ears, long philtrum, broad nose bridge, and short nose with tip 
were observed, which are findings consistent with MICPCH. In 
this case, too, there was hearing loss immediately after birth, which 
is thought to be a symptom of MICPCH. To date, more than 70 
CASK mutations have been identified and reported, and CASK 
mutations have been shown to manifest as a wide range of pheno-
types [7]. However, the disease has several common features, in-
cluding severe developmental delay, severe postnatal microcephaly 
under 1 year of age, and with or without extremity hypertonia and 
postnatal growth retardation [7].  

The CASK gene is located at Xp11.4 and is a member of the 
membrane-associated guanylate kinase protein family. CASK is 
believed to manipulate the formation and activity of synapses by 
controlling presynaptic tissue and neurotransmitter release. In ad-
dition, CASK can modulate gene expression involved in cortical 
development, maintain dendrite morphology, and control ion 
channels to their post-synaptic locations [8]. Due to the location 
of CASK on the X chromosome, MICPCH usually results from 
loss-of-function mutations and is overrepresented in females due 
to early male mortality [9]. 

The MRI findings of mid-hind brain hypoplasia and normal or 
large corpus callosum in girls with microcephaly and neurodevel-
opmental retardation may suggest a possible CASK mutation 
[2,10]. In brain MRI examinations of patients with CASK muta-
tions, the supratentorial abnormalities included delayed myelin-
ation and progressive cortical atrophy, simple gyrus, subcortical 
high T2 signal abnormality in the frontal cortex, and venous 

hemangioma [2-4]. The MRI findings in our case showed the 
same results as in other studies, and normal corpus callosum and 
diffuse smooth gyral markings of the cerebral cortex were also ob-
served. 

To date, fewer than 100 cases of MICPCH have been reported, 
making it a very rare disease. Our patient presented a previously 
unreported mutation in the CASK gene consistent with the 
MICPCH phenotype. We believe that the description of this case 
may be useful in expanding our knowledge of MICPCH syn-
drome. 
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Ann Child Neurol 2022;30(3):127-133
https://doi.org/10.26815/acn.2022.00171

The article by Woo H, et al. entitled, "Clinical Characteristics and Neurologic Outcomes of X-Linked 
Myotubular Myopathy" (Ann Child Neurol 2022;30(3):127-133) contained an error in the IRB num-
ber.

 
Before correction
The Institutional Review Board (IRB) of the Seoul National University Hospital approved this study 
(IRB no. 1101-110-353) and waived the requirement for informed consent.
 
After correction
The Institutional Review Board (IRB) of the Seoul National University Hospital approved this study 
(IRB no. 2204-177-1320) and waived the requirement for informed consent.
 
The authors apologize for any inconvenience that it may have caused.
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when needed; and excluding plagiarism and fraudulent data. The 
editors maintain the following responsibilities: to reject and accept 
articles; to avoid any conflict of interest with respect to articles 
they reject or accept; to promote publication of corrections or 
retractions when errors are found; and to preserve the anonymity 
of reviewers.

10. Data Sharing statement
We accepts the ICMJE Recommendations for data sharing 
statement policy (http://icmje.org/icmje-recommendations.
pdf). Authors may refer to the editorial, “Data Sharing statements 
for Clinical Trials: A Requirement of the International Committee 
of Medical Journal Editors,” in JKMS vol. 32, no. 7:1051-1053 
(https://doi.org/10.3346/jkms.2017.32.7.1051).

Preprint Policy

A preprint is a full draft of a scientific paper that precedes formal 
peer review and publication in a peer-reviewed scientific journal. 
Most preprints are given a digital object identifier (DOI). Annals 
of Child Neurology allows preprints for submission. Preprints are 
not treated as duplicate. Disclosure with DOI is required at the 
submission in the Cover letter.

Copyrights/Open Access/Deposit/Archiving policy

1. Copyright
Copyright to all the published material is owned by the Korean 
Child Neurology Society. The authors should agree to the copyright 
transfer during the submission process. The corresponding author 
is responsible for submitting the copyright transfer agreement to the 
Publisher.

2. Open access policy
Annals of Child Neurology is an open access journal and full 
text PDF files are also available at the official website (http://
annchildneurol.org). Articles are distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted, non-
commercial use, distribution, and reproduction in any medium, 
provided that the original work is properly cited. To use any 
tables or figures published in Annals of Child Neurology in other 
periodicals, books, or media for scholarly and educational purposes, 
permission by the publisher of Annals of Child Neurology is not 
necessary.
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3. Deposit policy
According to the deposit policy (self-archiving policy) of Sherpa/
Romeo (http://www.sherpa.ac.uk), authors cannot archive pre-
prints (i.e., pre-refereeing) but archive post-prints (i.e., final draft 
post-refereeing) and publisher’s version/PDF.

4. Archiving policy
Annals of Child Neurology provides the electronic backup and 
preservation of access to the journal content in the event the journal 
is no longer published by archiving in National Library of Korea.

Manuscript submission

Authors should submit manuscripts via the electronic manuscript 
management system (http://submit.annchildneurol.org) for 
Annals of Child Neurology. Please log in first as a member of system 
and follow the directions. Manuscripts should be submitted by 
the corresponding author, who should indicate the address, phone 
number, and e-mail address for correspondence in the title page 
of the manuscript. The revised manuscript should be submitted 
through the same web system under the same identification 
numbers.

1. To submit your manuscript, go to http://annchildneurol.org. 
Instructions for online submission are located on this website.

2. There are no author submission fees or other publication-related 
charges. All cost for the publication process is supported by the 
Publisher. Annals of Child Neurology is a so-called platinum open 
access journal which does not charge author fees.

3. Confirmation of receipt will be issued when the submission 
process is complete. The receipt can be downloaded from 
website.

4. Online submission process:
1) Go to http://submit.annchildneurol.org.
2) Log in (or click the ‘registration’ option, if you are a first-time 

user of http://submit.annchildneurol.org).
3) Click on ‘new submissions’.
4) Check and confirm ‘author’s manuscript check list’.
5) Proceed with the following 8-step process.

Step 1. Fill in the manuscript type, title, running title, abstract, 
keywords and corresponding author.
Step 2. Fill in the author names and affiliation.
Step 3. Writer down the additional notes to Editor-in-Chief 
in cover letter field and respond to the additional information 
below.
Step 4. Suggest reviewers. Suggesting 2 reviewer(s) is required 
for submission.

Step 5. Upload manuscript file and copyright transfer form.
Step 6. When the conversion is completed, please click the 
"Make PDF" button.
Step 7. Confirm preview contents. If you agree to submit the 
manuscript, please click "submit" button.
Step 8. Your submission is completed. You will receive your 
registration number or return notice via email.

5. If you have any questions about the online submission process, 
contact the Editorial Office by e-mail at editor@annchildneurol.
org or by telephone at +82-2-2228-2050 .

Editorial and peer review process

All manuscripts are initially reviewed by a Annals of Child 
Neurology editor. Submissions that are clearly outside the scope 
of Annals of Child Neurology will be declined without further 
review. Manuscripts that are so poorly written or incomplete that 
it hampers the review process will also be declined but with the 
option of resubmission if the concerns have been addressed. All 
submitted manuscripts are analyzed with plagiarism detection 
software prior to undergoing editorial review. Manuscripts are sent 
to the two most relevant investigators available for review of the 
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.
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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 
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 4 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, 

brief communications, 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 3 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 
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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; 
(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. 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
References should be cited with Arabic numerals in square 
brackets. References are numbered consecutively in order of 
appearance in text. References are limited to those cited in text and 
listed in numerical order. 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 
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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 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, 20 
for brief communications, 150 for reviews, and 10 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 
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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 
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) Brief communications
Brief communications should include a concise and timely 
original research, a preliminary study, and significant material for 
rapid dissemination. It should contain a structured abstract (no 
more than 150 words), main text (less than 2,000 words), no 
more than 3 illustrations (figure or table), and no more than 20 
references. The main text should be written under the heading 
“Findings”. Subheadings should not be used but the text should 
chronologically consist of a short background, aim, materials and 
methods, a short and focused discussion and a brief conclusion 
(but without including subheadings). Supplementary materials 
can be published online. 

2) Reviews 
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.

3) Letters to the editor
Letters to the editor should be a brief description with short 
discussions on any topics that attract attention of journal readers. It 
should be brief, clear and conclusive. And it should be accompanied 
by a statement that written consent to publish was obtained from 
the patient(s). No abstraction is required. Body of the letter has no 
structure and the word count is limited to 1,500 words. It should be 
written in a maximum of 3 printed pages, less than 10 references, 
less than 2 tables or figures, and less than 5 authors.

4) 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 
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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, 
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: +82-2-2019-3350
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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.
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☐ All superscript numbers used in the table should comply with the contribution rules.

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

B, C, etc.
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KEPPRA®’S EXPERIENCE FOR EPILEPSY PATIENTS

15 th

지난 15년간 함께 해주신 길, 환자들의 더 나은 삶을 위해  

앞으로도 케프라®는 선생님과 함께 하겠습니다.

케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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앞으로도 케프라®는 선생님과 함께 하겠습니다.

케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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지난 15년간 함께 해주신 길, 환자들의 더 나은 삶을 위해  

앞으로도 케프라®는 선생님과 함께 하겠습니다.

케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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지난 15년간 함께 해주신 길, 환자들의 더 나은 삶을 위해  

앞으로도 케프라®는 선생님과 함께 하겠습니다.

케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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트리렙탈®은 NICE GUIDELINE에서 성인 및 소아 부분 발작 환자의
일차 단독요법 또는 보조요법으로 권고되고 있습니다.1
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