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2019 and December 2020. We defined the primary outcome as epilepsy center-
specific monthly data divided by the 12-month average in 2019 for each facility.
We determined whether the COVID-19 pandemic-related factors (such as year
[2019 or 2020], COVID-19 cases in each prefecture in the previous month, and a
state of emergency) were independently associated with these outcomes.
Results: In 2020, the frequency of outpatient EEG studies (—10.7%, P<.001)
and cases with telemedicine (+2608%, P = .031) were affected. The number of
COVID-19 cases was an independent associated factor for epilepsy admission
(—3.75%107°% per case, P<.001) and EEG monitoring (—3.81 x107°% per case,
P = .004). Furthermore, a state of emergency was an independent factor associ-
ated with outpatient with epilepsy (—11.9%, P <.001), outpatient EEG (—32.3%,
P<.001), telemedicine for epilepsy (+12,915%, P<.001), epilepsy admissions
(—35.3%; P<.001), EEG monitoring (—24.7%: P<.001), and epilepsy surgery
(—50.3%, P<.001).

Significance: We demonstrated the significant impact that the COVID-19 pan-
demic had on epilepsy care. These results support those of previous studies and

KEYWORDS

1 | INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic has
afflicted multiple medical fields, including epilepsy care.
The relationship between epilepsy care and COVID-19
has been explored previously."* For instance, the promo-
tion and spread of telemedicine in the field of epilepsy care
from 2020 are attributed to the COVID-19 pandemic.*™®
Additionally, postponement of elective surgery was rec-
ommended during the early phase of the pandemic.”®
Limited access to healthcare is a risk factor for the wors-
ening of seizures,’ and at the beginning of the COVID-19
pandemic, some societies recommended that electroen-
cephalography (EEG) examinations should be reduced to
a minimum to limit patient-staff contact.'®'To reiterate,
the COVID-19 pandemic has considerably impacted sev-
eral aspects of epilepsy care, as reported by researchers
across countries.>*2%°

However, almost all such studies are based on de-
scriptive or pre-post quasi-experimental study designs,
which solely compared the numbers related to epilepsy
care before and during the COVID-19 pandemic. Due
to such a study design, one cannot determine the effect
size of the number of COVID-19 cases or a state of emer-
gency independently from the effect size throughout
2020. We hypothesized that each pandemic-related factor
would independently impact epilepsy care. Based on this

clarify the effect size of each pandemic-related factor on epilepsy care.

epilepsy center, hospitalization, neurology, neurosurgery, SARS-CoV-2

Key points

« We investigated the impact of the coronavirus
disease 2019 (COVID-19) pandemic on epi-
lepsy care by conducting a national-level retro-
spective cohort study.

« A state of emergency due to the COVID-19
pandemic, as well as the number of COVID-19
cases in each prefecture, had tremendous ef-
fects on epilepsy care.

« Therefore, these results may have implications
for future policies during pandemics.

« In addition, this method allows us to predict
the impact of COVID-19 or other pandemics on
epilepsy care, for the future.

hypothesis, we determined the effect of the COVID-19
pandemic-related factors on epilepsy care by conducting
a nationwide multicenter retrospective cohort study, ini-
tiated by the Japan Young Epilepsy Section (YES-Japan),
which is a national chapter of the Young Epilepsy Section
of the International League Against Epilepsy (ILAE-YES).
Data acquisition was conducted by the study group, In-
depth Multicenter analysis during Pandemic of Covid-19
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Throughout Japan for EPILEPSY care (IMPACT-J
EPILEPSY). Specifically, we investigated whether, and to
what extent, epilepsy care was limited in 2020 (with the
first case of COVID-19 in Japan being reported in January
2020). We also investigated whether and to what extent
the number of COVID-19 patients or policies, such as a
state of emergency, independently limited epilepsy care. It
is key to note that the total frequency of COVID-19 cases
in Japan as of December 31st, 2020, was 235907 (the tran-
sition is shown in Figure S1). A detailed understanding
of the impact of the pandemic on epilepsy care, includ-
ing the magnitude of the impact of COVID-19 itself, plus
a policy of state of emergency, would provide important
clues for the continued provision of epilepsy care during
the ongoing pandemic. Such information would also im-
pact the level of preparedness in future pandemics.

2 | MATERIALS AND METHODS

2.1 | Study design and data collection

The present nationwide, multicenter, retrospective cohort
study complied with the guidelines for reporting observa-
tional studies.” This study adhered to the principles of the
Declaration of Helsinki. The study was registered at each
participating hospital/clinic in line with applicable regu-
lations. The study was approved by the ethics committee
(#A201200010) of Yokohama City University, which was
the initiating facility, along with other facilities requiring
approval from a suitable ethics committee (Methods S1).
We sent a call for participating facilities through the of-
ficial email list of the Japanese Epilepsy Society. A total
of 4 facilities specializing in epilepsy care and 20 hospi-
tals accredited as epilepsy centers or epilepsy training
facilities across all Japanese regions agreed to participate
(Figure S2). These participating facilities cover 9/17 (53%)
of epilepsy centers across Japan. Informed consent was
not obtained from individual patients because this study
did not collect individual patient data. Data were obtained
by collaborators in each participating facility using either
medical records or health insurance bills, and reported to
YES-Japan.

2.2 | Primary outcomes definition and
data collection

We collected six measurements that reflect the activity of
epilepsy care at each facility in Japan as follows: the num-
ber of (1) visits by outpatients with epilepsy (including
both in-person and telemedicine visits; counting every visit

if a patient visited multiple times in the same month); (2)
outpatient EEG studies (including both epilepsy-related
and nonepilepsy-related tests but not including ambu-
latory EEG because ambulatory EEG is not approved in
Japan); (3) cases of telemedicine for epilepsy (including
both phone calls and video visits); (4) admissions for epi-
lepsy (including elective admission for EEG monitoring,
drug adjustment, or introduction of dietary therapy, and
emergency admissions); (5) long-term EEG monitoring
(including EEG monitoring at least over 24 hours with or
without video recording, and in-or-out of epilepsy moni-
toring units)****; and (6) epilepsy surgery. We collected
monthly data on the number of outpatients with epilepsy
visits, outpatient EEG studies, and telemedicine cases of
epilepsy in a total of 24 facilities between January 2019 and
December 2020. We collected monthly data on the num-
ber of admissions for epilepsy, EEG monitoring, and epi-
lepsy surgery between January 2019 and December 2020
from 20, 19, and 17 hospitals, respectively, because these
procedures were not available in all clinics and hospitals.

We defined the primary outcome as epilepsy center-
specific monthly data divided by the 12-month average
in 2019 for each facility. Based on the collected data,
we normalized each monthly measurement by divid-
ing it by the 12-month average in 2019 in each facility.
Regarding the number of outpatient visits with telemed-
icine, we used only the data of 6/24 facilities, as the 12-
month average of the number of outpatient visits with
telemedicine in 2019 was 0 in the other 18/24 facilities.
Regarding epilepsy surgery, we used only data from hos-
pitals with six or more epilepsy surgeries in 2019 (15/17
hospitals).

2.3 | Definition of variables related to
activity of epilepsy care

We defined three variables related to the activity of
epilepsy care that were unrelated to the impact of the
COVID-19 pandemic, as follows: (a) medical facility sta-
tus (hospital or clinic), (b) population of each prefecture
in which each facility is located, and (c) number of physi-
cians with epilepsy board certificates. The given variables
were chosen based on the following assumptions: (a) the
role of facility is different between hospitals and clinics,
(b) the prevalence proportion of patients with epilepsy is
widely known to be 0.7%-1.0%; hence, prefectures with
higher populations have a greater number of patients
with epilepsy; and finally, (c) facilities with many physi-
cians with epilepsy board certificates can provide more
epilepsy-related medical care.
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2.4 | Definition of variables that reflect
the impact of the COVID-19 pandemic

We defined the impact of COVID-19 on society using three
variables. One variable is (d) 2019 or 2020, to consider the
impact of the COVID-19 pandemic throughout the whole
year of 2020. The other, (e) the total number of COVID-19
cases in each region in the previous month. This variable
was collected from the open-access information (https://
web.sapmed.ac.jp/canmol/coronavirus/japan.html).** We
incorporated this variable based on the hypothesis that a
greater number of COVID-19 cases in a previous month on
each region confers pressure on usual medical practice in
a month on the region. The last variable is (f) the presence
of a state of emergency in Japan because this restricts peo-
ple/patients’ activities, including access to healthcare pro-
viders. We incorporated a state of emergency (April-May
2020 in Japan) as a variable, based on the hypothesis that
the impact of a state of emergency was independent of the
number of COVID-19 positive cases.”*® Specifically, we
dichotomized the presence of a state of emergency (April
2020 to May 2020) and the absence of a state of emergency
(other periods). A state of emergency is a situation in which
a government is empowered to be able to implement gov-
ernmental policies that it would normally not be permitted
(such as stay-at-home orders), for the safety and protection
of its citizens/nations. A state of emergency is declared in
cases of war, terrorism, pandemics, or other emergency is-
sues. During the COVID-19 pandemic, many countries/
state governments declared a state of emergency.

2.5 | Statistical analysis

We performed a linear mixed-model analysis using SPSS v27
(IBM) to determine the factors associated with each of the
six epilepsy-related data measurements. For outcomes of the
number of visits by outpatients with epilepsy, outpatient EEG
studies, and cases of telemedicine in epilepsy, the fixed-effect
factors unrelated to the pandemic included: (a) the type of fa-
cility (hospital/clinic), (b) the population in each prefecture,
and (c¢) physicians with epilepsy board certificates in each
facility. Fixed-effect factors related to the COVID-19 pan-
demic included: (d) whether they were present in 2020 or
2019, (e) COVID-19 cases in each prefecture in the previous
month, and (f) whether they were present during a state of
emergency (April-May 2020, in Japan), to consider the inde-
pendent effect of each variable. For outcomes of the number
of admissions for epilepsy, EEG monitoring, and epilepsy
surgery, the fixed-effect factors did not include (a) the type
of facility (hospital/clinic) because these practices were not
performed in clinics. The random-effect factors included the
intercept addressing variability among facilities.

2.6 | Subgroup analysis

To identify subgroups that were more affected by the
COVID-19 pandemic in epilepsy care, we performed sub-
group analyses of the frequency of visits by outpatients
with epilepsy and cases of telemedicine in epilepsy.

The outcome of the number of visits by outpatients
with epilepsy was divided into two subgroups: the number
of new visits by outpatients with epilepsy and the number
of follow-up visits by outpatients with epilepsy. Similarly,
we divided the number of cases of epilepsy treated with
telemedicine into two groups: the number of new visits
and the number of follow-up visits.

We performed a linear mixed-model analysis for these
subgroups, in a manner similar to the primary outcomes.
Regarding telemedicine, we used only the data of 2/24
facilities for the analysis of new visits and 4/24 facilities
for the analysis of follow-up visits. This is because the 12-
month average of the number of outpatient visits with
telemedicine in 2019 was 0 in 22/24 facilities for new visits
and 20/24 facilities for follow-up visits.

3 | RESULTS
3.1 | Descriptive analysis and monthly

transition for each outcome

The mean and standard deviation of the monthly number
across the 24 facilities in each year were as follows: (1)
epilepsy outpatient: 14266 + 631 (2019) and 13965+1019
(2020); (2) EEG outpatient: 2541+308 (2019) and
2117 409 (2020); (3) telemedicine: 200+ 20 (2019) and
1769 + 1018 (2020); (4) epilepsy admission: 642 + 60 (2019)
and 554+ 86 (2020); (5) EEG monitoring: 476 +40 (2019)
and 460+48 (2020); and (6) epilepsy surgery: 58+10
(2019) and 54 +9 (2020).

Figure 1 shows the monthly transition for the primary
outcomes (epilepsy center-specific monthly data divided by
the 12-month average in 2019 for each facility) for each of the
six epilepsy-related data measurements. In 2019, telemedi-
cine was found to be negligible. Additionally, an increase or
decrease is visible in each trend during a state of emergency.

3.2 | Identification of independent
associated factors with each outcome

The number of EEG outpatients was significantly re-
duced, and telemedicine increased tremendously in
2020 (EEG outpatients: effect size = —10.7%, P<.001;
telemedicine: effect size = +2608%, P = .031) (Figure 2,
Table S1). The number of COVID-19 cases in the previous
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Box plots of monthly data values for each primary outcome. The blue boxplots show the data for 2019. The orange boxplots

show the data for 2020. The red boxplots show the data during a state of emergency (April-May 2020). (A) Normalized data of the monthly
number of outpatient visits with epilepsy by the 12-month average in 2019 in each facility. (B) Normalized data of the monthly number of
outpatient electroencephalography (EEG) studies by 12-month average in 2019 in each facility. (C) Normalized data of the monthly number
of cases of telemedicine in epilepsy by 12-month average in 2019 in each facility. (D) Normalized data of the monthly number of epilepsy

admissions by 12-month average in 2019 in each facility. (E) Normalized data of the monthly number of EEG monitoring by 12-month

average in 2019 in each facility. (F) Normalized data of the monthly number of epilepsy surgery by 12-month average in 2019 in each facility

month was a significantly independent associated fac-
tor for admission and EEG monitoring (admissions:
effect size = —3.75x107°% per case, P<.001; EEG moni-
toring: effect size = —3.81x107°% per case, P = .004).
A state of emergency was an independent factor that
significantly affected all six aspects of epilepsy care
(outpatient visits: effect size = —11.9%, P <.001; EEG out-
patient: effect size = —32.3%, P <.001; telemedicine: effect
size = +12915%, P < .001; admissions: effect size = —35.3%,

P <0.001; EEG monitoring: effect size = —24.7%, P <0.001;
epilepsy surgery: effect size = —50.3%, P <0.001). Figure 2
summarizes the 95% confidence intervals of the linear
mixed-model effect sizes of each variable for each out-
come. This shows that a state of emergency is an associ-
ated factor independent of the Year 2020 and COVID-19
cases. The effect size of a state of emergency was greater
than that of other factors in all aspects of epilepsy care ex-
cept telemedicine.
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FIGURE 2

Results of linear mixed-model analysis for each outcome and graphical summary of the 95% confidence interval of the

coefficients of the independent variables. Variables with red plots and bars, whose 95% confidence interval of the estimate of coefficient

calculated with the linear mixed-model analysis is over 0, representing the positively associated factors with each outcome. Variables with

blue plots and bars, whose 95% confidence interval of the estimate of the coefficient is under 0, represent the factors negatively associated

with each outcome. (A) Visits by outpatients with epilepsy. (B) Outpatient electroencephalography (EEG) studies. (C) Telemedicine cases

with epilepsy patients. (D) Admissions for epilepsy. (E) EEG monitors. (F) Epilepsy surgeries. The figures show the coefficients multiplied
by 1000000 for the effect size of the population number in each prefecture and by 1000 for the effect size of the number of COVID-19 cases
in each prefecture in the previous month, respectively. CI, confidence interval

3.3 | Subgroup analysis

Figure S3 shows the monthly transitions for the subgroup
analysis. In the subgroup of outpatients with epilepsy,
both the number of new visits and follow-up visits were sig-
nificantly reduced by the COVID-19 pandemic (Table S2).
In the telemedicine subgroup, the number of follow-up
visits increased in 2020 and during a state of emergency
significantly, although the number of new visits was not
(Table S3).

4 | DISCUSSION
4.1 | Summary and interpretation of our
findings

We investigated whether the Year 2020, the number of
COVID-19 cases, and a state of emergency had an im-
pact on epilepsy care in Japan using monthly data from
24 facilities for 24 consecutive months. Our models
demonstrated that these COVID-19-related variables
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independently affected epilepsy care. The results allow
us to understand the factors of the COVID-19 pan-
demic and the extent to which it impacted epilepsy care.
Therefore, our results have implications for future poli-
cies during pandemics.

Our results demonstrated that the COVID-19 pan-
demic reduced both the number of epilepsy outpatient
visits and admissions, similar to the results reported
in studies across the world."*'*?° Both the number of
outpatient visits (—11.9%) and admissions (—35.3%) in
epilepsy centers were decreased during a state of emer-
gency. The number of COVID-19 cases in each prefec-
ture was also an independent suppressive predictor for
epilepsy admissions (COVID-19 cases: —3.75x 107°% [in
other words, an increase of 1000 positive cases had an
impact of —3.75%]). Subgroup analysis for outpatient
visits showed that both the number of new and follow-up
patients were reduced by the COVID-19 pandemic. In
the case of patients with stable seizures, some societ-
ies have recommended that medication be supplied to
reduce the chance of patients coming to the healthcare
facility physically during the early phase of the pan-
demic.?’ Therefore, the decrease in the number of fol-
low-up patients could be the result of each healthcare
facility's compliance with the recommended medication
prescription. However, the decrease in the number of
new outpatients may be due to other medical institu-
tions refraining from or postponing referring patients
to epilepsy centers or clinics due to the COVID-19
pandemic. This includes the possibility that due to the
COVID-19 pandemic, patients in need of appropriate
diagnosis and treatment did not receive the necessary
and timely medical care. In addition, it would be neces-
sary to promote telemedicine in both new and follow-up
patients to allow all outpatients to be examined, even
during the pandemic.

As shown in our results, the number of telemedicine
cases increased in the year 2020 and during a state of
emergency. The promotion of telemedicine during the
pandemic has been reported in many studies in the field
of epilepsy care.>'*' Another notable result of our study
was that the type of facility had a tremendous effect on
the increase in telemedicine in epilepsy outpatients. This
would be because only one was included from clinics in
the analysis, and the clinic had 23.2 telemedicine cases
in the 12-month average in 2019, although four of the
five hospitals included in the analysis had less than two
cases in the 12-month average in 2019. Due to this dif-
ference, monthly telemedicine data divided by the 12-
month average in 2019 would be estimated to be lower
in clinics than in hospitals. Subgroup analysis of tele-
medicine cases showed that telemedicine for follow-up
patients was greatly promoted by the pandemic, whereas

telemedicine for new patients was not. This was thought
to be largely influenced by governmental telemedicine
regulations. Prior to the pandemic, telemedicine was
rarely promoted, and it was principally allowed to be used
solely for follow-up. During the COVID-19 pandemic,
the Japanese government urgently approved the use of
telemedicine in both new patients and follow-up patients
in 2020 to take full advantage of contactless medicine.*
However, according to their statement, there are more
requirements to be met with new patients than with fol-
low-up patients.*" Specifically, for new patients, to prevent
identity theft, there are several procedures to verify their
identity and insurance identification. Our results indi-
cate that telemedicine for new patients should be pro-
moted to continue providing proper medical resources to
patients with epilepsy during this continuing pandemic.

Our results demonstrated that both outpatient EEG
and EEG monitoring were affected by the pandemic.
Several studies have reported that the COVID-19 pan-
demic has reduced the chances of EEG (including long-
term monitoring) evaluation.'*'”'*% The interpretation
of this result could be that some societies’ guidance
about the indication of EEG during the early phase of
the pandemic would have affected the restriction of EEG
worldwide.'*"

Similar to the outpatient, admission, and EEG results,
the number of epilepsy surgeries was also affected by the
pandemic. The number of epilepsy surgeries decreased
by 50.3%. The suppressive impact of the pandemic on
epilepsy surgery has been reported similar to our results,
in some studies.'”' The reason might be that elective
surgeries, which are preferentially postponed during the
COVID-19 pandemic, comprise the majority of epilepsy
surgeries. Another reason could be that many cases of ep-
ilepsy surgery require presurgical evaluations such as out-
patient EEG or EEG monitoring, which were also reduced
during the COVID-19 pandemic.

This study successfully determined the suppressive
impact of the number of COVID-19 cases and a state
of emergency on epilepsy care. The impact of policy
implementation during a pandemic, such as a state of
emergency, has not so far been investigated in the field
of epilepsy care. Several studies in other medical fields
have reported that such policies have affected medical
care.>>?® Within Japan, medical institutions had fewer
visits, and medical functions were suppressed in other
medical fields under a state of emergency.””*® Our study
showed that a state of emergency in Japan may have
had a similar impact on epilepsy care. Even though the
stay-home order was not legally binding when a state
of emergency was declared, unlike lockdowns,32 it was
observed that the declaration had a significant impact
on epilepsy care.
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Methodological considerations

4.2 |

Our study has several strengths. First, this is one of
the large-scale studies conducted on the impact of the
COVID-19 pandemic on epilepsy care by obtaining
monthly data on epilepsy clinics from 24 collaborating
facilities from January 2019 to December 2020. Second,
we evaluated multiple aspects of epilepsy care using six
outcomes. Third, and most importantly, we could inde-
pendently estimate the effect size of the year, 2020, the
number of COVID-19 cases, and a state of emergency
using linear mixed-model analysis. Our study is novel in
successfully and independently evaluating each variable,
such as the year 2020, number of COVID-19 cases, and a
state of emergency. This method allows us to predict the
impact of the COVID-19 pandemic, or other pandemics in
the future, on epilepsy care, applying variables including
the year of the pandemic, the number of infected cases,
and a state of emergency to this model.

Furthermore, the study has some limitations. The
first limitation is the generalization of these results
to other countries. In this study, we collected data on
epilepsy care in Japan. The impact of the COVID-19
pandemic on society has varied across countries. The
detailed rules, effectiveness, and influence of a state of
emergency also vary from country to country. In Japan,
a state of emergency was offered in the very early phase
in terms of COVID-19 cases (the Japanese government
offered an emergency state on April 16, 2020, when the
number of new COVID-19 cases across Japan was just
563). During a state of emergency, the Japanese govern-
ment had no legal limitations or restrictions on nations
but strongly recommended staying at home. The avail-
ability of telemedicine varies depending on a country's
infrastructure. The number of epilepsy surgeries and
EEG monitoring depends on the level of medical care
provided in the country. The second limitation is that
our model could not cover all the variables. For example,
the number of COVID-19 patients admitted to a hospital
directly restricts their epilepsy care.'” Another lacking
covariate in this analysis was geographical variations in
epilepsy care and telemedicine access during the study
period. The availability and benefits of telemedicine
depend on geographical variations.*® In addition, socio-
economic variables in each region or each patient were
not incorporated in this analysis. It is known that socio-
economic variables affect healthcare inequity in epilepsy
care.****Another well-known thing is that the impact of
the COVID-19 pandemic is greater in people with lower
socioeconomic backgrounds.36’37 Third, we did not col-
lect the clinical outcomes of individual patients. Further
studies are needed to determine whether the suppressive

effect of the COVID-19 pandemic on epilepsy care affects
patient outcomes. Fourth, our study data were obtained
from either medical records or health insurance bills.
We were not able to make the data requirement method
consistent, which might cause selection and reporting
bias. Some research reported discrepancies in the retro-
spective medical chart and the health insurance linkage
data.’®* Finally, although we covered 53% of epilepsy
centers in Japan, our study design evaluated data limited
to 4 facilities specializing in epilepsy care and 20 hos-
pitals accredited as epilepsy centers or epilepsy training
facilities. Therefore, our results might not be reflective
of the patients with undiagnosed epilepsy or community
settings, such as patients with nonsevere epilepsy seen
by family physicians. For further study, random sam-
pling throughout Japan, including the community set-
ting or clinics not specializing in epilepsy care, might be
better to reflect the impact on epilepsy care in the com-
munity setting across Japan.

Our nationwide multicenter retrospective cohort
study demonstrated that a state of emergency due to the
COVID-19 pandemic, as well as the number of COVID-19
cases in each region, had tremendous effects on epilepsy
care. The findings of this study should be interpreted in
the context of the study design.
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