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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.
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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).

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

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

About 10 years have passed since the introduction of electronic medical records in the NCNP hospital,
and the quantitative and qualitative value of accumulated medical information is increasing day by
day. We have developed a system that links the in-house epilepsy patient database with electronic
medical records in the NCNP hospital, and have realized efficiency and refinement of case extraction
using medical information. Furthermore, the database system was improved by migration of the local
database to the RDB server. With a view to linking the clinical information database to external
databases, we have promoted the development of system for clinical data exchange between the NCNP
Hospital and the disease registries or databases outside the center. In the JASPEHR project, which is
a joint research project of 6 National Centers, we first carried out online external transmission of

medical data of NCNP hospital, and examined the results and related issues.

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 Nov 18, 2022, a
total of 529 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 5470 and 7154 cases have been
registered to the outpatient and inpatient databases, respectively between January 2017 and September
2022. 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

Objective: This study was conducted to assess the prevalence, comorbidities, and real-world
management of childhood epilepsy using a health claim databases.

Methods: Persons aged 0-17 years as of December 2018, registered at any time in 2018 in JMDC
health claims database from January to December 2018 were included in this study. Epilepsy was
defined as follows; (1) diagnosis of epilepsy based on International Classification of Diseases, Tenth
Revision codes, (2) claimed management fee for epilepsy and/or (3) anti-seizure medication (ASM)
prescription for longer than 4 weeks. The prevalence of epilepsy, patient characteristics including
comorbidities, and management status such as prescription of ASMs were evaluated.

Results: Of the 1,528,905 registered children, 9,279 were identified as having epilepsy. Prevalence of
epilepsy less than the age of 18 years were 6.07 per 1,000 persons with significantly higher in boys
(6.37/1,000) than girls (5.75/1,000). Its prevalence was the lowest at 1.97 per 1,000 population in the
0—2-year age group and increased with age to 9.34 per 1,000 population in the 15—17-year age group.
The prevalence of epilepsy was significantly higher in boys than in girls in the >12-year age group.
ASMs were prescribed to 88.3%-92.5% of patients. Moreover, 27 (0.29%) patients underwent
epilepsy surgery. The frequency of claiming intravenous ASM and long-term electroencephalogram
fees increased with a decrease in age. Autusim spectrim disoder was the most prevalent comorbidity
in both boys (24.6%) and girls (13.1%).

Discussion: The results of this study are consistent with those of previous epidemiologic reports of
epilepsy and are also suggested that young children receive more medical resources than adolescents

Further investigations will help improve the management of and develop measures against epilepsy.

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

VBM analysis was performed in 9 genetically confirmed pediatric alternating hemiplegia and 14
normal controls.In the diseased group, gray matter volume decreased predominantly in the
hippocampus, cerebellar vermis, and medial cerebellar hemispheres.In motor function, a negative
correlation was observed in the cerebellar gray matter and deep white matter, and in cognitive function,
a negative correlation was observed in the left insular cortex. In addition, the severity of epilepsy was
negatively correlated with the bilateral hippocampi, but not with the cerebellum.ATP1A3 mutations
are supposed to be most strongly expressed in the cerebellar cortex, and this analysis seems to reflect
it. VBM analysis is considered to be a useful method for estimating the clinical and pathophysiology

of pediatric alternating hemiplegia.

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] In Hashimoto’s encephalopathy (HE), cerebral lesions in MRI typically reduce in size after
immunotherapy (Chen et al., 2011), but natural courses of the lesions without treatment are unknown.
[Method] We report an 84-year-old woman of Hashimoto’s encephalitis with fluctuating MRI findings
without treatment.

[Results] A 60-year-old woman was diagnosed as very late onset schizophrenia with psychiatric
symptoms well-controlled with antipsychotics. At 84 years old, MRI incidentally showed
hyperintensity lesions at the bilateral medial and basal frontal lobes. Anti-Tg, anti-TPO and anti-NAE
antibodies were positive. Follow up MRI showed the frontal lobe lesions reduced in size with a new
lesion at the right temporal lobe. 4 months later, she developed NCSE with new lesions at the left
insula and temporal lobe with the lesions at the bilateral frontal lobes and the right temporal lobe
reduced in size. After steroid therapy, the lesion at the left insula and temporal lobe reduced in size.
[Conclusion] We presented the first case of HE presenting as spontaneously changing brain lesions on
MRI. Patients with spontaneously changing brain lesions on MRI should be placed under careful
observation even if the lesions are asymptomatic, as it may evolve into overt clinical presentation, and

prove to be medically treatable diseases such as HE.

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 JSRD
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. And then,
we confirmed novel 11 genetic variants of uncertain significance (VUS). We revealed that six gene-
products localized to nucleus or cytoplasm and eight VUS led to form morphological abnormality by
in vivo study.

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) Study on depression and anxiety in patients with epilepsy

Go Taniguchi

Department of Epileptology and Comprehensive Epilepsy Center, National Center Hospital, NCNP
Patients with epilepsy are associated with a higher rate of psychiatric disorders than the general

population, among which depression and anxiety are known to be common.



Although screening tests to evaluate depression and anxiety are widely used in Europe and the United
States, the actual psychiatric diagnosis and necessary treatment in Japan remain unclear.

Therefore, in this study, we investigated depression and anxiety in epilepsy patients who visited an
outpatient clinic of an epilepsy center.

In this study, depressive symptoms were found in 37% of patients seen by a psychiatrist, and a
diagnosis of depression was made in 14% of patients seen by a psychiatrist. In addition to depression,
depressive symptoms were also found to be present in psychosis and secondary disorders of
intellectual and developmental disabilities, suggesting that patients who screen positive for depression
should not be treated as depressed, but should instead be given a psychiatric diagnosis. In our study,
anxiety was found in 8% of patients with epilepsy, which differs significantly from previous reports.
However, screening for both depression and anxiety could help prevent underestimating patients with
epilepsy who have psychiatric symptoms.

Patients who screened positive for depression and anxiety in neurosurgery were statistically less likely
than those seen in psychiatry. However, all patients who were referred from neurosurgery to
psychiatric consultation required psychiatric treatment, and it is desirable to establish a system that

facilitates referral of screening-positive patients to psychiatry in the future.

9) Molecular Pathophysiology of Epilepsy from a Glial Cell Perspective

Schuichi Koizumi'?, Fumikazu Sano”*3, 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 IP3 receptor
type 2 (IP3R2). However, it remains unclear how epileptogenic astrocyte are induced and leads to
epileptogenesis. In this study, we demonstrated that inhibition of gap junction function could prevent
epileptogenesis. Pilocarpine was administrated to induce SE in 8-week-old C57BL/6J male mice.
Inhibition of gap junction function by INI-0602 (connexin channel inhibitor) prevent activation of
astrocytes and increase of seizure susceptibility, suggesting that connexin channel inhibitor could
prevent epileptogenesis. These results suggest that epileptogenic astrocyte could lead epileptogenesis
via dysfunction of gap junction.

Previously, we show that the reduction of astrocytic Ca?* signals suppresses epileptogenesis. However,
it is unknown whether astrocytic Ca®* signals are associated with ictogenesis. To clarify whether
astrocytic Ca®" signals, associated with neural activity, are implicated in the initiation or spread of

epileptic seizure, we investigated the temporal features between astrocytic Ca®* signals and neural



activities during and after pilocarpine-induced seizures. To assess the spatiotemporal feature of
astrocytic activities in the cortex of mice showing epileptiform activities, transcranial widefield Ca?*
imaging under simultaneous EEG recording was performed. Synchronized astrocytic Ca?" signals
appeared in the cortex from the frontal lobe to the occipital lobe cortex (ultra-wide Ca?* spread) during
SE and at 28 days after SE, which was not observed in control mice. On average, ultra-wide Ca**
spread preceded epileptiform activity by approximately 900 msec during the pilocarpine-induced
seizures. These results suggest the ultra-wide Ca?* spread in astrocytes may contribute to seizure
spread and/or abnormal synchronization in epileptic seizures (ictogenesis). We plan to perform

additional experiments to clarify the causal relationship between them.

10) The clarification of pathophysiological findings and exploration study of neurophysiological
biomarker for epileptic children

Yoshimi Kaga, Kei Tamaru, Toshiki Inumaru, Fumikazu Sano, Toshinobu Fukao, Sayaka Ishii,

Kakuro, Aoyagi

Department of Pediatrics, Faculty of Medicine, Yamanashi University

Although it is known that epilepsy, sleep, and cognitive function are closely related, there are few
reports objectively evaluating the effects of sleep on cognitive function in children with epilepsy.
Therefore, the purpose of this study was to clarify the relationship between cognitive function and
sleep in children with epilepsy using neurophysiological and psychological techniques such as
polysomnography (PSG) and EEG frequency analysis. Study 1: Seven children with epilepsy were
evaluated for sleep using PSG, and the relationship between EEG frequency analysis and cognitive
function was investigated. Cases with cognitive dysfunction had shorter REM sleep and higher power
values of 12 Hz slow spindle with frontal dominance. All epileptic children with cognitive dysfunction
showed slow wave EEG on awakening, suggesting reduced daytime brain function and possible frontal
lobe dysfunction. Study 2: Frequency analysis of sleep stage 2 spindle in 13 children with epilepsy
using the interictal EEG used in routine clinical practice revealed that frontal spindle power values
were higher in frontal lobe epilepsy and atypical childhood focal epilepsy cases. These findings
suggest that children with epilepsy, especially those with cognitive dysfunction, have poor sleep
quality, and that poor sleep quality may induce cognitive dysfunction. The frontal spindle may be

useful in assessing cognitive 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.

This time, as a telemedicine device system that is optimal for epilepsy treatment, we conducted the
simulated medical practice, using a prototype of the online medical treatment service "nana-medi"
(KNOCK ON THE DOOR Inc.) that uses a telemedicine device linked to the epilepsy PHR (Personal
Health Record), we considered building a telemedicine system that is easy for patients, families, and
hospitals to use.

The subjects were family members of intractable epilepsy patients who had difficulty in going to the
hospital. Information such as seizures and medication history saved in the PHR application "nanacara”
(KNOCK ON THE DOOR Inc.) for epilepsy patients was shared with the doctor's PC to proceed with
medical care. In addition, while confirming the clerical work of the medical affairs department of our
Hospital, we also examined degree of reduction of a medical affairs department's burden. The
simulated clinic confirmed that it is possible to perform the following functions: interview, checking
symptoms and prescription history, videophone, online payment and paperwork.. In addition, it was
verbally confirmed that the burden on the medical affairs staff was not too great.

This study suggests that using a telemedicine device linked to an epilepsy PHR may also be helpful
for pediatric epilepsy patients and their families. The development of PHR system is expected to
improve the convenience of telemedicine for epilepsy and to advance epidemiological research and
epilepsy treatment. For that reason, it is necessary to increase the number of hospitals that can provide

online medical care.

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

Department of Clinical Laboratory, National Center Hospital NCNP

Sleep deprivation has long been reported to lower the seizure threshold and provoke seizure onset in
patients with epilepsy. However, qualitative sleep disturbances have also been identified as significant
factors for seizure prevention. The impact of objectively measured sleep fragmentation on the
psychosocial and functional abilities of adult epilepsy patients remains insufficiently explored. In our
retrospective investigation, PSG was performed on 83 adult epilepsy patients from April 2019 to
March 2023. Sleep-disordered breathing was the most common comorbid condition, accounting for
approximately 69% of cases. Although recent research highlights the importance of functional
recovery in various mental disorders, no study has examined the relationship between OSA

comorbidity, sleep fragmentation from PSG, and psychosocial functioning. In adults with epilepsy,



examining the relationship between objective sleep measures, including OSA severity, and
psychosocial and functional abilities is essential to accurately assess patient status and provide
appropriate treatment and lifestyle support. We plan to conduct an observational study in the next year

to clarify these relationships.

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.

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.

In FY2023, the 56th Annual Meeting of the Japanese Epilepsy Society is scheduled to be held. We

hope to further improve the level of our research.





