
Epilepsy & Behavior Reports 24 (2023) 100628

Available online 16 October 2023
2589-9864/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Characteristics of an advanced epilepsy treatment gap in a region in Japan 

Tetsuhiro Fukuyama a,b,*, Manami Yabe a, Makoto Nishioka a, Takenori Natsume a, 
Yuumi Hoshino b,c, Kohei Kanaya b,d, Kyoko Takano e, Norimoto Kobayashi f, Yushi Inoue g 

a Department of Pediatrics, Shinshu University School of Medicine, Matsumoto, Japan 
b Division of Epilepsy, Shinshu University Hospital, Matsumoto, Japan 
c Department of Neurology, Shinshu University School of Medicine, Matsumoto, Japan 
d Department of Neurosurgery, Shinshu University School of Medicine, Matsumoto, Japan 
e Center of Medical Genetics, Shinshu University Hospital, Matsumoto, Japan 
f Department of Pediatrics, Nagano Red Cross Hospital, Nagano, Japan 
g National Epilepsy Center, NHO Shizuoka Institute of Epilepsy and Neurological Disorders, Japan   

A R T I C L E  I N F O   

Keywords: 
Advanced epilepsy treatment gap 
Epilepsy care system 
Pseudo-drug-resistant epilepsy 
Specialised epilepsy care 

A B S T R A C T   

To investigate the quality of epilepsy care in a region in Japan that lacked specialised care, we retrospectively 
evaluated patients who visited our newly established epilepsy division between April 2018 and March 2021, and 
had been treated with anti-seizure medications (ASMs) for at least 1 year prior. 

Of the 231 patients included, 169 had ongoing seizure episodes at first visit (seizure-persist group) and 62 had 
no seizure episodes for more than a year (seizure-free group). Eighty-three patients in the seizure-persist group 
had not received specialised epilepsy care, 15 had been treated with unnecessary medications, and seven had 
experienced side effects from ASMs. Twelve patients in the seizure-free group had been treated with unnecessary 
ASMs, 10 had been treated with ASMs with teratogenic potential and four had experienced ASM side effects. 
These patients could be classified as having an advanced epilepsy treatment gap (ETG) because they had not 
previously received necessary specialised care. The progressive decline in the number of patients with advanced 
ETG suggests that our new epilepsy division has addressed this issue. 

This study highlights that a significant number of patients with advanced ETGs exist in Japan and that proper 
countermeasures are required to address this gap.   

Introduction 

An epilepsy treatment gap (ETG) remains a major problem world
wide as its causes are heterogeneous across different regions and 
countries [1]. The conceptual definition of an ETG is the proportion of 
people living with active epilepsy who do not receive appropriate, 
comprehensive treatment from among the total number of people living 
with active epilepsy in a population [2]. The prevalence of a primary 
ETG, defined as the proportion of people with active epilepsy not 
currently receiving any anti-seizure medications (ASMs), is high in low- 
and middle-income countries. Conversely, an advanced ETG, defined as 
the proportion of individuals with active epilepsy not receiving speci
alised care when required, is an issue in high-income countries [1]. 
Speciality care is defined as referral to a neurologist or epilepsy 
specialist for further diagnostic workup and seizure classification, 
including evaluations to exclude other paroxysmal neurologic or 

psychogenic syndromes that resemble epilepsy. The primary problem 
associated with an advanced ETG is the prolonged period without the 
necessary specialised care. To improve the care for patients with epi
lepsy, the American Academy of Neurology (AAN) established stan
dardized quality measures in 2009 [3]. In the 2017 revision, the work 
group prioritized the development of measures that address four key 
areas: (1) counselling for women with childbearing potential, (2) 
referral or discussion of referral to a comprehensive epilepsy care centre 
for patients with intractable (treatment-resistant) epilepsy, (3) quality- 
of-life (QOL) outcome assessments, and (4) depression and anxiety 
screening [4]. These quality measures could serve as a guideline to avoid 
an advanced ETG. 

Since the implementation of a free-access system for primary care 
and a universal national medical insurance system in Japan in 1961, 
almost all patients with epilepsy requiring treatment have received it, 
resulting in a low primary ETG. However, Japan’s medical care system 
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for epilepsy faces a shortage of epileptologists in relation to the number 
of patients, leading to numerous patients being treated only by non- 
specialist physicians. According to the National Database Open Data, 
the rate of administration of epilepsy surgery in patients with drug- 
resistant epilepsy in Japan is approximately half of that in the United 
States [5,6]. To better address the insufficient epilepsy care, Japan’s 
Ministry of Health, Labour and Welfare launched an epilepsy regional 
medical cooperation project in 2016. Nevertheless, the causes of the 
insufficient epilepsy care in Japan are yet to be investigated. 

Herein, we retrospectively evaluated patients visiting a newly 
established epilepsy division to investigate the quality of epilepsy care in 
a region in Japan without prior specialised epilepsy care, according to 
the AAN’s epilepsy quality measures, and to identify the causes and 
characteristics of the limited epilepsy care in Japan. 

Materials and methods 

Geographical and institute characteristics 

In April 2018, we established a new epilepsy division at Shinshu 
University Hospital and a satellite outpatient division at Nagano Red 
Cross Hospital. Shinshu University Hospital is in a city with a population 
of 240,000 at the centre of Nagano Prefecture. The Nagano Red Cross 
Hospital is in the most populous city (370,000 people) in the northern 
part of the prefecture. Nagano Prefecture (total population: approxi
mately 2 million) is located approximately in the centre of the Japanese 
archipelago. Prior to the establishment of our epilepsy division, patients 
with epilepsy residing in Nagano Prefecture had to travel by public 
transportation for >2 hours to visit comprehensive epilepsy centres in 
other prefectures. 

The new epilepsy division comprises epileptologists, paediatric 
neurologists, neurologists, neurosurgeons, and various allied medical 
professionals. The division offers a range of diagnostic services, 
including video-electroencephalography (EEG) monitoring, magnetic 
resonance imaging (MRI), positron emission tomography, and genetic 
testing for epilepsy. Prior to the establishment of the epilepsy division, 
video-EEG monitoring was available only at a Children’s Hospital in the 
region. We commenced epilepsy surgery in 2021. Moreover, various 
departments and divisions, including the Department of Psychiatry, 
Centre for Gene Medicine and Research, Department of Clinical Labo
ratory Medicine, Department of Radiology, Department of Pharmacy, 
and the Medical Welfare Center, have collaborated to provide compre
hensive epilepsy care. 

Patients and study design 

We conducted a retrospective analysis of patients who first visited 
our new epilepsy division, including the satellite outpatient division, 
between April 2018 and March 2021. We analyzed patients who had 
been treated with ASMs for a minimum of 1 year and lived in Nagano 
Prefecture. Patients who were not treated with ASMs, treated with ASMs 
for less than a year, or previously lived in another prefecture were 
excluded. We divided them into two distinct groups: (1) patients who 
had ongoing seizures or seizure-mimicking episodes despite receiving 
epilepsy treatment (seizure-persist group) and (2) those who had not 
experienced seizures or seizure-mimicking episodes for over a year 
before visiting our epilepsy division (seizure-free group). For each 
group, we analysed the following patient characteristics separately for 
adults and children (<16 years old): age at onset of symptoms, age at the 
first visit to the epilepsy division, duration from onset to visit, purpose of 
visit, presence of suspected drug-resistant epilepsy (DRE), whether the 
referring physician was an epileptologist, experience of visiting 
comprehensive epilepsy centres in other prefectures, and diagnosis 
(including epilepsy syndrome). Suspected DRE was defined as a failure 
to achieve seizure freedom, despite at least two ASMs for > year, ac
cording to the consensus proposal of the International League Against 

Epilepsy (ILAE) Commission task force [7]. An epileptologist was 
defined as a physician certified by the Japanese Epilepsy Society. The 
diagnosis in all patients was made by our epileptologists based on the 
ILAE Commission task force 2017 and 2022 classifications of epilepsy 
which included epilepsy types, syndromes, and aetiology classification 
[8–10]. 

In accordance with the AAN’s epilepsy quality measures in 2017, we 
defined patients with advanced ETG as those who could achieve a 
favourable outcome in terms of their seizures, prepare for pregnancy, 
and improve their QOL after specialized epilepsy care. In practice, we 
assessed the effectiveness of therapeutic interventions 30 months after 
the patient’s initial visit to our epilepsy division, and the effectiveness of 
the interventions were classified as follows for each patient. 1) improved 
seizures with ASM management; 2) improved seizures with surgery; 3) 
successfully withdrew ASMs without seizure recurrence; 4) mitigated 
the side effects of ASMs without seizure aggravation; 5) changed or 
reduced ASMs with teratogenic potential prior to pregnancy; and 6) lack 
of a favourable outcome with no significant improvement observed. An 
improved seizure outcome was defined as a reduction in seizure fre
quency exceeding 50 %. Patients who achieved outcomes 1) to 5) under 
our care were considered to have had an advanced ETG in this study. 
Because the side effects of ASMs were reported to be the most important 
negative factor affecting QOL of patients with epilepsy [11], this mea
sure was included. 

This study was approved by the clinical research review committee 
of the Shinshu University Ethics Committee (approval number: 5505). 
Patient consent was obtained using an opt-out method. 

Results 

A total of 381 patients visited our epilepsy division, 303 and 78 of 
whom were treated at Shinshu University Hospital and Nagano Red 
Cross Hospital, respectively. Initially, 144 patients visited within the 
first year of the establishment of the epilepsy division, 120 within the 
second year, and 117 within the third year. Of these patients, 231 met 
the inclusion criteria. Of the 150 excluded patients, 100 had not been 
treated with ASMs, 40 had been treated with ASMs for less than a year, 
and 10 had previously lived in another prefecture. Of the 381 patients, 
379 were Japanese, 1 was Chinese, and 1 was Filipino. The seizure- 
persist group included 169 patients, and the seizure-free group 
included 62 patients. 

Patient characteristics 

Table 1 summarises the characteristics of the patients in the seizure- 
persist and seizure-free groups. The data were categorised according to 
age, distinguishing between children and adults. Notably, within the 
seizure-free group, female patients were predominant among both 
children and adults. For adult patients, the median age at the time of the 
first visit to the epilepsy division was 32 years for the seizure-persist 
group and 22.5 years for the seizure-free group, while for children, 
the respective median ages were almost the same in both groups. The 
proportion of adult patients with childhood-onset (onset age <16 years) 
epilepsy was 62.9 % in the seizure-persist group and 74.0 % in the 
seizure-free group. The proportion of patients with suspected DRE was 
61.5 % among children and 82.5 % among adults in the seizure-persist 
group. None of the referring physicians was an epileptologist for the 
paediatric patients, while the proportion of epileptologists among the 
referring physicians for adults was approximately 10 % in both the 
seizure-persist and seizure-free groups. Patients with previous atten
dance at a comprehensive epilepsy centre in other prefectures prior to a 
visit to our epilepsy division accounted for 15.4 % and 30.8 % in chil
dren and adults of the seizure-persist group, respectively. This propor
tion in the patients with suspected DRE was 18.8 % and 34.7 %, 
respectively. 
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Purpose of the visit to our epilepsy division 

Table 2 presents a summary of the purpose behind the visit to our 
epilepsy division. Of the children in the seizure-persist group, 69.2 % 
sought assistance in reducing seizures and episodes that mimicked sei
zures, while the remainder sought a second opinion regarding epilepsy 
care. Conversely, of the adults in the seizure-persist group, 77.6 % 
sought assistance in reducing seizures and seizure-mimicking episodes, 
7.7 % sought a second opinion on epilepsy care, and 7.0 % sought 
transfer from an epilepsy centre in another prefecture while living in 
Nagano Prefecture. 

Most children in the seizure-free group sought consultation 
regarding the discontinuation of ASMs. Of the adults in the seizure-free 

group, 36 % sought assistance with transition from paediatric to adult 
care systems, 20 % sought counselling for childbearing, and 14 % sought 
consultation on the cessation of ASMs. 

Diagnosis 

We reviewed the diagnoses of the 231 patients based on their med
ical history, physical examination, EEG, MRI, and genetic testing results, 
if any (Table 3). Seventeen patients had both epileptic seizures and non- 
epileptic episodes, whereas two patients lacked a confirmed diagnosis. 

For the children in the seizure-persist group, the diagnoses were 

Table 1 
Patient characteristics.   

Seizure-persist groupN 
(%) or median (range) 

Seizure-free groupN 
(%) or median 
(range) 

Children 
(N = 26) 

Adults 
(N =
143) 

Children 
(N = 12) 

Adults 
(N =
50) 

Female(s) 13 (50 %) 76 
(53.1 
%) 

8 (66.7 
%) 

37 
(74.0 
%) 

Median age at the time of the 
visit to the epilepsy division 
(range) (years) 

10.5 (5–15) 32 
(0–81) 

11.5 
(0–15) 

22.5 
(0–72) 

Median age at the onset (range) 
(years) 

6 (0–13) 14 
(0–70) 

5 (0–11) 10.5 
(0–71) 

Onset age <16 years 26 (100 %) 90 
(62.9 
%) 

16 (100 
%) 

37 
(74.0 
%) 

Suspected drug-resistant 
epilepsy 

16 (61.5 %) 118 
(82.5 
%) 

– – 

Referring physician was an 
epileptologist 

0 (0 %) 15 
(10.5 
%) 

0 (0 %) 5 (10.0 
%) 

Previous attendance at a 
comprehensive epilepsy 
centre in other prefectures 

4 (15.4 %) 44 
(30.8 
%) 

0 (0 %) 10 (20 
%)  

Table 2 
Purpose of the visit to our epilepsy division.   

Seizure-persist groupN 
(%) or median (range) 

Seizure-free groupN 
(%) or median (range)  

Children 
(N = 26) 

Adults 
(N =
143) 

Children 
(N = 12) 

Adults 
(N =
50) 

Second opinion regarding 
epilepsy care 

8 (30.8) 11 (7.7 
%) 

1 (8.3 %) 7 (14 
%) 

Assistance in reducing seizures 
and episodes mimicking 
seizures 

18 (69.2 
%) 

111 
(77.6 
%) 

0 0 

Assistance in the transition 
from the paediatric to the 
adult care systems 

0 5 (3.5 
%) 

0 18 (36 
%) 

Transfer from an epilepsy 
centre in another prefecture 
for residents of the Nagano 
prefecture) 

0 10 (7.0 
%) 

0 4 (8 %) 

Consultation regarding the 
cessation of ASMs 

0 0 (0 %) 11 (91.7 
%) 

7 (14 
%) 

Consultation regarding the 
side effect of ASMs 

0 3 (2.1 
%) 

0 2 (4 %) 

Counselling for childbearing 0 2 (1.4 
%) 

0 10 (20 
%) 

Consultation regarding 
driving license and 
employment 

0 1 (0.7 
%) 

0 2 (4 %)  

Table 3 
Diagnosis.   

N Seizure-persist 
group 

Seizure-free group   

Children 
(N = 26) 

Adults 
(N =
143*) 

Children 
(N = 12) 

Adults 
(N =
50) 

Definite focal epilepsy 
syndromes 

30 6 (23.1 
%) 

15 
(10.5 
%) 

1 (8.3 %) 8 (16 
%) 

Mesial temporal epilepsy 
with hippocampal sclerosis  

0 10 0 2 

Sleep-related hypermotor 
epilepsy  

0 3 0 2 

Self-limited epilepsy with 
centro-temporal spikes or 
autonomic seizures  

6 0 1 3 

Epilepsy with auditory 
feature  

0 2 0 1 

Focal non-syndromic 
epilepsy 

88 5 (19.2 
%) 

71 
(49.7 
%) 

0 (0 %) 12 (24 
%) 

Temporal lobe epilepsy  0 19 0 3 
Frontal lobe epilepsy  1 14 0 2 
Parieto-occipital lobe 

epilepsy  
0 5 0 0 

Multi focal epilepsy  2 1 0 0 
Epileptic foci with 

undetermined localisation  
2 32 0 7 

Idiopathic generalised 
epilepsy 

46 5 (19.2 
%) 

15 
(10.5 
%) 

5 (41.7 
%) 

21 (42 
%) 

Juvenile myoclonic epilepsy  0 8 0 4 
Juvenile absence epilepsy  1 3 0 3 
Epilepsy with generalised 

tonic-clonic seizures alone  
3 3 3 13 

Childhood absence epilepsy  1 1 2 1 
Developmental and epileptic 

encephalopathy 
15 3 (11.5 

%) 
11 (7.7 
%) 

1 (8.3 %) 0 (0 %) 

Infantile epileptic spasm 
syndrome  

1 2 0 0 

Lennox-Gastaut syndrome  1 8 0 0 
Epileptic encephalopathy 

with spike-wave activation 
in sleep  

1 1 0 0 

Epilepsy with myoclonic- 
atonic seizures  

0 0 1 0 

Combined generalised and 
focal epilepsy 

7 0 (0 %) 6 (4.2 
%) 

0 (0 %) 1 (2 %) 

Other epilepsy with a genetic 
aetiology 

16 1 (3.8 %) 8 (5.6 
%) 

2 (12.5 
%) 

5 (10 
%) 

Unclassified epilepsy 13 4 (15.4 
%) 

6 (4.2 
%) 

1 (8.3 %) 2 (4 %) 

Non-epilepsy episode 31 7 (26.9 
%) 

18 
(12.6 
%) 

2 (16.7 
%) 

4 (8 %) 

Psychogenic non-epileptic 
seizures  

2 7 1 0 

Syncope  1 2 0 1 
Behavioural episode  2 6 0 2 
Others  2 3 1 1 

*A diagnostic conclusion could not be achieved for two patients. 
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almost evenly distributed across definite focal epilepsy syndromes, focal 
non-syndromic epilepsy, idiopathic generalised epilepsy (IGE) and non- 
epileptic episodes. Conversely, among adults in the seizure-persist 
group, the most prevalent diagnosis was focal non-syndromic epilepsy. 
Non-epileptic episodes were identified in seven of 26 children and 18 of 
143 adults in the seizure-persist group. 

In the seizure-free group, the most common diagnosis in children and 
adults was IGE. Non-epileptic episodes were identified in two of 12 
children and four of 50 adults. 

Results of therapeutic interventions from our epilepsy division 

We provided therapeutic interventions to 160 patients (30 and 130 
patients in the seizure-free and seizure-persist groups, respectively), 
excluding those who were deemed not to require a change in treatment 
and those who did not wish to be treated at our epilepsy division. 

Seizure-persist group 
Table 4A presents the results of the therapeutic interventions in the 

seizure-persist group. Thirteen of 19 paediatric patients and 96 of 111 
adult patients fulfilled the criteria for suspected DRE. 

Of the 13 paediatric patients, nine (47 %) experienced improved 
seizure control with ASM management, with medication changes in five 
and dosage adjustments in four patients. Among these, six achieved 
seizure freedom; five achieved immediate seizure freedom with our 
treatment plan at their initial visit, and the other obtained seizure 
freedom in the second plan. Two children experienced seizure 
improvement with resective surgery; both had focal epilepsy following 
acute encephalopathy. Additionally, one patient with Lennox-Gastaut 
syndrome achieved seizure improvement with vagus nerve stimula
tion. In four patients, ASMs were successfully withdrawn without 
seizure recurrence; their diagnose were self-limited epilepsy and non- 
epileptic episodes in two patients and non-epileptic episodes only in 
two patients. 

Among the adult patients, 54 experienced improved seizure control 
with ASM management, with medication changes in 45, dosage ad
justments in eight, and improved adherence in one patient. Among 
these, 25 achieved seizure freedom; 19 achieved seizure freedom with a 
treatment plan at their initial visit, while the remainder obtained seizure 
freedom in the second and subsequent plans. A patient diagnosed with 
hyperornithinaemia-hyperammonaemia-homocitrullinuria syndrome 
showed improvement in his condition following treatment tailored to 
the underlying aetiology [12]. Among the 17 adult patients whose 
seizure control improved with surgery, 15 underwent resective surgery, 
while the remaining two underwent callosotomy and vagus nerve 
stimulation. Among the 10 patients who achieved seizure freedom with 

resective surgery, eight were diagnosed with mesial temporal epilepsy 
with hippocampal sclerosis, while the remaining two had tumour- 
related epilepsy and focal cortical dysplasia of the temporal lobe. 
Eight of the 10 patients with seizure freedom underwent surgery within 
one year from their initial visit. Of the five patients whose seizures 
improved but did not reach seizure freedom with resective surgery, 
three had frontal lobe epilepsy (including one patient with a frontal 
encephalocele and epilepsy [13]), one had mesial temporal epilepsy 
with hippocampal sclerosis and one had occipital epilepsy. The median 
age at the time of surgery for the treated patents was 50 years (range 
17–73 years), with a median period from seizure onset to surgery of 18 
years (range, 1–50 years). In 11 adult patients, ASMs were successfully 
withdrawn without seizure recurrence, including one patient with ju
venile myoclonic epilepsy and non-epileptic episodes, one patient with 
childhood absence epilepsy and non-epileptic episodes, and nine pa
tients with non-epileptic episodes alone. Additionally, the concerns 
regarding the ASM side effects (aggression in two patients, depression in 
one patient, and dizziness in one patient) were effectively addressed in 
four patients. 

Seizure-free group 
Table 4B presents the results of the therapeutic interventions in the 

seizure-free group. Among the children, six of the 11 patients who 
sought consultation for the cessation of ASMs were able to withdraw 
their ASMs without seizure recurrence. The diagnoses were childhood 
absence epilepsy in two patients, non-epileptic episodes in two, self- 
limited epilepsy with autonomic features in one, and genetic epilepsy 
with febrile seizures plus in one. 

Among the adult patients, 10 had either changed or reduced ASMs 
with teratogenic potential prior to pregnancy, where the purpose of the 
visit was counselling for childbearing in six patients, assistance in 
transition from paediatric to adult care systems in three, and transfer 
from an epilepsy centre in another prefecture while living in the Nagano 
Prefecture in one. In six patients, ASMs were withdrawn without seizure 
recurrence. The diagnoses were self-limited epilepsy/childhood absence 
epilepsy and non-epileptic episodes in three patients, self-limited epi
lepsy with an abnormal EEG in one and non-epileptic episodes in one. In 
four patients, their concerns regarding the ASM side effects (sleepiness 
in two, depression in one, and dizziness in one) were resolved. 

Changes in the proportion of patients with an advanced ETG among all 
patients who visited our epilepsy division since its establishment 

Fig. 1 illustrates the proportions of the results of our therapeutic 
interventions among all patients who visited our epilepsy division in the 
first, second and third years since its establishment. In the first year, the 
proportion of patients with an advanced ETG was 45.8 %, which 
decreased to 28.3 % in the second year and further to 23.1 % in the third 
year. Among them, the proportion of patients with improved seizure 
control with ASM management and those who withdrew ASMs was 
obviously higher in the first year than in the second and third years. As 
the proportion of patients with an advanced ETG decreased, the pro
portion of patients who did not meet the inclusion criteria of this study 
(i.e., patients who were not treated with ASMs or treated with ASMs for 
less than a year) increased from 28.5 % in the first year, to 42.5 % in the 
second year, and to 49.6 % in the third year. 

Discussion 

In this study, we investigated the characteristics of patients who 
visited a newly established epilepsy division to evaluate the quality of 
epilepsy care in a region in Japan that previously lacked specialised 
epilepsy care. Of the 169 patients in the seizure-persist group, 83 had not 
received specialised care for seizure reduction (63 required ASM man
agement and 20 required surgery), 15 had been treated with ASMs 
owing to misdiagnosis, and seven had experienced side effects from 

Table 4 
Results of therapeutic interventions from our epilepsy division.  

A. Seizure-persist group  

Children 
(N = 19) 

Adults 
(N = 111) 

Improved seizures with ASM management 9 (47.4 %) 54 (48.6 %) 
Improved seizures with surgery 3 (15.8 %) 17 (15.3 %) 
Withdrew ASMs 4 (21.1 %) 11 (9.9 %) 
Mitigated the side effects of ASMs 0 (0 %) 3 (2.7 %) 
Lack of a favourable outcome 3 (15.8 %) 26 (23.4 %)  

B. Seizure-free group  

Children 
(N = 9) 

Adults 
(N = 21) 

Withdrew ASMs 6 (66.7%) 6 (28.6%) 
Mitigated the side effects of ASMs 0 (0%) 4 (19.0%) 
Changed or reduced ASMs with teratogenic potential 0 (0%) 10 (47.6%) 
Lack of a favourable outcome 3 (33.3%) 1 (4.8%) 

ASM, anti-seizure medication. 
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ASMs. Among the 62 patients in the seizure-free group, 12 had been 
treated with unnecessary ASMs, 10 women with childbearing potential 
had been treated with avoidable ASMs with teratogenic potential and 
four had experienced side effects of ASMs. These patients were classified 
as having an advanced ETG because they had not previously received 
the necessary specialised care for more than a year before visiting our 
epilepsy division. The progressive decline in the number of patients with 
advanced ETGs following the establishment of our epilepsy division 
suggests there was a long-standing accumulation of such patients in this 
region, and the establishment of our epilepsy division has gradually 
addressed this issue. Our study thus contributes to the revelation of the 
inadequacies in epilepsy care and demonstrates the positive impact of 
establishing an epilepsy division in a region of Japan. This underscores 
the validity of implementing the epilepsy regional medical cooperation 
project initiated by the Ministry of Health, Labour and Welfare of Japan. 

The standardised epilepsy quality measures established by the 
American Academy of Neurology recommend referral or discussion of 
referral to a comprehensive epilepsy care centre for patients with 
intractable epilepsy on an annual basis [4]. In this study, among the 
patients in the seizure-persist group, only 28.4 % (48/169) had an 
experience of visiting a comprehensive epilepsy centre in other pre
fectures. Moreover, this proportion was only 32.8 % (44/134) even 
among patients with suspected DRE, which is a referral criterion to a 
comprehensive epilepsy centre according to ILAE [7]. Our patients with 
an advanced ETG included cases of ‘pseudo-drug-resistant epilepsy’, 
which may arise owing to misdiagnosis of epilepsy or seizure type, 
incorrect choice of ASMs, incorrect dosage, or poor adherence [14], as 
well as epilepsy cases that required surgical interventions. Moreover, 
18.9 % (32/164; 24 with ASMs management, 8 with surgical in
terventions) immediately achieved freedom from seizures by visiting the 
epilepsy division. The presence of these patients indicates that the 
referral criteria are not sufficiently useful or that there may be obstacles 
in the referral process. Previous studies investigating the causes of de
lays in epilepsy surgery primarily attributed them to physicians’ reluc
tance to initiate referrals and to discrepancies in the opinions regarding 
epilepsy surgery between epilepsy experts and general neurologists 
[15–17]. However, this study suggests that establishing facilities that 
provide accessible specialised care prompted a flow of referral of pa
tients to improved care. In fact, the availability of specialised epilepsy 
care in the United States improved with the establishment of the Na
tional Association of Epilepsy Centers and an increased number of epi
lepsy centres [18,19]. Thus, an inadequate supply of specialised epilepsy 
facilities may be the simple cause of an advanced ETG. 

The presence of patients with an advanced ETG in the seizure-free 
group is also a significant finding in this study. Although most pa
tients in whom ASMs could be successfully withdrawn were those with 
childhood absence epilepsy or self-limited epilepsy, their previous 
physician refrained from withdrawing ASMs. Particularly in adult pa
tients, non-epileptic episodes or EEG abnormalities were the reason for 
maintaining long-term ASM use initially prescribed in childhood. 
Because of the potential risk of seizure recurrence by withdrawal of 
ASMs, diagnostic workup is required, including measures such as precise 
seizure classification and determination of the epileptic syndrome, as 
well as evaluation to exclude non-epileptic episodes. Additionally, spe
cialised care for epilepsy is necessary for women preparing for preg
nancy and for managing the side effects of ASMs. Therefore, the decision 
to reduce or switch to alternative ASMs must be based on an accurate 
diagnosis. Even for patients who are seizure-free, it is crucial to establish 
a streamlined referral system to access specialised care pertaining to the 
withdrawal of ASMs, preparation for pregnancy, and resolution of ASM 
side effects. 

The large number of patients with childhood-onset epilepsy was one 
of the features of this study. The transition from paediatric to adult care 
is challenging in childhood-onset epilepsy, with issues such as a lack of 
knowledge among adult neurologists, complexities of treatment and 
complications, self-management, and attachment between paediatri
cians and families [20–22]. One of the published recommendations for 
epilepsy transitions from paediatric to adult care [23] emphasised the 
importance of reevaluating the epilepsy diagnosis to optimise treatment 
in adolescent patients with persistent seizures. Our study indicates 
several patients with an advanced ETG accumulated in the absence of a 
proper re-evaluation system. Re-evaluation of the epilepsy diagnosis and 
provision of care by specialists, not only in seizure-persistent adolescent 
patients, but also in seizure-free adolescent patients, is mandatory to 
reduce an advanced ETG during the period of transition. 

This study had several limitations. First, owing to its retrospective 
design, we were unable to estimate the proportion of patients with an 
advanced ETG in the regional population. Second, as we did not perform 
a comparative study with other epilepsy centres and other regions in 
Japan where there is still no epilepsy centre established, our ability to 
evaluate the influence of a specialised epilepsy division on patients with 
an advanced ETG may be restricted. Finally, we could not study QOL and 
psychiatric/psychological impacts by going to a specialized epilepsy 
care division, which is an important part of AAN’s epilepsy care quality 
measures. Nonetheless, this study highlights the fact that a significant 
number of patients with advanced ETG exist in Japan and await proper 

Fig. 1. Changes in the proportions of patients with an advanced epilepsy treatment gap (ETG) among all the patients who initially visited our epilepsy division since 
its establishment. 
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countermeasures. 

Conclusion 

Numerous patients with an advanced ETG visited our new epilepsy 
division and our interventions contributed to reducing these gaps. We 
have clarified this by using AAN’s quality criteria for epilepsy care 
standard. As of August 2023, designated epilepsy care institutions 
including our new epilepsy division have been established in 28 pre
fectures through the efforts of the epilepsy regional medical cooperation 
project by Japan’s Ministry of Health, Labour and Welfare. Our study 
indicates the significance of this project in improving the quality of 
epilepsy care in Japan. 
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