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4-5 Research on establishing a database with sustainable and advanced
epilepsy care and telemedicine

Eiji Nakagawa, M.D., Ph.D.
Department of Epileptology and Comprehensive Epilepsy Center,
National Center Hospital,
National Center of Neurology and Psychiatry (NCNP)
Tokyo, Japan

1. Purpose, necessity and expected results of the research:

The objectives of this research group are to promote telemedicine for epilepsy treatment as the
National Center for Epilepsy Care, to establish a big database on epilepsy care within NCNP by
utilizing the Epilepsy Care Network (about 1,523 registered epilepsy departments) established through
the Epilepsy Development Project, to equalize epilepsy care, to clarify the pathology of epilepsy onset,
to conduct epidemiological surveys, and to develop and make recommendations on diagnosis and
treatment methods.

Regarding the diagnosis and treatment of epilepsy, the Epilepsy Center will be the core of the project,
and will collaborate with the Departments of Psychiatry, Neurology, Pediatric Neurology,
Neurosurgery, Radiology, and the Sleep Center to propose a desirable medical treatment system from
both soft and hard aspects for patients with neurodevelopmental disorders, psychiatric symptoms and
epilepsy with coexistent sleep disorders. Conduct research to realize a model medical treatment for
epilepsy. In addition to continuing to accumulate a high-quality clinical database of epilepsy patients,
an EEG database will be developed and a system for diagnosis and treatment based on EEG will be
proposed to establish a nationwide epilepsy treatment network.

To promote telemedicine in epilepsy treatment, the Osaka City General Medical Center and NCNP
collaborated to develop and release nanacara, a personal health record (PHR) for epilepsy, in March
2020. The project will develop telemedicine promotion using epilepsy PHR devices based on the
nationwide epilepsy support network established through NCNP's epilepsy support base project, and
establish a big database on epilepsy care within NCNP.

We aim to establish effective medical and surgical treatment methods for epilepsy and comorbid
psychiatric symptoms, neurodevelopmental disorders, and sleep disorders through appropriate
evaluation and diagnosis as early as possible using various brain morphological/functional imaging
and neurophysiological analyses.

Regarding basic research on epilepsy, we will conduct basic research on the molecular pathology
of epilepsy, neurophysiology, and pathophysiology of epilepsy through basic genetic research by using

available samples and information already established as research repositories at TMC.



Members of the research group

Principal Investigator: Eiji Nakagawa (NCNP)

Co-Investigator: Masaki Iwasaki (NCNP), Kenji Hatano (NCNP), Takashi Saito (NCNP), Shin
Okazaki (Osaka City General Hospital), Noriko Sato (NCNP), Kyoko Kanazawa (NCNP), Yoshimi
Kaga (University of Yamanashi), Masayuki Itoh (NCNP), Mikio Hoshino (NCNP) and Schuichi
Koizumi (University of Yamanashi), Keiya lijima (NCNP)

2. Research results:
1) Maintenance of the epilepsy clinical information database

Kenji Hatano
Department of Clinical Epidemiology, Translational Medical Center, National Center Hospital, NCNP

In the epilepsy group of NCNP, cross-departmental patient registers are being developed, and efficient
collection and management of disease data using medical information from electronic medical records
is desired. This project aims to develop a multicenter epilepsy clinical information database system
that will enable physicians and researchers engaged in epilepsy treatment and research to share
information on epilepsy cases and effectively use the information for treatment and research. The
National Center EHR project is the first case in which medical data from our center's hospitals are
linked to an external data center. In future data collection based on the new HL7-FHIR standard is
expected to solve various data collection problems. Generative Al is expected to dramatically improve
natural language processing and is also expected to be of great use in data processing for disease

databases.

2) Development of neurosurgical epilepsy database for clinical trial networks
Masaki Iwasaki

Department of Neurosurgery, National Center Hospital, NCNP

Development of patient database is essential to promoting joint researches and clinical trials. Here we
report progress in developing 1. Neurosurgical database and 2. Epilepsy patient database of the NCNP
Epilepsy Center.

1. NCNP Neurosurgical database was built with the database software Microsoft Access®. It was

designed as a relational database between patient basic profiles, diagnostic information, surgical
information, surgical complications, and pathological diagnosis. Epilepsy classification was adapted
to the new 2017 international classification system of epilepsy and seizures (1). The registration of

epilepsy patients to the NCNP Biobank was started in June 2017. Blood samples and surgical specimen,



if available, in all surgical cases are prospectively stored for future research. As of Oct 26, 2023, a
total of 571 patients have been registered in the Biobank. The database is shared with researchers to
conduct clinical studies.

2. With help from medical information staffs and bio-resource division, a new workflow was
established to generate inpatient and outpatient database from electric medical records. Epilepsy
classification was adapted to the new 2017 classification system. Total 2443 and 4846 cases have been
registered to the outpatient and inpatient databases, respectively between April 2020 and September
2023. Diagnostic information is based on the disease code for insurance claims and is not always

accurate or specific. Further improvement is necessary to obtain rich clinical information.

3) Epidemiology of childhood epilepsy in Japan using a health claim database.
Takashi Saito
Department of Child Neurology, National Center Hospital, NCNP

Although a high rate of behavioral and psychiatric comorbidity is known to occur in patients with
epilepsy, there are few reports detailing the treatment of these symptoms. We investigated what kind
of psychiatric drugs are prescribed in children under 18 years of age with epilepsy using health claim
database. We defined epilepsy patients who met either of the following criteria: (1) claims for epilepsy
management fees or other charge, or (2) prescription for anti-seizurec drugs for at least 4 weeks, and
patients with epilepsy who met the above definitions were identified for each year from FY2009 to
FY2018. Psychotropic drugs were defined according to World Health Organization Anatomical
Therapeutic Chemical (ATC) Classification System. Frequency of antipsychotic (ATC code NO5A),
anxiolytic (NO5B), Hypnotics (NO5C), antidepressant (NO6A), and neurostimulant (NO6B) use was
calculated for each 3-year age group. In the age group of 5 years and younger, anxiolytic and hypnotics
were used more frequently. Antipsychotics were most frequently used in the age group 6 years and
older, and were prescribed to more than 20% (20.1-37.4%) of patients in each year in the 15-17 years
old group. Antidepressants were prescribed more frequently in older children, with prescription
frequency ranging from 4.6 to 13.0% in the 15-17 years of age group. Psychostimulants were
prescribed more frequently in the 12-14 age group, with a trend toward increased prescription
frequency. The high rate of psychotropic medications in pediatric epilepsy patients may reflect the
frequency of concomitant behavioral and psychiatric disorders requiring treatment, and age-related

changes.

4) Imaging studies to elucidate the mechanism of formation of epilepsy and to develop a diagnosis
Noriko Sato

Department of Radiology, National Center Hospital, NCNP



It has been reported that in patients with epilepsy, the DTI-ALPS index, is decreased compared to
normal. Here, we performed MRI image analysis, including the ALPS index, in patients with
psychogenic non-epileptic seizures (PNES) who exhibit symptoms similar to epileptic seizures but
do not have EEG abnormalities. There was no significant difference in the ALPS index in PENES,
suggesting that the mechanism was different from that in patients with epilepsy patients. In addition,
the finding of volume reduction and white matter damage in the limbic system, which has a

significant impact on mental activity, is thought to represent the pathology of PENES.

5) The analysis of clinical pathophysiology and treatment of epilepsy in the adult and elderly
Kyoko Kanazawa

Department of Neurology, National Center Hospital, NCNP

[Purpose] PLA2G6-Associted Neurodegeneration (PLAN) is an autosomal recessive disease due to
PLA2G6 mutation.

[Method] We report 49-year-old woman of early-childhood-onset PLAN with middle-age-onset
epilepsy.

[Results] The patient was a 49-year-old female with normal development until 6 years old. At 7 years
old, she started to have difficulties in exercise, and developed flexed deformities in toes. At 16 years
old, she started to have difficulties in moving the bilateral lower extremities and in using the hands.
Her motor function gradually declined thereafter, until she became bedridden at 38 years old.  She
came to our hospital at 39 years old, and was suspected of complex spastic paraplegia. Genetic testing
revealed compound heterozygous missense mutations in PLA2G6  (c.662C>T; p.L221P/c. 991G>T;
p.D331Y) , leading to the diagnosis of PLA2G6-associated neurodegeneration (PLAN). At49 years
old, she experienced episodes of short-term consciousness impairment. Electroencephalogram showed
generalized sharp waves, leading to the diagnosis of epilepsy.

[Conclusion] PLA2G6-associated neurodegeneration may manifest with various neurological
symptoms such as early-onset parkinsonism, dystonia, cerebellar ataxia, spastic paraplegia, and
epilepsy. The overlap of these symptoms should prompt us to consider the possibility of, PLAN as a

differential diagnosis.

6) Molecular pathophysiology of intractable epilepsy
Masayuki Itoh
Department of Mental Retardation and Birth Defect Research, National Institute of Neuroscience,

NCNP



Joubert syndrome-related diseases (JSRD) is consisted of Arima syndrome, Senir-Loken syndrome,
COACH syndrome and so on and caused by mutations of many cilia-related genes. It has been reported
that intercurrent epilepsy with JSRD patients was rare and its prevalence was approximately 3 %.

In the study, we performed clinical and genetic analyses of 52 patients of 45 families, using JSSRD
clinical guideline, whole-exome sequencing and Sanger sequencing as well as molecular biology
technique. This study was approved by the ethical committee of NCNP for handling of human
materials and DNA recombination. In addition, we obtained an informed consent with all patients or
their parents and registered with the document.

As a result, 13 patients (25% of participants) showed epilepsy as a part of their symptoms. Five of
13 patients had a common mutation of CEP290_ Arg2004Serfs*7, having in Arima syndrome. Six
patients with epilepsy showed variants of uncertain significance (VUS). Therefore, we revealed that
VUS gene knockdown led abnormal cell localization and brain malformation of Xenopus larva.

In conclusion, we considered high prevalence of epilepsy in Japanese JSRD patients and discovered

novel candidate genes of JSRD.

7) Elucidation of pathophysiology and development of treatment using animal models of epilepsy
Mikio Hoshino
Department of Biochemistry and Cellular Biology, National Institute of Neuroscience, NCNP

There are many epilepsy patients in Japan, but not a few of them have epilepsy whose pathophysiology
is still unknown and, therefore, diagnostic and therapeutic methods have not yet been established.
However, if we can develop good animal models of such epilepsies, we can better understand the
pathophysiology and investigate diagnostic and therapeutic strategies. We are trying to solve this
problem by generating and analyzing several animal models of epilepsy, including Dscam family gene
KO mice, Auts2 KO (Auts2-KO) mice, and others. This year, we found that AUTS2 is involved in the
production of cortical upper layer neurons and that DSCAM is involved in the retrieval of free
glutamate at synapses. Further analysis will reveal the mechanism by which these genetic

abnormalities cause epilepsy.

8) Survey of transitions in epilepsy patients
Go Taniguchi
Department of Epileptology and Comprehensive Epilepsy Center, National Center Hospital, NCNP

The transition of patients with childhood-onset epilepsy from childhood to adult care is often
difficult. Therefore, we examined the clinical characteristics of patients transitioning from

childhood to adult epilepsy in our outpatient psychiatric epilepsy clinic and discussed their



needs and challenges. The following findings were obtained from the survey of medical records.
Patients transitioning to our outpatient psychiatric epilepsy clinic were relatively old,
averaging 24.7 years old at the time of visit. 70% had comorbid neurodevelopmental disorders
and 58% had comorbid psychiatric symptoms. It is assumed that patients transitioning to an
outpatient psychiatric epilepsy clinic have a high need for intellectual disability,
neurodevelopmental disorders, and psychiatric symptoms in addition to epilepsy seizure

control.

9) Molecular Pathophysiology of Epilepsy from a Glial Cell Perspective

Schuichi Koizumi'?, Fumikazu Sano”*?, Hiroki Hoshino"**

Dept Neuropharmacol’, Yamanashi GLIA center’, Dept Pediatrics®, Univ Yamanashi
Dept Pediatrics®, Univ Toho

Using pilocarpine-induced status epilepticus (SE) model, we reported that reactive astrocytes
(we termed “epileptogenic astrocyte”) are strongly induced after SE. The epileptogenic
astrocyte could be important role for the induction of epileptogenesis via Ca’*
hyperexcitability mediated by IP; receptor type 2 (IP3R2). However, it remains unclear how
epileptogenic astrocyte are induced and leads to ictogenesis and/or epileptogenesis. In this
study, we demonstrated that inhibition of gap junction function could prevent epileptogenesis.
Inhibition of gap junction function by early (0-6 days) but not late (8-28 days) treatment with
INI-0602 (connexin channel inhibitor) after SE prevent activation of microglia (in early
phase) and astrocytes (in late phase) and increase of seizure susceptibility, suggesting that
connexin channel inhibitor could prevent epileptogenesis. Although the detailed cellular
mechanisms remain unclear, at least connexin inhibitors could have antiepileptogenic effects
via prevention of glial cells activation. Conversely, Mortality rate was significantly increased
with single INI-0602 administration during SE, suggesting exacerbation of seizure. It should
be noted that gap junctions could have a potential role in suppressing ictogenesis.

Repetitive seizures lead to epilepsy through the process of epileptogenesis, which likely results
from alterations in neural circuits. However, it is unclear how network alterations occur after
SE. Previously, we revealed that epileptogenic astrocyte increased the expression of various
genes including mGIuR5, which has been known to regulate synaptogenic molecules. We
demonstrated that reactive astrocytes lead to mossy fiber sprouting and synaptogenesis via
mGIluR5 which can cause epileptogenesis. We detected a significant increase in the area of
mGIluR5 in GFAP-positive reactive astrocyte, ZnT3-positive mossy fiber sprouting and
synapse density defined as colocalization of presynaptic elements (ZnT3) and postsynaptic

elements (PSD95) at 4 weeks after SE. Less dose of pilocarpine was required for the induction



of the second SE (4 weeks after the first SE), indicating the first SE increased seizure
susceptibility. Genetic deletion of astrocytic mGluR5 reduced mossy fiber sprouting and
rescued the increased seizure-susceptibility. These results suggest that astrocyte mGluR5
signaling may contribute to epileptogenesis via hippocampal neural network alterations

including mossy fiber sprouting and synaptogenesis.

10) The clarification of pathophysiological findings and exploration study of neurophysiological
biomarker for epileptic children
Yoshimi Kaga, Kei Tamaru, Kaoru Fujioka, Fumikazu Sano, Sayaka Ishii, Kakuro, Aoyagi

Department of Pediatrics, Faculty of Medicine, Yamanashi University

Introduction: epilepsy and sleep are known to be closely related. As epilepsy, sleep and cognitive
function are also associated with each other, the aim of this study was to clarify sleep and cognitive
function with epilepsy and to investigate objective biomarkers of cognitive function using EEG
analysis.

Study 1: EEG frequency analysis was performed on epilepsy cases, focusing on stage 2 spindle. The
subjects were 13 children with epilepsy aged 7-12 years, 6 cases of frontal lobe epilepsy (FLE), 4
cases of childhood epilepsy with centrotemporal spikes (CECTS) and 3 cases of atypical CECTS
(ACECTS), and were compared with typical developmental children (TDC) data. FLE and ACECTS
had higher 13 Hz slow spindle power values with frontal dominance compared to TDC and CECTS;
FLE and CECTS showed a positive correlation between ADHD-RS inattention scores and frontal slow
spindle.

Study 2: For 8-year-old boys with ECSWS at the time of their first examination (spike-wave
index>85%), 5 months later (55%) and 1 year and 7 months later (0%), polysomnography (PSG),
executive function tests (1) CPT task, (2) DN-CAS interference suppression, (3) fNIRS during the
rock-paper-scissors task), and EEG frequency analysis (stage2 spindle), and compared changes over
time. In the PSG, the percentage of stage2 and REM increased, while stage3-4 decreased. The spindle
had a 13 Hz central predominance at the first examination, but gradually a frontal predominant spindle
was also observed, and after the EEG improved, the frequency of the central predominant spindle
increased to 14 Hz.

Discussion: The positive correlation between ADHD-RS inattention scores and frontal slow spindle
in FLE and CECTS suggests that the slow spindle may reflect cognitive dysfunction, especially
inattention. The finding of spindle abnormalities in FLE and ECSWS suggests that brain dysfunction
may have emerged due to the inability of the frontal cortex-thalamus circuit to turn effectively.
Conclusion: Frontal spindle may be a potential biomarker for the assessment of frontal lobe function

in children with epilepsy.



11) Formation of Telemedicine promotion model using epilepsy PHR system
Shin Okazaki
Department of Child Neurology, Osaka City General Hospital

The burden of going to the hospital for epilepsy patients is large. In addition, medical institutions
that provide epilepsy treatment are unevenly distributed in urban areas, and it is difficult for patients
living in mountainous areas or remote islands to receive adequate treatment. Telemedicine can
equalize epilepsy care and is expected to improve the quality of life of many epilepsy patients.

As an optimal telemedicine device system for epilepsy treatment, an online treatment
implementation model using a telemedicine device linked to the epilepsy PHR (Personal Health
Record) was created to promote a telemedicine system "nana-medi" (KNOCK ON THE DOOR Inc.)
that is easy for patients, families and hospitals to use.

The use of nana-medi started at the National Center of Neurology and Psychiatry at the
beginning of 2023 and was extended to clinics. In addition, efforts were made to raise awareness by
giving lectures at international conferences and other scientific meetings where there are many
specialist doctors. Efforts were made to raise awareness by describing papers. We also visited
epilepsy patients, their families and supporters for cooperation, and some of them participated in
exchange meetings and seminars.

Paper 1: Online epilepsy treatment for remote areas: from initial consultation to reexamination,
Okazaki, N. Difficult Diseases and Home Care, Dec. 2023.

Paper 2: An online medical care system reflecting the voices of patients and their families: nana-
medi, Sakamoto Momoko, Hayashi Yasuomi, Intractable Diseases and Home Care, Dec. 2023.
Paper 3: Experiences of online medical care with remote islands using nana-medi, a telemedicine
tool linked to the epilepsy PHR.

Okazaki, Shin Journal of the Japanese Society for Telemedicine, Vol. 19, No. 2, 2023

3 in total, 3 peer-reviewed

12) The Relationship between Sleep Indices and Psychosocial and Functional Abilities in Adult
Epilepsy Patients

Kentaro Matsui

National Center of Neurology and Psychiatry

Department of Clinical Laboratory, National Center Hospital

Our retrospective study on adult epilepsy patients who underwent PSG from April 1, 2019, to March
31, 2023, sought to understand the relationship between sleep quality, both subjective and objective,

and psychosocial functioning. Out of 105 patients who underwent PSG, 45 were analyzed for their



psychosocial and occupational functioning using the Global Assessment of Functioning (GAF) and
the World Health Organization Disability Assessment Schedule 2.0 (WHO-DAS 2.0). Despite finding
significant correlations between depression, insomnia, and both GAF and WHO-DAS 2.0 scores, no
significant relationship was observed between PSG indices and these measures of functioning. The
lack of association between PSG indices and social dysfunction may be attributed to a correlation
between poor sleep architecture (long wake after sleep onset and high arousal index) and less severe
insomnia symptoms.

While obstructive sleep apnea (OSA) in adult epilepsy patients has been previously linked to an
increased risk of seizure recurrence and daytime dysfunction, our findings did not show a significant
relationship between PSG measures of sleep fragmentation and social or psychological functioning.
This suggests that while OSA severity may not directly correlate with daytime sleepiness or depressive
symptomes, it remains a critical factor in managing epilepsy patients. Given the unexpected correlation
between PSG indices and insomnia severity, further analysis is planned to explore potential influences

such as medication effects, comorbidities, and misinterpretation of sleep states on these findings.

13) National Epilepsy Regional Clinical Cooperation System Project in Japan
Eiji Nakagawa
Department of Epileptology and Comprehensive Epilepsy Center,, National Center Hospital, NCNP

Introduction: Epilepsy care in Japan has been provided by departments such as pediatrics, psychiatry,
neurology and neurosurgery, resulting in a situation where not only patients but also medical
institutions do not know which medical institution provides specialized epilepsy care in many regions.
Methods: In view of this situation, each prefecture selects a medical institution to provide measures
against epilepsy and designates one of the medical institutions specializing in the treatment of epilepsy
as an epilepsy treatment center, which provides specialized consultation support, and cooperation and
coordination with other medical institutions, local authorities, and patients' families.

Result: After a three-year model project, the project became the main project in 2018. The duties of
the epilepsy treatment centers include: specialized consultation support and treatment for epilepsy
patients and their families; advice and guidance to medical institutions in the area; cooperation and
coordination with mental health and welfare centers, health centers, municipalities, welfare offices
and public employment security offices; training for medical personnel, staff of relevant institutions,
epilepsy patients and their families; and public awareness raising activities for epilepsy patients and
their families, local residents and other people with epilepsy. The epilepsy medical support coordinator
plays an important role in this epilepsy support project. A coordinator training and certification system
was launched in 2020 to educate and train coordinators. In addition, to expand the scope of epilepsy

treatment, medical facilities providing epilepsy treatment nationwide are listed on the website of the



National Epilepsy Support Network.

14) Genetic analysis of epilepsy surgery specimens
Keiya lijima
Department of Neurosurgery, National Center Hospital, NCNP

In a study of 78 cases of tumor-associated lesions within epileptogenic lesions, genetic analysis
identified the BRAF V600E mutation in 45 cases and the FGFR1 mutation in 7 cases. Additionally,
rare genetic abnormalities were observed in 12 cases. In 18 cases, no causative genetic mutations could
be identified. When the imaging findings were analyzed using hierarchical cluster analysis, they were
divided into three groups, which corresponded well with the genotypes. DNA methylation analysis
was conducted in 54 cases. The classification based on DNA methylation generally corresponded with
the genotypes, particularly showing alignment between three image types of BRAF V600E mutated
LEATs and methylation subtypes. RNA-seq was performed in 52 cases, revealing elevated expression
of genes related to epilepsy and tumors. There is an accumulation of 190 cases classified as cortical
dysplasia, where genetic analysis and RNA-seq are being advanced similarly to the aforementioned
tumor lesions. Research on hemimegalencephaly, a rare disease, is ongoing, with mutations in the
recently highlighted rare gene SLC35A2 confirmed in 4 cases. There are 20 cases classified under

hippocampal sclerosis, and these are also currently under analysis.

3. How to proceed with future research:

As a nationwide epilepsy support center under the Ministry of Health, Labour and Welfare's Epilepsy
Regional Clinical Cooperation System Project, the Epilepsy Clinical Support Network has been
established and approximately 1,523 medical departments have been registered. In the future, through
the Epilepsy Medical Support Network, the telemedicine business will be developed and the epilepsy
medical device will be used to conduct analysis by combining test data such as images, blood, and
electroencephalogram (EEG) in epilepsy and comorbid psychiatric symptoms and
neurodevelopmental disorders with digital phenotyping data such as seizure symptoms, behavior, and
physical findings using Al technology to make early diagnosis possible. The project aims to promote
research and development of medical device programs and other programs that enable early diagnosis
through combined analysis, and to establish the introduction of effective medical and surgical

treatment methods through early and appropriate evaluation and diagnosis.



