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Vagus nerve stimulation for epilepsy: 
Scientific basis and device parameters

Joo Hee Seo (USA)

Epilepsy Center Advent Health
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A systematic review of deep brain stimulation for the treatment of 
drug-resistant epilepsy

Hae Yu Kim (Korea)

Inje University College of Medicine

심부뇌자극수술은 30여년전부터 현재까지 수술에 사용되는 하드웨어의 혁신적인 개발이 없었다고 보아도 무리가 없

을 만큼 정체되어 있었다. 그러나 최근에 들어 그 개발의 방향이나 정도는 여러가지 측면에서 혁신적인 것들이 나오고 있

다. 고전적으로 심부뇌자극수술의 두개강내 전극은 약간의 간격의 차이가 있을 뿐 4개의 자극점이 있는 구조이다. 자극

하는 방식 역시 자극의 세기, 자극의 위치, 자극의 길이, 자극의 빈도 등이 조절하는 것이다. 그러한 것들의 조합과 적절

한 조절로 치료 효과를 내는 것이 지금까지의 방식이다. 물론 뇌의 구조들에 대한 지식이 늘고, 영상 기술의 발달로 좀더 

정확한 위치에 전극을 삽입하고 위치시키는 수술 방법의 발전은 지난 세월 동안 괄목할 만한 성장을 이루었다.

첫째로 삽입하는 자극발생기의 새로운 모델 개발이다. 전자 기술이 발달함에 따라 자극할 수 있는 패턴이나 자극하는 

부위를 여러 부분으로 나누어 자극할 수 있고 각각의 부위에 다른 자극을 줄 수 있게 함으로써 좀더 정밀한 자극의 조절

이 가능해지고 자극으로 인한 부작용 또한 줄일 수 있게 되었다. 둘째로 두개강내 전극의 구조의 개발이다. 기존의 4개

의 자극점을 좀 더 세분화하는 다양하게 하는 방식을 채택하였고, 대표적으로 방향성을 가지는 자극점을 만들어 필요한 

방향으로 자극을 줄 수 있게 하였다. 자극하는 영역의 모양을 필요한 만큼 만들 수 있고 주변 중요 구조물을 피해서 자극 

영역을 만들 수 있게 되었다. 이 역시 필요한 부위에 좀 더 정밀하게 자극을 할 수 있게 하고 자극에 대한 부작용을 줄일 

수 있게 하였다. 셋째는 폐쇄 회로 방식의 심부뇌자극술이다. 이는 뇌의 자극 목표점에 발생한 병태생리적인 변화를 감

지하고 이를 피드백하여 자극을 유발하거나 조절함으로써 좀더 생리적인 자극을 줄 수 있다는 측면에서 이상적인 자극을 

줄 수 있다는 장점이 있다. 지속적이 자극이 아니라 필요 시 자극하는 것이 가능하게 되었다. 넷째로 영상 기술의 발달로 

인한 새로운 뇌자극점을 찾을 수 있게 되었다. 또한 좀더 정밀한 위치에 전극을 넣을 수 있게 되었고 혈관 등의 중요 구

조물을 피함으로써 위험도를 줄이는데 큰 역할을 하고 있다.

현재의 심부뇌자극 시스템이 가지고 있는 하드웨어적인 문제를 해결해 나가는 것 역시 새로운 시스템이나 기술을 개

발하는 것 못지 않게 중요한 것은 굳이 강조할 필요가 없다. 임상의과 연구자들의 헌신적인 노력과 시스템의 제조회사들

의 노력이 가까운 미래에 혁신적이고 이상적인 시스템을 제공할 것으로 기대된다.
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Responsive neurostimulation: Candidates and considerations

Yong D. Park (USA)

Medical College of georgia at Augusta University
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Neuromodulation (NM) is a complementary therapy for patients with drug-resistant epilepsy. Vagal nerve stimulation 
and deep brain stimulation of the anterior thalamus are established techniques and have shown their efficacy in lowering 
seizure frequency, but they are invasive and rarely render patients seizure-free. Non-invasive NM techniques such as 
repetitive transcranial magnetic stimulation (rTMS), transcutaneous direct current stimulation (tDCS) or transcranial 
ultrasound stimulation (TUS) are therefore increasingly investigated in a clinical context. 

tDCS modulates neuronal membrane potentials, and consequently alters cortical excitability. Cathodal stimulation leads 
to cortical inhibition, which is of particular importance in epilepsy treatment. The antiepileptic efficacy is promising 
but still lacks systematic studies. The beneficial effect, seen in ~20%, outlasts the duration of stimulation, indicating 
neuronal plasticity and is therefore of great interest to obtain long-term effects. 

Repetitive transcranial magnetic stimulation (rTMS) is an established non-invasive neurostimulation technique that 
is able to induce neuromodulatory effects outlasting the duration of the stimulation train. The cortical excitability 
disturbance in epilepsy provides a rationale for investigating the efficacy of low-frequency rTMS as a treatment for 
epilepsy patients. Sofar clinical trials in epilepsy patients have shown conflicting results ranging from ineffective to very 
effective.

Finally, we will briefly discuss open controversies and future directions of this field which has to be addressed in 
upcoming studies. 

Young-Min Shon (Korea)

Sungkyunkwan University College of Medicine

Non-invasive neuromodulation for the treatment of epilepsy
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뇌전증은 결절성 경화증 환자의 약 75-90 %에서 발생한다. 첫 발작 발생 연령은 어떤 연령에서도 가능하나 주로 영아

기 혹은 소아기에 뇌전증이 시작되는 것이 대부분이다.

이 중 약 30%의 환자가 영아연축의 형태로 발현하는 것으로 알려져 있으며 영아연축의 경우에는 vigabatrin의 치료에 

특히 그 반응이 좋은 것으로 알려져 있다.

이 이후에 발생하는 뇌전증은 특정 형태, 국소 발작, 혹은 drop attacks 등을 포함한 Lennox-Gastaut syndrome 형

태 등 다양한 형태로 나타난다. 대부분의 환자에서 2가지 이상의 발작 형태를 나타내는 경우가 많으며 현재 사용 가능한 

항경련제들에 의해 완전히 조절되지 않는 경우가 대부분으로 다약제를 사용하게 된다. 최근에는 이런 난치성 뇌전증의 

치료 약제로 결절성 경화증의 발생기전에 관련된 약물, 즉 mTOR inhibitor 등이 발작 조절에 사용될 수 있을 것으로 기

대하고 이에 대한 연구가 진행 중이다. 

Mi-Sun Yum (Korea)

University of Ulsan College of Medicine

Epilepsy in tuberous sclerosis: Phenotypes and treatments

Lunch & Satellite Symposium 3. Up to date: tuberous sclerosis
SS3-1
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Epilepsy mechanisms in tuberous sclerosis complex

Joon Won Kang (Korea)

Chungnam National University School of Medicine
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Treatment of epilepsy with rapamycin and rapalogs in tuberous 
sclerosis

Soyoung Park (Korea)

Soonchunhyang University College of Medicine
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Tuberous sclerosis complex (TSC) is a rare genetic disorder with a population prevalence of around 1/20,000 and 
about 1 to 2 million patients are estimated to be affected with TSC globally. TSC’s clinical manifestations are most 
commonly found in findings are tumors in the skin, brain, kidneys, lung and heart, leading to organ dysfunction. While 
manifestations in different organ systems can vary widely, brain lesions result in the greatest morbidity and mortality, 
especially epilepsy and TSC-associated neuro-psychiatric disorder (TAND).

While TSC patients can be treated medically, less than 30% achieve a sustained remission. Seventy-five to 90% of TSC 
patients are reported to suffer from epilepsy and more than 50% of these patients develop drug-resistant epilepsy. The 
2012 International TSC consensus conference concluded that ‘‘epilepsy surgery should be considered for medically 
refractory TSC patients’’. And the European panel of experts agreed in 2012 that surgery is ‘‘appropriate in TS-
associated epilepsy that is inadequately controlled after trials of two anti-epileptic drugs (AEDs) and for well-defined 
lesions’’. “Early presurgical evaluation” is emphasized in their 2018 update, in which it was also recommended that 
‘‘multifocal and bilateral lesions do not preclude presurgical assessment or subsequent resective surgery.’’ 

In addition to the international consensus, several case series, meta-analyses and guidelines all agree that a 50 to 60% 
chance of long-term seizure freedom can be achieved after surgery in TSC patients and a presurgical work-up should 
be done as early as possible after failure of two appropriate AEDs. Initially infantile spasms, the second most common 
seizure type in TSC, had been a contraindication for epilepsy surgery, but is now no longer considered a contraindication 
for surgery in TSC patients as meta-analyses and a single-center study of more than 60 patients have shown. 

TSC patients with small number of tubers with good electro-clinical and MRI correlation have demonstrated favorable 
seizure outcome with epilepsy surgery and may even be eligible for direct surgery. More complex cases with multiple 
or bilateral hemisphere tubers often require invasive monitoring but recent technology advances have been able to 
increase the success rate of epilepsy surgery in these patients. Novel imaging modalities such as high-resolution MRI 
or α-methyl-l-tryptophan or fluorodeoxyglucose PET with diffusion tensor imaging, new neurophysiological techniques 
like magnetoencephalography and advanced novel surgical tools like stereo-electroencephalography and laser-induced 
thermal therapy can be considered for children with TSC. 

Rita Yu (Korea)

Hallym University College of Medicine

Resective surgery in tuberous sclerosis complex: A critical review

Lunch & Satellite Symposium 3. Up to date: tuberous sclerosis
SS3-4
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Oral Presentation 1
OP1-1

Purpose 
To compare EEG recording with both anterior temporal (ATE) and nasopharyngeal electrodes (NPE) (NPE recording) 
with EEG recording with only ATE (non-NPE recording) for the detection of interictal epileptiform discharges (IEDs) 
and bilateral independent IEDs in patients with temporal lobe epilepsy (TLE). To compare EEG recording with both 
anterior temporal (ATE) and nasopharyngeal electrodes (NPE) (NPE recording) with EEG recording with only ATE 
(non-NPE recording) for the detection of interictal epileptiform discharges (IEDs) and bilateral independent IEDs in 
patients with temporal lobe epilepsy (TLE).

Method 
We retrospectively analyzed the initial EEGs which were recorded simultaneously with ATE and NPE in addition 
to 10-20 system electrodes in 229 patients with TLE. Two data sets of NPE and non-NPE recordings were reviewed 
independently by three interpreters with different experience. Discordant findings in interpretation among three 
interpreters were corrected by a consensus through elaborate review of EEG recordings, resulting in final results.

Results 
Diagnostic sensitivity of IEDs in NPE/non-NPE recording was 60.3%/27.1% in beginner, 69.0%/49.8% in junior expert, 
and 74.2%/52.0% in senior expert. In the final results, IEDs were detected in 76.4% with NPE compared to 55.5% 
with non-NPE (p < 0.001). Bilateral/unilateral IEDs were found in 26/101 with non-NPE and 60/115 with NPE (p < 
0.001). Diagnostic yield of NPE for the detection of IEDs was significantly increased in mesial and non-lesional TLEs. 
Agreement degree for the detection of IEDs among three interpreters in NPE was higher than that in non-NPE (κappa 
score 0.703 versus 0.536).

Conclusion 
EEG recording by using NPE in combination with the standard electrodes and ATE may improve the sensitivity 
and the level of agreement in the detection of IEDs in TLE regardless of different experience of EEG interpretation. 
Furthermore, application of NPE could enhance the detection of bilateral IEDs.

Soo Hwan Yim1, Kyoung Heo2, Yun Ho Choi2, Hye Ihn Kim2, Kyoo Ho Cho2, Yang-Je Cho2

1Department of Neurology, Konyang University College of Medicine, Korea
2Department of Neurology, Yonsei University College of Medicine, Korea

The use of nasopharyngeal electrodes in temporal lobe epilepsy: 
A reappraisal of its usefulness
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Purpose 
The underlying mechanism for antiepileptic effect of vagus nerve stimulation (VNS) has never been clearly documented. 
The present study aims to identify the impact of VNS-on/off state on their effective brain connectivity using source 
decomposition and effective connectivity tools.
 
Method 
We estimated the effective brain connectivity between scalp EEG signals using partial directed coherence (PDC) in 14 
patients with chronic VNS therapy. Effective brain networks of estimated changes between ON and OFF phases and 
between responder (R) and non-responder (NR) patients.
 
Results 
We found that R have a weaker causal efferent pathways (almost all frequency band) than NR (p < 0.01). In addition, 
ON periods were characterized by weaker causal efferent pathways at midline fronto-central areas in comparison with 
OFF periods. Especially, R had significantly stronger afferent pathways towards their irritative zones (areas of interictal 
or ictal onset zones), especially in theta, alpha & lower beta frequency bands (p < 0.05).
 
Conclusion 
VNS responders have thus a lower effective connectivity at the midline or central propagation areas and stronger 
afferent connectivity at their irritable zones than non-responders. Estimating changes of effective connectivity is thus a 
promising tool for predicting response to VNS.

Oral Presentation 1
OP1-2

Chae Young Lee, Young-Min Sohn, Dae-won Seo, Eun Yeon Joo, Seung bong Hong

Department of Neurology, Samsung Medical Center, Korea

Responders to vagus nerve stimulation in refractory epilepsy have 
weaker causal pathways: Interictal scalp EEg network analysis
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Purpose 
Status dissociates (SD) is a severe sleep disorder caused by the collapse of the boundary that determines the level of 
sleep. The diseases that were identified as the cause of SD are as follows: rapid progressive neurodegenerative diseases 
such as prion disease, rapid FFI (Fatal familial insomnia), and brain injury at the thalamus, hypothalamus, and brain 
stem lesions. Recently, autoimmune encephalitis patients with status dissociatus have been observed.  In this study, we 
investigated the EEG pattern of 24-hour video EEG monitoring in patients with autoimmune encephalitis and reported 
the presence of sleep deprivation such as SD.

Method 
We analyzed the patients with autoimmune encephalitis who were hospitalized at Seoul National University Hospital 
from April 2016 to August 2018. We attempted scoring the sleep phase by analyzing EEG observed in 24 - hour video 
EEG for patients with confirmed autoimmune disease maker.

Results 
We performed a 24 - hour video EEG monitoring of patients with confirmed autoimmune makers who were available 
for analysis. Six cases with status dissociatus were examined closely and the correlation of CASE scoring according to 
commonness, difference, and stage of disease was examined.

Conclusion 
Through this study, we investigated the correlation between the stage and severity of autoimmune encephalitis and sleep 
segments.

Hyeyeon Chang, Kon Chu, Jangsup Moon, Soon-tae Lee, Ki-young Jung, Yong-won Shin, 
Sang Kun Lee, Manho Kim, Kyung-Il Park

Neurology, Seoul National University Hospital, Korea

Analysis of sleep pattern by video EEg monitoring in patients with 
autoimmune encephalitis

Oral Presentation 1
OP1-3
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Purpose 
The aim of this longitudinal study was to determine whether significant alterations in structural volume and connectivity 
occur over time in patients with newly diagnosed focal epilepsy, especially within two years after the onset of epilepsy.

Method 
A total of 40 patients with newly diagnosed non-lesional focal epilepsy and 40 healthy normal controls were enrolled. 
All subjects underwent MRI twice involving three-dimensional volumetric T1-weighted imaging. Gray matter volumes 
were obtained, and volume and connectivity analyses were performed.

Results 
Both epilepsy and control groups showed a general tendency towards reduced cortical volume on the second scan 
compared with the initial scan (median interval, 18.5 months). However, in the patients with epilepsy, the volumes of 
both the thalami and brainstem on the second MRI scan were significantly increased compared with those on the initial 
MRI scan. Furthermore, in terms of connectivity, the mean clustering coefficient, global efficiency, local efficiency, and 
small-worldness index were increased, whereas the characteristic path length was decreased on the second compared 
with the initial MRI scan. However, in the healthy controls, there were no significant differences between the two MRI 
scans in terms of structural connectivity.

Conclusion 
Volumes of the brainstem and thalamus in 
patients with newly diagnosed focal epilepsy 
increase over time, which may be consistent 
with increased structural connectivity of the 
brain network, especially within two years 
after the onset of epilepsy. These alterations 
and increases in structural connectivity may 
be related to the underlying progression in the 
early stage of epilepsy.

Oral Presentation 1
OP1-4

Longitudinal analysis of structural volume and connectivity in newly 
diagnosed focal epilepsy

Dong Ah Lee, Kang min Park

Neurology, Haeundae Paik Hospital, Inje University College of Medicine, Korea
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Purpose 
Recently, resting-state fMRI studies proved to be useful in detecting epileptic activity and functional dysconnectivity 
within the epileptic network underlying mesial temporal lobe epilepsy with hippocampal sclerosis (MTLE-HS). In the 
current study, we investigated the amplitude and spatial distribution of spontaneous low frequency oscillations using 
fractional amplitude of low-frequency fluctuation (fALFF) in patients with medically intractable, unilateral MTLE-HS.

Method 
Volumetric MRI and resting-state fMRI were acquired in 35 patients with left MTLE-HS (20 females, mean age of 45.3 
years), 36 patients with right MTLE-HS (21 females, mean age of 43.0 years), and 46 matched controls. fALFF was 
computed, Z-transformed for standardization, and then compared between controls and patients. Correlation analysis 
was further performed between regional fALFF and clinical parameters in patients.

Results 
Compared with controls, left MTLE-HS patients showed fALFF increases in bilateral hippocampus/amygdala, left 
thalamus, left occipital cortex, right putamen, and bilateral mesiofrontal lobe. Right MTLE-HS patients revealed fALFF 
increases in right hippocampus/amygdala/lateral temporal lobe, left anterior temporal lobe, right thalamus, and bilateral 
mesiofrontal lobe. Both MTLE-HS patients had fALFF decreases in the brain regions belonging to the default mode 
network. Disease duration, but not seizure frequency, positively correlated with several clusters (e.g., hippocampus, 
thalamus) in both patient groups.

Conclusion 
By analyzing fALFF, a data-driven approach that captures the strength of functional connectivity, our study has 
successfully demonstrated alterations of low frequency oscillations in the epileptic network in patients with MTLE-
HS. Increased fALFF in the unilateral hippocampus, thalamus, temporal cortex, and mesiofrontal cortex may represent 
initiation and propagation of the epileptic activity, whereas reduced fALFF could account for the functional inhibition 
and suspension of the default mode network in MTLE-HS.

Jae Hwan Kim, Ye Eun Kim, Ji Hyun Kim

Neurology, Korea University guro Hospital, Korea

Oral Presentation 1
OP1-5

Alteration of spontaneous low frequency oscillations in medically 
intractable mesial temporal lobe epilepsy with hippocampal sclerosis
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Purpose 
We investigated the prevalence of obsessive-compulsive symptoms (OCS) and their associated factors in adults with epilepsy.

Method 
This was a cross-sectional multicenter study in Korea. The Obsessive-Compulsive Inventory-Revised (OCI-R), Stigma 
Scale-Revised (SS-R) and Hospital Anxiety Depression Scale (HADS) were used. The OCS was defined by the OCI-R 
scores ≥21. To find factors associated with OCI-R scores, multivariate linear regression analysis was performed using 
variables with a p <0.10 on univariate analysis. In addition, OCI-R ≥21 as a dependent variable was analyzed by binary 
logistic regression.

Results 
The study population comprised 221 adults with epilepsy (men 42.1%, age 39.7 ± 11/9 years). The mean OCI-R score 
was 18.0 (SD 12.7) and OCI-R ≥21 was in 40.3% of the study sample. Multivariate linear regression showed that the 
higher OCI-R scores were associated with higher HADS, severe perceived stigma (SS-R ≥4) (β=0.202, p=0.008), high 
seizure frequency (≥1/month) (β=0.199, p=0.018), use of lamotrigine (β=0.119, p=0.042), and no use of topiramate 
(β=-0.135, p=0.028). The total explained variance was 35.2%. Temporal lobe seizure focus was associated with OCI-R 
scores ≥21 (OR=2.668, p=0.007) (but not with OCI-R scores) even after controlling other variables. In terms of the 
OCI-R subscales (Washing, Checking, Ordering, Obsessing, Hoarding, and Neutralizing), patient with anxiety and 
depressive symptoms had higher scores of most subscales than those without them. Patients with lamotrigine had higher 
scores of all the subscales than those without lamotrigine. In contrast, patients with topiramate showed the lower scores 
only in the subscale of Checking comparing to those without topiramate.

Conclusion 
The OCS was found to be common in patient with epilepsy. The OCS was associated with several factors: psychological 
distress, perceived stigma, frequent seizures, temporal lobe seizure, and antiepileptic drugs. Use of lamotrigine may 
aggravate OCS whereas use of topiramate may have beneficial effects on OCS.

Soo Jeong Kim1, Sang-Ahm Lee1, Han Uk Ryu2, Su-Hyun Han3, gha-hyun Lee4, Kwang-Deog Jo5,  Jung bin Kim6

1Department of Neurology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea
2Department of Neurology, Chonbuk National University Medical School, Jeonju, Korea
3Department of Neurology, Chung-Ang University College of Medicine, Seoul, Korea
 4Department of Neurology, Pusan National University School of Medicine, Pusan, Korea
5Department of Neurology, gangneung Asan Hospital, University of Ulsan College of Medicine, gangneung, Korea
 6Department of Neurology, Korea University College of Medicine, Seoul, Korea
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Purpose 
Chronic neurological illness condition including epilepsy and mitochondrial diseases (MDs) affects the development 
and the maintenance of pediatric patients’ cognitive function. This study aimed to investigate the concerns and necessity 
of cognitive remediation therapy (CRT) as well as various chief problems of pediatric patients with chronic neurological 
disorders as a preliminary study of developing a mobile-based CRT program particularly for cognitively dysfunctional 
pediatric patients.

Method 
A questionnaire for the caregivers’ need in pediatric patients with chronic neurological disorders was developed, which 
is composed of the caregivers’ basic concerns for patients’ comorbid problems such as cognitive/emotional/social 
problems as well as understandings and need for CRT intervention. And surveys from a total 198 caregivers of pediatric 
patients (62% boys, age ranged from 2 to 18 years) diagnosed with chronic neurological disorders including pediatric 
epilepsy and MDs were analyzed.

Results 
On survey research, high ratio of pediatric patients with chronic neurological disorders was reported as having 
cognitively delayed development or cognitive deficit (84%), which include memory problems, attention problems, 
learning disabilities, lack of expressive language or fine/gross motor delay. In addition, other various comorbid 
conditions including emotional (depressed mood, irritability, anxiety), social (withdrawal, restricted peer relationship), 
sleep (38.2%), and somatic problems (47.1%) were highly reported as well. As a result, needs for such interventions as 
cognitive rehabilitation therapy (31.4%), language therapy (13.6%), psychotherapy (10%), learning therapy (7.9%) were 
shown. Besides the efficacy of treatment (34.2%) as the most important factor for a good intervention, high levels of 
availability, accessibility (22.2%), interests (14.5), and costs (11.1%) were reported as essential aspects of intervention 
program for pediatric patients with chronic illness.

Conclusion 
In this preliminary survey research, the basic ideas on important factors of both effective and practical CRT program for 
chronic neurological pediatric patients were suggested.

Mooah Lee1, Jaehui Lim1, bonglim Joo2, Young-Mock Lee3, Soyong Eom1

1Epilepsy Research Institute, Yonsei University College of Medicine, Korea
2Department of Pediatric Neurology, Severance Children’s Hospital, Yonsei University College of Medicine, Korea
3Department of Pediatrics, gangnam Severance Hospital, Yonsei University College of Medicine, Korea
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Purpose 
Children with mitochondrial diseases (MDs) have variable degree of motor and intellectual impairments, resulting in 
complex limitations in everyday life, showing high frequency of comorbidity with epilepsy. These limitations impose 
a great stress on caregivers. The purpose of this study was to develop a therapeutic psycho-educational program that 
improves quality of life of the parents as caregivers for pediatric patients, and to analyze the intervention's efficacy and 
participants' satisfaction.

Method 
Participants were 21 parents who have children diagnosed with MDs and epilepsy. The program was carried out 
weekly for two sessions and contents targeted family dynamic and emotional intervention, coping skills, childcare 
and education. Psychological assessments were administered including parenting stress, negative emotion, marital 
satisfaction at pre- and post-intervention, and administered satisfaction surveys.

Results 
At the baseline, total parent stress was highly considered at clinically significant level (57%) but showed significant 
decreases at the evaluation of post-intervention (p<0.01). Moreover, the significantly decreased scores were found 
in parents’ anxiety and depression compared to the evaluation of baseline (p<0.01), respectively, indicating elevated 
feelings of parenting efficacy and parental role satisfaction. On satisfaction research, participants reported high levels of 
satisfaction with the program including the necessity (86%), contents (81%), and the importance of participation (86%). 
Specifically, the such factors for satisfaction as stress management, reducing negative emotionality, illness/parenting-
related information provision were identified. Furthermore, the impacts on their thoughts were reported including the 
opportunity of self-introspection, positive mind, and the change of understandings for family.

Conclusion 
Even a two-session psycho-educational program for caregivers can improve family quality of life. For a 
multidisciplinary approach, health care professionals, including doctors, nurses, and psychologists are challenged to 
expand their understandings of MDs so that parents and patients can benefit from a comprehensive family-centered plan 
of care tailored to the family’s unique needs.

The efficacy study & satisfaction research of therapeutic Psycho-
educational program for the caregivers of pediatric patients with 
mitochondrial diseases and epilepsy
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Purpose 
Adverse drug reaction profiles of antiepileptic drugs (AEDs) are as important as efficacy of AEDs. Adverse drug 
reactions (ADRs) are reported by clinical trials before drugs come to market, or voluntary drug adverse event reporting 
systems. However, it is a challenge to predict adverse reaction rates observed in clinical practice. The Observational 
Health Data Sciences and Informatics (OHDSI) collaboration provides a Common Data Model (CDM) for standardizing 
electronic health record data into a common format to support large-scale observational studies. The objective of the 
study is to 1) develop an OHDSI CDM towards building a pharmacovigilance detection platform for AEDs, and 2) 
evaluate the feasibility and utility of OHDSI CDM for ADR monitoring in a single institution.

Method 
Electronic health records required by the CDM were extracted and transformed into OHDSI CDM structure. Patients 
who have a diagnosis of epilepsy, and exposed to AED (valproate, topiramate, oxcarbazepine, levetiracetam, 
lamotrigine) monotherapy for at least 6 months were included. We evaluated 4 domains of ADRs related to antiepileptic 
drugs: 1) hematological alteration, 2) hyponatremia, 3) abnormality in liver function test, 4) subclinical hypothyroidism.

Results 
Our dataset contained 1344 patients. Thrombocytopenia occurred in 14.1% of valproate monotherapy cohort. Mild 
and severe hyponatremia were reported in 9.1% and 0.4% of oxcarbazepine monotherapy cohort, respectively. Mild 
and severe degree of elevation in liver enzyme were reported in 18.4% and 0.9% of valproate monotherapy cohort, 
respectively. Of 550 patients, 134 patients (24.4%) had subclinical hypothyroidism.

Conclusion 
Our observational study from a single institution demonstrates that ADRs of antiepileptic drugs using the OHDSI CDM 
are feasible. Standardized OHDSI CDM platform can be used as a valuable tool for monitoring nationwide antiepileptic 
drug safety surveillance.

Sun Ah Choi1,2, Hunmin Kim1, Sooyoung Yoo3, Seok Kim3, Soyoung Yi3, Hee Hwang1,3, byung Chan Lim4, 
Jong-Hee Chae4, Ki Joong Kim4
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4Pediatrics, Seoul National University Children's Hospital, Seoul National University College of Medicine, Korea
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Purpose 
Pathologic fast oscillations have been proposed to be robust biomarkers of epileptic cortex and the interactions with 
lower frequency band also have been widely investigated in normal and pathologic brain activity. Using dynamic 
variation of phase-amplitude coupling (PAC) of fast oscillation (FO, beta and gamma; 15-80Hz) and low (delta, theta, 
alpha; 1-14Hz) frequency bands, we tried to determine the seizure onset zone and to predict the seizure onset time.

Method 
Continuous recorded video EEG for presurgical evaluation were retrieved from 10 pediatric patients and total 39 seizure 
events were detected. Using the PACT and EEGLAB toolbox of MATLAB 2018b, the modulation index (MI) for PAC 
between FO and low frequency band were analyzed and compared between seizure onset zone (SOZ) and normal zone 
(NZ). Additionally, FO- event-related spectral perturbation (ERSP) and MI during interictal (3-hour before seizure 
onset time), preictal (60-second before seizure onset time) and ictal (60-second after seizure onset time) period were 
calculated.

Results 
The PAC of FO and low frequency bands in SOZ were significantly stronger than other zones during interictal period (p 
< 0.025). During preictal and ictal period, the FO-ERSP and MI is significantly elevated compared with interictal period 
in all electrodes (p < 0.001). Before seizure onset time, the averaged power of FO-ERSP and MI were elevated in most 
of seizure events of this study.

Conclusion 
The interictal PAC is closely associated with the location of pathologic brain lesions and FO-ERSP and MI can be used 
as a biomarker of automatized seizure detection before their onset.

Detection of epileptic seizure onset time using phase-amplitude 
coupling between low frequency band and fast oscillations
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Purpose 
Ketogenic diet (KD) is a potent treatment option for drug resistant epilepsy. One of proposed mechanism is via 
inhibition of the mTOR pathway. In this study, we aimed to evaluate efficacy of KD in drug resistant epilepsy patients 
with pathologically proven focal cortical dysplasia (FCD), according to presence of mutations in mTOR pathway related 
genes. Through this, we also aimed to indirectly assess the validity of the hypothesis that KD may antiepileptic actions 
via mTOR pathway inhibition.

Method 
Retrograde chart reviews were done for patients with pathologically proven FCD who have received KD in Severance 
Children’s Hospital between 2005 and 2018. Brain tissues were acquired during epilepsy surgery, and presence of 
mutations in mTOR related genes was tested with deep sequencing.

Results 
Among 25 patients, 18 (69.2%) patients were boys. The median seizure onset age was 0.92 (IQR, 0.22-4.07) years, 
and the median age at KD initiation was 4.17 (IQR, 2.33-5.41) years. Pathologically, 17 (65.4%) patients had FCD IIa, 
8 (30.8%) had FCD IIb, and 1 (3.8%) had FCD Ib. The TORopathies were identified in 12 (48.0%) patients. Median 
baseline seizure frequency before KD was 13.0 (5.0-42.5) seizures/day. More than 50% seizure reductions were 
observed in 12 (46.2%), 12 (46.2%), 9 (34.6%), and 9 (34.6%) patients at 0.5, 1, 3, and 6 months after KD, respectively. 
When patients were divided according to presence of TORopathies, more than 50% seizure reductions were observed 
in 58.3%, 58.3%, 41.7%, 41.7%, and 8.3% in patients with TORopathies, and in 35.7%, 35.7%, 28.6%, 28.6%, and 
7.1% in patients without TORopathies at 0.5, 1, 3, and 6 months after KD, respectively, and there were no significant 
differences (p = 0.434, 0.434, 0.396, 0.396, and 1.000).

Conclusion 
Although KD shows some efficacy in patients with FCD, there were no significant relationship between efficacy of KD 
and presence of TORopathies.

Dong Hwa Yang1, Ara Ko2, Se Hee Kim1, Joon Soo Lee1, Heung Dong Kim1, Hoon-Chul Kang1

1Pediatrics, Severance Children’s Hospital, Korea
2Pediatrics, Pusan National University Children’s Hospital, Korea

Efficacy of ketogenic diet in pediatric epilepsy patients with focal 
cortical dysplasia according to presence of TORopathy

Oral Presentation 3
OP3-1



111

Ju
ne

 1
4 

(F
ri

)

Purpose 
Tuberous sclerosis complex (TSC) is a multiorgan disease commonly associated with epilepsy intractable to antiepileptic 
drugs. We demonstrated the outcome of the ketogenic diet (KD) in children with TSC and intractable epilepsy due to the 
need for better treatment options.

Method 
Thirty children with TSC and epilepsy treated with the KD at the Severance Children’s Hospital over a 14.5-year period 
were included and reviewed retrospectively.

Results 
Median age at time of initiation of the KD was 24.8 months. The rate of a >50% reduction in their seizures on the 
KD was 21 (70%) of 30 children at 3 months, 16 (80%) of 20 children at 6 months, 12 (92.3%) of 13 children at 12 
months. Patients with seizure free of them were 9 of 30 (30%), 9 of 20 (45%), and 7 of 13 (53.8%), respectively. 
Median duration of seizure free was 10 months. Eight patients had seizure free response for at least 12 months. All of 
the responders show the good response within 3 months. Six patients were diagnosed with Lennox-Gastaut syndrome at 
the beginning of the KD. Three of them had seizure free response more than 12 months. Median diet duration was 8.35 
months. The reasons of discontinuation (22 children) of the KD were free of seizure (6, 27.3%), persistent seizure (13, 
59.1%), adverse effect (3, 13.6%).

Conclusion 
The ketogenic diet should be considered as a treatment option for children with tuberous sclerosis and intractable 
epilepsy.

The effects of the ketogenic diet in intractable epilepsy with 
tuberous sclerosis complex in children
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Purpose 
In the past, ketogenic diet was not recommended for the children of less than 2 years of age for several reasons, such as 
immaturity of lipase activity, liver function, and lipid metabolism. However, studies have proved efficacy and safety of 
ketogenic diet in infants, especially West syndrome patients, and young age is now not considered as contraindication 
for ketogenic diet. However, there are only a few studies describing experience with younger infants, especially of less 
than 3 months of age, and therefore this study aimed to share the experience on ketogenic diet with such patients.

Method 
Retrograde chart reviews were done for patients under 3 months of age who underwent ketogenic diet in Severance 
Children’s Hospital or Pusan National University Children’s Hospital between 2005 and 2018.

Results 
Twenty-four patients started ketogenic diet before age of 3 months, with median age of 63 (IQR 53-74, range 33-
81) days. Among them, 10 (41.7%) were boys. Median seizure onset age was 3 (IQR 2-10, range 3-48) days. 
Ten (41.7%) patients had structural, 10 (41.7%) had genetic, 2 (8.3%) had metabolic, and 2 (8.3%) had unknown 
etiologies. Syndromic diagnoses were made in 10 (41.7%) patients with Ohtahara syndrome, 6 (25.0%) patients with 
West syndrome from neonatal seizures, and 1 (4.2%) patient with early myoclonic epilepsy. Median baseline seizure 
frequency was, and median seizure reduction rates were 82.3% (IQR 63.3-100.0) at 2 weeks, 97.6% (IQR 80.0-100.0) 
at 1 month, 100.0% (88.4-100.0) at 3 months, and 100.0% (90.4-100.0%) at 6 months after ketogenic diet. Four (16.7%) 
patients discontinued ketogenic diet due to adverse events. Lipid profiles, liver enzymes, and pancreatic enzymes were 
not affected. Serious irreversible adverse events were not observed in any patients.

Conclusion 
Ketogenic diet can be effectively and safely administered to patients under 3 months of age with epilepsy

Ara Ko1, Juhyun Kong1, Yun Jin Lee1, Young Mi Kim2, Se Hee Kim3, Sang Ook Nam1, Joon Soo Lee3, 
Heung Dong Kim3, Hoon-Chul Kang3
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Purpose 
Paroxysmal motor events are common clinical symptoms of infants visiting pediatric neurology clinic. However, it is 
often challenging to differentiate epileptic events from the non-epileptic paroxysmal motor events (NEPMs) during 
infancy. The purpose of this study is to investigate clinical and laboratory findings as a potential predictor for diagnosis 
of epilepsy in infants with paroxysmal motor events.

Method 
This is a retrospective study performed at Asan Medical Center from January 2008 to December 2009. Infants who 
presented with one or more paroxysmal motor events were enrolled and their medical record including demographics, 
clinical characteristics of events, laboratory findings, EEG, and brain magnetic resonance imaging (MRI) were 
reviewed.

Results 
Total 120 infants with paroxysmal motor events were enrolled. Thirty-eight patients were finally diagnosed with 
epilepsy while 82 patients were proven to be non-epileptic motor events. Between the epilepsy and NEPMs, there was 
no significant difference of their demographic findings, relevance to a specific situation, or clinical manifestations. 
However, EEG abnormalities ( 29/38 epilepsy, 76% vs. 2/82 NEPMs, 2.4%, P < 0.01) and abnormal brain MRI (13/34 
epilepsy, 34.2% vs. 3/24 NEPMs, 3.7%, P < 0.01) were significant risk factor of diagnosis of epilepsy.

Conclusion 
When an infant visited with paroxysmal motor events, NEPMs were more common than epilepsy and abnormal EEG 
and brain MRI findings could help the diagnosis of epilepsy. Further prospective study will help to show the importance 
of clinical manifestations as a predictor of epilepsy in this group of patients.

How to differentiate the paroxysmal motor events in infants?

Han Na Jang, Hyunji Ahn, Mi-Sun Yum, tae-Sung Ko
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Purpose 
Despite of high incidence of epilepsy during adolescence, there has been little attention to adolescence-onset epilepsy 
and their transition from pediatric to adult care is still challenging. The aim of the present study was to investigate the 
long-term clinical course and outcome of adolescence-onset epilepsy.

Method 
From 1993 to 2018, the electronic medical records of patients with adolescence (13-19 years of age)-onset epilepsy were 
retrieved from Asan Medical Center Children’s Hospital. Seizure outcome at last contact was categorized as remission 
(seizure-free for 2 years), complete remission (≥5 years seizure-free after discontinuation of AEDs), relapse (recurrence 
of seizures after one or more years of seizure-free period), and uncontrolled.

Results 
Total 140 patients (89 male) were enrolled in this study. The mean age at diagnosis of was 14.2 years (range, 13.0-
18.5) and average duration of drug use for 12.7 years (range 0.0-25.9) with mean 2.5 (range, 0-11) AEDs. During the 
treatment, 129 (92.1%) patients experienced seizure-free for more than 2 years. At last contact, one-hundred and nine 
(77.9%) were in remission including 30 (21.4%) with complete remission. Finally, thirty-six (25.7%) patients were 
transferred to an adult clinic at their mean age of 21.9 years (range, 14.7-31.8). One year seizure freedom (OR 5.27, 
95% CI 1.77-15.67) and no relapsing seizure (OR 3.61, 95% CI 1.32-9.85) is associated with seizure remission at last 
contact. Intellectual disability at diagnosis (OR 13.9, 95% CI 2.01-96.25) and status epilepticus at diagnosis (OR 68.95, 
95% CI 3.30-1442.24) is predicting factor for intractability.

Conclusion 
Considering the tremendous impact of epilepsy diagnosis on adolescent, communication with the adolescent regarding 
the prognosis of epilepsy is critical. This study shows that majority of patients with adolescence-onset epilepsy can 
achieve seizure freedom. In addition, transition to adult clinic should be considered because of the need of prolonged 
treatment in these patients.

Hyunji Ahn1, Mi-Sun Yum1, Hyun-Jin Kim2, Han Na Jang1, tae-Sung Ko1
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EEg network analysis 

Recent advances in network science and computer engineering have enabled brain network analysis using clinical 
big data such as EEG, MRI, and MEG. EEG network analysis is an area of network analysis that utilizes EEG data to 
answer several vital questions. Some examples of research questions of EEG network analysis in epilepsy were 1) is 
there a significant difference in patients with disease in resting state EEG? 2) which is the initial focus of the seizure and 
connectivity related to seizure 3) is there functional connectivity derangement in epilepsy?

The process of EEG network analysis begins with the selection of a specific state of EEG. It can be resting state 
EEG, ictal EEG, or task-specific EEG. Either scalp EEG or intracranial EEG can be used as substrate. There is great 
variability in the selection of association measures, which is the essential feature in constructing the connectivity map. 
These measures calculate and contain information regarding amplitude, frequency, and phase of the specific time signal 
data. Information based measures can even provide causality data. Once the connectivity map of the subject is made, 
several network topology measures are calculated to compare between the subjects or groups. Certain specific statistical 
methods such as network-based statistics or false discovery rate can be used in comparing the connectivity itself and 
identifying the connection that shows a significant difference.

The resting-stage EEG functional connectivity studies in epilepsy revealed that overall connectivity itself could be 
increased or decreased in epilepsy. However, the overall network showed decreased efficiency and less integrated 
network topology (longer characteristic path-length) and increased segregation (higher mean clustering coefficient). 
Intracranial EEG studies revealed a network shift toward a more regular topology (increased clustering coefficient and 
path length). Scalp EEG studies of generalized seizures also found regular network topology compared to the interictal 
state. There was a report of dominant sub-network (module) in focal epilepsy which was formed at the onset and 
disintegrated at the seizure termination.

There are several critical issues in EEG network analysis. We have to consider that the EEG signals recorded at the 
electrode are the local potential of summated electrical potentials of volume conduction. Different association measures 
represent and provide certain limited information from the EEG signal. To understand the underlying pathophysiology, 
we have to connect the EEG findings to their source of origin and physiological significance. The findings from EEG 
network analysis should always be connected to relevant clinical findings such as disease progression and surgical 
outcome.
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Dr. Answer project is a 3-year Korean government subject that is sponsored by the Ministry of Science, Technology, and 
Information and initiated by NIPA (National IT industry promotion agency). This project aims to develop a cloud-based 
AI software that will help practice in medicine and thus improve the quality of healthcare. Twenty-five tertiary hospitals 
nationwide and 20 companies participate in the project. Epilepsy is one of the eight diseases that is included in the 
project. Our epilepsy team is working on building two AI software that will help physicians to interpret routine EEGs 
and intracranial EEGs.

Routine EEG analysis software performs automated quantitative analysis of digital EEG. It uses automated labeling 
and analysis of routine EEG using rule-based signal processing and deep learning techniques. EEG visualization 
and labeling module were made to support manual labeling of routine EEGs and develop the analysis software that 
automatically detects the labels and classifies the routine EEGs using the labeled data. Neurologists performed manual 
labeling of artifacts, normal findings, and findings of unknown significance. Automated labeling was made using rule-
based signal processing or deep learning techniques depending on the performance outcome of the labeling. Deep 
learning algorithm was applied to status classification using waking, N1 sleep, and N2 sleep. After automatic labeling, 
analysis of digital EEG, including quantification and connectivity analysis, were constructed using conditional analysis 
rules. Analysis tool comprised of posterior dominant rhythm, background activity of waking and sleep, provocation and 
stimulation, sleep-related graphoelements. 

Two thousand EEGs (about 60 gigabytes) were analyzed and utilized for labeling, learning, and building the software. 
Conventional rule-based signal processing and deep learning tools were compared for analysis, and that of better 
outcome was chosen for building the software. The software we constructed consisted of visualization, manual labeling, 
automatic labeling, quantitative analysis including connectivity analysis, and report visualization platform.

In this talk, we will introduce the scheme of Dr. Answer project and routine EEG analysis software. Application and 
performance of machine learning algorithms of EEG sleep stage categorization will be introduced. Brief simulation of 
the routine EEG analysis software will also be introduced.

Parallel Symposium 1. big data & AI in epilepsy
PS1-4

Epilepsy in Dr. Answer: 
AI based healthcare initiative by Korea government 

Ki Joong Kim (Korea)

Seoul National University College of Medicine
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Ki Hyeong Lee (USA)

Advent Health Orlando

Defining epileptogenic networks: sEEg based analysis

Parallel Symposium 2. StereoEEg-based epilepsy surgery
PS2-1
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Parallel Symposium 2. StereoEEg-based epilepsy surgery
PS2-2

Case presentations for analysis of electro-anatomo-clinical 
correlation

Won Seok Chang (Korea)

Yonsei University College of Medicine

Epilepsy is known to be one of the most common and serious manifestations causing functional disabilities, and the 
prevalence of epilepsy in children reported as ranging from 3.2 to 5.5/1,000 in developed countries and 3.6 to 44/1,000 
in developing countries. Because chronic epilepsy can result in cognitive declines and psychomotor disabilities in 
later periods of life, it is recommended to early and aggressive control of seizure. However, despite optimized medical 
treatment, approximately 30% to 35% of all patients continues to seizures and thereby have medically refractory 
epilepsy. For these patients, epilepsy surgery will be one of the important options for epilepsy treatment, because 
epilepsy surgery can reduce seizure activities when compared with continues medical treatment. 
The presentation of intractable localization-related epilepsy is often heterogeneous. Patients with hemispheric or 
unilateral focal etiologies can have generalized seizures and electroencephalography (EEG) patterns, rapid evolution 
of electroclinical features, progressive neurologic disorders, and bilateral congenital brain syndromes. Therefore, 
if epilepsy surgery is planned, careful presurgical evaluation including EEG, magnetoencephalography, structural 
imaging, metabolic imaging, and neuropsychological evaluation should be underwent and carefully analyzed for 
exact identification of epileptogenic region or hemisphere. These diagnostic modalities can offer crucial information 
of epileptogenic region, however, they also have their own weakness for exact localization of epileptogenic lesions. 
Therefore, many epilepsy patients need invasive inctracranial monitoring by subdural/parenchymal electrode 
implantations. In cases having epileptogenic lesion at surface area, epileptogemic lesion can be easily predicted and 
detected by subdural electrodes. In contrary, in patients with deep located epileptogenic lesions such as bottom of 
sulcus cortical dysplasia, it can be hard to detect epileptogenic lesion by subdural electrodes, and stereo/parenchymal 
electrodes can play important roles for these patients. Furthermore, invasiveness of stereoEEG is usually less than that 
of subdural EEG, and patient’s recovery after electrode implantation is much faster with less probabilities of procedure-
related complications, which can be one of the major advantages of stereoEEG. In this presentations, patients underwent 
invasive intracranial monitoring due to deep-located epileptogenic lesions will be presented, and correlations between 
electro-anatomo-clinical findings will be analyzed.
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Benjamin Kennedy (USA)

Children’s Hospital of Philadelphia

Functional mapping with sEEg: Is it possible?

Parallel Symposium 2. StereoEEg-based epilepsy surgery
PS2-3
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Objective 
Periventricular nodular heterotopia (PNH) is one kind of neuronal migration disorders, frequently associated with 
cortical dysplasia and drug-resistant epilepsy (DRE). Stereo-electroencephalography (SEEG) is considered an effective 
way to disclose the epileptogenic zone (EZ). Via the intracerebral electrodes, it is possible to guide the radiofrequency 
thermocoagulation (SEEG-guided RF-TC) with the aim of pre-resection test via disrupting the EZ. 

Methods 
Nine patients with DRE related to PNHs were studied. These patients were diagnosed as drug-resistant epilepsy and 
PNHs (unilateral or bilateral, single or multiple nodules). SEEG recordings are used for the presurgical investigations, 
and patients completed surgical workup with SEEG-guided RF-TC with/without traditional neurosurgery. 

Results 
Patients with a PNH usually have complex and various epileptic networks. Via SEEG study, some PNHs were identified 
as epileptogenic focus, and some were not. SEEG-guided RF-TC both into the nodules and/or the cortex was efficacious 
were decided by SEEG study. Single or multiple, unilateral or bilateral PNHs are the suitable for this procedure. On 
the other hand, patients with PNHs associated with covered cortex malformation obtained better outcome only with 
traditional resection surgery. 

Conclusion 
Each patient had a specific epileptogenic focus and network, dependent on the SEEG study to disclose the epileptogenic 
zone, seizure onset zone, irritative zone, and symptomatic zone. The number, size, location of nodules, associated 
cortical malformation were independent of seizure onset. SEEG-guided RF-TC appears as an effective diagnostic 
approach for DRE related to PNHs. 

Cheng-Chia Lee1,3 , Chien-Chen Chou2,3, Hsiang-Yu Yu2,3, Hsin-Hung Chen1,3, Chien Chen2,3,  
Chun-Fu Lin1,3, Der-Jen Yen2,3, Yang-Hsin Shih1,3

1Department of Neurosurgery
2Department of Neurology
3taipei Veterans general Hospital; and School of Medicine, National Yang-Ming University, taipei, taiwan

The application of sEEg in periventricular nodular heterotopia

Parallel Symposium 2. StereoEEg-based epilepsy surgery
PS2-4
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Yuwu Jiang (China)

Peking University First Hospital

Where are the missing mutations?

Special Interest group  1. Advancing epilepsy genetics in the genomic era
SIg1-1

To evaluate the additional diagnostic yield of whole exome sequencing (WES) reanalysis in patients with epilepsy, 
we reanalyzed raw WES data and clinical information for 161 patient trios whose initial reports were negative. 
Seventeen patients (10.6%, 17/161) got positive genetic diagnoses finally, including fifteen novel mutations: HDAC8 
c.770C>G (p.Pro257Arg), HIBCH c.750G>A (p.Glu250Glu), HIBCH c.113T>G (p.Val38Gly), KCNQ5 c.1703T>C 
(p.Val568Ala), PPP3CA c.1283_1284insC (p.Pro428Profs*23), IRF2BPL c.1453_1455delTTC (p.Phe485del), IRF2BPL 
c.307_308insGCGC (p.Gln103Argfs*31), GABRB2 c.671T>G (p.Phe224Cys), CUX2 c.3964G>T (p.Glu590Lys), 
CSNK2B c.560T>G (p.Leu187Arg), CSNK2B c.620_621insC (p.Phe207Phefs*39), STAG2 c.290C>T (p.Ser97Leu), 
CACNA1E c.2104G>A (p.Ala702Thr), MLL3 c.2573G>T (p.Trp858Leu) and ATP1A1 c.2590G>A (p.Gly864Arg). 
The reasons for the previous false-negative reports were divided into four categories: specific gene–disease associations 
had not been established at the time of the initial report (12/17); the disease database of the genetic test center had not 
been updated timely (3/17); the patient's clinical phenotype had not been carefully or correctly collected, submitted and 
reviewed when applying genetic test and analyzing the variants (1/17); and the first round of data analysis had missed 
a synonymous variant that affected splicing (1/17). Therefore, physicians should not give up the discovery of disease-
causing mutations before re-examining the WES data and clinical phenotype by themselves or by collaborating with 
bioinformatic experts in the genetic test centers, especially for patients with strongly suspected genetic disease whose 
initial WES result was “negative”.
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Ara Ko (Korea)

Pusan National University College of Medicine

Can genetic information help predict response to AED therapy? 

Special Interest group  1. Advancing epilepsy genetics in the genomic era
SIg1-2
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Special Interest group  1. Advancing epilepsy genetics in the genomic era
SIg1-3

Phenotypic spectrum of sodium channelopathies

Young Ok Kim (Korea)

Chonnam National University Medical School
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Clinical factors related to predict the response to AEDs are well known; etiology of the epilepsy is the most important 
clinical factor to predict the response. However, the response to AEDs is a complex process in which the mechanism 
is still uncertain. Recent studies have been performing to elucidate genetic variants to predict the response to AEDs. 
Recent advances in the genetics and neurobiology of epilepsy are establishing the basis for a new era in the treatment 
of epilepsy, focused on each individual and their specific epilepsy. The target genes are involving the genetic variants 
affecting pharmacokinetics or pharmacodynamics of AEDs as well as the epilepsy itself. Precision medicine treatments 
represent a growing area of interest, focusing on reversing or circumventing the pathophysiological effects of specific 
gene mutations. This could lead to a dramatic improvement of the effectiveness and safety of epilepsy treatments, by 
targeting the biological mechanisms responsible for epilepsy in each specific individual.

Sung Eun Kim (Korea)

Inje University College of Medicine

Predicting drug reactions with genotyping 

Special Interest group  1. Advancing epilepsy genetics in the genomic era
SIg1-4
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Normal EEg in adult and children 
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Jin-Hwa Moon (Korea)

Hanyang University College of Medicine

Normal EEg in neonates 

Korean Epilepsy Preceptorship Program 2 (English) 
KEP2-2
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Su Kyeong  Hwang (korea)

Kyungpook National University School of Medicine

EEg in epilepsies

Korean Epilepsy Preceptorship Program 2 (English) 
KEP2-3
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Korean Epilepsy Preceptorship Program 2 (English) 
KEP2-4

EEg findings you see in status epilepticus 

Byung-Euk Joo (korea)

Hanyang University College of Medicine

Seizures and status epilepticus (SE) are serious complications in intensive care unit (ICU) patients. SE is often divided 
into convulsive and nonconvulsive types, based on clinical features. The EEG is helpful in further dividing SE into those 
that are generalized from onset, or have a partial onset, because this may be difficult to do clinically. This is particularly 
true in patients with tonic-clonic seizures, which may be generalized from onset, or secondarily generalized. Rarely in 
the ICU, although not infrequently in epilepsy monitoring units, the EEG may indicate that the event is nonepileptic, 
such as pseudostatus epilepticus. Nonconvulsive SE is often difficult to diagnose, be it partial or generalized, and the 
diagnosis is usually delayed. Furthermore, although an EEG is required to verify the diagnosis, there are not widely 
accepted criteria to diagnose this entity, particularly in obtunded/comatose patients. For example, it is controversial 
whether several EEG patterns, such as periodic lateralized and generalized periodic epileptiforms, are ictal or interictal.
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Sang Kun Lee (Korea)

Seoul National University College of Medicine

general principle of localization and surgery for 
MRI-negative epilepsies

Parallel Symposium 3. MRI negative epilepsy – How can we conquer it? 
PS3-1

There is inherent difficulty in identifying the epileptogenic zone in nonlesional neocortical epilepsy, which leads to 
the incomplete resection. However, with careful interpretation of other studies including functional neuroimaging 
and concordant results, surgical treatment can benefit patients with nonlesional neocortical epilepsy. Two recent large 
studies including ours demonstrated that seizure free outcomes were 47 and 55% for nonlesional TLE, and 41 and 
43% for nonlesional extratemporal lobe epilepsy patients. Concordance with two or more presurgical evaluations 
among interictal EEG, ictal EEG, FDG-PET, and ictal SPECT was significantly related to a seizure-free outcome. 
However, we should always the possibility of false localization of ictal EEG or functional neuroimaging in nonlesional 
neocortical epilepsy. Careful placement of intracranial electrodes on adjacent areas should be needed for these patients. 
The repositioning of intracranial electrodes might identify a new ictal onset zone. Consideration of one-week interval 
repositioning of intracranial electrodes could be helpful in selected patients. Intracranial EEG is one of the most 
important procedures in planning surgery and achieving a good surgical outcome in resective epilepsy surgery. Slow 
propagation and focal or regional ictal onset were associated with a seizure-free outcome. Resection that includes more 
electrodes with ictal rhythm or interictal abnormalities predicts a good surgical outcome.
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Joon Soo Lee (Korea)

Yonsei University College of Medicine

PET-aided detection of focal cortical dysplasia

Parallel Symposium 3. MRI negative epilepsy – How can we conquer it? 
PS3-2

Cortical dysplasia is the most common etiology in children and the third most frequent finding in adults undergoing 
epilepsy neurosurgery. The new International League Against Epilepsy (ILAE) classification grades isolated cortical 
dysplasia into mild type I (cortical dyslamination), severe type II (dyslamination plus dysmorphic neurons and balloon 
cells), and dysplasia associated with other epileptogenic lesions (type III). Presurgical evaluation of patients with 
epilepsy from cortical dysplasia can be challenging. Structural magnetic resonance imaging (MRI) is negative in roughly 
30% of cases, most often linked with mild type I cases. The MRI remains the mainstay examination in this situation and 
allows the distinction between a patient with “surgical” lesions that are able to explain the patient’s seizures, and MRI-
negative patients who do not have lesions, or only show nonspecific findings. 

Positron emission tomography (PET) is currently used in the presurgical workup for drug-resistant partial epilepsies 
in addition to MRI. Interictal metabolism is studied in clinical practice using (18)fluoro-desoxy-glucose ((18)FDG). 
In medial temporal lobe epilepsy (MTLE) associated with hippocampal sclerosis, hypometabolism ipsilateral to 
the epileptogenic focus is found in 70-90% of cases. However, hypometabolism is larger than the structural lesion 
observed on MRI and includes the epileptogenic zone and ictal discharge spread areas. Hypometabolism is related to 
surgical outcome and cognitive disturbances in MTLE. Although the usefulness of PET appears less well-established 
in extratemporal lobe epilepsy and in children, its sensitivity may be improved by coregistration and superimposition 
of PET on MRI at any age. Focal hypometabolism can be easily detected by visual analysis, allowing detection of 
minor gyral abnormalities that may correspond to focal cortical dysplasias. Moreover, in cases of negative MRI, focal 
hypometabolism findings may help invasive monitoring planning and deep electrode placement for SEEG, and finally 
improve surgical outcome. FDG-PET can be 80-90% accurate, but is not 100% sensitive in MRI negative patients. 
This approach has specifically improved the usefulness of  PET in MRI-negative epilepsy surgery evaluation. One 
other development of importance is that of PET-MRI coregistration, which has recently been shown to be superior to 
conventional PET. 

Combinations of structural, functional and post-processing methods have been used in multimodal and machine learning 
models to improve the identification of the seizure onset zone and increase understanding of mechanisms underlying 
structural and functional aberrations in epilepsy.
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Inje University College of Medicine

Electric source imaging in MRI-negative epilepsy

Parallel Symposium 3. MRI negative epilepsy – How can we conquer it? 
PS3-3

Electroencephalography (EEG) source imaging refers to the estimation of the intracranial generators of an electric field 
recorded at the surface of the head. It consists of solving forward and inverse problems. EEG source imaging is safe 
and noninvasive tool for localizing the putative epileptogenic zone with high reliability. EEG source imaging has a 
high sensitivity and specificity for localization of the epileptogenic zone if the EEG is recorded with a large number of 
electrodes and the individual magnetic resonance imaging is used as a head model. Here, we will discuss the important 
principles that guide the methodological approach to contemporary EEG source imaging and the clinical utility of EEG 
source imaging in MRI-negative epilepsy.
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University of bonn

Single-unit recordings in patients with MTLE: 
Neuronal correlates of perception and memory

Parallel Symposium 4. Memory function in patients with temporal lobe epilepsy
PS4-1
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University of bonn

Memory and temporal lobe epilepsy

Parallel Symposium 4. Memory function in patients with temporal lobe epilepsy
PS4-2
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Despite its potential to revolutionize the treatment of memory dysfunction, the efficacy of direct electrical hippocampal 
stimulation on memory performance has not yet been well characterized. Because one of the main challenges to cross-
study comparison in this area of research is the variability of the cognitive tasks used to measure memory performance, 
we recorded intracranial EEG from and directly applied stimulation to the hippocampus of epilepsy patients while 
they performed two different verbal memory tasks – a paired-associate memory task and a single item memory task. 
Hippocampal stimulation modulated memory performance in a task-dependent manner, improving associative memory 
performance, while impairing item memory performance. In addition, subjects with poorer baseline memory improved 
much more by stimulation. iEEG recordings from the hippocampus during non-stimulation encoding blocks revealed 
that the associative memory task elicited stronger theta oscillations than item memory and that stronger theta power was 
related to memory performance. Critically, we show here for the first time that stimulation-induced associative memory 
enhancement was linked to increased theta power during retrieval. These results suggest that hippocampal stimulation 
enhances associative memory but not item memory because it engages greater hippocampal theta activity and that, 
in general, increasing hippocampal theta may provide a neural mechanism for successful memory enhancement. In 
summary, these findings may help to develop the foundation for future work that maximizes the effectiveness of brain 
stimulation for the treatment of memory disorders. 

Soyeon Jun1, Sang Ah Lee2, June Sic Kim1,3*, Chun Kee Chung1,4*

1Department of brain & Cognitive Sciences, Seoul National University, Seoul, Korea.
2Department of bio & brain Engineering, Korea Advanced Institute of Science and technology, Daejeon, Korea.
3Research Institute of basic Sciences, Seoul National University, Seoul, Korea.
4Department of Neurosurgery, Seoul National University Hospital, Seoul, Korea.

Memory change with direct hippocampal electrical stimulation

Parallel Symposium 4. Memory function in patients with temporal lobe epilepsy
PS4-3
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woorim Jeong1, 2, Hyeongrae Lee3, June Sic Kim4, Chun Kee Chung1, 2, 5

1 Neuroscience Research Institute, Seoul National University College of Medicine, Seoul, Korea
2 Department of Neurosurgery, Seoul National University Hospital, Seoul, Korea
3 Department of Mental Health Research, National Center for Mental Health, Seoul, Korea
4 Research Institute of basic Sciences, Seoul National University, Seoul, Korea
5 Department of brain and Cognitive Sciences, Seoul National University College of Natural Sciences, Seoul, Korea

How the brain supports intermediate-term preservation of memory in patients who underwent unilateral medial temporal 
lobe resection (MTLR) has not yet been demonstrated. To characterize brain network underpinning normal episodic 
memory function in patients with MTLR, we investigated the activation of the hippocampus and whole-brain functional 
connectivity during memory encoding in patients with MTLR. We studied 35 adult patients who underwent unilateral 
MTLR for the treatment of medically intractable temporal lobe epilepsy (17 left, 18 right) and 24 healthy controls. All 
patients achieved favorable seizure outcome (mean follow-up = 6.31±2.72 years) and had an average range of memory 
function at the time of the study participation. All subjects underwent functional MRI scanning with a memory-encoding 
paradigm of words and figures. We found that greater activation in the hippocampus contralateral to the resection was 
related to higher postoperative memory scores and greater postoperative memory improvement than the preoperative 
baseline in both patient groups. Task-based functional connectivity analysis revealed that the medial prefrontal 
cortex showed stronger interactions with widespread brain areas in both patient groups, including the hippocampus 
contralateral to the resection. Moreover, the strength of the medial prefrontal cortex functional connectivity predicts the 
individual memory capacity of the patients. For the first time, a neural basis that supports effective intermediate-term 
episodic memory after unilateral MTLR has been characterized. The results provide evidence that engagement of the 
hippocampus contralateral to the side of resection is responsible for effective memory function in the intermediate term 
(> 1 year) after surgery in patients with MTLR. Moreover, our data suggest that hyperconnectivity of distributed brain 
areas is a neural mechanism for memory function in the absence of one MTL.

Characterization of memory network in one hippocampus 
resected brain

Parallel Symposium 4. Memory function in patients with temporal lobe epilepsy
PS4-4
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Jon-Soo Kim (Korea)

Chungbuk National University College of Medicine

Revised recommendation of KD from international consensus

Special Interest group 2. Review and update of ketogenic diet for epilepsy
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Se Hee Kim (Korea)

Yonsei University wonju College of Medicine

Special Interest group  2. Review and update of ketogenic diet for epilepsy
SIg2-2

Advances in dietary therapies, including updates from Jeju

Special Interest group  2
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Impairments in oxidative glucose metabolism in epilepsy and 
metabolic treatments thereof

Karin Borges (Australia)

University of Queensland
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Saeyoon Kim (Korea)

Yeungnam University College of Medicine

New classifications of seizures and epilepsy 

Teaching Session 1. Management of patients with new-onset epilepsy or the first seizure
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Various clinical features are met as the first unprovoked seizures in children. As updated definition of seizure and 
epilepsy from the International League Against Epilepsy (ILAE), many pediatric neurologists would make a diagnosis 
as adequate as their clinical symptoms, electroencephalography (EEG) and their developmental features. First of all, 
diagnosis has to be made from the suspicion for differentiating true seizure from many kinds of seizure-mimicking 
presentations in children. Video EEG can be helpful for the proper diagnosis. Sometimes, early treatment should 
be started in several specific epilepsy syndromes, especially in children. The second consideration for the epilepsy 
treatment is to choose the most adequate AED from the wide range of volunteers in terms of efficacy and adverse effects 
profiles. The ILAE subcommission of AED Guidelines updated its previous publication in 2006 based on its impact 
coupled with the subsequent publication of new efficacy and effectiveness randomized controlled trials (RCTs) in 
patients with many types of new-onset epilepsy in both adult and children in 2013. After then, many kinds of new AEDs 
those not listed in the guideline have been tried for pediatric epilepsy patients, although they have not been evident for 
their effectiveness from RCTs. 

Shin Hye Kim (Korea)

Hanyang University College of Medicine

Clinical feature and drug choice of new onset epilepsy in children 

Teaching Session 1. Management of patients with new-onset epilepsy or the first seizure
TS1-2
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Jun-Sang Sunwoo (Korea)

Soonchunhyang University College of Medicine

Epilepsy is defined as a chronic condition characterized by recurrent epileptic seizures, unprovoked by any immediate 
identifiable causes. Epilepsy is one of the most common neurological diseases affecting individuals of all ages. 
Etiologies of epilepsy vary with age and the age-specific incidence rate shows a U-shaped pattern with higher rates for 
children and the elderly than for young adults. Especially in elderly patients, seizures can present differently to and with 
more subtle semiology than those in younger adults. It should be also noted that elderly patients with epilepsy often 
have comorbidities, such as hepatic and renal diseases. Moreover, it is common that elderly patients are on multiple 
medications, which can affect the pharmacokinetics and adverse effect profiles of antiepileptic drugs. This lecture is 
aimed to overview the clinical characteristics and medical treatment of new-onset epilepsy and unprovoked seizures in 
adults with focus on the elderly patients.
Keywords: Epilepsy, Adult, Antiepileptic drug.

Clinical feature and drug choice of new onset epilepsy in adult

Teaching Session 1. Management of patients with new-onset epilepsy or the first seizure
TS1-3
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Choice of antiepileptic drugs for the elderly

Jung-Ick Byun (Korea)

Kyunghee University College of Medicine

Antiepileptic drugs (AEDs) are commonly used in elderly patients. They often have decreased organ function, various 
comorbidities and polypharmacy. When choosing AEDs for this population, drugs that have low propensity for side 
effects and a low potential for drug-drug interaction should be preferred. Therefore, use of newer AEDs, such as 
levetiracetam, zonisamide, gabapentin, and pregabalin is often suggested.

Teaching Session 2. Management of epilepsy in special situations
TS2-1
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Won-Joo Kim (Korea)

Yonsei University College of Medicine

Current global guidelines for the management of epilepsy in 
pregnancy

Teaching Session 2. Management of epilepsy in special situations
TS2-2
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Eun-Kee Bae (Korea)

Inha University School of Medicine

Catamenial epilepsy treatment

Teaching Session 2. Management of epilepsy in special situations
TS2-3
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Since there are many comorbid diseases in critically ill patients, altered drug metabolism, excretion, and drug 
interactions should be considered. Especially, careful monitoring should be required to use of antiepileptic drugs with 
narrow therapeutic window. In this lecture, we would review what should be checked when using antiepileptic drugs in 
critically ill patients.

Jung Bin Kim (Korea)

Korea University College of Medicine

Antiepileptic drugs in critically ill patients

Teaching Session 2. Management of epilepsy in special situations
TS2-4
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Young Mi Kim (Korea)

Pusan National University College of Medicine

Early infantile epilepsies

Seizures are frequently encountered neurologic manifestations in early infancy. Various etiology cause seizures in 
infancy, and the most common causes are fever, infection, head trauma, metabolic disturbances, and hypoxic insults. 
Less frequent causes of seizures in infancy are chromosomal deletion and duplication, cerebral malformation due to 
genetic causes, and inborn errors of metabolisms. The infancy is a crucial period of brain development growth including 
synaptogenesis, myelination, dendritic arborization, and formation of synapses. Pathologic events during the early life 
period can result in epileptic seizures, developmental delay, and intellectual disability. 

Several epileptic encephalopathies have been defined in infancy due to electroclinical characteristics of those conditions, 
including the age of onset, seizure type, neurodevelopmental deficits, electroencephalography (EEG) and prognosis.  
The most well-known conditions are Ohtahara syndrome (early infantile epileptic encephalopathy, EIEE), early 
myoclonic encephalopathy (EME), epilepsy of infancy with migrating focal seizures, West syndrome, Dravet syndrome 
(severe myoclonic epilepsy in infancy, SMEI), and myoclonic encephalopathies in nonprogressive disorder. 

Neuroimaging and genetic diagnostic technologies have advanced remarkably in the last two decades. Recently whole 
exome sequencing (WES), chromosomal microarray (CMA), single gene test for selected patients, and epilepsy gene 
panels are adopted in the diagnosis of intractable epilepsy. Unfortunately, the standard antiepileptic drugs are not 
effective in early onset epileptic encephalopathies. Genetic diagnosis might improve individualized and personalized 
management.

In this lecture, we will review key clinical features of early onset epilepsies, and diagnostic approach and management 
for those conditions. 

Teaching Session 3. Intractable epilepsy: Approach and management
TS3-1
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Su Kyeong  Hwang (Korea)

Kyungpook National University School of Medicine

West syndrome & Lennox-gastaut syndrome

Teaching Session 3. Intractable epilepsy: Approach and management
TS3-2
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Hyo Jeong Kim (Korea)

gachon University College of Medicine

Febrile illness related epilepsy

 Febrile Infection–Related Epilepsy Syndrome (FIRES) is a catastrophic epileptic encephalopathy which developed 
the refractory status epilepticus following or during a nonspecific febrile illness without evidence of CNS infection in 
previously healthy children. Clinical knowledge is limited because FIRES is sporadic and extremely rare. In a recent 
proposed consensus definition, FIRES is a subcategory of NORSE (New-Onset Refractory Status Epilepticus) that 
requires a prior febrile infection, with fever starting between 2 weeks and 24 hours prior to onset of refractory status 
epilepticus, with or without fever at onset of status epilepticus. Infectious mechanisms, inflammatory-mediated process, 
metabolic diseases, monogenic epilepsy genes, genetic predisposition, and autoimmunity have been proposed as the 
pathogenic mechanisms of FIRES, but the etiology remains unknown. Specific biomarker is also lacking. Most FIRES 
patients are treated with antiseizure drugs, ketogenic diet, immunomodulatory therapies, and/or medically induced coma, 
with low overall therapeutic efficacy rates. The majority of FIRES cases have poor outcomes, including development of 
refractory focal epilepsy, cognitive decline, brain atrophy, vegetative state, and death. Magnetic resonance imaging in 
chronic cases revealed cortical and hippocampal atrophy. Due to the rarity and the severity, more multicentric efforts are 
absolutely essential to improve diagnosis and treatment and to least to clarify the cause of FIRES.

Teaching Session 3. Intractable epilepsy: Approach and management
TS3-3
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Hyeeun Kwon (Korea)

Catholic Kwandong University College of Medicine

Progressive myoclonic epilepsy

Teaching Session 3. Intractable epilepsy: Approach and management
TS3-4
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Video Session 1. Adults 
VS1-1

Tae-Joon Kim (Korea)

Ajou University School of Medicine

Usual and unusual semiology

본 강의에서는 다양한 usual and unusual semiology video를 EEG와 함께 볼 것이다.

Jan MM and Girvin JP. Can J Neurol Sci 2008
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Psychogenic non-epileptic seizures 

Kyoung Jin Hwang (Korea)

Kyung Hee University College of Medicine
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Seizures result in a change in motor, sensory, and behavioral symptoms caused by abnormal neurologic electrical 
activity. The symptoms share similar presentations of several other conditions, leading to difficulties in diagnosis. These 
conditions include syncope, psychogenic nonepileptic seizures, stroke or transient ischemic attack, sleep disorders, 
movement disorders, and migraines. Differential diagnosis between epileptic and nonepileptic paroxysmal disorders is 
fundamental not only to allow correct management of patients but also to avoid the burden of unnecessary antiepileptic 
medication. A focused history, physical examination, and additional studies will assist in differentiating seizures from 
mimics. This review evaluates patients presenting with a history concerning for possible seizure and mimics of seizure. 

Keywords: seizure, seizure mimics, nonepileptic disorder, syncope, narcolepsy

Introduction
Nonepileptic paroxysmal events are behavioral, motor, or sensory episodes along with frequent change in the patient’s 
consciousness and inability to recall the event, that do not result from abnormal cortical electrical activity.1 They can 
mimic any type of epileptic seizures and creates difficulty in differentiating seizure and mimic. Approximately 20% of 
epileptic patients are misdiagnosed.1 
In clinical practice, the most common imitators of epileptic seizures are syncope and psychogenic nonepileptic 
seizures,2 but transient ischemic attacks, migraine, movement disorders, and metabolic disturbances must be considered 
at times in the differential diagnosis. The misdiagnosis can result in unnecessary treatment with antiepileptic drugs. 
Inappropriate treatment can result in side effects, as well as affect patient employment and driving status. In most 
cases, the clinical history is enough to make a correct diagnosis. The clinical features suggestive of various types of 
nonepileptic paroxysmal events will be reviewed.

Syncope
• Sudden loss of consciousness due to decreased cerebral perfusion, resulting in loss of postural tone, with rapid return 

to baseline.
•�Prevalence of at least one episode of syncope has been estimated to be as high as 20% in elderly institutionalized 

populations and 50% in children and adolescents.
•Etiologies include cardiac, orthostatic, and neurocardiogenic (vasovagal).
•Usually preceded by prodromal symptoms: blurred vision, light-headedness, dizziness, and nausea. 

Jiyeon Kim (Korea)

Korea University College of Medicine

Other seizure mimicking cases

Video Session 1. Adults 
VS1-3
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• More likely than seizure if: complete loss of consciousness, rapid onset and short duration, complete and spontaneous 
recovery.
• Obtain history including identification of precipitating factors, position, and activity prior to event.
• Short (seconds) period of convulsion may occur; myoclonic jerking in up to 90% of patients.
• Cardiac: history and physical examination consistent with heart disease 
• Orthostatic syncope: history suggestive of hypovolemia, bleeding, autonomic dysfunction, or medication-induced.
• Neurocardiogenic: history of action causingincreased vagal tone - cough, defecation, or carotid sinus hypersensitivity; 

often in young adults and non-exertional.
• EEG tracings during episodes show rhythmic delta activity increasing in voltage.

Stroke and transient ischemic attack (TIA)
• Neurologic deficit with resolution due to cerebral ischemia.
• Territory of the carotid artery usually produce negative symptoms, either motor or sensory, generally without 

associated loss of consciousness. 
• Territory of the vertebrobasilar artery may be accompanied by loss of consciousness and must be distinguished from 

atonic seizures, myoclonic seizures, and partial seizures causing falls. 
• Limb-shaking - Severe carotid stenosis may produce of rhythmic or arrhythmic clonic jerking in the contralateral 

hand, arm, and leg (though less frequently). Unlike focal motor epileptic seizures, when both the arm and the leg are 
affected, there is not a jacksonian march and the face is not involved. 

Sleep disorders
• Cataplexy is a symptom of narcolepsy in which the patient has sudden, uncontrollable onset of skeletal muscle 

paralysis or weakness in response to emotion, but the patient remains completely conscious and alert. Recovery is 
rapid and complete with no loss of memory. 
• Periodic leg movement of sleep are repetitive and stereotyped movements of the legs, predominantly during nonrapid-

eye-movement (NREM) sleep. The typical movement is the extension of toe and dorsiflexion of the ankle, frequently 
associated with knee and hip flexion. They may be uni- or bilateral and occur in an almost periodic fashion, within 
20- to 40-second intervals.3 There is significant overlap with restless legs syndrome.
• REM sleep behavior disorder is characterized by loss of muscle atonia during sleep. Patients display different motor 

behaviors in response to the content of their dreams. The motor manifestations may consist of speaking, screaming, 
and kicking. Patients are not conscious during these episodes, but they may be awakened, and most often they can 
recall the content of their dreams.4 The duration of the episodes ranges from several minutes to half an hour and may 
happen once or several times every day. They occur preferentially during the second half of the night, when most 
REM sleep takes place. 

Movement disorders 
• Dystonia involves sustained muscle contractions, repetitive twisting motions, or posturing. Movements are often 

painful, sustained at its peak but may involve fluctuation at onset, and can involve a single (commonly the neck) or 
multiple parts of the body. No alteration in mental status occurs. May be genetic or secondary to a neurologic disease 
or medications such as antipsychotics and antiepileptics.
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• PKD : triggering factors (generally abrupt movements), short duration of the episodes (less than 1 minute), 
preservation of consciousness, absence of pain, good response to antiepileptic drugs (AEDs), age of onset between 1 
and 20 years, and exclusion of other organic disease.5

Metabolic Disorders 
• Hypoglycemia: Symptoms of hypoglycemia may be autonomic in nature, including sweating, palpitations, or 

dizziness, or symptoms can be neuroglycopenic, such as confusion, drowsiness, or incoordination.6 This can lead to 
falls or LOC. Patients typically regain consciousness during an episode of hypoglycemia, they are likely to remain 
altered or confused until their glucose is corrected.
• Hypoxemia or asphyxiation can also cause LOC, though it would likely be more apparent in the patient’s history or 

physical examination and, like hypoglycemia, the symptoms are unlikely to resolve unless the hypoxemia is corrected.

Seizures and seizure mimics are a clinical diagnosis based on history and examination; however, laboratory data can 
contribute to diagnosing metabolic disturbance, as well as assessment of damage due to prolonged seizure activity. 
Lactate has been shown to help differentiate seizures from psychogenic nonepileptic seizures (PNES) and syncope 
(sensitivity of 88%, specificity 87%).7 Creatine kinase level elevation demonstrates a specificity ranging from 85% to 
100% when differentiating seizure vs. PNES, although sensitivity ranges from 15% to 88%.8 The definitive diagnosis 
can be made with an abnormal EEG during seizure activity.9 

Conclusion 
Many conditions mimic epileptic seizures, giving a well-known risk of misdiagnosing and unnecessarily treating 
epilepsy where it does not exist. The converse, where the underlying cause is epilepsy but it is overlooked or 
misdiagnosed as something else, is less of a problem that often needs clarifying. A focused history, physical 
examination, and additional studies will assist in differentiating seizures from mimics.
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Epileptic seizure occurs more frequently in children than adults, especially highest in the first year of life about 100 
per 100,000 children. The incidence falls after age 1 year gradually and the rate in the second decade of life appears 
similar to those of adults. Although children have a higher chance of epileptic seizure occurred, sometimes it is difficult 
to differentiate from nonepileptic paroxysmal events. The first reason is that there are limitations of identifying the 
seizures. The symptoms are easy to miss for parents or caregivers and the patient is too young to accurately describe 
their symptoms. In addition, there is specific type of seizures according to the age distribution and neuronal activity 
originated from immature brain can make the atypical symptom unlike that previously well-known. Thus, it is 
challenging to diagnose the epileptic seizure in children unskilled clinicians. Rarely, there are nonepileptic paroxysmal 
events mimicking the seizure in children and this makes confuse us. However, the defining the semiology of seizure 
is important to diagnose the epilepsy, to decide necessary evaluations, to decide treatment plan, and to predict the 
prognosis. Especially in the patient having the structural etiology on brain MRI, defining the semiology of seizure is 
helpful to understand the pathogenesis and function of the lesion. Therefore, familiarity with seizure semiology can lead 
us the right path to diagnose and treat the patients. I will review three cases of children with usual or unusual semiology 
of seizures for providing additional insights regarding clinico-electrical correlations to the clinicians treating children.

Jiwon Lee (Korea)

Sungkyunkwan University College of Medicine

Usual and unusual semiology

Video Session 2. Children
VS2-1
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CHA University College of Medicine

Non-epileptic paroxysmal sleep disorders

Video Session 2. Children
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Tae-Hoon Eom (Korea)

the Catholic University of Korea College of Medicine

Other seizure mimicking cases
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Su-Hyun Han (Korea)

Chung-Ang University College of Medicine

Renaming epilepsy in Korea: Does it improve stigma-related 
outcomes? 
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Presidential Symposium. Unsolved issues in epilepsy
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Institutional stigma in Korea

Han Uk Ryu (Korea)

Chonbuk National University Medical School
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Driving to distraction-certification of fitness to drive with epilepsy

John Dunne (Australia)

Royal Perth Hospital
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Genetic testing in epilepsy shows remarkable advancement and becomes popular in these days. For the productive test, 
there are several points to discuss before doing genetic study.
Defining and analyzing the phenotype of the patients is prerequisite for genetic testing. There are several genetic 
syndromes which shows typical clinical characteristics such as Dravet syndrome. In addition, there as genetic 
syndromes share phenotypes such as early onset epileptic encephalopathy. Also, there are genetic syndromes previously 
known as benign epilepsy.
After establishing the phenotypes, the next step is adapting adequate genetic testing method. Traditional Sanger 
sequencing is still useful for the single gene disorders such as SCN1A gene mutation, neurofibromatosis, and tuberous 
sclerosis complex. For the heterogenous genetic syndrome, mostly in early onset epileptic encephalopathy, targeted gene 
panel testing consisting frequently found genes becomes the first line test. In pediatric patients, epilepsy is frequently 
one of symptoms of genetic variants affecting systemically and frequently accompanies associated anomalies or 
dysmorphisms. For those patients, test for copy number variation produces the right answer. The next step could be the 
clinical exome sequencing for the patients with highly suspicious genetic condition.
Still there are many epilepsy syndromes which need to be unveiled for the genetic cause and originate multifactorial 
causes. In addition, there are limitations in genetic studies using next generation sequencing; uncovered region, copy 
number variation, methylation process problems, or problems in gene expression.
The usage of genetic diagnosis is also important; therapeutic application, personalized medicine, and adequate genetic 
counselling.
The genetic test in epilepsy will progress and it will bring us better phenotypic differentiation, better understanding 
about the pathogenesis, and the more useful therapeutics.
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신생아기에는 뇌의 발달뿐만 아니라 성장 발달의 중요한 시기로써 이 시기에는 뇌세포의 성장, 분열, 이주, 수초화

와 시냅스의 연결성, 신경전달물질 수용체, 시간 의존성 유전적 발현 및 그에 따른 기능적 변화 등 많은 변화가 발생한

다. 이처럼 뇌가 성숙해짐에 따라 나타나는 신생아기 뇌파에는 그 특징과 패턴이 있어 그 특징적 파형을 통해 임신 주수 

(conceptional age)를 추정할 수 있고 뇌의 기능 및 뇌 성숙 여부를 확인할 수 있다. 먼저, 신생아기에는 성인의 REM수

면인 active sleep, transitional sleep, 성인의 NREM수면인 quiet sleep으로 구별할 수 있으며 성인과 다르게 수면의 시

작이 active sleep으로 시작한다. Active sleep이 만삭아기에 50%를 차지하며 이는 점차 감소하여 생후 3-4개월경에는 

성인기와 비슷한 수준으로 감소하고 NREM으로 수면이 시작된다. 신생아기의 뇌파는 특징적으로 비연속성을 보이게 되

는데 뇌파의 비연속파형(trace discontinu)은 burst 와 low-voltage(<25µv) interburst inverval이 교대로 나타나며 뇌

가 성숙함에 따라 burst 시기가 길어지고, interburst interval이 짧아지게 된다. 주수가 34-36주경부터는 low-voltage 

interburst interval의 전위가 25µv 보다 커지면서 비연속파형에서 좀더 성숙한 파형인 교대파형(trace alternant)으로 이

행하게 된다. 이 시기 이후에는 비연속파형은 active sleep에서는 관찰되지 않고 quiet sleep에서만 관찰된다. 교대파형

은 2-10초 정도의 50-200 µv 진폭의 서파와 속파가 혼재된 burst와 4-5초간의 25-50 µv의 low-voltage interburst 

interval이 교대로 나타나는 것을 말하며 만삭아기의 quiet sleep에서 100% 나타나며 이후 감소하여 46주 이후에는 없

어진다. 이후 교대파형은 좀더 성숙한 continuous slow-wave sleep 형태로 변하게 된다. 그 이외에 신생아기에 특

징적으로 나타나는 배경파를 살펴보면, monorhythmic occipital delta activity, rhythmic occipital theta activity, 

rhythmic temporal theta activity, centrotemporal delta activity, delta brush, anterior dysrhythmia등이 있다. 

Monorhythmic occipital delta activity는 2-60초 지속될 수 있으며 symmetric 하거나 bilaterally synchronized 하게 

나타나며 23-24주에 나타나기 시작하며 31-33주에 가장 많이 나타나고 35주에 사라지기 시작한다. Rhythmic occipital 

theta activity는 2-10초, 4Hz, sinusoid theta activity 로 나타나며 23-24주에 나타나며 30주에 가장 많이 나타나고 

33주에 사라지기 시작한다. Rhythmic temporal theta activity는 31-33주에 가장 많이 나타나며 “sharply”로 보이면

서 발작파처럼 보이기도 하지만 이는 파형이나 빈도가 변하지는 않아 구별이 가능하다. centrotemporal delta activity 

는 C3-C4와 T3-T4에 양성 극성을 띠며 30주에 많이 나타나고 33주에 사라진다. Delta brush 는 delta frequency와 

superimposed fast activity가 나오는 파형을 말하며 26주경 나타나기 시작해서 32-35주에 가장 많이 나타나며 32주 이

전에는 뇌 중심영역에서, 이후에는 후두엽과 측두엽부위에서 잘 나타난다. 이는 만삭에 가까울수록 빈도가 감소하다가 44

주이후 대부분 소실된다. Anterior dysrhythmia는 전두엽에 좌우 대칭적으로 50-100 µ, semirhythmic delta activity

로 나타나며 34주에 나타나기 시작해서 38-40주에 가장 많이 나타난다. 이와 같이 신생아기 뇌파에는 그 특징과 패턴이 

있어 그 특징적 파형을 통해 임신 주수 (conceptional age) 및 뇌의 기능, 성숙 여부를 확인할 수 있다. 
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In patients meeting the definition of drug-resistant epilepsy, clinicians need to formulate a rational treatment plan based 
on likelihood of achieving seizure remission with consideration of evaluation for epilepsy surgery. In those patients 
whose MRI shows a well-defined epileptogenic lesion known to have a low probability of sustained seizure remission, 
such as hippocampal sclerosis or focal cortical dysplasia, evaluation for epilepsy surgery should be entertained early on 
in the course of the disease, with appropriate consideration of risks and benefits.

1. 서론

뇌전증 환자의 30% 정도의 환자는 충분한 기간 적절한 항경련제를 복용하더라도 경련이 발생해 사회 생활과 일상생활의 

지장을 초래하게 되는데, 그러한 경우 "약물난치뇌전증" 으로 분류할 수 있다. 이러한 난치성 뇌전증을 가진 경우 항경련

제 복용 이외의 치료 방법을 고려하게 되는데, 가장 대표적인 것이 수술적 치료 방법이다. 뇌전증에 대한 수술 기법이 발

달하고 수술 성적이 향상되면서, 굳이 난치뇌전증이 아니더라도 수술 후 뇌전증의 조절률이 높은 일부 질환(뇌종양, 동

정맥기형 등 뇌전증의 병소가 뚜렷한 경우)에 대해서는 조기에 수술을 일차적으로 고려할 수 있다. 뇌전증수술을 위해서

는 정확한 뇌전증 병소와 병소 주변의 뇌기능을 확인하기 위한 검사가 필수적이며, 수술 방법과 결과가 다양하여 적절한 

수술 방법과 부위를 선택하는 것이 중요하다.

2.약물난치성

2009년 ILAE는 실용적인 약물난치성의 정의를 제안하였다. 약물난치뇌전증은 적합하게 선택되고, 견딜수 있는, 최소 2가

지 항뇌전증약물(단일치료 혹은 복합치료)의 적절한 치료시도가 지속적인 무발작을 달성하는데 실패하였을 때로 정의 한다

(1). 무발작은 치료전(12개월동안) 가장길게 유지되었던 무발작기간의 최소 3배기간 또는 12개월중에서 더 긴기간동안 발작

이 발생하지 않았을때로 정의된다. 치료실패는 적절하게 적용된 치료에도 불구하고 발작이 재발되었을 때로 정의한다.

3.가성내성(Pseudoresistance)

가성내성이란 발작의 양상, 뇌전증, 뇌전증 증후군을 정확하게 진단하지 못하였거나 혹은 적절히 치료하지 않았기 때문

에 발작이 조절되지 않는 상태를 말한다(2, 3). 부적합한 약물, 또는 부적절한 용량의 처방이나, 약물상호작용을 간과하

는 경우 발생할수 있다. 불완전한 순응도(Nonadherence), 부적절한 생활방식 및 정신사회적인 요소도 고려해야 한다.

4.뇌전증 수술대상 선정

수술적 치료가 가능한 뇌전증인지, 수술의 효과적인 측면에서 약물치료에 비하여 비용대비 효과적이며 환자의 삶의 질

을 향상시킬수 있을 것인지 등을 면밀하게 살펴보아야 한다(4).   약물난치뇌전증의 정의에 부합하는 경우 수술전 평가의 
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대항이 될수 있다. 3세 미만이나 50세 이상의 연령도 수술의 금기는 아니며, 뇌영상검사에서 병변이 발견되지 않은 무병

변 약물난치뇌전증의 경우나 다발성 혹은 미만성(Diffuse)병변도 수술의 금기가 아니다. 약물난치뇌전증을 대상으로 한 

연구결과에 따르면, 뇌전증의 발생에서부터 약물난치뇌전증 진단까지 평균 약 9년이 소요되고 약물난치뇌전증 환자의 

74%가 한번도 1년 무발작을 달성하지 못한다고 한다. 따라서 약물난치 뇌전증으로 진단된후 불필요한 지연없이 뇌전증 

수술을 염두에 둔 수술적 평가를 시행해야한다는 주장에 힘이 실린다(5).

5.수술로 치료할수 있는 뇌전증 증후군

환자의 연령군에 따라서 수술적 치료를 받게되는 원인질활의 빈도는 차이를 보이는데, 성인환자의 경우에는 내측두엽경

화증(약50-70%)이 가장 흔하며, 그외 뇌종양, 피질발달기형, 뇌혈관이상, 뇌졸중 등이 원인질환이며 소아환자의 경우

에는 피질발달기형(약 40-50%)이 가장흔하며, 선천성을 포함한 뇌종양, 뇌염, 결절성 경화증, Sturge-Weber증후군, 

내측두엽경화증 등이 원인질환으로 알려져 있다. 소아 약물난치뇌전증 환자에서 수술을 지연하는 경우 발달장애를 초래

하거나 퇴행할수 있다. 

6. 수술전 검사

난치성 뇌전증이 있더라도 모든 환자에서 수술이 가능하지는 않다. 수술 전 충분한 검사를 시행해 예상되는 수술 결과와 

수술로 발생할 수 있는 신경 증상이나 합병증에 대한 면밀한 검토 후 수술 여부와 수술 방법을 결정할 수 있다. 일반적으

로 뇌 MRI 검사 등 뇌영상 검사는 수술과 관련된 결정을 내리는데 필수적으로 반드시 시행한다. 뇌전증파를 확인하는 뇌

파 검사 또한 무엇보다 중요한 검사 방법으로, 수술을 고려하는 환자의 경우 비디오 뇌파 검사를 시행하게 된다. 또한 수

술 결정과 관련된 추가적인 중요한 정보를 얻기 위해 PET과 SPECT 검사를 하고, 뇌기능을 평가하는 신경인지기능검사

를 한다. 와다 검사(Wada test)로 뇌의 우성반구를 결정한다. 정확한 뇌전증 수술절제부위를 확인하기 위하여 두개강내

에 특수 전극을 삽입하여 뇌피질에서 직접 뇌전증파를 검사하는데, 삼차원 뇌파(Stereo EEG)가 덜 침습적이면서 뇌전증 

유발부위를 잘 도식화 하여 병소를 찾아내는데 도움이 된다.

7.결론

뇌전증수술을 통하여 발작의 소실 뿐만 아니라 삶의질을 포함한 일상생활 전반에 긍정적인 효과를 가져올수 있다. 여전

히 뇌전증 수술 대상의 환자 중 일부만 수술을 받고 있어 뇌전증의 수술적 치료의 적응이 되는 대상환자에게 적극적 권유

가 필요하다.
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Neuroimaging is important for planning epilepsy surgery, especially to detect the seizure onset zone, to predict and 
prevent functional deficits from surgery. In addition to electroencephalography (EEG), structural neuroimaging with 
magnetic resonance imaging (MRI) is one of the most important tools to determine the diagnosis of epileptic syndrome 
and possible etiology of focal epilepsy, which can be helpful to demonstrate the anatomical changes associated 
with seizure activity. Especially, the high diagnostic yield of MRI to identify the common pathological findings in 
individuals with focal seizures including mesial temporal sclerosis, vascular anomalies, low-grade glial neoplasms and 
malformations of cortical development has been demonstrated. The ability to detect lesions, particularly focal cortical 
dysplasia and hippocampal sclerosis, is increased using ultra high-field imaging and postprocessing techniques such as 
automated volumetry, T2 relaxometry, voxel-based morphometry and surface-based techniques. Functional imagings 
including positron emission tomography (PET) and single photon emission computed tomography (SPECT) images 
can yield additional information about epileptogenic zones. PET studies is the most commonly performed interictal 
functional neuroimaging technique that may reveal a focal hypometabolic region concordant with seizure onset. But, 
SPECT studies can also assist performance of ictal neuroimaging in patients with pharmacoresistant focal epilepsy 
being considered for neurosurgical treatment. Statistical analysis of PET and subtracted ictal-interictal SPECT (SISCOM) 
are superior to qualitative analysis alone in identifying focal abnormalities in MRI-negative patients. Combinations 
of structural, functional and computerized quantitative post-processing techniques have been used in multimodal 
neuroimaging methods to improve the identification of the seizure onset zone and increase understanding of mechanisms 
underlying structural and functional aberrations in epilepsy (e.g. epileptogenesis), especially in patients with drug-
resistant focal epilepsy. In this lecture, I would like to highlight various methods of neuroimagings, which is helpful to 
improve the surgical outcomes in patients with intractable focal epilepsy.

Key Words: Epilepsy, Surgery, Neuroimaging, Magnetic resonance image (MRI), Comorbidities, Positron emission 
tomography (PET), Single photon emission computed tomography (SPECT), Multimodal

Special Session for Technicians, Trainees, and Other Health-care Workers 2. 
Evaluation process of epilepsy surgery  SpS2-2

Neuroimagings for epilepsy surgery

Hyang Woon Lee (Korea)

Ewha womans University School of Medicine



359

Ju
ne

 1
5 

(S
at

)

Intracranial EEg and functional brain mapping

Dae-Won Seo (Korea)

Sungkyunkwan University College of Medicine

Special Session for Technicians, Trainees, and Other Health-care Workers 2. 
Evaluation process of epilepsy surgery  SpS2-3

Special Session for technicians, trainees, and Other Health-care workers 2



360

www.epilepsykorea.org

24th KOREAN EPILEPSY CONGRESS



361

Ju
ne

 1
5 

(S
at

)

Special Session for technicians, trainees, and Other Health-care workers 2



362

www.epilepsykorea.org

24th KOREAN EPILEPSY CONGRESS



363

Ju
ne

 1
5 

(S
at

)

Special Session for technicians, trainees, and Other Health-care workers 2



364

www.epilepsykorea.org

24th KOREAN EPILEPSY CONGRESS



365

Ju
ne

 1
5 

(S
at

)

Special Session for technicians, trainees, and Other Health-care workers 2





www.epilepsykorea.org

June 15 (Sat)

Chairs
 Sung-Pa Park (Korea)
Dong Jin Shin (Korea)

Lunch & Satellite Symposium 4 
Comorbidities and epilepsy (Korean)



368

www.epilepsykorea.org

24th KOREAN EPILEPSY CONGRESS

The burden of comorbidity in people with epilepsy is high. Cognitive deficits and dementia are more common in 
people with epilepsy than in the general population. Several mechanisms explain how epilepsy and comorbidities are 
associated, including shared risk factors and bidirectional relationship. This review summarized cognition and dementia 
in older patients with epilepsy.

Introduction
Young adults have a median of two chronic health conditions, rising to six in people older than 65 years.1 A comorbid 
condition (or comorbidity) is one that occurs during the course of an index disease. Roughly 50% of adults with active 
epilepsy have at least one comorbid medical disorder.1,2 Recent findings show that older persons with epilepsy are 
more likely to suffer from cognitive dysfunction and that there might be an important bidirectional relationship between 
epilepsy and dementia. Some people with epilepsy may be at a higher risk of developing dementia, while individuals 
with some forms of dementia, particularly Alzheimer’s disease (AD) and vascular dementia, are at significantly higher 
risk of developing epilepsy. In this review, we focused on cognition and dementia in older patients with epilepsy.
Address for correspondence: Jong-Geun Seo, MD, PhD
Department of Neurology, School of Medicine, Kyungpook National University, 680 Gukchaebosang-ro, Jung-gu, 
Daegu 700-842, Korea
Tel: +82-53-200-5770 Fax: +82-53-422-4265 
E-mail: jgseo@knu.ac.kr

Cognition in older patients with epilepsy
Several studies addressed the issue of cognitive function specifically in the elderly epilepsy population. Results of those 
studies indicate that overall older adults with epilepsy have greater deficits compared to healthy older people across 
cognitive domains, but especially in short and long-term visual and verbal memory, executive functions, attention and 
psychomotor, or processing speed.3-8 Although most of these investigated small samples of patients, one study reported 
the severity of cognitive deficits in a large group of older people with new-onset focal epilepsy who were assessed 
before initiation of anti-epileptic drug (AED) treatment.7 The study revealed that many older individuals with new-onset 
focal epilepsy were cognitively impaired before initiation of AEDs, with 43% markedly affected. Greater cognitive 
deficits were associated with cerebral infarction or cerebrovascular etiology, and neurological comorbidity.
Several studies also reported that there is progression of cognitive deficits over time in younger adults with epilepsy.9,10 
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The most extensively investigated group is patients with temporal lobe epilepsy (TLE), which is associated with 
widespread brain structural changes beyond the medial temporal lobes and progression of cognitive impairment 
over time may occur in a significant proportion.11-13 Some studies found that duration of epilepsy appears to be an 
important factor in determining progression of cognitive impairment.10,13

Dementia in older patients with epilepsy
The higher incidence of cognitive impairment in older people with epilepsy certainly raises questions as to whether 
these individuals might have increased rates of progression to dementia, particularly those with TLE.14 The case-control 
studies which assessed the risks of developing Alzheimer’s disease in several medical conditions were reanalysed.15 
When compared with population-based controls, patients with epilepsy had an increased relative risk of being diagnosed 
with AD at least 1 year after epilepsy diagnosis. The Dutch nationwide study investigated the risk of dementia for 
patients aged 50–75 years. Patients with epilepsy were
found to have a relative risk of 1.5 of being diagnosed with dementia over an 8-year period.16
The mechanisms underlying an increased likelihood of developing dementia have not been definitively established. 
Some studies suggested part of the risk might be attributable to the fact that patients with AD and/or vascular dementia 
are actually more likely to develop epilepsy.17,18 In a UK study that examined the records of 22,084 patients, after 
adjusting for baseline predictors of seizures, AD was associated with a significantly increased risk of seizures.19 
Vascular dementia also increases the risk of seizures. Another large UK population-based study reported an increased 
ratio of developing seizures for vascular dementia.18 Thus, it might not simply be a case of epilepsy and associated 
risk factors, increasing the risk of dementia, but dementia—whether in the form of AD or vascular dementia—
simultaneously increasing the risk of epilepsy.20

Conclusions
Cognitive deficits in epilepsy are frequent and can have negative effects on daily functioning. The etiology of cognitive 
deficits is often multi-factorial, since static and dynamic factors can synergistically affect cognition.21 Static factors 
primarily refer to the presence of developmental or acquired cerebral lesions causing both, epilepsy and cognitive 
impairment. Dynamic factors contributing to cognitive impairment are active epilepsy (seizures and interictal epileptic 
discharges), AED, and psychiatric comorbidities. However, these factors are not necessarily independent of each other.
This review summarized results of previous studies that older patients with epilepsy, whether they developed the 
condition at a younger age or de novo later in life, exhibit poorer performance across a range of cognitive measures 
compared to healthy controls and have an increased risk of developing dementia.
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This talk will cover the prevalence, incidence, comorbidities, treatment and mortality of epilepsy in Korea between 
2009 and 2017. We identified prevalent epilepsy patients by the prescription of anticonvulsants (>180 days) under the 
diagnostic codes suggesting seizure or epilepsy from the National Health Insurance databases. Incident epilepsy cases 
was defined epilepsy patients (AED + code) who had at least 2 year of epilepsy-free interval. Using the National Health 
Insurance Service database and National Death Registry of Korea, standardized mortality ratio (SMR) was calculated. 
The number of prevalent epilepsy patients was increased from 170,730 (3.43/1000, in 2009) to 249,898 (4.83/1000, 
in 2017). Incidence of epilepsy also increased from 0.29/1000 in 2009 to 0.35/1000 in 2017. However, the incidence 
of under 50 years old was relatively constant. Epilepsy patients have a higher risk of premature mortality (SMR of 
prevalent cases: 2.85). 

Keywords: epilepsy, epidemiology, prevalence, incidence, mortality
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Epilepsy has negative effects on socioeconomic status for the patients. The negative consequences result not only from 
actual disability because of recurrent attacks, but also from stigma. Hence, the socioeconomic impact of epilepsy varies 
widely depending on region.1, 2 Long term follow-up studies in some north European countries showed that people 
with epilepsy (PWE) had employment status and income comparable with those of general population, although the 
higher vocation was fewer and the income included disability pension in people with PWE.3, 4 In Korea, there were 
a few cross-sectional multicenter studies on socioeconomic issues of PWE.5-7 PWE were more deprived in terms of 
education, employment and marriage in all studies. Assessing the socioeconomic outcome of epilepsy of their own 
society is needed to urge decision-making authorities to improve social support program for people with epilepsy. 
Longitudinal study of socioeconomic outcome of epilepsy is in progress by Korean Epilepsy Society. 

1. Social aspects of epilepsy in the adult in seven European countries. The RESt-1 Group. Epilepsia 2000;41:998-1004.
2.  Sillanpaa M, Jalava M, Kaleva O, Shinnar S. Long-term prognosis of seizures with onset in childhood. The New 

England journal of medicine 1998;338:1715-1722.
3.  Lindsten H, Stenlund H, Edlund C, Forsgren L. Socioeconomic prognosis after a newly diagnosed unprovoked 

epileptic seizure in adults: a population-based case-control study. Epilepsia 2002;43:1239-1250.
4.  Geerts A, Brouwer O, van Donselaar C, et al. Health perception and socioeconomic status following childhood-onset 

epilepsy: the Dutch study of epilepsy in childhood. Epilepsia 2011;52:2192-2202.
5.  Lee SA. What we confront with employment of people with epilepsy in Korea. Epilepsia 2005;46 Suppl 1:57-58.
6.  Yoo JK, Jung KY, Park KW, et al. Familiarity with, understanding of, and attitudes toward epilepsy among people 

with epilepsy and healthy controls in South Korea. Epilepsy & behavior : E&B 2009;16:260-267.
7.  Kim MK, Kwon OY, Cho YW, et al. Marital status of people with epilepsy in Korea. Seizure 2010;19:573-579.
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Benefits and risks of therapeutic cannabinoids for 
other neurologic disorders

Epilepsy is one of the most common neurologic disorders. Unfortunately, some forms ofchildhood seizure disorders 
can be resistant to therapy and result in longterm neuropsychiatric complications. The use of cannabidiol specifically 
focused on two rarer intractable epilepsy syndromes, Dravet syndrome and LennoxGastaut syndrome, in the   pediatric 
population. In addition to their therapeutic potential in epilepsy, cannabinoid based therapies have been proposed for 
the treatment of multiple sclerosis and neurodegenerativedisorders, including Parkinson disease, Huntington disease, 
Alzheimer disease, and amyotrophic lateral sclerosis. In brain, endocannabinoids and their receptorsplay a fundamental 
role in regulating pleasure, memory, thinking, concentration, body movement, awareness of time, appetite, pain, and 
brain development. Especially for psychoactive drugs such as cannabis, rigorous criteria for its approval as a safe and 
effective medicine need to be fulfilled, along with a meticulous cost benefit analysis to weigh its therapeutic potential 
alongside it detrimental effects to individuals. 

Key words : Epilepsy, cannabidiol, neurologic disorders
 
Introduction
Cannabinoids/medical marijuana and their possible therapeutic use have received increased attention in human medicine 
during the last years. Although cannabinoids have been attracting attention for many years, the last four decades have 
brought completely newand scientifically wellfounded insights into their therapeutic potential. Treatment was largely 
aimed at various somatic disorders including headache, fever, bacterial infections, diarrhoea, rheumatic pain or malaria. 
 
Main text

1. The endocannabinoid system and classification of cannabinoids
The endocannabinoid system consists of several subtypes of cannabinoid receptors (the best characterised are subtypes 
CB1 and CB2), endocannabinoids (endogenous substances that bind to the receptors) and enzymes involved in 
endocannabinoid
biosynthesis through phospholipases or degradation.1 Cannabinoids are chemical substances which act primarily on 
specific cannabinoid receptors and are basically divided into three groups. Two cannabinoid receptors were initially 
recognised,
CB1 and CB2. Both these subtypes belong to the large family of receptors that are coupled to G proteins. Cannabinoid 
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CB1 receptors are among the most plentiful and widely distributed receptors coupled to G proteins in the brain. CB1 
receptors are present primarily in the central nervous system in regions of the brain that are responsible for pain 
modulation (certain parts of the spinal cord, periaqueduct al grey), movement (basal ganglia, cerebellum) or memory 
processing (hippocampus, cerebral cortex).2 CB2 receptors are particularly expressed in the periphery, in the highest 
density on immune cells, especially B-cells and natural killer cells and also in tonsils or spleen.3 The frequently 
discussed psychotropic effects of cannabinoids are mediated only by the activation of CB1 receptors and not of CB2 
receptors.
 
2. Cannabis for medical use in neurological diseases or symptoms

1) Multiple sclerosis
Multiple sclerosis (MS) is an inflammatory, autoimmune, degenerative disease of the central nervous system.4 It is 
among the most common causes of non-traumatic neurological disability in young adults of northern European descent. 
The consequence of neuronal loss is the development of pain, spasticity, incontinence, cognitive decline, limb tremors, 
fatigue, sleep disturbances and all of which impact quality of life. 259,260 Given that cognitive impairment occurs in 
approximately 40-60% of patients with multiple sclerosis, is associated with structural and functional brain changes,and 
given the effects of MS on cognition, patients who smoke cannabis may be particularly vulnerable to cognitive deficits 
and brain changes attributed to cannabis. MS patients who smoke cannabis display additional deterioration in measures 
of cognition, including processing speed, memory, executive functioning, and deficits in recruiting brain regions during 
a memory task.
 Spasticity is a common and poorly controlled symptom of multiple sclerosis. In this placebocontrolled, crossover trial, 
adult patients with multiple sclerosis and spasticity were randomly assigned to either smoked cannabis (4% THC), once 
daily for three days, or to identical control placebo cigarettes, once daily for three days.5

2) Alzheimer’s disease
Alzheimer’s disease (AD) is the most common type of dementia, and is characterized by a number of debilitating 
symptoms, including cognitive decline, sleep disorders, and behavioral changes.6 There is some interest in assessing the 
therapeutic potential of cannabinoids in AD, especially for sedative effects or sleep disorders. Assessment of memory 
and cognitive function as outcome measures with long term use of cannabinoids is critical, as this class of drugs affects 
memory, cognitive functions, and balance in frail older people. Four RCTs are reported with isolated cannabinoids, but 
little is known about safety in this population, especially as long term exposure to cannabinoids increases the risk of 
psychiatric disorders and dysfunction (e.g., cognitive abnormalities, psychotic, mood disorders).

3) Neuropathic pain
Pain can be classified as acute or chronic, or by site of origin (nociceptive) or nerves (neuropathic). Neuropathic pain 
occurs in various disease states (e.g. diabetes, HIV/AIDS, post-traumatic pain, cancer, excess alcohol use, rheumatoid 
arthritis) and can be a persistent, debilitating condition. While evidence for an effect of inhaled cannabis on chronic 
neuropathic pain is promising, trials followed their patients for a maximum of two weeks. Long-term trials, which also 
examine pragmatic outcomes, are needed to increase confidence that short term trials, conducted largely in experienced 
cannabis users, are relevant to an overall cost-benefit analysis of long term cannabis use to treat chronic neuropathic pain.
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4) Post-traumatic stress disorder (PTSD)
Post-traumatic stress disorder (PTSD) is a state of mind activated by either witnessing or experiencing a shocking, 
frightening, horrifying episode(s). If symptoms continue or get worse after prolonged periods of time (months or years 
later), interfere with daily life and function, and persist long after there is no danger of a recurrence, the condition 
is designated as PTSD. There are no large scale RCTs with cannabis to alleviate PTSD symptoms. On the contrary, 
cannabis use may impede the effectiveness of treatment for PTSD, and is associated with poorer clinical outcomes with 
PTSD.7

5) Other neurological disorders
•Epilepsy: There are no reported RCT with cannabis use in any form of epilepsy.8
•Huntington Disease Dyskinesias: There are no RCT with cannabis for this condition.
•�Parkinson’s Disease (Levodopa-Induced Dyskinesias): There are no RCT with cannabis for this condition.9 A recent 

an open label trial reportedly found positive improvements in Parkinson’s disease patients that smoked cannabis
•Cervical Dystonia: There are no RCT with cannabis for this condition.
•Tics of Tourette Syndrome: There are no RCT with cannabis for this condition.

Conclusions
It has been advanced that whole plant cannabis can be used for multiple therapeutic purposes. The evidence presented 
on potential medical uses and risks of cannabis in humans herein is focused on unprocessed, botanical cannabis and 
not isolated cannabinoids, some of which are medically approved. Cannabis extracts were listed in the British, and 
later in the US Pharmacopeia for sedative and anticonvulsant effects, but were removed a century later, for similar 
reasons that fuel the current debate. The movement to revive cannabis as a medicine to alleviate pain, seizure disorders, 
enhance appetite, and relieve a myriad of other neurological or metabolic diseases, is driven by multiple factors. These 
include inadequacies in current medications to treat specific symptoms or diseases, along with self-reported benefits 
derived from cannabis. With the discovery of the endocannabinoids and their receptors in the brain and other tissues, 
the rationale for, and research of medicinal effects of cannabis or isolated cannabinoids has entered a modern context. 
In brain, endocannabinoids and their receptors play a fundamental role in regulating pleasure, memory, thinking, 
concentration, body movement, awareness of time, appetite, pain, sensory processing (taste,touch, smell, hearing, and 
sight), and brain development. In peripheral tissuess, the widespread distribution of endocannabinoid signaling systems 
conceivably account for the myriad effects and therapeutic potential of cannabinoids. 
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Purpose 
Progressive cerebellar atrophy (CA) is known to be associated with poor outcomes in anti N-Methyl D-Aspartate (NMDA) 
encephalitis, bet the factors associated with the development of PSA is poorly investigated. We investigated a detailed 
clinical course of anti-NMDA encephalitis to evaluate the factors associated with development and severity of CA.

Method 
This cohort study included 23 patients who were diagnosed as anti-NMDA encephalitis between May 2011 and June 
2018 followed-up with multiple MRI evaluations with the intervals between the initial and the last evaluations longer 
than 6 months. Using Clinical Assessment Scale in Autoimmune Encephalitis (CASE), clinical severity was assessed at 
baseline, every two weeks to 12 weeks, every month until the next three months, and then every three months. Along 
with baseline demographic, clinical, and laboratory profiles, treatment regimens, presence of teratoma, and presence of 
refractory status epilepticus (RSE) were assessed at each time point.

Results 
Twenty-three patients (mean age 26.1±13.1 years [range 1–45 years]) were included. The median number of MRI 
evaluations was 3 (range 2–7) with the median interval of 12 months (range 6-44 months). Steroid, IVIG, and rituximab 
was administrated in 51 (94.4%) patients and tocilizumab was administrated in 36 (66.7%). In linear regression analysis, 
cumulative disease burden at the time of MRI evaluation (P=0.025) was associated with the degree of CA, along with 
the presence of RSE (P=0.030). The progression of Cerebellar atrophy was most pronounced during the first year, and 
was not evident after then. Cumulative burden of disease during the initial six months was highly correlated with the 
degree of CA at last follow-up.

Conclusion 
In NMDA-encephalitis, presence of RSE and disease burden during the initial six months was correlated with the degree 
of cerebellar atrophy. This results provide rationale for the early combination immunotherapy in severe patients.
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Purpose 
During the past several years, the role of gut microbiota in the pathogenesis of various immunologic diseases has been 
identified, including multiple sclerosis, neuromyelitis optica, and systemic lupus erythematosus. We investigated the gut 
microbiome in patients with anti-NMDA receptor encephalitis (NMDARE).

Method 
We collected stool from the patients with NMDARE. The patients were categorized into 4 groups, by prognosis (good 
vs. poor) and by whether the patients had recently (≤ 2 weeks) been treated with antibiotic agents from the day of stool 
sampling. Stool samples were stored at -80℃ until microbiome analysis. Polymerase chain reaction was performed 
using primers targeting the V3-V4 region of bacterial 16S ribosomal RNA. Illumina MiSeq was used for sequencing. 
The statistical difference of microbial composition between the groups were calculated with PERMANOMA and 
differentially abundant taxa between groups were identified by LefSe analysis.

Results 
Twenty-three patients were enrolled (age, 27.0 ± 8.5 years; 20 females). The numbers of patients with a good- and poor-
responders were 9 and 3, respectively, in patients without any recent antibiotic usage, and that were 5 and 6, respectively, 
among the patients with a history of recent antibiotic usage. The microbial compositions were statistically different (p=0.01, 
PERMANOVA) between good-responders (n=14) and poor-responders (n=9), showing a higher proportion of Faecalibacterium, 
Blautia, Collinsella, Subdoligranulum, Dorea, and Prevotella and a lower proportion of Akkermansia, Citrobacter, and 
Intestinibacter in good-responders. The usage of antibiotics was associated with a higher proportion of Enterococcusand a lower 
proportion of Faecalibacterium, Bifidobacterium, Blautia, Anaerostipes, and Dorea (p=0.001, PERMANOVA). Among the 
patients without recent antibiotic usage, there was a higher proportion of Faecalibacterium, Collinsella, Dorea, Subdoligranulum, 
and Fusicatenibacterand a lower proportion of Intestinibacter, Sellimonas, and Enterococcus in good responders.

Conclusion 
The composition of gut microbiome in anti-NMDARE patients differ by their prognosis and the history of antibiotic 
usage. Studies with serial samples throughout the disease course would explain the causal relation between prongosis 
and gut microbiome.
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Purpose 
Accumulating evidence has shown the bidirectional interaction between gut microbiota and the brain. There are also studies 
for the role of gut microbiota in neurodevelopment and in related disease conditions. We hypothesized that epileptogenesis 
after prolonged febrile seizure could also be influenced by dysbiosis of gut microbiota, and analyzed gut microbial 
composition in prolonged febrile seizure model mice.

Method 
Gut microbiota was analyzed 14 days after prolonged febrile seizure (PFS) induction (n = 5) and age- and gender-matched 
control mice (n = 5). The fecal samples were collected and the microbiome composition was identified using metagenomic 
sequencing of the 16S ribosomal RNA. Microbial diversity and the difference in relative abundance of each taxa were 
analyzed.

Results 
Microbial diversity measured by Shannon index in the PFS induction group was not different from the control (p = 0.251). 
The dissimilarity between the groups by permutational multivariate analysis of variance was marginal (p = 0.049). Eight 
taxa at species level and five taxa at genus level were determined as significantly different between the groups including 
two known species, Bacteroides caecimuris (p = 0.018) and Bacteroides acidifaciens (p = 0.046), using linear discriminant 
analysis effect size method. However, the relative abundance of each identified taxa is too low (mostly less than 0.5%) to 
be regarded as having a role in epileptogenesis.

Conclusion 
There was no significant difference in the diversity of the gut microbiota between PFS-induced and control mice. However, 
the number of analyzed samples was too small and marginal difference in microbial composition between the groups 
warrant further study.

Oral Presentation 4 (Korean)
OP4-3

gut microbiome change in prolonged febrile seizure induction

Yong-won Shin1, Yoonhyuk Jang1, Hyeyeon Chang1, Jangsup Moon2, Soon-tae Lee1, Keun-Hwa Jung1, 
Kyung-Il Park1, Ki-Young Jung1, Manho Kim1, Sang Kun Lee1, Kon Chu1

1Neurology, Seoul National University Hospital, Korea
2Neurosurgery, Seoul National University Hospital, Korea



463

Ju
ne

 1
5 

(S
at

)

Oral Presentation 4

Purpose Japanese encephalitis (JE) is an infectious disease of the central nervous system caused by Japanese 
encephalitis virus (JEV) of flaviviridae spread by mosquito bites. It is known as one of the most devastating viral 
encephalitis, in which no specific anti-viral treatment exists. Several treatment regimens have been suggested including 
immunoglobulin, anti-viral drugs, and interferon, but none of them has been proved to be effective enough. Herein, we 
describe the clinical presentation, laboratory findings, clinical outcome, and adverse events after treatment with both 
ribavirin and interferon-α in the cases of JE.

Methods Data were collected and reviewed retrospectively between Sep1, 2015 and Sep 30, 2018, from a prospective 
cohort for encephalitis since June 1, 2012, of which patients who have been admitted to Seoul National University 
Hospital. JE was diagnosed with laboratory confirmation in presence of JEV-specific IgM anti-body in serum or 
cerebrospinal fluid (CSF) samples. Laboratory tests and confirmation were done by the Korea Centers for Disease 
Control and Prevention (KCDC). Patients diagnosed with JE were treated with appropriate supportive care, and also 
given oral ribavirin and subcutaneous interferon-α. Clinical presentation, laboratory findings, functional outcome 
represented by modified Rankin scale (mRS) at initial visit and after the treatment, and adverse events of the patients 
were analyzed.

Results Between Sep 4, 2015, and Aug 8, 2018, seven patients were diagnosed with laboratory confirmed-JE based on 
the criteria. The mean age of all 7 patients was 50, and three were men. Of all 7 patients, median initial mRS was 5 [range 
4-5], and median mRS at discharge was 5 [range 3-5]. Six patients were treated with both ribavirin and interferon-α 
additional to intravenous immunoglobulin, while the other one patient was treated by intravenous immunoglobulin and 
steroid. Two patients showed functional improvement among six patients treated with both ribavirin and interferon-α. 
Only one patient showed hemolytic anemia as adverse event related to ribavirin, with mild degree.

Conclusions Treatment with both oral ribavirin and subcutaneous injection of interferon-α showed no definite 
improvement in functional status of patients with JE, neither showing serious adverse events except mild degree of 
hemolytic anemia due to ribavirin. Further study appropriately designed with larger number of patients is warranted to 
explore the efficacy of ribavirin and interferon-α.
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Purpose 
Therapeutic drug monitoring (TDM) of antiepileptic drugs (AEDs) is an aid to optimizing the drug management of patients 
with epilepsy. Salivary testing is a non-invasive and easily repeatable procedure, with several other advantages. Owing 
to technical advances, salivary TDM has become a feasible option for the TDM of several drugs including AEDs, and 
its value has been investigated by previous studies. However, until recently, such studies have not been conducted for 
perampanel. We aimed to assess the quantifiability of perampanel concentrations in the saliva and their correlation with 
those of the plasma.

Method 
Adult patients with a diagnosis of epilepsy prescribed perampanel from August 2018 to March 2019 in our hospital were 
enrolled. Perampanel concentrations were measured from simultaneously obtained plasma and saliva samples. We analyzed 
the correlation of concentrations of peramapanel in plasma and saliva.

Results 
thirty patients were enrolled in this study. Their ages ranged 16 to 60 (median 29), and 10 (33%) were women. Patients 
were on 2 to 12 mg of peramapanel, and samples were obtained between 10 hours to 39 hours (median 13.5 hours) after 
the intake of the last dose of peramapanel. Median plasma and salivary concentration of perampanel were 227.5 (1.1-883.0) 
and 3.94 (0.16-22.1), respectively. There was a close linear relationship between perampanel concentrations in plasma and 
saliva, with a high correlation coefficient (r = 0.893, p = < 0.001).

Conclusion 
Perampanel concentration in saliva is highly correlated with that of plasma. Our results demonstrate that perampanel is 
measurable in saliva and has therapeutic potential in the application of its TDM.
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Purpose Coexistence of a neuron with somatic mutation in normal cells has not been understood in the network level. 
Here we localized the hyperactive signal in focal epilepsy by brain somatic mutation and showed a mechanistic insight 
how these non-cell autonomous activity was driven.

Method We performed in utero electroporation of MTORL2427Por MTORwildtype plasmid with reporter into 
cortical progenitor cells of wildtype embryo to produce brain MTOR hyperactive somatic mutation. Using single 
cell or multichannel electrophysiological recording, immunofluorescence staining with FCD or MTOR mutated 
hemimegalencephaly patient tissue and genome-wide translatome sequencing, we measured the hyperactive epileptiform 
signal in FCD model brain and investigated the excitatory to inhibitory imbalance in patient derived tissue. In addition, we 
buit up an epileptic somatic mutation brain modeling simulation by computation neuroscience approach.

Results We measured ex vivo electrical excitability by recording frequency of action potential (AP) in response to square 
current injections. A MTOR mutated neuron has significantly less excitable than MTORwildtype transfected one. Rather, 
by single cell eletrophysioglocial recording and mutlichannel electrical array, non-mutated excitatory neurons surrounding 
a MTOR mutated cell has much higher action potential frequencies than a MTORwildtype electroporated neuron or those 
surrounding it. After measuring excitatory or inhibitory synaptic current or anatomical structure, both inhibitory and 
excitatory synaptic strength are augmented in a MTOR mutant cell, which is unlikely to induce excitability and to affect 
inhibitory neuronal distribution. Ictal duration, frequency, and excitability of non-mutated surrounding neurons in MTOR 
somatic mutant brain is relieved after 5 days of intraperitoneal ADK inhibitor treatment.

Conclusion Here, our result showed insight into an example of how a small number of somatic mutations can induce 
network change, such as a focal seizure in cortical dysplasia. We showed the exact location of excitability and its 
relationship between mutation affected area as one of way to how a cell with a few somatic mutations changes the brain 
network amplifying its influence in a non-cell-autonomous fashion leading to a phenotypic trait.
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Purpose Elucidating the role of mTOR-mediated translational control in focal malformations of cortical development 
(FMCD) caused by brain somatic mutation in MTOR
Elucidating pathogenic and therapeutic target in FMCD

Methods We generate FMCD associated neuropsychiatric disorder mouse model with brain somatic mutation. To 
generate this model, we performed in utero electroporation of mTOR mutant at embryonic day 14 (E14) in brain 
cortex. We use the ribosome profiling technique to delineate translational landscape in focal malformation of cortical 
developments mouse models with somatic point mutations in MTOR. Importantly, we tried to rescue epileptic seizure 
through genetic inhibition of mTOR-mediated translational control.

Results Here, we report that the epileptogenic mechanism of FMCD caused by brain somatic mutation in MTOR. Our 
comprehensive ribosome footprint profiling in FMCD mouse models with brain somatic mutation further revealed that 
mTOR activation-sensitive genes contribute to major phenotypes of FMCD such as intractable epilepsy, dysmorphic 
neurons, and defective neuronal migration. We also found that mTOR activation-sensitive confer specific 5’ UTR motifs. 
Normalizing this translational dysregulation mechanism rescued major pathological phenotypes, thereby providing 
novel therapeutic targets of FMCD. Using a clinically relevant novel drug candidate which normalize translation, we 
rescued epileptic seizure in FMCD adult mice.

Conclusions Brain somatic mutation in mTOR dysregulates translation through its downstream effectors. Activated 
downstream effectors increase translation of selective mRNAs which contains specialized 5’ UTR motifs and underlies 
epileptic seizure, dyslamination, and cytomegalic dysmorphic neurons in FMCD. We propose a novel drug candidate for 
treating epilepsy in FMCD.
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Purpose Although the genetic and clinical aspects of epilepsy with myoclonic-atonic seizures (MAE) and early onset 
absence epilepsy (EOAE) have been investigated thoroughly, other early childhood-onset generalized epilepsies that share 
clinical features with MAE and EOAE have not been characterized. In this study, we aimed to delineate the genetic and 
phenotypic spectrum of early childhood-onset generalized epilepsies, including MAE and EOAE.

Method 
We recruited 61 patients diagnosed with MAE, EOAE, and unclassified generalized epilepsies that shared seizure onset 
age and seizure types. Genetic causes were investigated through targeted gene panel testing, whole exome sequencing, 
chromosomal microarray, and single-gene Sanger sequencing

Results 
Twelve patients were classified as having MAE, 21 as having EOAE, and 28 were unclassified. The clinical features were 
comparable across groups. Nevertheless, patients with EOAE tended to show better developmental and seizure outcomes. 
A total of 23 pathogenic sequences and copy number variants from 12 genes were identified (23/61, 37.7%). Genetic 
etiologies were confirmed in 33.3% (4/12) of the MAE group, 47.6% (10/21) of the EOAE group, and 32.1% (9/28) of the 
unclassified group. The most frequently identified genes with pathogenic variants were SLC6A1 (7 patients), SLC2A1 (4 
patients), and SYNGAP1 (4 patients). Pathogenic variants in SLC2A1 and SLC6A1 were distributed among all 3 groups.

Conclusion 
MAE, EOAE, and unclassified early childhood-onset generalized epilepsy patients appeared to be characterized by an 
overlapping genetic and phenotypic spectrum. SLC6A1 and SLC2A1 appeared to be important genetic causes because 
pathogenic variants in these genes were identified in all 3 groups.
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Purpose 
We aim to delineate the phenotypic spectrum of SCN2A and SCN8A-related developmental and epileptic encephalopathy (DEE), 
and also aim to determine the effectiveness of the treatment modality including sodium channel blockers and ketogenic diet.

Method 
Eleven patients with SCN2A-related DEE and nine patients with SCN8A-related DEE were included in the study. 
Characteristics of mutations, electroclinical features, clinical course and response to the treatment modalities were analyzed.

Results 
SCN2A-related DEE showed seizure onset from neonate to childhood; six in neonate, four in infant and one in 
childhood. Epilepsy syndrome at presentation in neonatal to infantile onset include d Ohtahara syndrome (3), 
unclassified focal seizure (3), West syndrome (3) and epilepsy of infancy with migrating focal seizures (EIMFS) (1). 
Childhood onset patient presented with focal epilepsy with autism. Neonatal to infantile onset patients showed drug 
resistant epilepsy (9/10); however sodium channel blockers were effective in all tried patients (9/9) and ketogenic 
diet (6/8) and high dose steroid (4/5) were also effective. Childhood onset patient showed aggravation of seizures in 
treatment with sodium channel blockers. All mutations in neonatal to infantile onset patients were missense mutations; 
childhood onset patient showed truncation mutation.
SCN8A-related DEE showed seizure onset from neonatal period to 18 months of age. Most common initial epilepsy 
syndrome was West syndrome. EEG showed slow and disorganized background and epileptiform abnormalities with 
occipital predominance. Six patients presented intractable seizures. Sodium channel blockers were effective (7/8). All 
patients showed de novo missense mutations in SCN8A.

Conclusion 
SCN2A and SCN8A-related DEE present characteristic phenotypes with intractable seizures. Sodium channel blockers 
are effective in SCN8A-related DEE and SCN2A-related DEE with neonatal to infantile onset. High dose steroid and 
ketogenic diet are also effective in SCN2A-related DEE with neonatal to infantile onset.
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Purpose 
To evaluate the clinical efficacy and safety of diet therapies (DTs) for Lennox-Gastaut Syndrome (LGS) with mitochondrial 
dysfunction.

Method 
This was a retrospective study involving 20 LGS patients with mitochondrial dysfunction who received several 
DTs from 2004 to 2014 in a single tertiary care center. Seizure reduction rate, cognitive function, retention rate, 
electroencephalography (EEG) changes, and adverse effects were examined before and after DTs. 

Results 
The retention rates at 1 and 2 years after initiation of DTs were 45% and 40%, respectively. After 1-year follow-up, 
we observed seizure freedom in two patients, 75% reduction in two patients, 50% reduction in three patients, and 25% 
reduction in one patient. After 2-year follow-up, outcomes were: seizure-free in two patients, 90% reduction in one patient, 
75% reduction in two patients, and 50% reduction in two patients. EEG findings improved in nine patients. Nine patients 
were treated with DTs for 1 year; all patients demonstrated improved cognitive status. Eight patients were treated with DTs 
for 2 years, of which seven patients had improved cognitive status. Poor tolerability of DTs were due to poor oral intake 
and gastrointestinal problems.

Conclusion 
We have shown that in LGS with mitochondrial dysfunction, improvement of seizures and cognitive function are not 
inferior to those in other patients with DTs. This study showed that DTs are efficacious and feasible for LGS with 
mitochondrial dysfunction patients and can significantly improve their prognosis
inferior to those in other patients with DTs. This study showed that DTs are efficacious and feasible for LGS with 
mitochondrial dysfunction patients and can significantly improve their prognosis.
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Purpose 
To identify critical areas for memory decline after mesial temporal resection accounting the individual differences in 
resection by voxel wise analysis.

Method 
74 patients (left, n=43; right, n=31) with mesial temporal lobe epilepsy who underwent unilateral anteromedial temporal 
resection are studied. Resection areas were manually delineated on each of patient’s normalized MRI space. Voxel based 
analysis was performed whether the resected group, compared with non-resected group, had postoperative memory decline 
in various memory domains including verbal item, verbal associative, and figure.

Results 
In verbal item memory, resection of left lateral temporal lobe was associated with postoperative decline in immediate and 
delayed recall scores of word lists. In verbal associative memory, resection of left hippocampus and left lateral temporal 
lobe were associated with postoperative decline in immediate recall scores of word pairs. Resection of left lateral temporal 
lobe was associated with postoperative decline in delayed recall scores of word pairs. In the figural memory, resection of 
the right hippocampus and right parahippocampal gyrus was related to postoperative decline of immediate recall scores of 
complex figure. Resection of right parahippocampus and right lateral temporal lobe was related to postoperative decline of 
delayed recall scores of complex figure.

Conclusion 
Critical areas for postoperative decline in specific memory sub-function were identified by using voxel based analysis that 
accounted individual difference in resection. Our results suggest that careful tailoring of resection in temporal lobe epilepsy 
surgery may be beneficial in terms of precluding memory decline.
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Purpose 
Dysembryoplastic neuroepithelial tumors (DNETs) are a common cause of chronic drug-resistant epilepsy and are known 
for their favorable surgical outcomes. Nevertheless, the seizure recurrence-free rate is not as favorable if tumorous nodules 
are present near the main mass. We call these small tumorous nodules in the vicinity of the main mass satellite lesions (SLs). 
We analyzed tumor and seizure control in the presence and following the subsequent removal of SLs.

Method 
We retrospectively reviewed the medical records, radiological data, and surgical procedures to obtain the outcomes of 
children who underwent resection surgery for DNET. The analyses were designed to address the associations among 
the demographic, tumor and seizure-related variables. A Cox proportional hazard model was used for the univariate and 
multivariate analyses.

Results 
In total, 39 consecutive patients were included (26 males and 13 females). SLs were found in 22 patients (56%). The 
year-to-year analysis of patients with Engel class I was approximately 80% during the follow-up period. However, the 
actual seizure recurrence-free survival (RFS) rate was 82%, 73% and 70% at the first, second and fifth year, respectively. 
The patients who initially presented with SLs had 46% seizure recurrence rates, while those without SL had 18% seizure 
recurrence rates.

Conclusion 
As the seizure-RFS rate significantly declines over time, a more accurate seizure-free rate analysis using survival curves 
could be important for determining the outcome of DNET surgery. A thorough review identifying satellite lesions 
preoperatively and using intraoperative neuronavigation, electrocorticography (ECoG) or intraoperative ultrasonography 
is warranted to accomplish the wide resection of tumors with accompanying satellite lesions.
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Purpose 
Tumor-related epilepsy is special subgroup of disease which frequently results in medical intractability without surgical 
intervention. The utility of presurgical evaluations including intracranial electoencephalography(EEG) has been under 
debate. The aim of this study was to analyze the long term surgical outcomes of the tumor-related epilepsy in pediatric 
population, in relation to the presurgical evaluations.

Method 
The clinical data of 82 patients who were diagnosed with epilepsy related to low-grade brain tumors, followed up for 
minimum period of 6 months were analyzed. The data of presurgical evaluation studies including intracranial EEG 
monitoring and surface EEG monitoring was collected. Primary surgical outcome used for evaluation was seizure freedom 
at 6months, 2years and 5 years after surgery.  

Results 
The mean age of seizure onset was 8.6 years (0-18.2 years) and mean age at surgery was 10.6 years (0.4-18.7 years). The 
mean duration of follow up was 16.0±3.6 years (0.7-16.7 years). Seizure free rate at 6month, 2years and 5years were 
90.2%, 82.1% and 74.2% respectively. Patients who experienced seizure recurrence postoperatively was 31.5%. Patients 
who had presurgical intracranial EEG, surface EEG done was 18.5%, 33.7% respectively. Patients who did not do either 
work up was 60.9%. 
Patients who did not have presurgical intracranial EEG done was more likely to experience seizure relapse (p=0.008, 
OR 9.53 95% CI 1.19-75.82), compared to who had done the study. Similarly patients who did not have any presurgical 
intervention was more likely to experience seizure relapse (p=0.012, OR 3.48 95% CI 1.25-9.71) and 5 years (p=0.032, OR 
4.92 95% CI 1.01-24.24) than who had at done either intracranial or surface EEG monitoring done.

Conclusion 
The use of presurgical evaluations including intracranial EEG or surface EEG monitoring maybe associated with favorable 
seizure outcome in patients with tumor-related epilepsy.
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Purpose 
To identify and describe technically difficult cases, which were the patients with traversing vessel or cervical nerve over the 
vagus nerve and redo VNS, from our experiences and to give clinical outcomes.

Method 
Medical record and intraoperative video of patient who underwent VNS placement were reviewed. The sacrifice of nerve 
or vessel was avoided as much as possible.

Results 
40 patients underwent VNS placement between January 2017 and April 2019, and 10 patients showed surgical difficulties. 
Seven patients had traversing vessels over vagus nerve, and one patient had both traversing vein and cervical nerve branch. 
Two patients had prior VNS placements. Five veins and and one cervical nerve branch were sacrificed. Two patients who 
underwent redo VNS placement complained immediate postoperative hoarseness. There were no other neurological or 
hemorrhagic complications.

Conclusion 
VNS placement in patients with traversing vessel or nerve over vagus nerve and prior history of VNS can be surgically 
challenging. Normal structures should be preserved preferably. Small draining veins or cervical nerve branch can be 
sacrificed without leaving complications. However, redo VNS placement should be performed selectively due to frequent 
postoperative hoarseness.
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Refractory status epilepticus (RSE) is defined as persistent seizures despite appropriated use of two intravenous 
antiepileptic drugs. A previous study showed that RSE occurred in approximately 30% of patients with status epilepticus 
(SE). There is an acute symptomatic etiology in up to 40% of cases of SE. 
New onset refractory status epilepticus (NORSE) is a rare clinical condition characterized by the occurrence of a 
prolonged period of refractory seizures in a patient without active epilepsy or other preexisting relevant neurological 
disorder. After extensive testing, most of the common acute or active structural lesions, toxic and metabolic conditions 
are not founded. Autoimmune or paraneoplastic etiologies account for the most of NORSE cases with an identifiable 
cause. 
The proposed consensus definition of febrile infection-related epilepsy syndrome (FIRES) is a subcategory of NORSE, 
applicable for all ages, that requires a prior febrile infection starting between 2 weeks and 24 hours prior to onset of 
RSE, with or without fever at onset of status epilepticus. 
In this session, definitions of NORSE, FIRES, and related conditions will be reviewed. 

Key words: refractory status epilepticus, New-onset refractory status epilepticus, febrile infection-related epilepsy 
syndrome

Jin-Sun Jun (Korea)

Hallym University College of Medicine

Definition of NORSE, FIRES, and related conditions
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Autoimmune encephalitis & status epilepticus

Tae-Won Yang (Korea)

gyeongsang National University College of Medicine

Autoimmune encephalitis is an increasingly recognized and important cause of status epilepticus. Although autoimmune 
encephalitis was previously thought of as a rare disease, its detection is increasing over time. Recent studies have 
established that autoimmune encephalitis is now the major causes of encephalitis, which was previously considered to be 
encephalitis of an unknown etiology. Both autoimmune encephalitis and status epilepticus are neurologic emergencies. 
Early identification and appropriate treatment (include immunotherapies) may improve prognosis of patient and prevent 
neuronal injury. 

서론

뇌염은 뇌실질을 침범하는 염증성 질환으로 신속한 진단과 적절한 치료가 매우 중요하며 이것이 이루어지지 않으면 심각

한 신경학적 손상을 유발하고 사망에 이를 수 있는 신경학적 응급질환이다. 감염성 질환이 뇌염을 유발하는 가장 흔한 원

인으로 알려져 있으나, 약 60%에서는 여러가지 검사에도 그 원인을 밝히지 못하였다.1 최근 신경세포표면이나 시냅스 단

백질에 대한 자가항체(autoantibody)들이 밝혀지면서 뇌염의 새로운 원인으로 고려된다. 

자가면염뇌염(autoimmune encephalitis)에서 발작이 동반될 수 있으며 일부에서는 뇌전증지속상태로 나타나기도 한

다.2 뇌전증지속상태 또한 초기에 조절하지 못하면 심각한 후유증을 남길 수 있으므로 환자의 상태를 파악하고 치료 방향

을 빨리 결정해야 한다. 자가면역뇌염의 초기에 면역치료를 시행하면 인지기능저하를 포함한 신경학적 증상을 완화할 수 

있고, 뇌전증지속상태를 조절하는데도 도움이 된다. 따라서 자가면역뇌염은 뇌전증지속상태가 발생한 환자의 치료 가능

한 원인으로서 꼭 감별진단에 포함되어야 한다

1. 자가면역뇌염 

자가면역뇌염은 뇌염을 일으키는 중요한 원인 중 하나로 최근 신경전달물질(neurotransmitter) 조절에 관여하는 신

경 단백질에 대한 특정 자가항체들이 밝혀지고 있다. 현재까지 신경세포표면항원과 시냅스단백에 대한 자가면역항체인 

NMDA수용체항체, LGI1항체, CASPR2항체, GABAA/B수용체항체, AMPA수용체항체, DPPX항체, mGluR5항체, Gly

수용체항체와 신생물딸림항체인 Hu항체, Ri항체, Yo항체, CV2항체, Ma2항체, Amphiphysin항체, Recoverin항체가 

알려져 있다.3, 4 

자가면역뇌염은 원인이 되는 자가항체에 따라 다양한 임상양상을 보이며 질병의 초기에 자가항체검사결과를 확인하기 

어려워 진단이 쉽지 않다. 2016년에 Graus 등은 진단의 지연을 막고 초기에 적절한 치료를 시행하기 위해서 자가면역뇌

염의 공통된 임상증상과 검사결과를 바탕으로 진단기준을 제시하였다. 첫째, 3개월 이내에 빠르게 진행하는 아급성 작업
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기억장애 (단기기억 소실)나 의식상태변화, 정신증상을 동반한다. 둘째, 새로 발생한 국소신경이상, 이전 발작장애로 설명

되지 않는 발작, 뇌척수액 내 세포증가 (WBC≥5/mm³), 뇌염을 시사하는 MRI 소견 중 한가지 이상을 보인다. 마지막으로 

가능한 다른 원인에 대한 감별이 필요하다. 위의 3가지를 모두 만족하는 경우 자가면역뇌염을 진단할 수 있다.4 

자가면역뇌염의 중요성은 여러 연구를 통해서 확인할 수 있다. 2010년에 발표된 영국의 다기관 전향적 연구에 의하면 203

명의 뇌염 환자 중 자가면역뇌염이 차지하는 비중은 8%에 달했으며,5 2018년에 발표된 미국 미네소타주의 인구기반연구

에서 자가면역뇌염의 유병률은 10만 명 당 13.7 명으로 감염성질환에 의한 뇌염 (10만 명 당 11.6명)과 비슷한 수준이었

다.6 진단 기술의 발전과 함께 자가면역뇌염의 비중은 더욱 증가하고 있으며, 지금도 새로운 자가항체를 발견하기 위한 연

구들이 진행되고 있다. 이에 따라 뇌염의 중요한 원인질환으로 자가면역 뇌염이 차지하는 중요성은 점차 증가하고 있다. 

2. 뇌전증지속상태 

뇌전증퇴치연맹 (International League Against Epilepsy, ILAE)은 1981년에 뇌전증지속상태를 ‘발작이 충분히 긴 시

간 동안 지속되거나 충분히 자주 반복되어 발작 사이의 회복이 일어나지 않는 상태’로 정의하였다.7 여기에서 충분히 긴 

시간이란 신경세포 손상에 대한 연구 결과를 바탕으로 30분이 일반적인 기준으로 사용되었다. 하지만 대부분의 발작은 

3분 이상 지속되는 경우가 드물고 신경세포 손상이 발생하기 전에 치료를 시작하기 위해서 2015년에 ILAE에서 뇌전증

지속상태에 대한 정의를 새롭게 제시하였다. 두 가지 시간점이 제시되었는데 첫 번째 시간점(T1)은 발작이 장기화되어 

지속적인 발작 활동으로 이어질 가능성이 높아 치료가 필요한 시점을 의미하고, 두 번째 시간점(T2)은 지속적인 발작이 

장기적인 합병증을 유발할 수 있는 시점을 의미한다. 이를 바탕으로 전신 경련성 뇌전증지속상태는 5분(T1) 이상 지속되

면 약물치료가 시작되어야 하며, 30분(T2) 이상 지속되면 신경세포 손상, 신경계 연결성의 변화 및 기능적 결손과 같은 

장기적인 합병증이 유발되는 것으로 정의할 수 있다.8 

3. 뇌전증지속상태 원인

뇌전증지속상태는 여러 가지 원인에 의해 유발될 수 있다. 급성 뇌손상이 원인일 수도 있고, 원격성 뇌손상에 급성유발

요인이 더해져서 나타날 수도 있다. 원인을 특정하기 어려운 경우도 드물지 않다. 성인에서는 항뇌전증약 혈중 농도의 

저하, 오래된 뇌손상, 뇌졸중이 주된 원인이다. 그러나 뇌혈관 질환, 중추신경계 감염, 신경퇴행성 질환, 두개내 종양, 피

질형성이상, 두부 외상, 알코올 중독, 항뇌전증약 중단, 뇌저산소증, 대사장애, 자가면역질환, 사립체 질환, 염색체 이상, 

신경피부 증후군 등 뇌전증지속상태의 원인은 매우 다양하다.9-12 

최근에는 뇌전증지속상태를 일으키는 원인으로 자가면역뇌염에 대한 관심이 증가하고 있다. 자가면역뇌염 환자의 많은 

수에서 발작을 경험하며, 이들 중 일부는 뇌전증지속상태로 나타나기도 한다. 항NMDA수용체뇌염과 GABA-A/B수용

체뇌염에서 자주 관찰되며, 특히 GABA-A/B수용체의 역가가 높은 경우 뇌전증지속상태가 발생할 위험이 높다.12-14 

자가면역뇌염에 의한 뇌전증지속상태의 발생 빈도는 2015년에 시행된 코흐트 연구를 통해 추정해 볼 수 있다. 이 연구에

서는 뇌전증지속상태를 보인 570명의 환자를 대상으로 원인을 분석하였는데 6%에서 중추신경계의 염증과 관련되어 있

으며 이들 중 42% (전체의 2.5%)에서 자가면역뇌염이 원인질환으로 밝혀졌다.15 

현재 활동성 뇌전증을 앓고 있지 않으며 뇌전증지속상태와 연관이 있을 만한 신경학적 질환이 없는 환자에서 발생하

고, 새롭게 발생한 뇌전증지속상태가 난치성인 경우를 난치뇌전증지속상태(new-onset refractory status epilepticus, 

NORSE)라 하는데16 이 경우 많은 수에서 자가면역뇌염과 관련하여 발생하였다. Gaspard 등은 6년 동안 130명의 

NORSE 환자를 대상으로 원인을 조사하였는데 가장 흔한 원인으로는 자가면역뇌염과 신생물딸림뇌염이었고 각각 19%

와 18%였다. 52%의 NORSE 환자는 여러 가지 검사에도 원인을 확인할 수 없었는데17 현재까지 밝혀지지 않은 자가항체

가 더 존재할 가능성이 있으므로 자가면역기전에 의해 발생하는 NORSE의 빈도는 더 많을 것으로 추정된다. 
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4. 치료 

자가면역뇌염과 관련하여 발생한 뇌전증지속상태의 경우 병의 초기부터 항뇌전증치료와 함께 면역치료를 시행하는 것

이 뇌전증지속상태를 조기에 중단하고 환자의 예후를 향상시키는데 도움이 된다. 일차 면역치료는 고용량 스테로이

드 (methylprednisolone 1 g daily for 3-5 days), 정맥내 면역글로불린 (400mg/kg/day for 5days), 혈장교환술 (1 

session every other day for 5-7 cycles)가 사용된다. 이차 면역치료는 rituximab (375 mg/m2 weekly for 4 weeks), 

cyclophosphamide (750 mg/m2 monthly for 3-6 months)가 사용된다. 이차면역치료에도 반응이 없거나 치료 효과

가 불충분한 경우 tocilizumab, low-dose interleukin-2 사용을 고려해 볼 수 있다. 

결론

본지에서는 뇌전증지속상태와 이를 유발하는 원인 중 하나인 자가면역뇌염에 대해 살펴보았다. 뇌전증지속상태의 원인

을 파악하고 적절한 치료를 통해 발작을 조기에 중단하는 것이 중요하다. 자가면역뇌염은 초기에 진단이 어려울 수 있어 

자세한 병력청취와 함께 신경학적 검사가 필요하다. 뇌전증지속상태의 발생 원인으로 자가면역뇌염이 의심되는 경우 항

뇌전증치료와 함께 면역치료를 시행함으로써 뇌전증지속상태를 조기에 조절하고 신경학적 결손을 최소화 할 수 있다. 
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New-onset refractory status epilepticus (NORSE) and febrile infection-related epilepsy syndrome (FIRES) are a clinical 
challenge. There is currently no specific therapy for cryptogenic FIRES and NORSE, and conventional AED (antiepileptic 
drugs) and anesthetic agents show very limited success. The studies or published literatures about other treatment 
options for prolonged super refractory status epilepticus are also rare. In the management of acute seizures and SE, we 
invariably prioritize the control of seizures over the determination and treatment of the underlying cause. Identification 
of the etiology of SE has both therapeutic and prognostic implications and even more importantly when dealing with 
refractory SE. Diagnostic and therapeutic delay contributes to poor outcome due to underlying diseases, itself and 
secondary brain injury after prolonged refractory SE. Seizures in NORSE & FIRES are notoriously very difficult to 
treat. Current treatment modalities include, among others, various antiepileptic drugs, ketogenic diet, intravenous 
corticosteroids, intravenous immunoglobulin, and coma therapy with anesthetic agents. There is a need to find out 
the new effective treatment options that can help to stop the SE, which is not achieved by the general approaches to 
treatment.

There are several trials to apply new strategies to control SE in NORSE & FIRES including immunotherapy, however, 
there is currently no consensus regarding the use of immune therapies in NORSE.
The KD (Ketogenic diet) is an established treatment for drug-resistant epilepsy, with both anti-seizure and anti-
inflammatory effects. There have been reports of a dramatic response (approximately 50%) to KD in children with 
FIRES, but this needs to be confirmed in prospective controlled studies.
 Cannabidiol (CBD) is a recent potential alternative therapy in epilepsy and has been shown to improve seizure 
frequency and duration reported in FIRES children.
Therapeutic hypothermia exhibits neuroprotective and anti-inflammatory properties in vivo after perinatal asphyxia and 
adult cardiac arrest, by reducing proinflammatory cytokine levels and protecting the integrity of the blood brain barrier. 
In 2 cases of FIRES, moderate therapeutic hypothermia at 33°C resulted in fast and sustained control of SE. However, 
Recently, RCT (Randomized controlled trial) of therapeutic hypothermia in refractory SE in Adults did not show strong 
effect of stopping seizure or improve the long- term prognosis in SE.
There are some new reports about the application of the electrical and magnetic stimulation therapies including 
TMS (transcranial magnetic stimulation), VNS (vagal nerve stimulation), DBS (Deep brain stimulation) and ECT 
(Electroconvulsive therapy) in refractory SE. 

This lecture will review the various treatment modalities not conventional approach in the treatment of prolonged super 
refractory SE in NORSE & FIRES.

Parallel Symposium 5. NORSE, FIRES, Autoimmune-related status epilepticus (Korean)
PS5-4

Other treatment options for status epilepticus:  Ketogenic diet, 
hypothermia, surgery, etc. 

Jung Hwa Lee (Korea)

Ewha womans University School of Medicine

Parallel Symposium 5
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Broadening definition of autoimmune encephalitis: 
Role of immunity and inflammation in epilepsy
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Diagnosis and pathomechanisms of autoimmune encephalitis

Tae-Joon Kim (Korea)

Ajou University School of Medicine
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Autoimmune encephalitis is not only the main etiology of limbic encephalitis, presented with seizure, memory loss, 
and psychiatric symptom, but also the most common etiology of new-onset refractory status epilepticus. Because the 
autoimmune process blocks synaptic receptors or damages inhibitory neurons, channel-modulating anti-epileptic drugs 
are ineffective in many cases, and only immunotherapy can control the seizure in the cases. Empirical immunotherapy is 
often necessary even before the definite antibody diagnosis or exclusion of viral etiologies. Immunoglobulin is relatively 
safe and effective in both autoimmune and viral encephalitis. More advanced immunotherapies, such as Rituximab, 
Tocilizumab, and cyclophosphamide, should be preserved until the infectious etiologies are excluded sufficiently. 
Rituximab can block the progression of pathogenesis and improve the long-term outcome. Tocilizumab accelerate the 
early-phase recovery of autoimmune encephalitis, and can stop new-onset refractory status epilepticus. Even though 
immunotherapies bring a dramatic improvement in some types of autoimmune epilepsy, they are double-edged sword 
and should be used cautiously. If tumor is present, it should be removed promptly. Long-term prognosis of autoimmune 
encephalitis is dependent on antibody subtypes, initial severities of presentation, and the promptness of immunotherapy. 
Further studies are necessary to develop the optimal protocol of immunotherapy in the autoimmune epilepsy.

Soon-Tae Lee (Korea)

Seoul National University College of Medicine

Treatment and prognosis of autoimmune encephalitis

Parallel Symposium 6. Up to Date: Autoimmune Epilepsy (Korean)
PS6-3
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Using patient-derived induced pluripotent stem cells to model and 
treat epilepsies
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Yoonhee Jin (Korea)

Yonsei University College of Life Science and biotechnology

Three-dimensional brain-like microenvironments facilitate the 
direct reprogramming of fibroblasts into therapeutic neurons

Special Interest group 3. the next generation of epilepsy research (Korean)
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Mechanotransduction system in biology plays a key role for regulating various signal pathways. The mechanosensitive 
ion channels, for example, gate ion transduction across the cellular membrane by means of versatile types of mechanical 
forces in somatosensory organs. Although its potential as a regulator of cell functions, little is known about genetic 
engineering of these mechanoreceptors to use as a tool for controlling cell signals especially for neuroscience while 
many of optogenetic tools have been greatly explored for the similar purposes. In the meantime, magnetic field 
has been highly applauded for cellular stimulation since its capability of tissue transparency and resulting non-
invasiveness to tissues. This talk covers newly developed mechanogenetic toolkits which utilizes extrinsically 
expressed mechanoreceptors combined with magnetic field capable for generating mechanical forces to underlying 
mechanoreceptors. The current advances and limitations in this field of research when applying into clinical studies 
will be covered and some approaches to overcome the intrinsic limitation of distance dependency of gradient magnetic 
field will be explained. In comparison with optogenetics, we envision that this mechanogenetic approach is beneficial 
to stimulate whole brains of larger animals as well as humans, potentially advancing current neuroscience to decipher 
neuronal networks and to treat neurodegenerative diseases.

Jae-Hyun Lee (Korea)

Yonsei-IbS Center for NanoMedicine

Magnetic nanoparticle-based mechanical stimulation for restoration 
of mechano-sensitive ion channel equilibrium in neural networks

Special Interest group 3. the next generation of epilepsy research (Korean)
SIg3-3
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Deciphering somatic mutations in focal malformations of cortical 
developments

Jeong Ho Lee (Korea)
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Epilepsy surgery types and indications

Ki Hyeong Lee (USA)

Advent Health Orlando
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Joo Hee Seo (USA)
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Dietary treatments for epilepsy
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Yong D. Park (USA)

Medical College of georgia at Augusta University

Neuromodulation therapy for epilepsy
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KEP4-3
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Sookyong Koh (USA)
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Precision medicine for epilepsy
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The efficacy and safety of surgical intervention of drug-resistant epilepsy has been proved in several randomized 
controlled trials and large scale observational studies. Though with evidences and guidelines supporting, some clinicians 
pointed that the number of epilepsy surgical cases is stagnant or declining. In united states, one report suggested that 
fewer than 1% of drug resistant epilepsy patients are referred for surgery. Persistent misconception about the surgery 
may have a role. Cost of the surgery, insurance coverage, or lack of interest to the epilepsy surgery may have some role 
too. One cohort study of Korean epilepsy patients comparing surgical vs nonsurgical group showed that drug resistant 
epilepsy patients comprise about 28% of the whole epilepsy patiens and 1.8 % of them underwent surgical treatment. 
This report revealed that the medical cost of the surgical group was abruptly increaed up to 10 times at the time of the 
surgery than the non surgical group. Though their medical costs subsequently decreased to a level lower than that of the 
nonsurgical group beginning one year after surgery, current economic conditions of the patients can be a major barrier 
from undergoing surgical treatment. Narrow insurance coverage or unreasonable cut off of Korean health insurance 
review & assessment service will make surgeons not willing to do the epilepsy surgery or not to choose epilepsy surgery 
as their specialty. Successful epilepsy surgery can be hardly done by a surgeon alone, but a team approach is necessary. 
More attention and interest is needed for patients to benefit from proven efficacy of epilepsy surgery.

Jong Hyun Kim (Korea)

Korea University College of Medicine

Surgical treatment for epilepsy: The potential gap between evidence 
and practice

Parallel Symposium 7. Practical issues in epilepsy surgery (Korean)
PS7-1
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Laser interstitial thermal therapy for epilepsy

Ki Hyeong Lee (USA)

Advent Health Orlando
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The concept of focused ultrasound (FUS) and its application in the field of medicine have been suggested since the mid-
20th century. However, the clinical applications of this technique in central nervous system (CNS) diseases have been 
extremely limited because the skull inhibits efficient energy transmission. Therefore, early application of FUS treatment 
was only performed in patients who had already undergone invasive procedures including craniectomy and burr hole 
trephination. In the 1990s, the phased array technique was developed and this enabled the focus of ultrasonic energy 
through the skull, and in conjunction with another technique, magnetic resonance thermal monitoring, the possibility of 
applying FUS in the CNS was further strengthened. The first clinical trial using FUS treatment for CNS diseases was 
performed in the early 21st century in patients with glioblastoma, which consists of highly malignant primary brain 
tumors. However, this trial resulted in a failure to make lesions in the tumors. Various causes were suggested for this 
outcome including different acoustic impedances across heterogeneous intracranial tissue (not only brain tissue, but also 
fibrous or tumor tissue). To avoid the influence of this factor, the targets for FUS treatment were shifted to functional 
diseases such as essential tremor, Parkinson’s disease, and psychiatric disease, which usually occur in normal brain 
structures. The first trial for functional diseases was started in 2010, and the results were successful as accurate lesions 
were made in the target area. Nowadays, the indication of FUS treatment for functional CNS diseases is gradually 
widening, and many trials using the FUS technique are reporting good results. In addition to the lesioning technique 
using high intensity FUS treatment, the possibility of clinical application of low intensity FUS to CNS disease treatment 
has been investigated at a pre-clinical level, and it is expected that FUS treatment will become one of the most important 
novel techniques for the treatment of CNS diseases in the near future. 

Won Seok Chang (Korea)

Yonsei University College of Medicine

Utilization of focused ultrasound for treatment of brain lesions

Parallel Symposium 7. Practical issues in epilepsy surgery (Korean)
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Application of gamma knife radiosurgery for epilepsy 

Seok Ho Hong (Korea)

University of Ulsan College of Medicine

Gamma Knife Radiosurgery (GKRS) was developed initially with the intention to treat functional disorders such as 
trigeminal neuralgia or Parkinsonism, and its indication has been expanded to various brain lesions, including metastatic 
or primary intracranial neoplasms, arteriovenous malformation. The experience from patients with vascular lesions of 
arteriovenous malformations and cavernous malformations had suggested anti-epileptic efficacy after GKRS, which led 
to the clinical use of GKRS for disorders related with intractable epilepsy.
Since 1990s, GKRS has been tried for mesial temporal lobe epilepsy (MTLE) with various doses from 10 to 25 Gy, and 
the radiosurgical targets for MTLE has not been uniform among studies. Based on promising results with 24 Gy from 
the pilot study, a multicenter randomized trials comparing GKRS and open surgery was conducted and the results were 
published recently. The study showed effectiveness and reasonable safety, while it failed to show definite noninferiority 
of GKRS to conventional anterior temporal lobectomy (ATL). In cases of residual epilepsy after ATL in MTLE, GKRS 
may offer therapeutic benefits with less complication from reduced target volume following previous surgery. 
GKRS has been also tried for hypothalamic hamartomas with typical gelastic seizure, providing clinical usefulness in 
small sized lesions over endoscopic resection. Corpus callosal resection using GKRS has been reported in patients who 
were not good candidate for microsurgical callosotomy.
This session will present clinical applications of GKRS for epilepsy disorders, with its suggested anti epileptic 
mechanism and appropriate doses, and illustrated cases.





www.epilepsykorea.org

June 15 (Sat)

Chairs
 Chang-Ho Yun (Korea)

Wonchul Shin (Korea)

Parallel Symposium 8 
SUDEP & sleep (Korean)



572

www.epilepsykorea.org

24th KOREAN EPILEPSY CONGRESS

Rapid eye movement sleep (REM sleep) is distinguishable by rapid movement of the eye, accompanied with low muscle 
tone throughout the body, and the propensity of the sleeper to dream vividly. It is also known as paradoxical sleep and 
sometimes desynchronized sleep because of physiological similarities to waking states, including rapid, low-voltage 
desynchronized EEG. Seizure-related death can be attributed to status epilepticus, accidents, or sudden unexpected 
death in epilepsy (SUDEP). SUDEP is a category of death in people with epilepsy occurring in the absence of a known 
structural cause of death and is most likely heterogeneous with regard to mechanisms and circumstances. In definite 
SUDEP, an autopsy has confirmed this absence of an anatomical or toxicological cause. SUDEP accounts for up to 15% 
of all epilepsy℃related deaths, with a lifetime risk in people with epilepsy of 4.6%℃8%. Generalized tonic℃clonic seizures 
have consistently emerged as the leading risk factor for SUDEP, particularly when such seizures are uncontrolled. High 
seizure burden, lack of antiepileptic drug AED treatment, polytherapy, intellectual disability, and prone position at the 
time of death are other key risk factors. Sleep may be associated with an increased risk for SUDEP. SUDEP occurs 
more commonly during sleep. Cardiac issues such as ictal tachycardia, bradycardia and asystole, and peri-ictal cardiac 
repolarization abnormalities are as a biomarker for SUDEP risk factor. Cardiorespiratory arrests were classified as either 
SUDEP (definite or probable), near SUDEP (fatal or non-fatal), or non-SUDEP. SUDEP in epilepsy monitoring units 
primarily follows an early postictal, centrally mediated, severe alteration of respiratory and cardiac function induced 
by generalised tonic-clonic seizure, leading to immediate death or a short period of partly restored cardiorespiratory 
function followed by terminal apnoea then cardiac arrest. Here, REP sleep physiology as well as the epidemiology, 
mechanism, and prevention of SUDEP will be discussed.

Kwang Ik Yang (Korea)

Soonchunhyang University College of Medicine

REM sleep physiology and SUDEP

Parallel Symposium 8. SUDEP & sleep (Korean)
PS8-1
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REM sleep and epilepsy

Hyun-woo Kim (Korea)

Pusan National University College of Medicine
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Introduction 
SUDEP (Sudden Unexpected Death In Epilepsy) is the most important direct epilepsy-related cause of death. SUDEP 
were more likely to have nocturnal seizures.
Apneas occurring during sleep may precipitate autonomic instability in epilepsy patients making them susceptible to 
SUDEP. REM sleep is characterized by an increased sympathetic modulation and more frequent sleep apneas were 
occurred in that stage. In this lecture, we aim to discuss the relationship and role of REM sleep to SUDEP.

Body
Those with sleep-related SUDEP were also more likely to have a history of nocturnal seizures than those with non–
sleep-related SUDEP. Apneas occurring during sleep may precipitate autonomic instability in epilepsy patients making 
them susceptible to SUDEP. Central sleep apneas (CSA) may trigger seizures in nocturnal epilepsy. The mechanism 
throughout CSA provoke seizures is not clear, although it is probably due to the arousal fluctuation and CAP (cycling 
alternating pattern) during NREM sleep. REM sleep, however, is characterized by an opposite behavior, with a sort 
of “activation” of cardiovascular system to levels sometimes higher than wakefulness. it has been reported that REM 
sleep at the end of the night is characterized by an increased sympathetic modulation compared to REM sleep that 
occurs during the first part of the night. From a clinical point of view, this fact can be a potential link between increased 
sympathetic drive, REM sleep and the incidence of cardiovascular events in the early morning. Inhibition of motor 
neurons during REM sleep, may prevent the movements associated with seizures and spike-wave complexes (typical 
in absence epilepsy) almost completely disappear during REM sleep. On the other hand, sleep deprivation facilitates 
paroxysmal events in some animal models, which may lead to increase REM burden.

Conclusion
We suggest that SUDEP is mainly a problem for people whose seizure control is unattainable Furthermore, 
cardiovascular abnormalities during and after seizures are relevant putative me chanisms that may be responsible for 
the fatal event in patients with intractable epilepsy. Overall, new considerations and experimental, epidemiological, and 
clinical studies should be evaluated to establish with precision the significance of sleep for SUDEP such as sleep stage 
or sleep deprivation.

Hee-Jin Im (Korea)

Hallym University College of Medicine

Basic science supporting the relationship of REM sleep to SUDEP

Parallel Symposium 8. SUDEP & sleep (Korean)
PS8-3
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Neonatal seizures (NS) constitute the most frequent and distinctive neurological symptom in the neonatal period. 
The incidence is estimated to be between 1.5 and 5.5/1000 living births, whose onset being during the first week in 
80% of cases. Neonates may present with different types of seizures: clonic, tonic, myoclonic (axial, focal, erratic), 
epileptic spasms, and subtle seizures, including autonomic signs or automatisms. Seizures in the neonatal period differ 
considerably from those observed later in life with respect to their aetiological profile and clinical presentation. NS 
often represent the first clinical indicator of a central nervous system (CNS) dysfunction. Although 40-50% of them 
are secondary to hypoxicischemic encephalopathy (HIE), other less frequent etiologies must be taken into account in 
the diagnostic work-up including infections, cortical malformations (readily identifiable through routine testing and 
imaging) and inborn errors of metabolism (IEMs). Diagnosis can be quite difficult thus a high index of suspicion is 
required. Notably, when epilepsy occurs in a patient with IEM is commonly associated to other neurological and extra-
neurological symptoms, that may address appropriate laboratory and neuroimaging
investigations. Epilepsy occurring in newborn with IEM may be classified according to clinical or etiopathogenetical 
criteria. From a pathogenetic point of view they can be divided into epilepsies due to 1) “intoxication-type” disorders of 
intermediary metabolism;
2) neurotransmitters defects and related disorders; 3) disorders of energy metabolism; 4) storage disorders with impaired 
neuronal function and 5) IEMs associated to brain malformations. The identification of a treatable disorders is always 
mandatory in IEMs.
 Patients present marked hypotonia or hypertonia, opisthotonus, apneic spells and abnormal eye movements. The 
main epileptic triad encompasses erratic or fragmentary myoclonus, simple partial seizures and tonic spasms. Bursts 
of paroxysmal activity alternating with lack of activity define the suppression burst. EEG pattern that is a striking 
feature of EME. Several IEMs may be associated to EME such as non-ketotic hyperglycinaemia (NKH), propionic 
or methylmalonic acidurias, methylene tetrahydrofolate reductase deficiency, GABA transaminase deficiency, serine 
deficiency, congenital glutamine deficiency, sulfite and xantine oxidase deficiency, and vitamin- responsive syndromes 
as pyridoxine, pyridoxal-phosphate, folinic and biotin deficiencies. Other less specific types of seizures such as focal or 
generalised clonic, tonic and/or myoclonic ones may frequently occur.
 Early diagnosis is important both for prompt treatment to prevent death or serious sequelae and for genetic counseling. 
However, diagnosis is often challenging because many findings overlap and may mimic those of more common neonatal 
conditions, such as hypoxic-ischemic encephalopathy and infection. Ultrasonography (US) may be an initial screening 
method

Jeong Ho Lee (Korea)

Soonchunhyang University College of Medicine

Isolated neonatal seizures: When to suspect inborn errors of 
metabolism and screening methods

Special Interest group 4. Up to date: Neonatal seizures (Korean)
SIg4-1
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for the neonatal brain, and magnetic resonance (MR) imaging is the modality of choice for evaluating metabolic brain 
disorders. Although nonspecific imaging findings are common in early-onset metabolic disorders, characteristic patterns 
of brain involvement have been described for several disorders. 
 In addition, diffusion weighted images may be used to characterize edema during an acute episode of encephalopathy, 
and MR spectroscopy depicts changes in metabolites that may help diagnose metabolic disorders and assess response to 
treatment. Imaging findings, including those of advanced MR imaging techniques, must be closely reviewed. If one of 
these rare disorders is suspected, the appropriate biochemical test or analysis of the specific gene should be performed to 
confirm the diagnosis. 
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Amplitude integrated EEg for neonatal seizure detection

Byoungho Noh (Korea)

Kangwon National University College of Medicine
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Neonatal seizures represent one of the commonest symptoms of acute neurologic diseases in newborns. In the central 
nervous system (CNS), the intracellular chloride concentration determines the strength and polarity of GABA mediated 
neurotransmission. GABA-ergic anti-epileptic drugs are not only less effective in this neonatal age group due to reversed 
neuronal ion gradients but may also cause harm. Altered chloride homeostasis, resulting from mutation or dysfunction 
of NKCC1 and/or KCC2, causes depolarizing actions of GABA leading to neuronal hyperexcitability. This has been 
implicated in the pathogenesis of several brain disorders, including neonatal seizures and adult types of partial epilepsy, 
autism spectrum disorders, chronic pain, spinal cord lesions, Down's syndrome, brain trauma, cerebral edema formation, 
cerebral artery occlusion, and diabetic ketoacidosis. Therefore, drugs that restore low Cl− have been suggested to 
provide novel therapies for a wide range of as yet difficult-to-treat disorders. Phenobarbital maintains the status of first-
line therapy in worldwide use. However, newer anti-epileptic agents such as, levetiracetam, bumetanide, and topiramate 
are increasingly being applied to the neonatal population. The hypothesis has been that blocking first the depolarizing 
driving force of GABA currents and Cl− accumulation using bumetanide, and thereafter prolonging the GABA induced 
conductance using phenobarbital would lead to a potent anticonvulsant effect. Although there are several efforts of 
recent research about those second-line AED, selecting an appropriate treatment in neonates still remains as a challenge.

Yoonyoung Yi (Korea)

Chungnam National University School of Medicine

Pharmacotherapy for neonatal seizures: Current knowledge and 
future perspectives

Special Interest group 4. Up to date: Neonatal seizures (Korean)
SIg4-3
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PO-01

Effects of high frequency stimulation on 
hippocampal seizures in temporal lobe 
epilepsy model
Yun Seo Choi1, Hye-Young Joung1, Sol Ah Kim1, 
Hyangwoon Lee1,2

1Neurology, Ewha Womans University School of Medicine and 
Ewha Medical Research Institute, Korea
2Medical Science, Ewha Womans University School of Medicine 
and Ewha Medical Research Institute, Korea

Purpose 

In the present work, we tested HFS on the chemically-induced 

seizures in hippocampal slice from the temporal lobe epilepsy 

animal model. Especially, we targeted medial entorhinal 

cortex(MEC), which is known as an important neural pathway, 

to abort hippocampal seizures. The goal of this study is to test 

the effects of HFS on the hippocampal seizures, especially to 

understand how HFS alters spatiotemporal dynamics involving 

seizure propagation in hippocampal subnetwork.

Method 

To analyze the epileptic electroencephalogram(EEG) dynamics 

change, we recorded the spatiotemporal dynamics using 

6x10channels of a planar microelectrode array(MEA) system in 

the entire hippocampal formations( dentate gyrus, CA3, CA1 and 

subiculum) including EC(MEC and LEC). When a spontaneous 

seizure-like events(SLEs) occurred and was clearly identified, 

we applied HFS(130Hz) manually on the layer 3 of MEC. 

To illustrate the spatiotemporal epileptic networks, based on 

Granger Causality(GC) methods between all the electrode pairs 

was analyzed the effective connectivity changes in 7 different 

frequency ranges; delta(1–4Hz), theta(4–8Hz), alpha(8–13Hz), 

beta(13–25Hz), gamma(25–55Hz), ripple(65–200Hz), and fast 

ripple(250–500Hz), respectively.

Results 

Patterns of GC rapidly increased even before the ictal onset time 

in the onset region, which was more remarkable in the most 

of frequency bands. Also, the directional changes especially 

increased in the seizure onset electrodes that was evolved 

sharply into the other channels involving epileptic network. 

Furthermore, after applied HFS on the MEC, seizure-like event 

duration in stimulation groups was reduced compared to non-

stimulation groups. In addition, changes of GC rapidly decreased 

after HFS among the hippocampal subnetworks.

Conclusion 

In summary, HFS on the ictal onset region reduced seizure 

duration. Also, GC analysis revealed that HFS disrupted 

epileptic bidirectional changes from ictal onset region to densely 

connected hippocampal subregions. This kind of effective 

connectivity methods of epileptic network applied to ictal EEGs 

could provide a deeper understanding of the spatiotemporal 

mechanism involving epileptic network dynamics.

PO-02

Successful rhIGF1 treatment of NMDA-
induced spasms in a rat model of 
malformation of cortical development
Minyoung Lee1,2, Eun-Jin Kim2, Mi-Sun Yum1,3, 
Tae-Sung Ko3

1Department of Medical Science, Asan Medical Institute of 
Convergence Science and Technology, Asan Medical Center, 
University of Ulsan College of Medicine, Korea
2Asan Institute for Life Sciences, Asan Medical Center, Korea
3Department of Pediatrics, University of Ulsan College of 
medicine, Asan Medical Center Children’s hospital, Korea

Purpose 

Malformations of cortical development (MCD), a major 

cause of intractable pediatric epilepsies, can be caused by the 

dysfunction of PI3K/AKT pathway. Rats with prenatal exposure 

to methylazoxymethanol (MAM) have been used as a model 

of MCD and increased spasms susceptibility to NMDA during 

infancy was also shown in this model. Using the infant rats with 

MAM-induced MCD, we explored translational alteration of 

PI3K/AKT pathway and tested whether rhIGF1 pretreatment 

could alleviate the NMDA induced spasms during infancy.

Method 
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At gestational day 15, two dosages of MAM (15mg/kg, IP) 

were injected to pregnant rats to produce MCD. At postnatal 

day 15, the offspring were sacrificed and their cortical proteins 

of PI3K/AKT pathway were analyzed. Another set of prenatally 

MAM-exposed rats were pretreated with recombinant human 

IGF1 (rhIGF1, 0.5mg/kg/dose, P12 to P14, twice a day) and the 

number and latency to onset of spasms were monitored for 90 

minutes after the NMDA (15mg/kg i.p.) injection at P15.

Results 

There is significant reduction of PTEN (p = 0.022), Akt (p 

< 0.001), FoxO3a (p = 0.005) and GSK3beta (p = 0.036) 

expression in cortex of infant rats with MAM-induced MCD. 

Rats with 3days of rhIGF1 treatment (n = 11) showed delayed 

onset to first spasms (p = 0.014) and full spasms (p = 0.005) and 

decreased number of spasms (p = 0.009) compared to controls 

(n = 12). Those treated with rhIGF1 also have significant weight 

gain when compared to their littermates with vehicle (p = 0.042).

Conclusion 

In infant rats with prenatal MAM exposure, we could identify 

significant reduction of PI3K/AKT pathway proteins in cortex. 

An activator of PI3K/AKT pathway, rhIGF1, could also 

effectively suppress NMDA-induced spasms and should be 

further investigated as a therapeutic candidate in patients with 

MCD-related epilepsy.

PO-03

Therapeutic effects of transient receptor 
potential melastatin-7 (TRPM7) inhibitor 
on hippocampal neuronal death after 
pilocarpine-induced seizure
Seonmin Yoon1, Hong Ki Song1, Hui Chul Choi1, 
Sang Won Suh2

1Neurology, Hallym University Medical Center KDSH Hospital, 
Korea
2Physiology, Hallym University Medical College, Korea

Purpose 

Carvacrol is an essential oil extracted from Origanum vulgare, 

which acts as a TRPM7 channel inhibitor. It has been reported 

that there is a protective effect on neuronal death after brain 

injury such as ischemia or traumatic brain injury. So, we 

hypothesized that carvacrol may have a neuroprotective effect by 

reducing excessive zinc translocation after seizure.

Method 

TLE was induced by lithium-pilocarpine in male rats. We 

injected lithium chloride (125mg/kg, i.p.) at 19 hour before 

administration of pilocarpine. And then we injected scopolamine 

(2mg/kg, i.p.) at 30 minutes before pilocarpine injection. After 

inject pilocarpine (25mg/kg, i.p.), we performed behavioral 

test based on Racine stage. Carvacrol (50mg/kg/day, i.p.) was 

injected every day for 3 days after pilocarpine injection. To 

detect of degenerating neurons, oxidative injury, microglia 

activation and TRPM7 channel activation, we performed Fluoro-

Jade B, 4HNE, Iba1, and TPRM7 staining, respectively. We 

also performed TSQ staining to determine the level of free zinc 

accumulation in the neuron.

Results 

The present study demonstrates that carvacrol reduced the 

number of degenerating neurons, oxidative injury, microglia 

activation, TRPM7 channel activation and zinc accumulation 

after seizure

Conclusion 

Therefore, the present study suggests that carvacrol that inhibits 

TRPM7 channel has neuroprotective effects by reducing the 

abnormal translocation of free zinc in the neuron after seizure.
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PO-04

Rapamycin regulates expression of 
vascular endothelial growth factor 
receptor-3 in the hippocampus following 
pilocarpine-induced status epilepticus
Kyoung Hoon Jeong1,2, Jing Zhu1, Soojin Park1, 
Won-Joo Kim1, Seong Yun Kim2

1Department of Neurology and Epilepsy Research Institute, Yonsei 
University College of Medicine, Seoul, Korea
2Department of Pharmacology, College of Medicine, The Catholic 
University of Korea, Seoul, Korea

Purpose 

VEGF receptor (VEGFR)-3 is a receptor for VEGF-C and -D 

that has been proposed to be involved in neurogenesis, adult 

neuronal function, and response to cerebral ischemia and 

epileptic seizure. However, its cellular functions after epileptic 

insults are still obscure. Therefore, to investigate whether 

induced VEGFR-3 expression is related with mammalian 

target of rapamycin (mTOR) signaling, we examined the 

temporal profiles of phospho-S6 (pS6) expression in the 

hippocampus following pilocarpine-induced status epilepticus 

(SE), colocalization of SE-induced pS6 protein in VEGFR-3-

expressing reactive astrocytes, and the cellular alteration of 

VEGFR-3 via mTOR suppression in hippocampus after SE.

Method 

Rapamycin or vehicle were daily treated for 6 days, starting from 

1 h before pilocarpine treatment. Then, we injected pilocarpine 

(280 mg/kg), into the intraperitoneal space to induce SE. Mice 

were sacrificed 1, 4, and 7 days after injection of pilocarpine or 

saline. Neuronal death was detected with cresyl violet staining in 

the hippocampus after seizure.

Results 

The number of pS6-positive cells significantly increased in the 

hippocampus 1 day after pilocarpine-induced seizure. However, 

pS6 immunoreactivity in glial-like cells was prominently 

enhanced in the hippocampus 4 days after SE and SE-induced 

VEGFR-3-positive cells expressed pS6 in reactive astrocytes 

4 days after SE. Rapamycin treatment showed inhibition 

of SE-induced mTOR activity and significantly reduced 

immunoreactivity of VEGFR-3 in the hippocampus after SE.

Conclusion 

These findings paralleled a reversal of the SE-induced neuronal 

cell death and activation of glial cells in the hippocampus 

following rapamcin treatment. Thus, these data indicates that 

mTOR activation contributes to VEGFR-3 upregulation in the 

hippocampus after pilocarpine-induced epilepsy. In addition, 

we suggest that VEGFR-3 might be involved in mechanism 

associated with activated astroglial cells following SE, especially 

through mTOR activation.

This research was supported by National Research Foundation 

of Korea (NRF) grants funded by the Korean government 

(2018R1D1A1B07047059).

PO-05

Sirt3 deficiency exacerbate neuronal 
death and mortality to epileptic 
condition animals
Inja Cho1, Jing Zhu1,2, Soojin Park1,2, 
Kyoung Hoon Jeong2, Kyoo Ho Cho2, 
Kyoung Heo1,2, Won-Joo Kim1,2

1Department of Neurology and Epilepsy Research Institute, 
Yonsei University College of Medicine, Korea
2Brain Korea 21 Plus Project for Medical Science, Yonsei 
University College of Medicine, Korea

Purpose 

Status Epilepticus (SE) which is prolonged seizure condition 

induce extensive production of reactive oxygen species, leading 

to neuropathological alterations such as neuronal loss and gliosis 

in the hippocampus, resulting in development of epileptogenesis. 

Sirtuin 3 (Sirt3) is NAD+-dependent histone deacetylases, 

has been considered as an important role that contributes to 

neurodegeneration by regulating mitochondrial function. This 

study aimed to investigate the role of the Sirt3 in spontaneous 

recurrent seizure (SRS) and hippocampal cell death in mouse 

brain following pilocarpine-induced SE model.

Method 

Adult male C57BL/6J mice and Sirt3 KO mice of C57BL/6 
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background were used in this study. Each animal was given 

pilocarpine 30 min after scopolamine treatment for SE model. 

Forty-five days after SE, the SRS were counted for 2 weeks 

using video monitoring system. Hippocampal neuronal 

damaged was assessed by cresyl-violet staining and Western 

blot analysis. Also, hippocampal gliosis was detected by 

immunohistochemistry.

Results 

In Sirt3 KO mice following pilocarpine-induced SE, increased 

mortality rate was observed, but no difference detected in 

seizure onset time after pilocarpine injection compared to the 

WT mice. Interestingly, total numbers of spontaneous recurrent 

seizures (SRS) were increased, and hippocampal neuronal loss 

remarkably exacerbate in chronic epileptic period in Sirt3 KO 

deficiency.

Conclusion 

This study investigate that Sirt3 deficiency exacerbate 

hippocampal damage including gliosis and development and 

severity of SRS following pilocarpine-induced seizure model. 

Consolidating results, we suggest that Sirt3 may have potential 

as an effective therapeutic target in SE conditions that would 

delay the progression of epileptogenesis.

PO-06

Prevalence of epilepsy among The 
Population of Khovd Province of 
Mongolia
Erdenechimeg Yadamsuren1, Khandsuren Baatar1, 
Gerelt-Od Tsedenbal2, Chimeglkham Banzrai1

1Department of Neurology, Institute of Medical Sciences, 
Mongolia
2Department of Neurology, Regional Diagnostic and Treatment 
Center of Khovd Province, Mongolia

Purpose 

Epilepsy is the most common serious neurological condition. 

Epidemiological data are important to allow a rational approach 

to plan health services. The aim of this study was to determine the 

prevalence of epilepsy among adults in Khovd province of Mongolia.

Method 

The study was conducted in total population of 55860 of 17 

soums (the smallest administrative of province) of Khovd 

province of Mongolia between 2015 and 2016 by cross sectional 

study design. Cases of patients above 15 years of age with 

epilepsy (according to the ILAE definition 2014) were included. 

Age group was classified 10 years intervals (16-25 years, 26-

35, 36-45, 46-55, 56-65 and > 65 years). The diagnosis was 

confirmed by experienced epilepsy specialist with EEG, brain 

CT and MRI, Doppler ultrasonography finding and others. From 

all participants, 70 cases with epilepsy were randomly selected 

to identify epilepsy type based on the guideline of International 

Epilepsy Society.

Results 

We revealed a total of 278 patients with epilepsy (135 female, 

48.6%; 143 male, 51.4%). The crude prevalence of epilepsy 

was 4.97/1000 among adults in Khovd province with lowest 

rate in 2.29 (Khovd soum) and highest rate in 7.43 (Durgun 

soum). According to gender, the prevalence in male was 

5.18/1000 while in female was 4.77/1000. By age group, highest 

prevalence of epilepsy (8.75/1000) was showed in the 46-55 

years and lowest prevalence (0.77/1000) was showed in the age 

group of over 65 years. Thirty five patients (50.0%) had focal 

epilepsy, thirty three patients (47.14%) had generalized epilepsy 

and two patients (2.86%) had unknown type.

Conclusion 

The prevalence of epilepsy in Khovd province was higher 

compared to some  provinces of Mongolia. The findings 

were important information to plan health care and clinical 

management for epilepsy in Mongolia. 
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PO-07

Perampanel blood level in real practice
Eun Young Kim1, Yong-Won Shin1, Do-Yong Kim1, 
Jangsup Moon2, Hyeyeon Chang1, Kon Chu1, 
Sang Kun Lee1

1Neurology, Seoul National University Hospital, Korea
2Neurosurgery, Seoul National University Hospital, Korea

Purpose 

Therapeutic drug monitoring (TDM) is used to avoid 

concentration dependent side effects and to optimize drug 

management of patients on antiepileptic drugs. Owing to the 

advanced technology, many antiepileptic drug concentrations 

are often measured to avoid the dose dependent side effects. 

However, studies of perampanel concentration and dose related 

side effects are not conducted. This study is to assess the 

relationship of concentration-drug dosage and concentration-side 

effect.

Method 

Adult patients who were diagnosed of epilepsy, prescribed any 

dose of perampanel during June, 2017 to May, 2018 in SNUH, 

and consent to enroll the study were enrolled. Blood perampanel 

concentration was measured by department of clinical 

pharmacology. We analyzed the correlation of concentration to 

drug dosage and the existence of side effects.

Results 

Forty nine patients were enrolled in this study. Their ages ranged 

5 to 75 (median 36) at the time of sample retrieval. 24 (50%) 

were women. Patients were on 2 to 12 mg of peramapanel, and 

venous samples were drawn between 9 hours 20minutes to 19 

hours minutes (median 13 hours and 30 minutes) after the intake 

of the last dose of peramapanel.

Conclusion 

Blood perampanel concentration can be used to optimize the 

drug management. Further larger studies are needed.

PO-08

Perampanel in patients with status 
epilepticus
Daeyoung Kim, Jae-Moon Kim
Department of Neurology, Chungnam National University 
Hospital, Chungnam National University School of Medicine, 
Korea

Purpose 

The excitatory neurotransmitter glutamate plays a major 

role in development of refractoriness in status epilepticus 

(SE). Perampanel is the first noncompetitive AMPA receptor 

antagonist available for patients with epilepsy. We report a 

summary of perampanel administration and treatment outcome 

in patients with status epilepticus.

Method 

We retrospectively analyzed clinical characteristics, treatment 

outcome, administration, treatment response, and adverse events 

of perampanel treatment in all adult patients with SE treated in a 

single academic hospital from November 2017 to July 2018.

Results 

Twenty-one patients with SE (median age = 70, range = 23-

89, 38% women) were included. 17 (81%) patients had 

convulsive SE and remaining 4 patients had nonconvulsive 

SE with coma. Seizures were terminated at early stage in one 

patient, at established stage in 12 (57%), at refractory stage in 

5 (24%), and at super-refractory stage in 3 (14%). Perampanel 

was administered in 10 (48%) patients (all 8 with refractory 

and super-refractory SE and 2/12 with established SE). Median 

initial dose was 8 mg (range = 4-12). Perampanel was the last 

drug added in 4/10 (40%). Median number of AEDs including 

benzodiazepines before initiating perampanel was 3 (range = 

2-5). Adverse events were reported in one patient (dizziness). 

No serious adverse events were reported. All 10 patients who 

treated with perampanel continued the medication at the time 

of discharge. Outcome of SE was unfavorable in 6/21 (29%) 

patients. All patients survived.

Conclusion 

Perampanel with initial dose of 4 to 12 mg was safe and tolerable 

in patients with status epilepticus. Perampanel was the last AED 
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added before seizure cessation in 40% of patients treated with 

perampanel.

PO-09

Effects of Perampanel on cognition and 
electroencephalography in patients with 
epilepsy
Seon-Jae Ahn1, Hye-Yeon Jang2, Yong-Won Shin2, 
Jin-Sun Jun2, Tae-Joon Kim3, Jun-Sang Sunwoo4, 
Jung-Ick Byun5, Sang-Kun Lee2, Ki-Young Jung2

1Public health physician, Yangpyeong-gun Public Health Center, 
Korea 
2Department of Neurology, Seoul National University Hospital, 
College of Medicine, Seoul National University, Korea 
3Department of Neurology, Ajou University Hospital, Korea
4Department of Neurology, Soon Chun Hyang University 
Hospital, Korea
5Department of Neurology, Kyung Hee University Hospital at 
Gangdong, Korea

Purpose 

Perampanel is a non-competitive antagonist of AMPA receptor. 

This antiepileptic drug (AED) is especially effective in refractory 

partial onset seizure. Evaluating effect of AED to cognitive 

function is necessary because there can be potential side effects. 

Previous studies showed relation between cognitive decline and 

electroencephalography (EEG) activity change. Present study is 

aimed at analyzing the effects of perampanel by EEG spectral 

power density and neuropsychological (NP) tests.

Method 

25 known epilepsy patients were enrolled in the study. 

EEG recordings and NP tests were performed before taking 

perampanel. After 6 months of taking perampanel, same 

EEG recordings and NP tests were performed. Independent 

component analysis (ICA) was used to analyze absolute/relative 

power spectral density from EEG raw data.

Results 

A total 17 patients completed EEG recordings and cognitive tests 

in both before and after. In the cognitive tests, delayed recall of 

Rey-Complex Figure Test (18.86 vs. 22.94; p-value=0.0044) 

and long delayed cued recall of K-Californian Verbal Learning 

Test (12.14 vs 13.65 ; p-value=0.057) showed improvement 

after taking perampanel. Other cognitive function tests showed 

slightly improved tendency in memory and executive function, 

but not statistically significant. In power spectral density, 

absolute power of theta waves was increased in all area (p-value; 

0.0015~0.0064). Absolute power of delta waves was increased 

in all area except parietal region (p-value; 0.01~0.046). In 

relative power, no statistical difference was found. There was no 

significant change in power ratio of theta/beta, theta/alpha, delta/

alpha.

Conclusion 

Peramapanel did not adversely affect cognitive function. It can 

be rather helpful in delayed memory. The spectral power change 

of EEG was not significant in the relative power, although 

absolute power of theta, delta waves were increased after taking 

perampanel. This result is consistent with the results of the 

cognitive function being not impaired.

PO-10

Effect of neuro-inflammatory marker on 
post-ictal cognitive behavioral changes
Hyerim Shin1, Kyung-Il Park1,2, Woo-Jin Lee1, 
Han Sang Lee1, Eun Young Kim1, Hyoshin Son1, 
Kon Chu1, Ki-Young Jung1, Sang Kun Lee1

1Department of Neurology, Laboratory of Neurotherapeutics, 
Comprehensive Epilepsy Center, Biomedical Research Institute, 
Seoul National University Hospital, College of Medicine, Seoul 
National University, Korea
2Department of Neurology, Seoul National University Healthcare 
System Gangnam Center, Korea

Purpose 

Epilepsy patient has variety of psychotic symptoms and behavior 

changes, such as depression, anxiety disorder, and psychosis. Pot-

ictal psychosis is defined as psychotic episode within 7 days after 

generalized tonic-clonic seizure, or clustered complex partial 

seizure. The pathophysiologic mechanism of post-ictal cognitive 

behavioral changes and post-ictal psychosis is yet unknown. 

However, considering inflammatory mechanism of epileptogenesis 

and post-ictal inflammatory response, we suggested that post-ictal 

behavioral changes also related with inflammation.
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Method 

We will enroll epilepsy patient who admit for 24-hour EEG 

monitoring. Enrolled patients will fill the questionnaire of mood, 

psychosis, behavior change, and quality of life when they first 

admit to hospital, and take the blood to measure the baseline 

level of cytokine. When they have clinical seizure during the 

24-hour EEG monitoring, repeated test of cytokine level will 

be done 6 hours after the seizure. Then we will repeat the 

questionnaire of behavior change and psychosis 7 days after the 

seizure, to investigate whether the patient developed post-ictal 

psychosis or behavior change.

Results 

We will compare the baseline level of cytokine between patient 

who had seizure and had no seizure during the 24-hour EEG 

monitoring. We will analyze the data whether the baseline 

level of cytokine related with seizure, and the predictability of 

cytokine level for seizure. Then among the patients who had 

seizure, we will compare the baseline and post-seizure level of 

cytokine with post-ictal behavior change. So, we would suggest 

the relationship with baseline, or post-seizure cytokine, and post-

ictal behavior change.

Conclusion 

We will find relationship of neuro-inflammatory marker 

with cognitive behavioral change, and by comparing patient 

without seizure, we will investigate the predictability of neuro-

inflammatory marker and behavioral change. It will help to 

understand the possible pathophysiologic mechanism of post-

ictal cognitive behavioral change.

PO-11

Generalized anxiety disorder in epilepsy 
clinics: A meta-analysis
Tae-Won Yang1,2, Do-Hyung Kim3, Oh-Young Kwon1,4

1Neurology and Institute of Health Science, Gyeongsang 
National University College of Medicine, Korea
2Neurology, Gyeongsang National University Changwon 
Hospital, Korea
3Neurology, Sunkyunkwan University College of medicine, 
Samsung Changwon Hospital, Korea
4Neurology, Gyeongsang National University Hospital, Korea

Purpose 

Anxiety disorders (ADs) are frequent psychiatric comorbidity in 

people with epilepsy (PWE) and constitute a significant factor 

impairing the quality of life (QOL) and treatment outcome. For 

these reasons, interest in ADs has increased in PWE, but efforts 

to categorize and investigate subtypes of their ADs are still 

insufficient. Generalized anxiety disorder (GAD) is a common 

AD in PWE. This meta-analysis was carried out to estimate the 

prevalence of GAD in clinics managing PWE.

Method 

We searched MEDLINE, EMBASE, Cochrane Library, Web of 

Science, and SCOPUS. We collected the studies identifying the 

prevalence of GAD using a gold standard diagnostic tool in adult 

PWE in epilepsy clinics.

Results 

We recognized a total of 2890 studies. After initial screening 

and subsequence selection, we included 15 studies. In our 

examination of the heterogeneity, I2 was 87.346, and Cochran 

Q was 110.641 (p <0.01), but we applied the fixed effects 

model according to our prior assumption. Overall, the current 

prevalence of GAD was 19.5%, 95% confidence interval 

(CI) [16.5, 19.9]. Nine studies provided information on the 

prevalence of any ADs. The total number of PWE was 1113, and 

the current prevalence of ADs was 28.1%, 95% CI [25.4, 31.1]. 

According to three studies that provided information by sex, the 

prevalence of GAD was higher in female PWE.

Conclusion 

In PWE under the management of epilepsy clinics, the current 
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prevalence of GAD was 19.5%, that of any ADs were 28.1% so 

that GAD is a primary subtype of ADs. Based on this relatively 

high prevalence in PWE, measures are required to identify and 

resolve the GAD of PWE. Also, the female preponderance of 

GAD indicates a need to pay more considerable attention to 

females. Such efforts may reduce the impact of anxiety in PWE 

and improve their QOL.

PO-12

The effect of the long-term treatment 
with vagus nerve stimulation on mood 
and quality of life in Korean patients 
with drug-resistant epilepsy
Jeongsik Kim, Eunyeon Joo, Youngmin Shon, 
Daewon Seo, Seungbong Hong
Neurology, Samsung Medical Center, Samsung Biomedical 
Research Institute, Samsung Advanced Institute for Health 
Sciences & Technology (SAIHST), Sungkyunkwan Univeristy 
School of Medicine, Korea

Purpose 

Our study aims to investigate long-term effects of Vagus 

nerve stimulation (VNS) treatment on suicidality, mood-

related symptoms, and quality of life (QOL) in patients with 

drug-resistant epilepsy (DRE). Furthermore, we also aim to 

understand relations among these main effects, the patients’ 

clinical features, and VNS parameters.

Method 

From thirty-five epilepsy patients who underwent VNS 

implantation in our prospective study, 13 of these patients were 

selected to assess the effects of VNS on suicidality, mood-related 

symptoms, and QOL. The differences in these assessments 

between before and after VNS treatment were analyzed by 

nonparametric statistical method. A univariate linear regression 

analysis was also performed to determine impacts of the patients’ 

demographical and clinical features on the parameters which 

showed the statistically significant changes after the long-term 

VNS treatment.

Results 

After the long-term VNS, patients showed statistically significant 

changes in suicidality, depressive symptom, and QOL. The 

improvement in depression was strongly correlated with 

improved suicidality and energy/fatigue in QOL. The longer 

follow-up duration of VNS treatment was correlated with the 

lower suicidality. The improvement of overall score in QOL was 

significantly correlated with the lower suicidality and marginally 

correlated with the seizure frequency reduction in CPS seizure 

type. The number of seizures was remarkably reduced in aura 

and complex partial seizure (CPS) after VNS. Half of 10 patients 

with an aura reported a positive effect of the magnet use. The 

patients who used the magnet showed higher rates of the seizure 

frequency reduction in aura and CPS than those of the patients 

who did not use the magnet.

Conclusion 

Our study confirmed that VNS improves not only seizure control 

in patients with DRE, but also suicidality, affective symptoms, 

and QOL. Our findings may provide further evidences for the 

adjunctive values of VNS treatment to manage comorbidities of 

epilepsy with adjustment of AEDs in patients with DRE.

PO-13

Factors associated with stigma perceived 
by family members of patients with 
epilepsy
Su-Hyun Han1, Sang-Ahm Lee2

1Neurology, Chung-Ang University College of Medicine, Korea,
2Neurology, Asan Medical Center, Korea

Purpose 

We investigated to examine the factors associated with stigma 

perceived by family members of Korean adults with epilepsy

Method 

This was a cross-sectional multicenter study involving 17 

university hospitals in Korea. Family member >18 years of 

age who had a patient with epilepsy treated with antiepileptic 

drugs for at least one year were allowed to participate. Family 

members were asked to fill out questionnaires on the day they 

visited their neurologist or pediatrician at the outpatient clinic. 

Demographic and clinical data from patients with epilepsy and 
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their family members were collected by interview and reviewing 

medical files. The questionnaires are including Stigma Scale-

revised (SS-R) for epilepsy, Patient Health Questionnaire-9 

(PHQ-9) and Knowledge about epilepsy.

Results 

Multivariate logistic regression analysis demonstrated that 

patient’s age ≤ 19 years (p<0.01), patient’s male sex (p<0.05), 

medical comorbidities (p<0.05), and AED polytherapy (p<0.05) 

remained significant (Table 4). Monthly seizure frequency 

almost reached statistical significance (p=0.051). The Hosmer–

Lemeshow test revealed that the model fit well (p = 0.665).

Conclusion 

Young age, male sex, medical cormobidity, and AED 

polytherapy were associated with stigma perceived by family 

members of Korean adults with epilepsy.

PO-14

Drug eruptions with antiepileptic drugs 
in Korea Adverse Event Reporting 
Database, 2008-2017
Hyun Kyung Kim1, Dong Wook Kim2, Minkoo Kim1, 
Eun-Kee Bae3

1Neurology, National Medical Center, Korea
2Neurology, Konkuk University School of Medicine, Korea
3Neurology, Inha University Hospital, Korea

Purpose 

Hypersensitivity skin reaction usually follow a benign course, 
but several drug eruptions are severe and life-threatening. These 
include drug reaction with eosinophilia and systemic symptoms 
(DRESS), Stevens-Johnson syndrome (SJS), and toxic epidermal 
necrolysis (TEN). One class of medications that has been highly 
associated with drug eruption is antiepileptic drugs (AEDs). We 
attempt to investigate drug eruptions associated with AEDs as a 
class, as well as in individual AEDs, in South Korea.
Method 
We used the Korea Institute of Drug Safety Adverse Event 
Reporting System (KIDS-KAERS) database, a nationwide 
database of adverse events reports, between January 2008 and 

December 2017. We investigated the reporting count of all drug 
eruptions, and calculated the ratio of DRESS/SJS/TEN for each 
AED.

Results 
Among a total of 2,942 reports, most of the reports were rash/
urticaria (2702, 91.8%), followed by DRESS (109, 3.7%), SJS 
(106, 3.6%), and TEN (25, 0.85%). The common causative 
AEDs were lamotrigine (699, 23.8%), valproic acid (677, 23%), 
carbamazepine (512, 17.4%), oxcarbazepine (320, 10.9%), 
levetiracetam (181, 6.2%), and phenytoin (158, 5.4%). Limited 
to severe drug eruptions (DRESS, SJS and TEN, total 241 
reports), the causative AEDs were carbamazepine (117, 48.8%), 
lamotrigine (57, 23.8%), valproic acid (20, 8.3%), phenytoin (15, 
6.3%) and oxcarbazepine (10, 4.2%). When comparing aromatic 
AED with non-aromatic AED, aromatic AEDs were more 
associated with severe drug eruption (aromatic AED:204/1793 
versus non-aromatic AED:37/1149, OR:3.86, 95% CI 2.7-
5.5). Death was reported in 7 cases. DRESS was most common 
adverse event (n=5), and lamotrigine was most causative drug 
(n=5).

Conclusion 
Although, in this study, most cutaneous drug eruptions were 
rash or urticaria, approximately 8% of reports exhibited severe 
or life-threatening adverse drug reactions, such as SJS, TEN or 
DRESS. The aromatic AEDs were associated with 4 times the 
risk of SJS/TEN/DRESS compared with non‐aromatic AEDs, 
when hypersensitivity skin reactions occur.

PO-15

Cross-reactivity of lacosamide in 
patients with a history of antiepileptic 
drug-related skin rash
Kyung Min Kim, Seung Min Han, Kyoo Ho Cho, 
Min Kyung Chu, Kyoung Heo

Neurology, Yonsei University College of Medicine, Korea

Purpose 

Skin rash is a common adverse event among those using sodium 
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channel blockers, a drug class that is known to be cross-reactive. 
Lacosamide (LCM) is a recently developed antiepileptic drug 
(AED) with a sodium channel blocking mechanism. Some case 
reports have raised the possibility of LCM-related skin rash, 
but no statistical comparative studies have been conducted to 
investigate the incidence of LCM cross-reactivity. Our study 
aimed to address that issue.

Method 
We retrospectively reviewed the records of 99 patients who 
were treated with LCM, and classified them into two groups: 
32 patients with and 67 patients without a history of AED-
related skin rashes (positive and negative groups, respectively). 
We compared the occurrence of skin rashes in 30 patients from 
the positive group and 58 patients from the negative group; the 
remaining patients discontinued LCM before the three-month 
follow-up because of reasons other than skin rash.

Results 
The positive group included five patients with a history of severe 
cutaneous reactions, and six patients who had skin rashes while 
on multiple AEDs. Skin rash leading to discontinuation of LCM 
occurred in only one patient from the positive group; this did not 
occur in the negative group. The incidence of cross-reactivity 
was not statistically significant (P = 0.34).

Conclusion 
Our results suggest that LCM may be safely used in epilepsy 
patients with a history of AED-related skin rashes.

PO-16

Thrombocytopenia induced by intravenous 
valproic acid therapy in intensive care unit
Wonshik Kim, Dong Wook Kim

Neurology, Konkuk University Hospital, Korea

Purpose 

Thrombocytopenia, defined as platelet counts < 150 X 109/L, 
is a common laboratory abnormality among patients admitted 
to the intensive care unit (ICU). Valproic acid (VPA) is one of 
the common causes of drug-induced thrombocytopenia in ICU. 

The purpose of this study was to estimate the incidence and 
risk factors of thrombocytopenia after intravenous VPA therapy 
among patients admitted to the ICU.

Method 
We retrospectively reviewed the medical records of patients 
who were treated with intravenous VPA during the ICU stay 
between September 2014 and August 2018. We studied the 
frequency of thrombocytopenia and further evaluated the risk of 
thrombocytopenia in these patients.

Results 
Among the 300 patients [193 male (64.3%), mean age: 61.0±14.9 
years] who were treated with intravenous VPA, thrombocytopenia 
was observed in 120 patients (40%). Initial platelet counts at the 
admission were significantly correlated with the lowest platelet counts, 
and thrombocytopenia were strongly associated with etiologies for 
admission other than intracranial hemorrhage, long ICU stay, long 
VPA use, higher VPA daily dose, use of other antiepileptic drugs, 
lower initial platelet counts, concurrent infection and use of ventilator. 
Multivariate analysis found several independent risk factors of VPA-
induced thrombocytopenia including lower initial platelet count (less 
than 200 X 109/L), use of VPA more than 3 days, etiologies other than 
intracranial hemorrhage, and concurrent infection.

Conclusion 
Intravenous VPA-induced thrombocytopenia is common in 
ICU patients. Because several risk factors, including low initial 
platelet count, long use of VPA, and concurrent infection, were 
strongly associated with thrombocytopenia, careful use of VPA 
should be considered in these patients.
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PO-17

Comparison of treatment effects in 
patients with Infantile spasms according 
to pathogenicity of gene variants 
confirmed by targeted panel sequencing
Han Som Choi, Se Hee Kim, Heung Dong Kim, 
Joon Soo Lee, Hoon-Chul Kang
Department of Pediatrics, Severance Children’s Hospital, Yonsei 
University College of Medicine, Seoul, Korea

Purpose 

We aimed to compare the treatment outcomes of West syndrome 
patients according to pathogenicity of the gene variant.

Method 
We performed a prospective study of 65 patients diagnosed with 
West syndrome from 2005 to 2018. The treatment protocol was 
titration of vigabatrin up to 150 mg/kg and addition of high 
dose oral prednisolone (40-60 mg/day). Patients went through 
brain magnetic resonance imaging, developmental tests, and 
targeted panel sequencing comprising 172 genes related to 
epilepsy. Monitoring parameters were seizure control, sequential 
electroencephalography (EEG) findings, and developmental 
progression.

Results 
Among 65 patients, 21 patients (32%) were identified with 
pathogenic gene variants. In the remaining 44 patients without 
identified pathogenic variants, higher ratio of patients (38/44 
patients, 86%) showed resolution of hypsarrhythmia than in 
21 patients with pathogenic variants. (11/21 patients, 52%) (p 
value=0.003) More patients without pathogenic variants had 
better seizure control (41/44, 93%) than those with pathogenic 
variants. (15/21, 71%) (p value=0.048)
Higher ratio of patients with pathogenic variants had EEG 
recurrence of hypsarrhythmia or evolution to Lennox-
Gastaut syndrome (12/21, 57%), compared to patients without 
pathogenic variants (16/44, 36%). More patients without 
pathogenic variants showed good response to second cycle of 

treatment (11/16, 69%) than those with pathogenic variants. 
(2/12, 17%)
Patients without pathogenic variants could better maintain their 
developmental curve compared to patients with pathogenic 
variants. Changes in ratio of test age to chronological age in the 
developmental tests were -0.07(mental), -0.09(psychomotor), 
+0.01(social) in the patients without pathogenic variants. 
In patients with pathogenic variants, the changes were 
-0.20(mental), -0.17(psychomotor), -0.23(social), suggesting 
worse developmental  outcomes in mental  and social 
areas compared to patients without pathogenic variants. 
(p-value=0.043(mental), 0.164(psychomotor), 0.003(social))

Conclusion 
Patients without pathogenic gene variants in West syndrome 
have better response to treatment of vigabatrin and prednisolone 
compared to patients with pathogenic variants.

PO-18

Exome sequencing versus microarray 
testing in detecting genetic abnormalities 
in neurodevelopmental disorders
Ji-Hoon Na1, Borahm Kim2, Hoon-Chul Kang1, 
Joon Soo Lee1, Heung Dong Kim1, Jong Rak Choi2, 
Seung-Tae Lee2, Se Hee Kim1

1Divison of Pediatric Neurology, Severance Children’s Hospital, 
Yonsei University College of Medicine, Korea 
2Department of Laboratory Medicine, Severance Children’s 
Hospital, Yonsei University College of Medicine, Korea

Purpose 

To examined the diagnostic yields of Chromosomal microarray 
analysis (CMA) and Diagnostic exome sequencing (DES) in 
global developmental delay (GDD) and intellectual disability 
(ID) in a single institutional tertiary institution and performed a 
plaform comparison to compare the diagnostic yields.

Method 
We collected 150 patients who were suspected as GDD 
and ID clinically or on Bayley Scales of Infant and Toddler 
Development third edition (Bayley-III). We compared the results 
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of 28 patients who underwent both CMA and DES. We divided 
them into two groups: patients diagnosed with CMA alone and 
patients diagnosed with both CMA and DES. The diagnostic 
yields of CMA and DES were compared. We also examined the 
diagnostic concordance and the accuracy of the two methods in 
the patients who were diagnosed in both CMA and DES.

Results 
In CMA, 40 cases of pathogenic variants were detected in 150 
patients, so the diagnostic yield was 26.67%. In DES, 11 cases 
of pathogenic variants were detected in 28 patients, resulting 
in a diagnostic yield of 39.3%. A total of 28 patients underwent 
both CMA and DES. Of the 16 cases, both CMA and DES had 
negative pathogenic results, accounting for 57.1% . In both 
CMA and DES positive pathogenic results were found in 9 
cases, 32.1%. Therefore, the diagnostic results of CMA and DES 
were concordant in 25 cases (89.3%).

Conclusion 
As NGS technology develops, it is widespreadingly used to 
diagnose various genetic diseases. In order to make efficient and 
accurate use of this NGS technology for genetic diagnosis, it is 
inevitable to verify whether DES and WES can replace CMA 
in terms of diagnostic yield in diagnosis of genetic disease. In 
this study, we focused on this point and concluded that DES can 
almost covers the diagnostic ability of CMA and could detect 
several pathogenic variants which CMA cannot found.

PO-19

Neurodevelopmental difference of 
PCDH19-related epilepsy and dravet 
syndrome
Heejeong Kang, Se Hee Kim, Hoon-Chul Kang, 
Joon Soo Lee, Heung Dong Kim
Pediatric Neurology, Severance Children’s Hospital, Yonsei 
University College of Medicine, Korea

Purpose 

Aim of this study is to compare the neurodevelopmental 
difference between PCDH19-related epilepsy and SCN1A-
related Dravet syndrome (DS). Two conditions cause early onset 

epileptic encephalopathies characterized by fever provoked 
seizures.

Method 
We retrospectively collected a cohort of 41 patients: 7 with 
PCDH19-related epilepsy; 34 with DS. Neurodevelopment 
was assessed using Bayley Scales of Infant Development-Ⅱ 
under 6 years of age; Korean-Wechsler Intelligence Scale for 
Children (K-WISC) from 6 to 10 years. Bayley Scales of Infant 
Development-Ⅱ includes 2 sub scales (a) mental development 
index (MDI) (b) physical development index (PDI); K-WISC 
includes (a) intelligence quotient (IQ) (b) verbal comprehension 
index (VCI) (c) perceptual reasoning index (PRI) (d) processing 
speed index (PSI) (d) working memory index (WMI). Social 
Maturity Scale (SMS; SQ) was performed.

Results 
Three PCDH19 patients and 19 DS patients underwent 
Bayley Scales of Infant Development-Ⅱ; 4 PCDH19 patients 
and 15 DS patients underwent K-WISC. On K-WISC 
test, PCDH19 patients got higher scores than DS patients 
in IQ (71.5 ± 14.5 vs. 48.1 ± 15.6, p-value=0.037), VCI 
(78.0 ± 9.1 vs. 57.6 ± 14.5, p-value=0.009), PRI (76.5 ± 
10.8 vs. 51.6 ± 17.1, p-value=0.008), and WMI (77.5 ± 
24.9 vs. 51.9 ± 10.0, p-value=0.004). On Bayley Scales of 
Infant Development-Ⅱ test, there was no difference in MDI 
(p-value=0.722), PDI (p-value=0.4445), PSI (73.8 ± 21.8 vs. 
56.9 ± 12.7, p-value=0.222) and SQ (78.3 ± 16.9 vs. 67.9 ± 26.1, 
p-value=0.207) between PCDH19 patients and DS patients.

Conclusion 
Patients with PCDH19 showed better neurodevelopmental test 
results in IQ, VCI, PRI and WMI than patients with DS and the 
difference increased after the age of 6 years.
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PO-20

Efficacy of second-line medications for 
West syndrome
Furkat Samadov1, Akmal Mukhamedov1, 
Juhyun Kong1, Ara Ko1, Yun Jin Lee1, Young Mi Kim2, 
Sang Ook Nam1

1Pediatrics, Pusan National University Children’s Hospital, Korea
2Pediatrics, Pusan National University Hospital, Korea

Purpose 

West syndrome (WS) is a developmental and epileptic 
encephalopathy of infancy, characterized by triad of epileptic 
spasms, hypsarrhythmia on interictal electroencephalogram 
(EEG), and developmental arrest or psychomotor delay. 
Adrenocorticotrophic hormone (ACTH), oral corticosteroids, 
and vigabatrin are now accepted as standard or first-line therapy 
for WS. After failure with first-line therapies, second-line 
therapies are introduced. Probably due to less efficacy, there are 
limited reports on efficacy of second-line therapies. In this study, 
we aimed to assess efficacy of second-line medical treatment of 
WS.

Method 
Retrograde chart reviews were done for WS patients who 
received second-line medications after failure in cessation of 
clinical spasms or hypsarrhythmia on EEG with vigabatrin in 
Pusan National University Children’s Hospital between 2008 
and 2018.

Results 
Fifty West syndrome patients had received another antiepileptic 
medication after failing of vigabatrin other than pyridoxine. 
Of them, 37 (72.5%) patients were boys. The median seizure 
onset age was 5.5 (IQR, 4.8-7.9) months, and the median age 
at diagnosis and initiation of treatment (vigabatrin) was 6.1 
(4.9-8.9) months. Median baseline seizure frequency was 
80 (60-100) spasms per day. 6 (12.0%) patients had genetic 
etiology, 31 (62.0%) patients had structural etiology, and the 
remaining (26.0%) patients had unknown etiology. 12 (24.0%) 
patients received prednisolone, 12 patients (24.0%) received 
levetiracetam, 9 (18.0%) patients received clobazam, 8 (16.0%) 
patients received valproate, 5 (10.0%) patients received 

oxcarbazepine, 3 (6.0%) patients received topiramate, and 1 
(2.0%) patient received zonisamide after failing vigabatrin 
therapy. Eighteen (36.0%) patients achieved seizure freedom 
after introduction of second therapy, but there were no significant 
difference in efficacy among different medications.

Conclusion 
There are no definite second-line medication with superior 
efficacy for treatment of West syndrome.

PO-21

Clinical review of etiology and treatment 
of Mongolian severe disabled children 
with epilepsy
Kherlen Baatarkhuu, Dondov Bayarmaa, 
Erdenetsetseg Sereeter
Epilepsy Outpatient Clinic, Alpha Dolgion Neurology Hospital, 
Mongolia

Purpose 

To observe the etiology and prognosis of treatment severe 
disabled children with epilepsy.

Method 
21 disabled children with age 4-12 was retrospectively followed 
over period of September 2017 – March 2019.   All patient was 
clinically investigated and was done sleep EEG monitoring, 
brain CT or MRI. 

Results 
7 of 21 children had an asphyxia during delivery. 5 child had 
intracranial bleeding, 3 – bacterial meningitis, 6- congenital 
brain abnormality as microcephalus (2), lissencephalia (2), 
polymicrogyria (2).  17 children had moderate to severe neonatal 
hyperbilirubinemia.  
Spastic diplegia - 5, combined tetraplegia- 6, flaccid tetraplegia- 
3, ataxic diplegia- 3, and spastic hemiplegia 4 was found in 
clinical observation.  13 patients had Lennox- Gasto syndrome,   
frontal lobe epilepsy- 4 child,   and 6 patients - symptomatic 
multifocal partial epilepsy.
All patients was taking polytherapy of AEDs. Most common 
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combination: VPA + CBZ, VPA+ CZP, VPA+TMP, VPA+ 
PB, VPA+ CZP+TPM.  Most of   children has a problem with 
feeding, misswallowing, aspiration pneumonitis and over sputum

Conclusion 
High incidence   of neonatal hyperbilirubinemia in Mongolia   is 
now due to very early discharge out of hospital after delivery,   
low knowledge of family doctors to recognize it in early stage. 
To establish essential and good medical care we need to improve 
knowledge of the supportive community, people surrounding the 
epileptic severe disabled children, including parents. We still need 
a patient centered system that provides parents to educate and 
support them in their home by healthcare assistants such as PT or 
OT specialist.  We need to find the way to stop parents for “doctor’s 
shopping’, which is negatively   reflecting on their own child

PO-22

Effect of ethosuximide on weight 
in children
Akmal Mukhamedov1, Furkat Samadov1, 
Juhyun Kong1, Ara Ko1, Yun Jin Lee1, Young Mi Kim2, 
Sang Ook Nam1

1Pediatrics, Pusan National University Children’s Hospital,Korea
2Pediatrics, Pusan National University Hospital, Korea

Purpose 

Ethosuximide is an antiepileptic drug effective in controlling 
absence seizures. Weight gain or loss are well-known adverse 
effects of many antiepileptic drugs, and are an important 
consideration factor affecting on decision on antiepileptic drug 
prescriptions. However, the effect of ethosuximide on weight 
has not been reported yet. In this study, we aimed to see the 
relationship between ethosuximide and weight in children.

Method 
Sixty-two patients under 18 years of age who received 
ethosuximide for more than 6 months in Pusan National 
Children’s Hospital between 2008 and 2018 were reviewed 
through retrograde chart reviews. Patients who had been taking 
or started taking other antiepileptic drugs within 6 months 

since the start of ethosuximide were excluded. Patients whose 
information on weight or height at baseline, 3 months, and 6 
months after ethosuximide was not available were also excluded. 
Percentiles of weights were obtained from the Korean growth 
parameters database.

Results 
Of 62 patients, 21 (33.9%) patients were boys. Median age at 
initiation of ethoxusimide was 7.07 (IQR, 5.69-7.21) years. 
Forty-four (71.0%) patients had childhood absence epilepsy, 6 
(9.7%) patients had juvenile absence epilepsy, and no syndromic 
diagnoses were made in the remaining patients. Median baseline 
weight percentile was 72.8 (IQR, 53.9-86.3). After 3 and 6 
months, there were no significant deviations from the baseline 
weight percentile.

Conclusion 
No definite causative relationship was observed between 
ethosuximide and weight gain or loss.

PO-23

The association between lunar cycle and 
pediatric febrile seizure: A single-center 
retrospective study (2005-2018)
Yoojung Jeon1, Sung Hoon Kim1, Haeng Seon Shim2, 
Su Mynn Kang1, Mi Hyeon Jin3, Jun Hwa Lee1

1Pediatrics, Samsung Changwon Hospital, Sungkyunkwan 
University School, Korea
2Anesthesia and Pain Medicine, Samsung Changwon Hospital, 
Sungkyunkwan University School, Korea
3Biostatistics, Samsung Changwon Hospital, Sungkyunkwan 
University School, Korea

Purpose 

Several studies have reported an association between seizure 
and the lunar cycle; however, results are conflicting. Thus, we 
investigated whether emergency department (ED) visits due to 
febrile seizure (FS) or FS plus were affected by lunar cycle.

Method 
We reviewed the medical records of patients who were admitted 
to the ED with a main diagnosis of FS or FS plus from January 1, 
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2005 to August 31, 2018 (13 years 8 months), a period of 4,991 
days with 169 lunar cycles. During that period, we collected  
weather data such as mean temperature, average atmospheric 
pressure (AP), and humidity  according to lunar phase (new 
moon, first quarter, full moon, and third or last quarter).

Results 
A total of 1,979 patients were identified. We found male 
predominant with a mean age of 2.62 ± 2.09 years. Acute 
pharyngotonsillitis was the most common cause of fever,  
generalized tonic-clonic seizure was the most common type of 
seizure, and the mean peak body temperature was 38.77 ± 0.81°C. 
The lunar cycle did not affect the onset or frequency  of FS after 
adjustment; however, several factors, including season, O3 and 
NO2
15 concentrations, and holidays, were associated with FS

Conclusion 
We did not find an association between lunar cycle and FS or FS 
plus. However, several factors, including season, O3, NO2, and 
holidays were associated with FS or FS plus.

PO-24

Predict antiepileptic drug response by 
brain connectivity in newly diagnosed 
focal epilepsy
Byung Joon Kim1, Kyoo Ho Cho2, Kang Min Park1

1Deparment of Neurology, Haeundae Paik Hospital, Busan, Korea
2Deparment of Neurology, Epilepsy Research Institute, Yonsei 
University College of Medicine, Seoul, Korea

Purpose 

The aim of this study was to investigate whether brain 
connectivity could predict a response to antiepileptic drug (AED) 
in patients with newly diagnosed focal epilepsy.

Method 
Eighty-four patients with newly diagnosed focal epilepsy of 
unknown etiology (with normal brain MRI on visual inspection) 
and 60 healthy subjects were enrolled in this study. All of 
the subjects underwent diffusion tensor imaging, and graph 

theoretical analysis was applied to reveal the brain connectivity. 
First, we investigated the difference of these network measures 
between the patients with epilepsy and healthy subjects. Second, 
we analyzed the differences of clinical characteristics (age, sex, 
age of seizure onset, pretreatment seizure frequency, epileptiform 
discharges, and AED), and network measures (mean clustering 
coefficient, characteristic path length, small-worldness, global 
efficiency, and assortativity coefficient) between AED good 
(N=67) and poor responders (N=17). We defined the AED good 
responders as a having the first AED retention with more than 12 
months.

Results 
We found that the assortativity coefficient in the patients with 
epilepsy was significantly different from that in the healthy 
controls (-0.0137±0.0343 vs. -0.0327±0.0324, p=0.0011). In 
addition, the assortativity coefficient in the AED poor responders 
was significantly lower than that in the AED good responders 
 The time to .(vs. -0.0338±0.0364, p=0.0062 ±0.03210.0086-)
start the second AED was significantly earlier among patients 
with disassortative network (assortativity coefficient < 0) 
compared with those with assortative network (assortativity 
coefficient > 0) on the Kaplan-Meier survival analysis.

Conclusion 
We demonstrated that the assortativity coefficient was 
significantly different according to AED response in patients 
with newly diagnosed focal epilepsy, which may suggest that 
brain connectivity could be a biomarker for predicting response 
to antiepileptic drug.

PO-25

A preliminary study of simultaneous 
electroencephalography-functional near-
infrared spectroscopy in patients with 
intractable epilepsy and status epilepticus
Hyo Jae Kim, Soo Jeong Kim, Joo Hee Woo, 
Hyun Jeong Kim, Sang-Ahm Lee, Yong Seo Koo
1Neurology, Asan Medical Center, University of Ulsan, Seoul, Korea
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Purpose 

Multimodal imaging techniques provide various information 
regarding diagnosis, pathophysiology, and prognosis about 
patient with epilepsy or status epilepticus. The functional 
near-infrared spectroscopy (fNIRS) is a tool that can monitor 
brain oxygenation and hemodynamic state along with 
electroencephalography (EEG). The purpose of this preliminary 
study is to test the feasibility of simultaneous EEG-fNIRS long-
term monitoring in patients with intractable epilepsy and status 
epilepticus (SE).

Method 
We recruited patients with intractable epilepsy who were 
admitted to the video-EEG monitoring unit and patients with SE 
undergoing continuous EEG monitoring. EEG electrodes were 
attached using a 10-20 system using a cap that can record both 
EEG and NIRS. We tested whether the synchronization between 
two machines was acceptable and performed a visual analysis 
of EEG-fNIRS waveforms while the epileptiform discharge is 
presenting in the EEG.

Results 
Five patients, three with intractable seizure and two with status 
epilepticus, have successfully undergone multi-channel EEG-
fNIRS for up to 5 hours. The time error between EEG and 
fNIRS was within 50ms/hr. We corrected this time error for 
further visual analyses. Visual analysis of NIRS in all patients 
showed clear oxyhemoglobin pulsation which indicates a 
proper measurement of fNIRS in our study. In two patients with 
status epilepticus, several epileptiform discharges including 
generalized periodic discharges accompanied increased levels of 
oxyhemoglobins.
Conclusion 
We demonstrated the feasibility of simultaneous EEG-fNIRS 
monitoring in patients with intractable epilepsy and status 
epilepticus. Certain, but not all, epileptiform discharges seem 
to produce hemodynamic changes. We are planning to further 
characterize the hemodynamic responses of various types of 
epileptiform discharges.

PO-26

Dysfunction of the central autonomic 
network in nocturnal frontal lobe epilepsy
Ju Hee Oh1, Seonghoon Kim2

1Neurology, The Catholic University of Korea, College of 
Medicine, St Vincent’s Hospital, Korea
2Neurology, The Catholic University of Korea, College of 
Medicine, Uijeongbu St Mary’s Hospital, Korea

Purpose 

The nocturnal frontal lobe epilepsy (NFLE) is a syndrome in 
which seizure occur mostly or exclusively during sleep. Previous 
studies reported the autonomic dysfunction is associated with 
epilepsy patients, and it can be related to SUDEP. The aim of 
this study to investigate the change of the central autonomic 
network in nocturnal frontal lobe epilepsy.

Method 
We enrolled age-matched 15 NFLE and 16 FLE patients. NFLE 
defined that 90% or more seizure developed during sleep. All 
participants were confirmed by 24hr EEG monitoring. We 
obtained stage II sleep EEG in each patient using 19 channel 
digital EEG machine. All EEGs were recorded at 200Hz using 
19 channels based on the international 10-20 system (Fp1, 
Fp2, F3, F4, C3, C4, P3, P4, F7, F8, T3, T4, T5, T6, O1, O2, 
Fz, Cz, Pz). To investigate the central autonomic network, we 
set the ROI of sympathetic and parasympathetic area. We used 
LORETA-Key software to evaluate the activated or deactivated 
central autonomic connections during stage 2 sleep.

Results 
In NFLE group, parasympathetic beta-1 linear connectivity 
increased (left insula-left amygdala, left amygdala-left primary 
motor cortex, left primary motor cortex–right insula and right 
medial temporal gyrus-right angular gyrus). There were no 
sympathetic connection changes.

Conclusion 
The NFLE showed the dysfunction of parasympathetic central 
autonomic network compares to FLE patients. Some limitations 
of our result are small sample size and not compare with the 
control group. Further study is warranted.
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PO-27

Alteration of cerebello-thalamocortical 
spontaneous low frequency oscillations 
in juvenile myoclonic epilepsy
Ji Hye Shin, Ji Hyun Kim
Neurology, Korea University Guro Hospital, Korea

Purpose 

Altered thalamocortical network has been proposed to play 
a pivotal role in the principal pathophysiology underlying 
juvenile myoclonic epilepsy (JME). Recently, resting-state fMRI 
studies have provided converging evidence for thalamocortical 
dysconnectivity in patients with JME. Herein, we investigated 
the amplitude and spatial distribution of spontaneous low 
frequency oscillations using analysis of fractional amplitude of 
low-frequency fluctuation (fALFF) in JME patients compared 
with controls.

Method 
Volumetric MRI and resting-state fMRI were acquired in 75 
patients with JME (38 females, mean age = 25.9 years) and 
62 matched controls (33 females, mean age = 26.9 years). 
After preprocessing of MRI data, fALFF was computed and 
then Z-transformed for standardization. fALFF was compared 
between controls and patients, and correlation analysis between 
regional fALFF and clinical parameters were performed in 
patients.

Results 
Compared with controls, JME patients revealed significant 
fALFF increases in the bilateral medial thalamus, insular cortex/
inferior frontal gyrus, and cerebellum vermis (false discovery 
rate-corrected P < 0.05). There was no region of fALFF 
reduction in JME patients relative to controls. No significant 
correlation was observed between regional fALFF and disease 
duration or cumulative number of generalized tonic-clonic 
seizures.

Conclusion 
We have provided evidence for abnormal low frequency 
oscillations in the thalamus, insular cortex/inferior frontal 

gyrus, and cerebellum in JME patients, implicating cerebello-
thalamocortical network abnormality in the pathophysiology 
underlying JME. Taken together with the findings from a number 
of neuroimaging studies, our results could further support the 
recent concept that JME is not a ‘generalized’ epilepsy but a 
‘network’ epilepsy involving specific cortical and subcortical 
structures, particularly the cerebello-thalamocortical network.

PO-28

Diagnostic value of Single-pulse 
electrical stimulation to indentify the 
epileptogenic zone
Hyun Jin Jo, Dae Won Seo, Seung Bong Hong, 
Young-Min Shon
Department of Neurology, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Korea

Objectives
In frontal lobe epilepsy, it can be difficult to identify the 
cortical region responsible for seizure origin. Previous studies 
have reported that cortical responses to single-pulse electrical 
stimulation (SPES) can identify epileptogenic cortex. We have 
assessed the value of SPES to identify frontal epileptogenic 
cortex in our patient who underwent SEEG surgery.

Methods
Electrical stimulation was done with monophasic single pulses 
of 5 ms duration and current intensity ranging between 1 mA 
and 8 mA. A single pulse was delivered every 10 s and at least 
ten pulses were applied to each intracranial electrode.

Results
Two main types of cortical responses were evoked by SPES: 
Early responses and delayed responses. Early responses usually 
consisted of a sharp deflection immediately after the stimulus. 
Early responses were evident at most locations, and were 
therefore judged to be normal responses of the cortex to SPES. 
Delayed responses were observed in some strips; L3 (pre SMA) 
electrodes: #2-5, R1 (anterior area of anterior cingulate cortex) 
elcetrodes: #2-4, R2 (superior frontal gyrus) electorodes:  #4-6, 



613Poster Session

Ju
ne

 1
5 

(S
at

)

R3 (orbitofrontal gyrus) electrodes: #3-6, R4 (anterior cingulate 
cortex) electrode: #8 and R7 (frontal operculum) elctrodes: #3-
5. When stimulating through contact 4 of right frontal depths 
(R5) #4 and R6) #4), the most pronounced delayed response 
was observed in the right frontal operculum R7) #3-5 areas, 
consistent with the onset area of the ictal EEG. Intriguingly, 
L3) #2-5 (left pre-SMA) areas also showed evident abnormal 
findings, and this area was one of the regions involved during 
early ictal spreading.

Conclusion
Single-pulse electrical stimulation (SPES) could be an important 
additional investigation during presurgical assessment to 
identify frontal epileptogenicity. SPES can be useful in patients 
who have widespread or multiple epileptogenic areas, normal 
neuroimaging, or few seizures during telemetry.

PO-29

Role of subtraction ictal SPECT 
coregistered to MRI (SISCOM) in predicting 
surgical outcomes of mesial temporal lobe 
epilepsy with hippocampal sclerosis
Hwa Reung Lee, Young-Min Shon, Hyun Jin Cho, 
Chaeyoung Lee, Dae Won Seo, Seung Bong Hong
Neurology, Samsung medical center, Sungkyunkwan university 
school of medicine, Korea

Purpose 
Surgical outcomes of mesial temporal lobe epilepsy (MTLE) 
associated with hippocampal sclerosis (HS) remain suboptimal. 
This study sought to investigate ictal SPECT perfusion patterns 
predictive of prognosis in surgery for drug-resistant MTLE due 
to HS.

Method 
We analyzed the SISCOM data in 42 patients with MTLE with 
unilateral HS who underwent anterior temporal lobectomy 
between 2010 and 2016 at Samsung Medical Center. We 
analyzed increased cerebral blood flow during seizure with 
SISCOM in those patients and compared the ictal hyperperfusion 
pattern with best outcome (Engle class 1a) after surgery to those 

with non-1a outcome.

Results 
Among 42 subjects, completely seizure-free (Engle class 1a) 
was observed in 29 patients (69%). Hyperperfusion in temporal 
regions did not vary significantly between seizure-free (SF) 
and non seizure-free group (NSF). Cerebral blood flow changes 
in the frontal, insular, cingulum and parietal areas were also 
not significant. However, hyperperfusion in the contralateral 
occipital areas was more frequent in NSF group than in the SF 
group.

Conclusion 
The study suggested that SISCOM patterns may help refine the 
prognostic factor in MTLE with HS and should be considered in 
predictive models for epilepsy surgery.

PO-30

Underutilization of epilepsy surgery in 
Vietnam
Minh-An Thuy Le1, Viet-Thang Le3, Kheng-Seang 
Lim2, Chong-Tin Tan2

1Department of Neurology, Faculty of Medicine, University of 
Medicine and Pharmacy of Ho Chi Minh City, Ho Chi Minh City, 
Vietnam
2Division of Neurology, Faculty of Medicine, University of 
Malaya, Kuala Lumpur, Malaysia
3Department of Neurosurgery, Faculty of Medicine, University of 
Medicine and Pharmacy of Ho Chi Minh City, Ho Chi Minh City, 
Vietnam

Purpose 
Epilepsy surgery was reported to perform a good outcome for 
people with drug-resistant epilepsy. However, it is underutilized 
over the world, especially low-resource countries. This survey 
was performed to determine the availability of epilepsy surgery, 
and understand the limiting factors to epilepsy surgery in Viet 
Nam.

Method 
A cross-sectional survey was completed by representatives 
in Viet Nam. The questionnaire asked about the availability 
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including the number of personnel involved in epilepsy surgery, 
epilepsy pre-surgical evaluation facilities, the types of surgery 
provided in each center, and cost estimation for brain surgery 
and the pre-surgical evaluation procedures and the major 
factor(s) limiting epilepsy surgery.

Results 
In Viet Nam, there are only 9 epilepsy centers which are 
located in main cities including Ha Noi and Ho Chi Minh city. 
Only 4 out of 9 centers are level-3 epilepsy care. No level-4 
center is available. Overall facilities for initial epilepsy pre-
surgical evaluation including routine EEG and brain MRI are 
available in most centers, but further non-invasive and invasive 
investigations such as single-photon emission computed 
tomography (SPECT) and/or positron-emission tomography 
(PET) scans, or intracranial electrode implantation are 
unavailable. The most common epilepsy surgery performed 
in Viet Nam is lesionectomy for brain tumor. The costs of 
presurgical evaluation and brain surgery vary among public and 
private healthcare system. The main barriers towards epilepsy 
surgery in Viet Nam include lack of expertise, funding and 
facilities.

Conclusion 
Epilepsy surgery is underutilized in Viet Nam with low number 
of level 3 centers, and limited types of epilepsy surgery. Lack 
of expertise, facilities and funding may be the key factors 
contributing to the underutilization.

PO-31

Antihistamine as an important cause of 
provoked seizures in adults
Ji Hyun Hwang1, Jung Hwa Roh1, Hayom Kim1, 
Jung Bin Kim1, Ji Hyun Kim2

1Department of Neurology, Korea University Anam Hospital, Korea
2Department of Neurology, Korea University Guro Hospital, Korea

Purpose 
Antihistamine has been known to increase seizure susceptibility 
in infants with febrile seizures as well as healthy children. 

According to an epidemiologic report in US, antihistamines 
were classified as a possible cause of drug-induced seizures even 
in adult population. However, to the best of our knowledge, 
there has been no report investigating whether the antihistamine-
induced seizures are prevalent in adults. Therefore, we aimed to 
retrospectively examine the proportion of antihistamine-induced 
seizures in adult patients with unexplained loss of consciousness.

Method 
We retrospectively studied 97 subjects referred to the epilepsy 
clinic for unexplained loss of consciousness from October 2018 
to March 2019. All patients were performed long-term video-
EEG monitoring (VEEG) and autonomic function tests (AFT). 
Patients were categorized into epileptic seizure, symptomatic 
seizure, syncope, and unclassified groups, based on the 
presence of provoking factors and findings of VEEG and AFT. 
Symptomatic seizure group was further classified into subgroups 
according to provoking factors. We analyzed the proportion of 
patients in each group.

Results 
Fifty-one (52.6%) patients with epileptiform discharges 
documented on VEEG were categorized into epileptic 
seizure group. Sixteen (16.5%) patients were categorized into 
symptomatic seizure group. As provoking factors of symptomatic 
seizures, drugs (n=10) and alcohol (n=5) were identified. 
Twenty-six (26.8%) patients were categorized into syncope, and 
4 (4.1%) patients were categorized into unclassified groups. Of 
the 10 drug-induced seizures, the most common provoking drug 
was found as antihistamines (70%).

Conclusion 
Antihistamine was found to be the most common cause of 
provoked seizures in our population. Our findings suggest that 
antihistamine should be considered as an important cause of 
unexplained loss of consciousness in adults. Increased neuronal 
excitability due to depletion of hypothalamic histamine by 
antihistamines was proposed as a mechanism of increased 
seizure susceptibility in febrile seizures. Further studies should 
be required to elucidate the mechanism regarding seizure 
provocation by antihistamines in adults.
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PO-32

Cefepime induced encephalopathy 
in a tertiary medical center in Korea
Ji-Ye Jeon1,2, Yong Won Cho2, Hye-Jin Moon2,3

1Department of Neurology, School of Medicine, Kyungpook 
National University Chilgok Hospital, Daegu, Korea
2Department of Neurology, Keimyung University Dongsan 
Medical Center, Daegu, Korea
3Department of Neurology, Soonchunhyang University Bucheon 
Hospital, Soonchunhyang University College of Medicine, 
Bucheon, Korea

Background and purpose
Cefepime is a widely used fourth generation cephalosporin. 
It is commonly used as a first line antibiotic to treat a variety 
of infectious diseases such as hospital-acquired pneumonia, 
urinary tract infection, and bacterial meningitis. We investigate 
the prevalence and potential risk factors of cefepime induced 
encephalopathy (CIE) in a tertiary medical center in Korea.

Methods
Authors enrolled 1,801 consecutive patients who were treated 
with cefepime. Authors defined CIE group as a patient who has 
alteration of consciousness developed upon receiving cefepime 
treatment without any other obvious cause of unconsciousness, 
and full recovery after stopping it. Demographic, laboratory 
findings, clinical infection related data such as infection cause, 
onset day of altered mentality, duration of receiving cefepime, 
usage of cefepime, when recovered mentality after discontinued 
cefepime, sequelae after encephalopathy, and EEG data were 
collected.

Results
The 52 of 1,081 (2.9%) were defined CIE group. The mean age 
was significant older in CIE group than controls (70.4 ± 11.0 vs. 
64.7 ± 16.1 years, p = 0.001). And a significant large number of 
female in CIE group that controls (31 of 52, 59.6 %). CIE group 
had a higher blood urea nitrogen (BUN) values (33.7 ± 21.6 vs. 
23 ± 17.5, p = 0.001), creatinine values (2.1 ± 2.4 vs. 1.1 ± 1.3, 
p = 0.003) and lower values of estimated glomerular filtration 
rate (eGFR) (56.3 ± 43.0 vs. 98.8 ± 66.3, p < 0.001) than the 
control group. C-reactive protein (CRP) level was higher in CIE 
group than control group (11.8 ± 10.4 vs. 8.5 ± 8.4, p = 0.032). 

Multivariate analysis showed only eGFR was significant related 
to CIE.

Conclusion
The prevalence of CIE is 2.9%. Cautions about CIE are needed 
especially in cases with lower values of eGFR.
Keywords: Encephalopathy, Cefepime, epilepsy, prevalence, 
electroencephalography
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CR-01

Monitoring levofloxacin plasma 
concentrations and associated neurologic 
adverse events in one elderly patient
Kyung Wook Kang, Myeong-Kyu Kim, 
Hyun-Soo Kim

Neurology, Chonnam National University Hospital, Korea

Background 
Levofloxacin is a fluoroquinolone antibiotic that is used to 
treat community-acquired pneumonia, complicated urinary 
tract infections and some types of bacterial infections. Across 
the fluoroquinolone class, nervous system (CNS)- related side 
effects are already included in drug labels and recently (2018-
07-10) Food and Drug Administration updated the drug label to 
strengthen the warnings related to CNS side effects. Causality 
with levofloxacin by WHO-UMC scoring system is determined 
as “probable” or “certain”.

Case report 
A 78-year-old man with diabetes mellitus, hypertension and a 
past-history of  cerebellar lacunar infarct visited our hospital 
with a seizure. He had no prior psychiatric history or seizure 
episodes. For 2 days prior to his visit, he had been treated with 
levofloxacin for pneumonia at another hospital. On admission, 
he exhibited alert mental status with no focal neurological 
deficits except for sequelae of the previous stroke. On the fourth 
day of hospitalization, 500 mg of intravenous levofloxacin was 
restarted in our hospital at approximately 9 AM (0.18 μg/mL 
levofloxacin plasma concentration), and the patient reshowed 
irritability and confused mental state gradually (around 11 PM, 
levofloxacin concentration 2.36 μg/mL). On the fifth day of 
hospitalization, 250 mg of levofloxacin (half of the previous 
dose) was administered. Plasma concentration of levofloxacin 
2 hours after injection was 4.87 μg/mL, and irritability and 
confusion persisted. After the sixth day of hospitalization, 
levofloxacin was not administered and suspected levofloxacin-
induced CNS adverse events dissipated.

Conclusion 
We are reporting here a case of suspected adverse drug reaction 

induced by levofloxacin with serum levofloxacin concentrations. 
Although more extensive research is needed, clinicians should 
consider the probability of levofloxacin induced CNS adverse 
events.

CR-02

A case of bupropion-induced status 
epilepticus
Bo Kyu Choi, Kyung Min Kim, Seung Min Han, 
Min Kyung Chu, Kyoung Heo, Kyoo Ho Cho
Neurology, Yonsei University College of Medicine, Korea

Background 
Bupropion is frequently used as an aid to smoking cessation. 
Bupropion acts as the reuptake inhibitor of dopamine/
norepinephrine and the non-competitive antagonist of nicotinic 
acetylcholine receptor. Bupropion is linked with a dose-
dependent increased risk of seizures. Herein, we report a 
60-year-old man who presented with status epilepticus two 
weeks after taking bupropion for smoking cessation therapy.

Case report 
A 60-year-old man was hospitalized via emergency room 
because of multiple generalized tonic-clonic seizures without 
recovery between each event. He had no history of epilepsy or 
neurological disease other than mild cognitive impairment. He 
took surgery and concurrent chemo-radiotherapy before 2 years 
ago because of hypopharyngeal cancer and was on remission 
state with no evidence of brain metastasis. He had taken 
donepezil 7.5 mg daily and escitalopram 5 mg daily. He had a 
history of smoking for 35 pack-year. He was prescribed 150mg 
of bupropion twice a day for smoking cessation.
After initiation of the medication, he had four times of seizure 
attack in one and a half hours. Each seizure lasted 1 to 10 
minutes but without recovery of consciousness between each 
event, After full mental recovery, neurological examination, 
revealed no focal deficit. Laboratory findings including blood 
test and brain imaging (CT and MRI) showed no relevant 
lesions. He was initially treated with intravenous fosphenytoin 
1400 mg for loading dose and phenytoin 100 mg three times a 
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day for maintenance. Bupropion was stopped and there was no 
recurrence of seizure at the 6-month follow-up period.

Conclusion 
Bupropion has a potential to lower the seizure threshold in a 
dose-dependent fashion. In this case our patient experienced 
status epilepticus 16 days after beginning bupropion medication 
although the patient took usually recommend dose.. Therefore, 
clinicians should be aware of significant side effect when 
prescribe this drug.

CR-03

A case of complex partial status epilepticus 
assoicated with alcoholic derilum tremens
Hoowon Kim, Dongkun Lee, Jiyeon Jung, 
Jinho Kim

Neurology, Chosun University Hospital, Korea

Background 
The most common cause of seizures related with alcohol is 
alcohol withdrawal. This type of seizure occurrs 6-48 hours 
after cessation of alcohol consumption and seizures are 
usually generalized convulsive type. After seizures follows by 
tremulousness and confusion, irritability, called as Delirium 
Tremens. Prolonged confusion and irritability associated 
complex partial status epilepticus due to alcohol withdrawal is a 
very unusual situation. So we report the case.   

Case report 
The 38 year-old male patient was transferd to emergent room 
due to confusional mentality. He had been consuming alcohol 
daily without regular diet since 2 weeks ago. Two days before 
admission, he stopped consuming due to gastric discomfort and 
general weakness. On admission his pulse were over 160 and 
mild fever  37 - 38.0 degree Celcius, his blood chemistry showed 
increased liver function tests, severe hyponatremia (111mEq/
L), hypokalemia(1.7 mEq/L), and metabolic alkalosis(pH 
7.58, actual Hco3 41.8mmol/L). During the four days of slow 
correction of acid-base and electrolyte imbalance, he was 
sedated and restrained due to confusion and irritability and 

tremulousness. After sedation, he was awake and became nearly 
alert but still showed episodic confusion, persistent headache, 
and several episodes of unresponsiveness for several days.  
On 8th day of admission he showed a generalized convulsive 
seizure. On EEG recording, persistent epileptiform discharge 
were seen on right hemisphere and brain SPECT showed 
hyperperfusion on the right temporoparietal area. Brain MRI 
revealed a high signal intensity on FLAIR and Diffusion images 
at the same area. After anticonvulsant medication, episodic 
confusion and headache was disappeared and EEG and SPECT 
was normalized. 

Conclusion 
We report a rare case of combination of delirium tremens and 
complex partial status epilepticus associated with severe acid-
base and electrolyte imbalance.

CR-04

Anti-NMDA-R encephalitis in Myanmar
Aye Myat Nyein1, Ei Kay Khine2, Tun Win2, 
Min Thein Naing1, Aye Aye Sann1

1Department of Neuro-medicine, University of Medicine, 
Myanmar, 
2Department of Medicine, University of Medicine, Myanmar

Background 
In spite of increasingly being recognized and reported as an 
immune-mediated syndrome in the literature, anti-N-methyl-D-
aspartate receptor (anti-NMDA-R) encephalitis remains under-
diagnosed in developing countries like Myanmar. It is aimed 
to describe the presentation, clinical course and outcome of a 
series of anti-NMDA-R encephalitis patients admitted to North 
Okkalapa General and Teaching Hospital (NOGTH).

Case report 
We report four previously healthy patients aged 16, 17, 18 and 
20 years diagnosed as anti-NMDA-R encephalitis. Three patients 
were females and one was male. All female patients presented 
with new onset intractable focal to generalized seizures leading 
to status epilepticus and reduced level of consciousness. Among 
them, two had preceding history of psychiatric and behavioural 
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disturbances varying from insomnia to psychosis for 3-4 weeks 
before presentation. The remaining male patient presented 
with fever, headache and delirium and subsequently developed 
psychiatric symptoms such as auditory and visual hallucinations. 
Orofacial dyskinesias were seen in all female patients and labile 
blood pressure was present in only one female patient. 
Repeated electroencephalograms showed focal abnormalities. 
Delta brush pattern was observed in one female patient. 
Cerebrospinal fluid studies showed mild to moderate pleocytosis, 
increased protein concentration with negative culture. Diagnosis 
was confirmed by the positive anti-NMDA-R antibodies in the 
serum or CSF of all patients. Ovarian teratoma was identified 
in one female patient. All patients received high dose steroids 
and one female patient received plasmapheresis. The only male 
patient has recovered fully. Out of three female patients, two 
died and one left with moderately severe cognitive and motor 
deficits.

Conclusion 
In Myanmar, diagnostic testing of autoimmune encephalitis 
is established in 2016 but still not well-known. Compared to 
other international case series, treatment outcome is worse 
in Myanmar which may be related to reduced awareness and 
experience of the clinicians

CR-05

Anti-NMDA receptor encephalitis 
presenting with focal non-convulsive 
status epilepticus
Won Gu Lee
Department of Neurology, Kosin University College of Medicine, 
Korea

Background 
Encephalitis mediated by antibodies against the NMDA receptor 
is an increasingly described clinical entity in adults. This 
syndrome includes cognitive impairment, language dysfunction, 
seizures, and autonomic dysfunction. Seizures are present in 
approximately three-fourths of all patients, with a few reports of 
status epilepticus. Here we report the case with a presentation of 
anti-NMDAR encephalitis that included focal non-convulsive 

status epilepticus (NCSE).

Case report 
A 58-year-old man presented to the neurology department 
with 5 days of headache, dizziness, and blurred vision. He 
was diagnosed with non-small cell lung cancer two years ago 
and underwent right upper lobectomy. On exam, he had a 
left homonymous hemianopsia. On day 3, he had repetitive 
generalized tonic clonic seizures. EEG monitoring demonstrated 
continuous seizures consisting of 12–13 Hertz, sharply contoured 
activity emanating from the right occipito-temporal region. 
However, there were no associated abnormal movements. Brain 
magnetic resonance imaging showed focal gyral swelling of the 
right temporo-occipital lobe. He was diagnosed with NCSE and 
treated with levetiracetam 20 mg/kg and fosphenytoin 20 mg/
kg, which was followed by cessation of NCSE. Cerebrospinal 
fluid (CSF) analysis revealed elevated opening pressure (20 
cmH2O), with 3 cells/mm3 white blood cells. CSF glucose was 
92mg/dl and protein was 40 mg/dl. His NMDAR antibody was 
positive. After the diagnosis of anti-NMDAR encephalitis was 
established, the patient was immediately treated with high-dose 
methylprednisolone. On day14, he was discharged after 2 weeks 
with partial recovery of visual field defect and seizure freedom.

Conclusion 
This case reports a unique finding in anti-NMDAR encephalitis 
and further illustrates the need to consider the diagnosis of 
anti-NMDAR encephalitis in adults with unexplained status 
epilepticus in the appropriate clinical context. Furthermore, 
continuous EEG monitoring may be useful in cases of suspected 
anti-NMDAR encephalitis even in the absence of clinical 
seizures
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CR-06

Paraneoplastic limbic encephalitis as 
a cause of new onset of seizures in a 
patient with breast cancer : a case report
Won Gu Lee
Department of Neurology, Kosin University College of Medicine, 
Korea

Background 
The etiology of seizure disorders in breast cancer patients 
is broad and includes some rather rare causes of seizures. 
Paraneoplastic limbic encephalitis (PLE) is a rather rare cause 
of seizures in breast cancer patients and should be considered in 
the differential diagnosis of seizure disorders. We report a case 
of PLE which is a rather rare cause of seizures in patients with 
breast cancer.

Case report 
A 55-year-old woman was admitted to the neurological 
clinic with 7 days of headache, dizziness, and nausea. She 
was diagnosed with breast cancer ten years ago and received 
chemotherapy. On exam, she had no focal deficits. On day 5, she 
had complex partial seizures with secondary generalization. The 
EEG demonstrated intermittent generalized slowing activity. 
Brain magnetic resonance imaging showed normal findings. 
Cerebrospinal fluid (CSF) analysis revealed elevated opening 
pressure (30 cmH2O), with 15 cells/mm3 white blood cells 
(lymphocyte 90%). CSF glucose was 30mg/dl and protein was 
140 mg/dl. Anti-Hu, anti-Ma and NMDA-receptor antibodies 
were requested of which Anti Hu antibodies were positive. We 
concluded that our patient had a diagnosis of PLE. The patient 
was treated with intravenous immunoglobulin daily for 5 days, 
and methylprednisolone (1000 mg) as well levetiracetam (1000 
mg). she was semi-comatose with rare responsive to painful 
stimuli and transferred to nursing hospital without any recovery.

Conclusion 
PLE is a possible cause of seizures in patients with breast cancer. 
These tumors may present with neurologic manifestations which 
are due to autoimmune response to the neurons of the brain. It 
must be emphasized that PLE occurs at an early stage of the 
disease development and therefore the detection of PLE can lead 

to a quicker identification of the underlying malignancy and a 
better outcome.

CR-07

Progressivemental change in known 
lupus patient : CNS lupus ? 
or autoimmune encephalitis ?
Jeong Yeon Kim, Ga Yeon Kim, Sang Ho Kim
Neurology, Dong-a University Hospital, Korea

Background 
Systemic lupus erythematosus (SLE) is a disease that can affect 
mutliple organ. When involved in nervous system, it shows 
various symptoms including cognitive dysfunction, stroke, 
seizures, headaches, memory impairment, confusion, personality 
change, peripheral neuropathy and so on. This is the case of 
SLE patient who presented with altered mental status without 
evidence of Lupus activation.

Case report 
Sixty-six year-old female patient visited our emergency 
department with progressive hypersomnolence, personality 
change and psychiatric symptom. On initial neurological 
examination, arousal was relatively preserved, but impaired 
attention. MMSE was 21/30. Initial cerebrospinal fluid study 
showed lymophocytic pleocytosis with elevated protein level. 
CSF to serum glucose was 52/89. Other laboratory findings were 
all within normal range. Initial Brain MRI showed ill-defined 
inhomogenous high signal intensities in bilateral basal ganglia, 
thalamus and medial temporal area in T2 weighted and FLAIR 
images. Initial waking EEG showed epileptiform discharge in 
left temporal area. The patient had medical history of SLE and 
kept taking low dose azathioprine without reactivation since 
2008.
She was admitted with the impression of CNS lupus, 
autoimmune encephalitis and started with high-dose steroid 
therapy, intravenous immunoglobulin, antiepileptic drug and 
discharged. After readmission, midazolam, lorazepam and 
thiopental continuous therapy was done due to nonconvulsive 
status epilepticus. Her arousal was improved, but with dull 
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response, poor attention and diffuse theta slowing in EEG. 
Rheumatologic profiles were within normal range, except for 
mildly decreased C3, 1:80 speckled ANA, and positive anti-SSA 
antibody.
The patient readmitted for rituximab therapy. She showed 
dramatic improvement in cognition. Now, she can do most of her 
daily living and her talk has become rich. Also, her follow-up 
waking EEG done on 25th, April showed alpha background with 
intermittent slow wave in bilateral temporal area.

Conclusion 
Our case was SLE patient with progressive mental change with 
no evidence of SLE activation and diagnosed as autoantibody-
negative autoimmune encephalitis.

CR-08

Unilateral posterior reversible 
encephalopathy syndrome with status 
epilepticus after cardiac surgery mimicking 
massive cerebral hemispheric infarction
Seungjae Yoon1, Yang Hyun Lee2, Woojun Kim1

1Department of Neurology, The Catholic University of Korea, 
Korea
2Department of Neurology, Yonsei University Medical College, 
Korea

Background 
Posterior reversible encephalopathy syndrome (PRES) refers 
to a disorder of reversible subcortical vasogenic edema in 
patients with acute neurological symptoms including seizures, 
encephalopathy, headache, and visual disturbances in the setting 
of various metabolic conditions. Brain imaging usually reveals 
vasogenic edema predominantly involving the bilateral parieto-
occipital areas, however, atypical imaging features are rarely 
observed.

Case report 
A 29-year-old female with underlying aplastic anemia, who 
underwent peripheral blood stem cell transplantation and 
tacrolimus therapy six months ago, visited our emergency room 
with fever. Sepsis with methicillin-resistant Staphylococcus 

epidermidis and endocarditis with vegetation on tricuspid 
valve was diagnosed, and surgery for artificial tricuspid valve 
replacement was performed. After the surgery, the patient 
became stuporous and showed right gaze preponderance, left 
visual field defect and left hemiparesis, suggesting massive 
cerebral infarction involving right hemisphere. However, MRI 
showed vasogenic edema in right cerebral hemisphere, which 
suggested possible atypical PRES or seizure-related changes. 
CT angiography showed no significant abnormalities. A few 
hours later, consecutive seizures occurred without recovery 
of consciousness. Under the diagnosis of status epilepticus, 
intravenous infusion of lorazepam and consequent high-dose 
phenytoin was performed. Electroencephalography conducted 
after phenytoin infusion showed intermittent slow waves on 
right hemisphere. After antiepileptic drug therapy, no recurrent 
seizure was developed and neurological deficits were recovered 
to normal except slight left side weakness.

Conclusion 
In patients with suspected massive cerebral hemispheric 
infarction, awareness of the possibility of atypical PRES is 
important for differential diagnosis.

CR-09

A case of cerebral microbleed induced 
focal seizure mistaken as transient 
ischemic attack
Jun Yeong Hong, Yuseok Yim, Sang-Jun Na, 
Yong-Duk Kim, Soo Hwan Yim
Department of Neurology, Konyang University, College of 
Medicine, Korea

Background 
Cerebral microbleeds would be usually found about 11.1-23.5% 
of incidental findings in asymptomatic elderly population. 
Diagnosis of transient ischemic attack (TIA) has been entirely 
dependent on the clinical history and ABCD2 score due to 
absence of brain MRI lesion. It is challenging to distinguish 
between TIA and TIA mimics, such as conversion disorder, 
epileptic seizures, and migraine.
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Case report 
A 61-year-old female, no medical history, came to emergency 
room (ER) due to sudden left side weakness. At the time of 
admission, she was admitted 2 hours after the onset of symptoms. 
Acute thrombolytic treatment was not done due to low NIHSS 
2, which was unilateral motor weakness (MRC GIV+) without 
sensory change, dysarthria, and cortical sign. Brain Diffusion 
weighted image (DWI) showed no remarkable abnormal finding 
in ER. Although acute brain lesion was not found in 1st Brain 
DWI, ABCD2 score was considered as TIA with 3 points. She 
was hospitalized after aspirin 300mg loading. The next day, her 
left upper and lower motor weakness was not improved in the 
state of initial manifestation. Further brain MR image and MR 
angiography also did not reveal tissue-based cerebral infarction 
and no significant stenosis in the intracranial arterial flow and 
neck vessel findings except cerebral microbleed in right parietal 
lobe. EEG was performed to discriminate epileptic seizures 
from the causes of neurological deficits. EEG showed repetitive 
sharp wave in the right frontocentral region at C4 maximum 
phase reversal. After lacosamide 50mg BID administration, her 
persistent neurological motor weakness became improved and 
she has no more paroxysmal event for about 3 months. 

Conclusion 
Although TIA mimics can not be confirmed by brain MRI, the 
existence of cerebral microbleeds in cortical region may lead 
to epileptic seizure. And, EEG would be crucial diagnostic tool 
for differentiating TIA-mimic disorders in case of diagnostic 
possibility of clinically ambiguous TIA.

CR-10

Pancreatic neuroendocrine tumor: 
A 23-year old woman with loss of 
consciousness
Hee Jung Mo1, Eun Young Kim2, Ki-Young Jung2

1Neurology, The Catholic University of Korea, Eunpyeong St. 
Mary's Hospital, Korea
2Neurology, Seoul National University Hospital, Korea

Background 
Pancreatic neuroendocrine tumor (pNET) is rare solid tumor 

which is can be associated with different clinical presentation. 
We report a case of a woman with pNET presenting recurrent 
loss of consciousness 

Case report 
A 23-year-old female patient visited the neurology outpatient 
clinic for recurrent loss of consciousness 2 months before 
the visit. She felt fatigue every morning, and she could not 
remember whether she washed her hair in the morning. 
Symptoms improved after meals, and I went to work normally. 
One day, she had lost her memory for about an hour at around 
4:00 pm in the company, and when she awoke, there was a 
sign that she ate cookies while sitting on a chair. Two months 
before the visit, there was 1 episode of generalized tonic-clonic 
movement for about 5 minutes, She visited local hospital, and 
was diagnosed epilepsy. She took antiepileptic drug prescription 
from an outside hospital, but symptoms recurred.
She had no developmental delay, was diagnosed with PCOS but 
was not treated and had no family history of epilepsy. There was 
no abnormality in physical and neurologic examination.
Fasting blood glucose was decreased to 66, insulin was in 
the normal range, but C-peptide was elevated and GAD-Ab 
was elevated. There were no definite abnormality in the brain 
MRI, and EEG monitoring. Abdomen CT performed at outside 
hospitals was interpreted as normal. However, Radiologists 
of our hospital found the small enhancing nodule in the 
pancreas tail. In DOTA-TOC PET, the uptake increased and the 
neuroendocrine species was suspected.
We concluded that her symptoms was not because of the 
epilepsy, but recurrent hypoglycemia due to neuroendocrine 
tumor. She was transferred for surgery and underwent 
laparoscopic distal pancreatectomy. 

Conclusion 
Pancreatic neuroendocrine tumors can be presented with loss of 
consciousness and can be misdiagnosed as epilepsy.
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CR-11

A patient who had a seizure after being 
diagnosed with progressive supranuclear 
palsy
SeungMin Han, KyooHo Cho, KyungMin Kim, 
HyeYoon Jeong, HyeJeong Lee, BoKyoo Choi, 
MinKyung Chu, Kyoung Heo
Department of Neurology, Yonsei University College of Medicine, 
Korea

Background 
Progressive supranuclear palsy(PSP) is an neurodegenerative 
disorder that causes serious problems with progressive postural 
instability, parkinsonism, eye movements and cognitive decline. 
It is known as deterioration of cells in areas of brain that 
control body movement and thinking. Recent studies suggest 
that brains of patients with PSP and other neurodegenerative 
dementia syndrome such as Alzheimer’s disease(AD), dementia 
with Lewy bodies(DLB), frontotemporal dementia(FTD) show 
hyperphosphorylated tau aggregates, amyloid-ß plaques and 
neuropil threads. These related to the generation of network 
hyperexcitability which induces seizure. We report on a patient 
who had a seizure after being diagnosed with PSP.

Case report 
A 66-year-old man visited our hospital on an psychiatry clinic 
due to depressed mood, agitation in 2015. While treating the 
patient with antidepressants, he showed bradykinesia, narrow 
stride, masky face and impairment of upward gaze. For that 
reason, he was asked to consult neurology for evaluating that 
signs. Tau-PET showed bilaterally elevated uptake in putamen, 
globus pallidus and midbrain. Brain MRI showed diffuse brain 
atrophy with prominent atrophy in midbrain. As a result, We 
diagnosed PSP-P and prescribe levodopa.
By the way, he had multiple seizures characterized by 
generalized tonic clonic movement with motionless staring 
without restoration of awareness from 2017. That symptoms got 
worse in 2018 and finally visited emergency center. EEG showed 
generalized 2.5Hz polyspikes and wave discharges, continuous 
semirhythmic delta slowing and active small amplitude spikes in 
the left temporal region.
Eventually, we diagnosed status epilepticus and treated with 

antiepileptic drugs such as lamotrigine, phenytoin, pregablin, 
valproate. There has been no seizures since treatment.

Conclusion 
We reported a patient who had a seizure after being diagnosed 
with PSP. We need to recognize the possibility of a seizure when 
neurodegenerative dementia syndrome such as PSP is diagnosed 
and provide proper treatment.

CR-12

Transient epileptic amnesia presenting as 
Hashmoto's encephalopathy
Ko-Eun Choi, Myungah Lee, Chonghwee Lee,
Taewon Kim, Yun Ho Choi
1Department of Neurology, Yonsei University College of 
Medicine, Korea, Republic of

Background 
Hashimoto’s encephalopathy is considered to be an autoimmune 
disorder with stroke-like episodes, diffuse progressive cognitive 
dysfunction, seizure or abnormal movement including 
myoclonus or tremor. Transient epileptic amnesia (TEA) is often 
confused with transient global amnesia (TGA), therefore, the 
differential diagnosis should be cautiously made with further 
assessment. We report two cases of acute onset, transient 
amnesia as a manifestation of Hashimoto’s encephalopathy.

Case report 
Case 1. A 27-year-old woman with no known underlying disease 
visited our clinic for acute transient memory impairment and 
Jamais vu. Laboratory study revealed mild hypothyroidism and 
the presence of serum anti-TPO antibody. CSF study showed 
unremarkable except 6 WBC. Paraneoplastic or autoimmune 
synaptic antibodies were not detected in blood or CSF. Increased 
signal intensity and perfusion was shown in the bilateral medial 
temporal lobes on T2-weighted MRI and SPECT, respectively. 
Long-term video electroencephalogram (vEEG) demonstrated 
intermittently sharp waves or rhythmic theta activities in bilateral 
synchronous temporal regions. The patient returned to the 
neurological baseline status near completely after corticosteroid 
treatment. The image findings and EEG were normalized and 
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elevated anti-TPO antibody titer was decreased after treatment.
Case 2. A 42-year-old woman with hypothyroidism on 
levothyroxine presented with acute anterograde amnesia and 
nausea. Laboratory study proved an elevated level of serum 
anti-TPO antibody and CSF study was normal except 5 WBC. 
Brain MRI revealed unremarkable finding, but SPECT showed 
hyperperfusion in the left thalamus and frontal regions. Long-
term vEEG demonstrated electrographic seizure arising from 
the left fronto-temporal regions, consisted of 4-5 Hz sharply 
rhythmic activities. The patient was treated with corticosteroid 
followed by intravenous immunoglobulin (IVIg) and recovered 
to her baseline level completely.

Conclusion 
Hashimoto’s encephalopathy may present with transient 
epileptic amnesia. Long-term vEEG and SPECT were useful for 
differentiating diagnosis and evaluating the disease activity.

CR-13

Cryptogenic unilateral hyperkinetic seizure
Ki Moon Jang, Kyung Min Kim, Kyoo Ho Cho
Neurology, Yonsei University College of Medicine, Korea

Background 
Hyperkinetic seizures are strongly associated frontal lobe 
epilepsy but may occasionally occur in origins of insula, 
temporal and parietal lobes. Hyperkinetic semiological patterns 
are diverse and their common feature is excessive motor activity, 
predominant in axial and proximal segments of the  limbs.
We report on unilateral hyperkinetic motor seizure without any 
abnormal findings on brain MRI or EEG.

Case report 
A 56-year-old man presented with sudden involuntary movement 
of left leg like kicking and evolving to rotational movement 
of left arm, left facial twitching continued 20 minutes. He did 
not experienced loss of consciousness, emotional expression, 
vocalization and aura. Second same event occurred and 
spontaneously stop within 10 minutes.
He was referred to neurology for transient ischemic attack. His 

brain MRI showed no diffusion restricted lesion and normal 
angiogram of intracranial major arteries. His EEG showed no 
epileptic discharges.
The patient treated with oxcarbazepine 300mg twice a day and 
dose up to 600mg twice a day because of intermittent unilateral 
dyskinesia.
His follow-up EEG after 3 months showed still normal and he 
has not experienced involuntary movement.

Conclusion 
This case shows that unilateral hyperkinetic seizure may occur 
with normal MRI and EEG findings.

CR-14

Lateralized periodic discharges (LPDs) 
responding to tocilizumab treatment: 
Evolution of EEG changes
Sang Bin Hong, Yong-Won Shin, Soon-Tae Lee, 
Keunwha Jung, Kyung-Il Park, Kon Chu, 
Sang Kun Lee
Neurology, Seoul National University Hospital, Korea

Background 
Lateralized periodic discharges (LPDs) are thought to occur 
in acute destructive cerebral lesions. Hypermetabolism of the 
involved hemisphere correlating with the frequency of the LPDs 
has recently been reported. Tocilizumab inhibits the actions 
of interleukin-6 (IL-6), an acute phase reactant that may be 
linked to the abnormal neuronal response to inciting event - 
either acute ischemic infarction, cerebral infection, or metabolic 
derangements - causing cerebral dysfunction. A recent study has 
reported the efficacy of tocilizumab in achieving seizure control 
in new onset refractory status epilepticus (NORSE) patients. 
We report the case of a patient whose continuous LPDs showed 
remarkable improvement with tocilizumab treatment.

Case report 
A 47-year old, previously healthy, male presented with new 
onset recurrent convulsive seizures. Multiple anti-epileptic 
drugs - including a megadose phenobarbital trial - stopped the 
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convulsive movements, but failed to improve the EEG, which 
showed persistent LPD with high frequency and amplitude, 
and LPD plus features. On the seventh hospital day, the patient 
received an infusion of tocilizumab at 4mg/kg, with remarkable 
reduction of LPD frequency, amplitude, and disappearance of 
plus features within 48 hours after tocilizumab administration. 
Following two more courses of tocilizumab, the patient 
recovered consciousness, despite remaining irritability and 
psychiatric symptoms.

Conclusion 
IL-6 antagonism could be a feasible additional option to reduce 
LPDs associated with NORSE. Analysis of immediate EEG 
changes in response to IL-6 antagonism in a patient with a 
subsequent favorable outcome suggests that a few measurable 
early EEG changes may be used as a marker of therapeutic 
response and a prognostic marker in the absence of clinically 
apparent improvement. 

CR-15

12p13.33 microdeletion in child with 
epilepsy and intellectual disability
Ji Yoon Han, Hyun Woo Lee
Pediatrics, The Catholic University of Korea, Daejeon St. Mary's 
Hospital, Korea

Background 
The deletion of the distal short arm of chromosome 12 are rare 
structural aberrations. The reported clinical manifestations 
in patients with 12p13.3 deletion were developmental delay/
intellectual disability, facial dysmophisms, and psychiatric 
problems.  Hear  we repor t  on  a  fami ly  wi th  3 .2  Mb 
12p13.33-p13.32 microdeletions, whose main phenotype is 
characterized by ID, epilepsy, and schizophrenia.

Case report 
The twelve-year-girl came to our hospital for status epilepticus 
and intellectual disability. She was born at 40 weeks of gestation, 
after spontaneous delivery, to non-consanguineous 28 year-old 
mother and 30-year-old father. The pregnancy was uneventful. 
Her birth weight was 3,420g (50th percentiles), length 52cm (75th 

percentile), head circumference 35cm (50th percentiles). Her 
elder sister was healthy and appeared normal and her mother, 
but her mother had mild intellectual disability and schizophrenia 
Under phenobarbital and levetiracetam, epilepsy has been 
controlled. Brain magnetic resonance imaging (MRI) showed 
no obvious abnormalities with a normal myelination pattern. 
Electroencephalography revealed sharp-and-slow waves on left 
central regions. Her intellectual quotient (IQ) was estimated at 
60, indicating moderate intellectual disability on the Wechsler 
Intelligence Scale for Children Revised. Blood karyotype 
with G-banding showed normal chromosomes (46, XY) in the 
proband. FMR1 length mutation for the fragile X syndrome was 
not detected via DNA fragment analysis. A genomic microarray 
(aCGH) was performed, and revealed a copy number loss of 
3.2Mb in chromosomal band 12p13.33-p13.32. The deletion 
region includes about 27 UCSC genes. The deletion was 
inherited from the mother.

Conclusion 
The 12p13 deletion should be considered in any child with a 
differential diagnosis of epilepsy, ID and schizopherenia. Further 
study focusing on careful phenotyping across the lifespan to 
understand the potential contributions of genetic modifiers and 
environmental influence on the expressivity of 12p13 deletion 
and associated characteristics will be invaluable to further 
determine the impact that 12p13 deletion have on human 
psychopathology.

CR-16

Epileptic Munchausen syndrome 
presenting as drug-resistant epilepsy and 
unexplained limbs paralysis
Jon Soo Kim, Won Seop Kim
Pediatrics, Chungbuk National University Hospital, Korea

Background 
Munchausen syndrome is a rare factitious disorder, characterized 
by pathological lying, the intentional production of physical 
symptoms, and a restless wandering from hospital to hospital 
to obtain hospitalization or extensive interventions. One of the 
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commonest false presenting symptom is 'seizures'.

Case report 
An 18-year-old patient are presented to the emergency room 
with postictal limbs paralysis. Witnesses reported that he had 
a generalized seizure and then he became quadriplegia state 
without loss of consciousness. His parents were divorced 
and were raised by his grandmother. From 9 years of age, he 
frequently visited emergency room, complaing for hip or knee 
joint pain or chest palpitation or dyspnea. But all investigations 
are normal finding. Eventually, he had 3 times orthopedic 
surgery. His seizures were developed at 13 years-old and showed 
bizzae semiology such as brief tremulous movements without 
drooling, lip cyanosis. Distinctively, he showed paralyzed 
limbs of lower extremities randomly and he miraculously 
recovered suddenly and was discharged without any neurologic 
deficit. None of abnormal results were reported. He underwent 
vagus nerve stimulation surgery and is currently taking 
several anticonvulsants. We performed continuous video EEG 
monitoring and suggested occurrence of seizures to patient. He 
showed non-epileptic bahaviors without EEG changes and one 
hour later, he discharged.

Conclusion 
Epileptologists should be aware of this syndrome in patient 
presenting with an unusual seizure semiology or an unusual 
medical history reported by the parents or care providers.
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