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Abstract

Aim: The coronavirus disease 2019 (COVID-19) pandemic has imposed a heavy burden on emergency medical services (EMS)
systems. Therefore, we quantitatively analyzed impacts of COVID-19 on the EMS system in Tokyo.

Methods: In this retrospective observational study, we used publicly available data, including the daily number of newly diagnosed
patients with COVID-19, the weekly number of transport difficulties, and the field activity time, from March 2, 2020, to January 25,
2021. Data for the same period in the previous year were used as controls.

Results: The total number of EMS calls decreased by 12.7% in 2020 compared with that in 2019. The number of daily transport difficul-
ties significantly increased in 2020 compared with that in 2019 (89 [72–120] vs 57 [49–63]; P < 0.001). Additionally, the field activity time
significantly increased in 2020 compared with that in 2019 (22.7 [22.3–23.8] min vs 20.7 [20.6–21.2] min; P < 0.001). Furthermore, the
daily number of new patients with COVID-19 was positively correlated with the number of transport difficulties (R = 0.76) and the field
activity time on the scene (R = 0.74). With an increase in the number of people infected with COVID-19 by 1,000, the number of daily
transport difficulties increased by 86.4. Per 1,000 infected patients per day, the field activity time increased by 3.48 min.

Conclusion: This study revealed that the increase in the number of patients with COVID-19 indirectly affected the EMS system in Tokyo.
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INTRODUCTION

THE CORONAVIRUS DISEASE 2019 (COVID-19)
pandemic was first reported in Wuhan, China, in

December 20191 and has imposed a heavy burden on emer-
gency medical services (EMS) systems worldwide.2 During
the COVID-19 pandemic, anecdotal cases have been
reported indicating that prolonged transfer times caused
patient deaths. Several studies have shown that the average
response time of EMS and the waiting time in the ambulance
increased during the peak period of the pandemic. In New

York City, planned interventions to prioritize high-acuity
calls resulted in increases in the time from the call assign-
ment to the arrival of the EMS vehicle at the scene by 3 min
for severe cases and by 11 min for minor cases.3 The trans-
port time from the scene to the hospital and the time from
the arrival to the hospital to the next dispatch were also
extended. In Italy, the time between arriving to the hospital
and entering the emergency department was extended in
Bergamo and Brescia to 32 and 15 min, respectively.4

However, no studies have quantitatively examined the
association between the number of newly diagnosed patients
with COVID-19 and the impact on the EMS system during
the pandemic.

METHODS

Study design

THIS WAS A retrospective observational study, which
was conducted using publicly available data from the
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Tokyo Metropolitan Government (TMG) and the Tokyo Fire
Department (TFD). Ethical approval was not required for
secondary analysis of publicly available data.

Setting

Tokyo is the largest city in Japan, with a population of
approximately 14 million. The city had also had the high-
est number of people infected with SARS-CoV-2, with a
total of 95,337 infected patients and 1,022 deaths by Jan-
uary 25, 2021.5 The TFD is a public organization that
provides EMS to almost all areas of Tokyo, transporting
more than 2,000 emergency patients to hospitals every
day. To minimize the impact of COVID-19 on the trans-
port of patients without COVID-19, the TMG and TFD
implemented a policy of not transporting patients with
COVID-19 and transported these patients using private
interhospital vehicles instead, except in the case of an
emergency or severe disease.

Assessment of the impact of COVID-19 on
the EMS system

The EMS system selects hospitals to transport patients from
the scene of an emergency; however, hospital selection has
sometimes been a time consuming process in Tokyo, even
before the pandemic. The underlying reasons are an increase
in the number of emergency patients, inadequate EMS, espe-
cially at night, and insufficient information sharing and func-
tional coordination among institutions in the same medical
administration area.6

Therefore, we used the field activity time and the number
of transport difficulties to assess the impact of COVID-19
on the EMS system. The Fire and Disaster Management
Agency defines transport difficulties as four or more hospital
selections and 30 min or more of on-site activity.

Data collection

The first case of COVID-19 was confirmed in Tokyo on Jan-
uary 24, 2020. The numbers of confirmed patients with
COVID-19 were 3 cases in January, 34 cases in February,
and 489 cases in March 2020. We considered that the impact
of COVID-19 on the EMS system was small through Febru-
ary and, hence, used a period from March 2020 onward as
the target period. Based on several documents from mem-
bers of a government subcommittee, we defined the first
wave as the cases from March 2, 2020 to May 31, 2020; the
second wave as the cases from June 1, 2020 to August 30,
2020; and the third wave as the cases from August 31, 2020
to January 24, 2021. Using public weekly data (Monday to

Sunday), control data were collected for the same period of
the previous year. The data from the TFD were compared
between 2019 (pre-pandemic comparator period)7 and 2020
(COVID-19 pandemic period).8

The data from the TFD included the field activity time
and the number of transport difficulties from March 4, 2019
to January 26, 2020, and from March 2, 2020 to January 24,
2021. The following 2019 and 2020 data were also used: the
number of emergency transports, the types of emergency
calls, age distribution of patients, the proportion of severe
cases, and the survival rate within a month after out-of-
hospital cardiac arrest (OHCA). In addition, we used data
from the TMG regarding the daily number of newly diag-
nosed patients with COVID-19 in Tokyo.

Statistical analysis

A t-test was used to compare the means of continuous vari-
ables between two groups, and the Pearson correlation coef-
ficient was used to measure a linear correlation between two
sets of data. A P value of <0.05 was considered statistically
significant. All data were analyzed using R version 4.0.4
(The R Foundation for Statistical Computing, Vienna, Aus-
tria).

RESULTS

THE TOTAL NUMBER of EMS calls decreased by
12.7% in 2020 compared with that in 2019 (720,965

versus 825,929). The number of patients with mild, moder-
ate, and severe disease decreased by 16.9%, 12.5%, and
8.7%, respectively, with the largest decreased in mild dis-
ease. Based on the type of the emergency call, the numbers
of sports, work, and motor vehicle injuries decreased by
44.5%, 16.1%, and 15.0%, respectively, but the number of
self-harm injuries increased in 2020 by 7.2% compared with
that in 2019 (Fig. 1A). The number of emergency calls,
especially for children and adolescents, decreased (Fig. 1B).
The overall survival rate at 1 month after OHCAwas signifi-
cantly lower in 2020 than in 2019 (4.7% versus 6.3%;
P < 0.001), and the survival rate was significantly lower in
the cases with witnessed OHCA (12.9% versus 17.8% for
witnessed OHCAwith bystander cardiopulmonary resuscita-
tion (CPR); P < 0.001; and 3.5% versus 5.7% for witnessed
OHCA without bystander CPR; P < 0.001). However, there
were no significant differences between 2020 and 2019 in
cardiogenic OHCA and witnessed OHCA with bystander
CPR (30.9% versus 33.4%, respectively; P = 0.24)
(Fig. 1C). There was no significant difference between 2020
and 2019 in the defibrillation rate for cardiogenic OHCA
(41.5% versus 42.0%; P = 0.78).
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The number of daily transport difficulties significantly
increased in 2020 compared with that in 2019 (89 [72–120]
versus 57 [49–63]; P < 0.001) (Fig. 2B). Additionally, the
field activity time significantly increased in 2020 compared
with that in 2019 (22.7 [22.3–23.8] min versus 20.7 [20.6–
21.2] min; P < 0.001) (Fig. 2B).

There also was a positive correlation between the daily
number of new patients with COVID-19 and the number of
transport difficulties in Tokyo (R = 0.79; 95% confidence
interval: 0.65–0.88). With an increase in the number of peo-
ple infected with COVID-19 by 1,000, the number of daily
transport difficulties increased by 86.4 (Fig. 3A). The num-
ber of patients who experienced transport difficulties
increased by 516, 154, and 97 for every 1,000 patients dur-
ing the first, second, and third waves of COVID-19, respec-
tively.

Additionally, a positive correlation was observed between
the daily number of new patients with COVID-19 and the
activity time on the scene (R = 0.75; 95% confidence inter-
val: 0.60–0.86) (Fig. 3B). Per 1,000 infected patients per
day, the field activity time increased by 3.48 min. Moreover,
the field activity time increased by 25.6, 3.61, and 4.08 min
for every 1,000 patients during the first, second, and third
waves of COVID-19, respectively.

DISCUSSION

THIS STUDY REVEALED that with a daily increase in
the number of new patients with COVID-19 by 1,000,

the number of daily transport difficulties increased by 86.4
and the field activity time increased by 3.48 min in Tokyo
during the study period. To our knowledge, this is the first

Fig. 1. A Comparison of the numbers of dispatches by types of emergency calls in 2019 and 2020. Red line shows the overall

decrease rate in 2020 relative to 2019. B Comparison of the numbers of dispatches by age categories in 2019 and 2020. C Compar-

ison of the survival rates of patients with out-of-hospital cardiac arrest stratified by witness and bystander CPR in 2019 and 2020.

*P < 0.05; **P < 0.01; ***P < 0.001. CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest.

Fig. 2. A Comparison of the numbers of daily transport difficulties in 2019 and 2020. The number of daily transport difficulties signifi-

cantly increased in 2020 compared with that in 2019 (89 [72–120] versus 57 [49–63]; P < 0.001). B Comparison of the average field

activity times in 2019 and 2020. The field activity time significantly increased in 2020 compared with that in 2019 (22.7 [22.3–23.8] min

versus 20.7 [20.6–21.2] min; P < 0.001).
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study to quantify the impact of COVID-19 on EMS systems,
which showed that the number of transport difficulties and
the average length of stay at the scene were positively corre-
lated with the increase in the number of newly diagnosed
patients with COVID-19.

Based on our findings, the number of emergency trans-
ports decreased in 2020 compared with that in 2019.
There are two possible reasons for this change. The first
is the public health messages and also that patients them-
selves were afraid of the risk of infection and hence,
refrained from seeing a doctor. Reportedly, COVID-19
has led to reduced numbers of emergency room visits and
emergency transports in the United States.9 These findings
are similar to the reported reduction in emergency depart-
ment visits during the severe acute respiratory syndrome
and Middle East respiratory syndrome epidemics, when
withholding of consultations was practiced and patients
with minor illnesses were not being seen. Even in non-
pandemic areas, the number of emergency department vis-
its decreased.10 The second reason is the possibility that
the overall number of patients decreased. It is likely that
lockdowns and stay-at-home orders have reduced the inci-
dence of certain diseases. This study showed that the
numbers of specific injuries were reduced, although
diagnosis-based analysis was not possible. According to a
previous study, the numbers of cases of severe traumas,
minor injuries, disorientation, poisoning, seizures, and
abdominal pain/diarrhea/vomiting reduced during the
COVID-19 pandemic, whereas those of cases of

ST-elevated myocardial infarction and cerebrovascular dis-
ease remained unchanged.11 Other studies have reported
that the numbers of cases of infection, chest pain, dysp-
nea, and OHCA increased during the COVID-19 pan-
demic.12,13

The daily numbers of new patients with COVID-19 corre-
lated with the numbers of transport difficulties and may have
limited the number of patients who could be accepted for
transportation. The increase in the number of patients with
COVID-19 was also correlated with the time spent in the
field. Reportedly, the time spent at the scene increased and
the response time also increased because of the preparation
for personal protective equipment use.

During the COVID-19 pandemic, the mortality rate of
patients with OHCA increased, especially of those who were
expected to have a favorable prognosis with witnessed
OHCA. The increased mortality may be related to an
increase in the number of transport difficulties and a longer
transfer time. Other countries have also reported signifi-
cantly longer delays in key interventions (time to first defib-
rillation and time to first epinephrine injection) or a 50%
decrease in survival.14 The cause of the decrease in survival
cannot be fully explained, but COVID-19 may contribute to
the increased mortality rate of patients with OHCA.

The first wave of COVID-19 had the largest number of
transport difficulties and the longest average field time for
new patients with COVID-19. However, our findings indi-
cate that rapid improvement could already be observed dur-
ing the second and third waves, when sufficient tests for

Fig. 3. A Positive correlation between the daily numbers of new patients with COVID-19 and the numbers of daily transport difficul-

ties: y = 75+0.0864x; R = 0.79. The red, green, and blue dots represent the first, second, and third waves of COVID-19, respectively.

In the first wave, y = 67.9 + 0.516x, R = 0.83; in the second wave, y = 58.2 + 0.154x, R = 0.60; in the third wave,

y = 62.2 + 0.0972x, R = 0.95. B Positive correlation between the daily numbers of new patients with COVID-19 and the average field

activity times: y = 22.4 + 0.00348x; R = 0.76. The red, green, and blue dots represent the first, second, and third waves of COVID-19,

respectively. In the first wave, y = 22.1 + 0.0256x, R = 0.86; in the second wave, y = 21.9 + 0.00361x, R = 0.73; in the third wave,

y = 21.8 + 0.00408x, R = 0.93.
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SARS-CoV-2 became available. Therefore, it is likely that
medical institutions were able to take more effective actions
before the second wave.

This study has several limitations. First, our findings can-
not be applied to regions other than Tokyo. Second, the dis-
tribution of the field activity times is unknown because only
mean values have been reported. For example, it is unknown
whether only some patients with fever and respiratory symp-
toms took a longer time to be transported or most cases were
delayed. Therefore, individual data are necessary to verify
whether some patients had worse outcomes owing to the
extended field activity time. Third, our model was based on
a situation wherein patients with COVID-19 were not trans-
ported by EMS. Even during the surge of the third wave,
only 531 patients with COVID-19 were transferred over a
period of 37 days,15 which was <1% of all transfers during
the same period. However, if the infection rapidly spread
and more infected people were transported, the correlation
would not be represented by a straight line.

CONCLUSION

THIS STUDY REVEALED that the increase in the num-
ber of new COVID-19 patients indirectly affected the

EMS system in Tokyo. With a daily increase in the number
of new patients with COVID-19 by 1,000, the daily number
of transport difficulties increased by 86.4 and the field activ-
ity time increased by 3.48 min. COVID-19 may contribute
to an increased mortality rate of patients with OHCA.
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