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ABSTRACT

Objectives: The on-scene time of Emergency Medical Services (EMS), including time for hospital selection,
is critical for people in an emergency. However, the outbreak of the novel coronavirus disease 2019
(COVID-19) led to longer delays in providing immediate care for individuals with non-COVID-19-
related emergencies, such as epileptic seizures. This study aimed to examine factors associated with
on-scene time delays for people with epilepsy (PWE) with seizures needing immediate amelioration.
Materials & Methods: We conducted a population-based retrospective cohort study for PWE transported
by EMS between 2016 and 2021. We used data from the Hiroshima City Fire Service Bureau database,
divided into three study periods: “Pre period”, the period before the COVID pandemic (2016-2019);
“Early period”, the early period of the COVID pandemic (2020); and “Middle period”, the middle period
of the COVID pandemic (2021). We performed linear regression modeling to identify factors associated
with changes in EMS on-scene time for PWE during each period. In addition, we estimated the rate of
total EMS call volume required to maintain the same on-scene time for PWE transported by EMS during
the pandemic expansion.
Results: Among 2,205 PWE transported by EMS, significant differences in mean age and prevalence of
impaired consciousness were found between pandemic periods. Total EMS call volume per month for
all causes during the same month <5,000 (—0.55 min, 95% confidence interval [CI] —1.02 - —0.08,
p = 0.022) and transport during the Early period (—1.88 min, 95%CI —2.75 - —1.00, p < 0.001) decreased
on-scene time, whereas transport during the Middle period (1.58 min, 95%CI 0.70 - 2.46, p < 0.001)
increased on-scene time for PWE transported by EMS. The rate of total EMS call volume was estimated
as 0.81 (95%CI —0.04 - 1.07) during the expansion phase of the pandemic to maintain the same degree
of on-scene time for PWE transported by EMS before the pandemic.
Conclusions: On-scene time delays on PWE in critical care settings were observed during the Middle per-
iod. When the pandemic expanded, the EMS system required resource allocation to maintain EMS for
time-sensitive illnesses such as epileptic seizures. Timely system changes are critical to meet dramatic
social changes.

© 2023 Elsevier Inc. All rights reserved.

1. Introduction

emergency patients and enable EMS personnel to rapidly transport
patients to appropriate medical facilities [1]. In EMS systems, the

Emergency medical services (EMS) facilitate the categorization
of hospital resources to identify hospitals capable of handling

Abbreviations: EMS, Emergency medical services; PWE, people with epilepsy;
COVID-19, coronavirus disease 2019; ANOVA, analysis of variance; SD, standard
deviation; CI, confidence interval.

* Corresponding author at: Department of Clinical Neuroscience and Therapeu-
tics, Hiroshima University Graduate School of Biomedical Sciences, 1-2-3 Kasumi,
Minami-ku, Hiroshima, Hiroshima 734-8551, Japan.

E-mail address: s-neshige@hiroshima-u.ac.jp (S. Neshige).

https://doi.org/10.1016/j.yebeh.2023.109211
1525-5050/© 2023 Elsevier Inc. All rights reserved.

on-scene time, including the time required for on-site treatment
and the time for selection of a hospital, is critical in life-
threatening situations. A delay in definitive treatment can lead to
unfavorable outcomes [2-6]. Epileptic seizures resulting in status
epilepticus is an emergency disease in which “time is brain”. The
prognosis for status epilepticus deteriorates with increasing sei-
zure duration [7]. Thus, extended on-scene time can result in a
poorer prognosis for people with epilepsy (PWE).
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The novel coronavirus disease 2019 (COVID-19) has had a
tremendous impact on medical care worldwide [8]. In the EMS set-
ting, various impacts became visible following the outbreak of
COVID-19, including a surge in the number of EMS calls, delays
in EMS response times, and declines in non-COVID-19 emergency
cases [9,10]. In addition, people who required immediate care for
non-COVID-19 causes faced longer delays during the pandemic,
which could have critical implications for neurological prognosis
[11,12]. People with epilepsy are sensitive to dramatic changes in
social situations and seizure exacerbation has been reported in
17.5% of PWE during the pandemic [13,14]. However, whether
these PWE were transported promptly or experienced delays dur-
ing the pandemic are uncertain, highlighting the need to examine
emergency responses for PWE using EMS.

The factors contributing to on-scene time delays in EMS during
unusual circumstances, including pandemics, are numerous and
encompass a lack of human and material resources [15]. Identify-
ing the factors associated with on-scene time delays in EMS during
a pandemic could shed light on the limitations of the medical care
system for PWE during future unusual circumstances. We, there-
fore, hypothesized that on-scene time delays in the treatment of
PWE would be visible in EMS settings during the pandemic. In
addition, such situations may be associated with demand-supply
gaps in EMS, as the volume of EMS calls exceeded the availability
of local medical resources, regardless of the number of PWE in
emergency conditions. To this end, we conducted a longitudinal
population-based study to identify factors associated with on-
scene time delays in the treatment of PWE in emergencies and to
evaluate the demand-supply gap in EMS.

2. Materials & methods
2.1. Study design

We conducted this population-based retrospective cohort study
for PWE transported by the Hiroshima City Fire Service Bureau
EMS between 1st January 2016 and 31st December 2021. Data
were retrieved from the Hiroshima City Fire Service Bureau data-
base, including patient characteristics and EMS time records. To
evaluate the impacts of demographic and social factors, we used
local and national government official reports and EMS provider
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reports. This study was approved by the Hiroshima University
Hospital Ethics Committee (approval no. E-2566).

2.2. Geography and the medical care system in Hiroshima City

Hiroshima city is an ordinance-designated city in western
Japan, with an urban and suburban area of 906.69 km? and a pop-
ulation of approximately 1.19 million (Fig. 1A) [16]. Trends in
newly confirmed patients with COVID-19 per million people in this
area are summarized in Fig. 1B [17,18]. The EMS system in Japan is
designed uniformly nationwide and operated throughout the
country by local fire departments [1,19]. In Hiroshima City, EMS
is through the Hiroshima City Fire Service Bureau, which responds
to emergency requests via a universal emergency call number. The
total EMS call volume for all causes before the pandemic in this
area was about 55,000-60,000 per year and 4,500-5,500 per
month [20]. Monthly total EMS call volume trends with all causes
in this area are summarized in Fig. 2 [20]. Emergency medical ser-
vices for PWE in Hiroshima City has been provided by some emer-
gency and critical care medical centers cooperating with the
Epilepsy Center in Hiroshima University Hospital, the largest epi-
lepsy center in Hiroshima prefecture, accredited by the Japanese
Epilepsy Society.

2.3. Data sources

Emergency medical services system records are collected using
standardized data collection forms and include patient characteris-
tics, time of day, and time course of transport [19]. Emergency
room doctors at the receiving hospital clinically determine diag-
noses for the illness. These data are completed by EMS personnel
and then transferred to the information center at the local fire
department [19]. In the present study, we used data for all emer-
gency patients with epileptic seizures who required EMS in
2016-2021 obtained from the Hiroshima City Fire Service Bureau
after the removal of all personal identifiers.

2.4. Inclusion and exclusion criteria

We included patients >16 years of age who experienced an
epileptic seizure and were transported by the Hiroshima City Fire
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Fig. 1. Geography and newly confirmed COVID-19 cases in Hiroshima, (A) Geography of Hiroshima. (B) The three observational periods and total number of newly
confirmed COVID-19 cases per million people in Hiroshima. Striped meshing area indicated a 1-year phase early in the COVID pandemic as “Early period”. Dot meshing area
indicated a 1-year phase middle in the COVID pandemic as “Middle period”. Half-tone dot meshing areas indicate periods under a declaration of a state of emergency.
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Fig. 2. Annual summary of emergency medical services in this study, Annual trends in mean monthly total emergency medical services (EMS) call volume for all causes in
this area, mean monthly number of patients with epilepsy (PWE) transported by EMS, and mean on-scene time for PWE transported by EMS are summarized. Striped meshing
area indicated “Early period”. Dot meshing area indicated “Middle period”. EMS, emergency medical services; PWE, patients with epilepsy.

Service Bureau EMS between 1st January 2016 and 31st December
2021. This study focused on patients who experienced chronically
recurrent seizures, particularly those who were expected to
require emergency transport services repetitively. Thus, PWE were
eligible for inclusion. In contrast, patients with acute symptomatic
seizures (seizures occur in close temporal relationship with an
acute CNS insult, which may be metabolic, toxic, structural, infec-
tious, or due to inflammation) and psychiatric causes were
excluded [21].

2.5. Observational periods

This study period was divided into three observational periods
based on temporal spikes in infections during the COVID-19 pan-
demic in Japan: a 4-year period before the COVID pandemic (“Pre
period”, January 2016-December 2019, representing baseline
data); a 1-year period early in the COVID pandemic (“Early period”,
January-December 2020, a year after the World Health Organiza-
tion Country Office in China was informed of cases of pneumonia
of unknown etiology); and a 1-year period in the middle of the
COVID pandemic (“Middle period”, January-December 2021, a
year after the COVID-19 vaccine started in Japan) (Fig. 1B) [18,22].

2.6. Demographic and clinical parameters for EMS response

We evaluated patient-associated factors including age, sex, and
initial field vital signs (level of consciousness and body tempera-
ture). We classified patients with body temperature >37.5 °C as
having fever and patients in states other than fully awake and ori-
ented as having impaired consciousness. We also evaluated clock-
associated factors as the date and time of day, divided into daytime
(08:00-19:59) and nighttime (20:00-07:59).

2.7. EMS response time

EMS response time was defined as the elapsed time from initi-
ation of an EMS call to arrival at a hospital and was further divided
into three categories: response time; on-scene time; and transport
time [15,23]. On-scene time was defined as the time from arrival at
the scene to departure from the scene [15,23].

2.8. Confounding factors for EMS response

Operations of the EMS were influenced by several social-related
factors, particularly during the pandemic [9]. We thus also exam-
ined socio-medical conditions concurrent with the transportation
of PWE by EMS, including total EMS call volume per month for
all causes (such as trauma, internal medical causes, and psychiatric
causes) during the same month, the total number of newly con-
firmed COVID-19 cases per week per million people on the same
day, occupation rate of hospital beds on the same day, and declara-
tion of a state of emergency. Total EMS call volume per month was
typically around 4,500-5,500 and was categorized as decreasing
for values <5,000 and increasing for values >5,000. In addition,
we determined the expansion of the pandemic using indicators
determined by the government office, i.e., the total number of
newly confirmed patients with COVID-19 per week per million
people >25 and occupation of total hospital beds >50% [24].

2.9. Data analyses

To identify factors associated with a change in emergency
transporting time for PWE during the COVID-19 pandemic, we per-
formed a three-step analysis. First, we analyzed the demographic
characteristics, clinical characteristics, EMS on-scene time, and
socio-medical situations of each patient in the study period. We
performed an analysis of variance (ANOVA) followed by Tukey’s
posthoc test for categorical variables, and the chi-square test add-
ing to residual analysis for continuous variables to identify features
of each phase in the pandemic period.

Second, we performed linear regression modeling to identify
factors associated with changes in EMS on-scene time for patients
with seizures during each period: the whole period, 2016-2021
(Model 1); the pre-pandemic period, 2016-2019 (Model 2); and
the pandemic period, 2020-2021 (Model 3). Parameters for each
model were: Model 1, age per 1-year increase, impaired conscious-
ness, transport during the daytime, total EMS call volume per
month for all causes during the same month <5,000, and transport
during the Pre, Early, or Middle period of the pandemic. Model 2:
age per 1-year increase, impaired consciousness, transport during
the daytime, and total EMS call volume per month for all causes
during the same month <5,000. Model 3: age per 1-year increase,
impaired consciousness, transport during the daytime, total EMS
call volume per month for all causes during the same month
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<5,000, the total number of newly confirmed COVID-19 cases per
week per million people during the same day <25, occupancy of
total hospital beds during the same day <50%, and being under a
declaration of a state of emergency [19,25]. We conducted pairwise
deletion for this analysis.

Third, the rate of total EMS call volume per month for all causes
was reverse-estimated to maintain the same degree of on-scene
time for PWE transported by EMS during the non-expansion phase
of the pandemic (total number of newly confirmed COVID-19 cases
per week per million people <25, and hospital bed occupancy
<50%) or expansion phase of the pandemic (total number of new
confirmed COVID-19 cases per week per million >25, and hospital
bed occupancy >50%). In all analyses, values of p < 0.05 were con-
sidered significant. All statistical analyses were conducted using
JMP Pro software (version 16; SAS Institute, Cary, NC, USA).

3. Results

Among 12,320 cases with any seizures transported by EMS,
10,115 cases with <16 years of age, acute symptomatic seizures,
or psychiatric causes were excluded. Thus, we reviewed the cases
of 2,205 PWE transported by EMS (Table 1). Significant differences
in mean age and prevalence of impaired consciousness were seen
between periods of the pandemic. During the Early period, the
mean on-scene time for EMS was 19.6 + 8.2 min, and the mean
total EMS call volume per month for all causes was 4,665.6 + 411.
0, both of which were lower than those observed during the other
periods of the pandemic (p < 0.001) (Table 1). Trends in mean on-
scene time, number of PWE, and mean total EMS call volume per
month for all causes during each year and each period are summa-
rized in Fig. 2.

Second, during the whole period, in addition to the demo-
graphic and clinical characteristics, total EMS call volume per
month related to all causes during the same month <5,000
(—=0.55 min, 95% confidence interval [CI] —1.02 —-0.08,
p = 0.022), and transport during the Early period (—1.88 min,
95%CI —2.75 - —1.00, p < 0.001) showed decreased on-scene time,
but patients transported during the Middle period (1.58 min, 95%CI
0.70 - 2.46, p < 0.001) showed the increased on-scene time for
PWE transported by EMS (Model 1). However, in the Pre period,
the total EMS call volume per month for all causes during the same
month did not affect the on-scene time for PWE transported by
EMS (Model 2). During the pandemic period, in addition to demo-
graphic and clinical characteristics, total EMS call volume per
month for all causes during the same month <5,000 (—1.21 min,
95%ClI —2.19 - —-0.23, p = 0.016) decreased on-scene time for
PWE transported by EMS. However, the total number of newly con-
firmed COVID-19 cases, occupancy of total hospital beds, and being
under a declaration of a state of emergency did not affect the on-
scene time for PWE transported by EMS (Model 3) (Table 2).
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Third, the rate of total EMS call volume per month for all causes
was 1.01 (95%CI 0.95 - 1.22) in the non-expansion phase of the
pandemic but was 0.81 (95%Cl —0.04 - 1.07) in the expansion
phase of the pandemic to maintain the same degree of on-scene
time for PWE transported by EMS (21.8 min; mean on-scene time
for the whole period) (Table 3).

4. Discussion

In the present study, on-scene time delays for PWE with sei-
zures in emergencies were observed in the Middle period, despite
the absence of any corresponding increase in the number of PWE
cases transported by EMS. On-scene time for PWE was unaffected
by total EMS call volume during the Pre period but was impacted
by this factor during the pandemic period, despite a lack of
increase in call volume. The estimated rate of total EMS call volume
indicated a discrepancy between the demand and supply of critical
care services in the healthcare system during the expansion phase
of the pandemic in our study area. These findings collectively sug-
gest that when total EMS call volume exceeds the availability of
local medical resources, EMS on-scene time may occasionally be
delayed in unusual circumstances, such as the COVID-19 pan-
demic, particularly during the expansion phase. Given that pro-
longed epileptic seizures need to be treated immediately,
effecting a transformative adaptation of emergency transport sys-
tems in response to substantial alterations in social conditions is
imperative.

We confirmed that on-scene time was dramatically affected
during the periods of the pandemic. In the Early period, overall call
volumes decreased, similar to outcomes reported in other regions
[26]. In the Middle period, government offices in Japan changed
the policy for COVID-19 infections based on perceived immunity
in the population obtained from vaccination or natural infection
[27]. The total call volume for EMS in this area recovered to the
same degree as seen in the Pre period [20]. Our findings confirm
that demand-supply discrepancies in the critical care system were
negligible during the non-expansion phase of the pandemic, but
substantial during the expansion phase. The COVID-19 pandemic
necessitated the redistribution of various healthcare resources
when demand exceeded supply [28]. These results imply that the
on-scene time for time-sensitive illnesses, such as epileptic sei-
zures, may be influenced by the availability of EMS resources in
unusual circumstances.

Since the onset of the pandemic, despite the worldwide efforts
of national and local governments to maintain the quality of
healthcare services at the same level as before the pandemic, a
decrease in the number of non-COVID-19 emergency cases has
been documented globally [9,27,29,30]. In the present study, the
incidence of seizures that EMS transported declined during the
pandemic. These seizures were associated with higher patient
age and a higher prevalence of altered consciousness compared

Table 1
Characteristics of patients with epilepsy transported by emergency medical services per period of the COVID-19 pandemic.
Total Pre period Early period Middle period p
(n =2,205) (n =1,546) (n =335) (n=324)
Age, years, mean (SD) 482 +23.4 47.1 +£23.2 50.0 +23.5 51.6 +235" 0.002
Female, n (%) 883 (40.0) 618 (40.0) 132 (39.4) 133 (41.1) 0.906
Fever (>37.5°C), n (%) 209 (13.5) 127 (13.9) 38 (11.8) 44 (14.4) 0.569
Impaired consciousness, n (%) 1783 (80.1) 1224 (79.3) 281 (84.1) 278 (85.8) 0.007
Daytime (08:00-19:59), n (%) 1510(68.5) 1066 (69.0) 228 (68.1) 216 (66.7) 0.712
On-scene time, mean (SD) 21.8+10.8 22.0+10.7 19.6 + 8.2 232 +13.1 <0.001
Total EMS call volume per months for all causes during same month, mean (SD) 4,951.9 + 424.1 5012.6 + 4144 4,665.6 +411.07° 4,957.7 +358.5 <0.001

*p < 0.05; "p <0.01; "p < 0.001.

COVID-19, coronavirus disease 2019; SD, standard deviation; EMS, emergency medical services.
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Table 2

Epilepsy & Behavior 142 (2023) 109211

Factors associated with on-scene time of patients with epilepsy transported by emergency medical services per period of COVID-19 pandemic.

Variable Model 1 (whole period) Model 2 (Pre-period) Model 3 (pandemic period)
On-scene On-scene On-scene p
time (95%CI) time (95%CI) time (95%CI)

Age (per 1-year increase) —0.05 <0.001 —0.06 <0.001 -0.04 0.021
(-0.07 - —0.03) (—0.08 - —0.03) (-0.08 - —0.01)

Impaired consciousness 0.93 0.001 0.94 0.005 0.90 0.127
(0.36 - 1.50) (0.28 - 1.59) (-0.26 - 2.06)

Daytime (08:00-19:59) -1.24 <0.001 -0.88 0.003 -2.02 <0.001
(-1.72 - -0.76) (-1.45 - -031) (=291 --1.13)

Total EMS call volume per month for all causes during -0.55 0.022 —0.40 0.15 -1.21 0.016

same month (<5,000/month) (-1.02 - —0.08) (-0.95 - 0.14) (-2.19 - -0.23)

Period (Early period) -1.88 <0.001
(-2.75 - —1.00)

Period (Middle period) 1.58 <0.001
(0.70 - 2.46)

Total number of newly confirmed COVID-19 cases per week per -1.39 0.121

million people during same day (<25/million people) (-3.15-0.37)

Occupation of total hospital beds during same day (<50%) -0.40 0.568

(-1.79 - 0.99)
Under declaration of state of emergency 0.07 0.908
(-1.08 - 1.21)

Model 1: age per 1-year increase, impaired consciousness, transported during daytime, total EMS call volume per month for all causes during same month <5,000,

transported during Pre, Early, or Middle period.

Model 2: age per 1-year increase, impaired consciousness, transported during daytime, total EMS call volume per month for all causes during same month <5,000.
Model 3: age per 1-year increase, impaired consciousness, transported during daytime, total EMS call volume per month for all causes during same month <5,000, total
number of newly confirmed COVID-19 cases per week per million people during same day <25, occupancy of total hospital beds during same day <50%, under declaration of

state of emergency.

COVID-19, coronavirus disease 2019; EMS, emergency medical services; CI, confidence interval.

Table 3

Estimated rate of total EMS call volume per month for all causes during same month
to maintain the same degree of on-scene time for PWE transported by EMS in the
pandemic period.

On- Variable Estimated rate of total
s'cene Total number of newly Hospital bed EMS call volume per
time month for all causes
. confirmed COVID-19 occupancy .

(min) . during same month

cases per week per during same (95%C1)

million people during day (%) ©

same day (/ million

people)
21.8 <25 <50 1.01 (0.95 - 1.22)
21.8 <25 >50 0.98 (0.65 - 1.16)
21.8 >25 <50 0.85 (0.35 - 1.05)
21.8 >25 >50 0.81 (-0.04 - 1.07)

EMS, emergency medical services; PWE, people with epilepsy; COVID-19, coron-
avirus disease 2019; CI, confidence interval.

to the pre-pandemic period. During the pandemic period, some
societies recommended reducing in-person healthcare facility vis-
its for PWE with stable seizures, which decreased outpatient visits
and admissions in epilepsy centers [31]. Our results might indicate
that PWE with non-life-threatening status but a need for medica-
tion avoided calls to EMS, as in another study on stroke patients
[32]. Thus, clinicians should promote intensive follow-up by tele-
medicine in both new and follow-up patients, especially during
pandemics [30].

Certain facilities within stroke care units were found to exhibit
no significant delay in the interval between hospital arrival and ini-
tiation/intervention [32,33]. These observations suggested that
patients in critical care settings can receive adequate treatment
even during a pandemic if prompt transport to appropriate medical
facilities is achieved. Patients hospitalized for seizures are often
readmitted due to modifiable factors in the care process, such as
seizure exacerbation or multiple medical comorbidities [34]. Miti-
gating readmission rates could alleviate the demand-supply dis-
crepancy in EMS. Home-care support clinics can mitigate the

likelihood of rehospitalization in critical care settings, such as in
cases of heart failure [35]. These findings collectively suggest that
cooperation between professionals in a multidisciplinary team
providing emergency care, recovery or chronic care, and epilepsy
experts may enhance seizure outcomes and overall health results
for PWE.

Some limitations to the present study warrant notation. First,
the present study was performed using population-based data
from a single region. Thus, there are limitations in generalizing
the results of this study. As the EMS system in Japan is operated
by local fire departments (733 fire departments in total), regional
differences in the EMS system and the distribution of medical facil-
ities were not negligible [19,36]. However, the EMS system in
Japan is well-designed. The median time between EMS call to
EMS arrival on the scene varies only by less than a minute across
different regions in Japan [19]. Hence, population-based data
including multiple regions are needed to confirm the significance
and generalizability of the present results. Second, as we were
unable to follow-up with PWE using EMS after arrival in the hospi-
tal, we could not evaluate how the pandemic affected outcomes.
Last, multiple potential factors could not be added to our analysis.
Total EMS call volume was influenced by health risk messaging by
the media and national authorities [30]. Reducing risk factors such
as road traffic accidents, falls and injuries, and air-borne infectious
diseases could all affect the total call volume to EMS [30]. Our pre-
sent study could not analyze these multiple potential factors.

5. Conclusions

In conclusion, on-scene time delays on PWE in critical care set-
tings were noticed during the expansion phase of the pandemic.
During the non-expansion phase of the pandemic, the impact of
increasing total EMS call volume was inconsequential. However,
during the pandemic expansion, the EMS system required proper
resource allocation to effectively manage time-sensitive illnesses
such as epileptic seizures. Thus, our study underscores the need
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for national and local governments to prepare and allocate
resources and funding for comparable public health crises, in order
to ensure sufficient availability of EMS and healthcare. Addition-
ally, clinicians should also consider providing intensive follow-up
through telemedicine to prevent occasional seizure worsening for
PWE during pandemics. Timely changes in the system are essential
to address significant societal shifts.
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