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Abstract

Aim: This study investigated the correlation between the number of emergency
medical service (EMS) dispatches and response time extension. In addition, we con-
ducted a simulation to assess the potential for reducing response times by relocating
the ambulance based on the number of dispatches.

Methods: This retrospective observational study analyzed data on patients treated
with EMS between May 1 and June 25, 2021, in an urban area (Chiba City, Japan).
Spearman's rank correlation tests were used to analyze the correlations among the
number of dispatches, response time extension, and ambulance distance. We created
a heat map to visualize the number of dispatches and distribution of emergency case
occurrences, and simulated the relocation of the EMS team with the lowest number
of dispatches to the closest EMS team with the highest number of dispatches.
Results: In total, 7915 emergency cases were included. The median response time
across all dispatches was 9 min, whereas that for the response time extension cases was
12min. There was a significant positive correlation between the increased number
of dispatches, response time extension (r=0.94, p <0.0001), and ambulance distance
(r=0.95, p<0.0001). The relocation simulation significantly shortened the average
response time from 13 min and 30s to 12min and 11s (9.9% decrease, p <0.0001).
Conclusion: An increased number of dispatches significantly increased the re-
sponse time extension cases and ambulance distance. Our simulation suggests
that EMS relocation can potentially shorten the response time. While increased
dispatches influence the response time extension, optimal EMS allocation may im-
prove response times.
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INTRODUCTION

The number of emergency case dispatches has increased
substantially in recent years." This surge in dispatch has
strained medical resources, notably affecting emergency
medical services (EMS). While the norm involves the closest
EMS responding to handle emergency cases in their jurisdic-
tion, they are sometimes occupied with ongoing activities,
necessitating the dispatch of another EMS from a distant

location.* Such situations require ambulances to cover long
distances, consequently extending the response time, which
is defined as the time from the emergency call to the arrival
of an ambulance at the scene.®™®

Response time is a component of prehospital time and
has been reported to be associated with patient outcomes.
A previous report suggested that increased prehospital
time is associated with increased mortality in patients with
out-of-hospital cardiac arrest.* Another report on patients
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with penetrating trauma suggested worsened mortality.”
Clarifying the factors associated with increased prehospi-
tal time or its components will contribute to the future im-
provement of these issues and may subsequently improve
patient outcomes. Given the observed increase in response
times with increased dispatches, a plausible association
between these factors may exist. However, to the best of
our knowledge, no previous study has examined this as-
sociation. In addition, because the response time inde-
pendently depends on patient conditions or transferring
hospital situations, optimization of emergency systems
may shorten the response time. Exploring a possible way
to shorten response time may contribute to advancing pre-
hospital care practices.

In this study, we tested the hypothesis that an increased
number of dispatches extends response time and ambulance
distance, using prehospital data from a Japanese urban area.
In addition, we conducted a relocation simulation of the EMS
to examine whether optimized EMS relocation based on the
number of dispatches could shorten the response time.

METHODS
Patients

The study was conducted in an urban area of Japan (Chiba
City, the 12th largest city in Japan, with 1million people).
Patients treated by EMS in Chiba City were enrolled in this
study. We focused on emergency dispatch data in Chiba City
from May 1 to June 25, 2021 (for 8 weeks), as the period con-
tained typical weekdays/weekends and national holidays
in Japan (37 weekdays and 19 weekends/national holidays
during the 8 weeks); thus, the results can be generalized as
typical emergency dispatch activities. In addition, while
the coronavirus pandemic affected recent emergency dis-
patches, this period was the interval of outbreaks,'® and the
dispatches were not significantly affected by the pandemic.

The EMS was dispatched from the Chiba City Fire
Department, which covers the entire Chiba City, with 26
EMS teams for approximately 53,000 emergency cases by
2021. Among the EMS teams, one used a helicopter rather
than an ambulance for their activities. Thus, from a total of
7917 patients who were treated by the EMS during the study
period, regardless of whether the patients were transferred
between hospitals (n=788) or not transported to hospitals
(n=1066), we excluded this team's activity (n=2). Finally,
7915 patients who were treated by 25 EMS teams were en-
rolled in this study.

Data collection and definition

Data were retrieved from emergency activity records for
each dispatch described by the EMS teams. We retrieved
data on the name of the EMS team, times (emergency

call, ambulance arrival at the scene, departure from the
scene, and hospital arrival), patient age and sex, accident
type, injury severity, and ambulance distance from the
fire station to the scene. The Ethics Committee of Chiba
University School of Medicine waived the ethical review
and approval for the study since the study used only an
anonymized database throughout the investigations. This
study was conducted with careful consideration of the pro-
visions of the Declaration of Helsinki. Time was retrieved
from hourly segments. In addition, we divided the day
into two time periods, daytime (8:00a.m. to 7:59 p.m.) and
nighttime (8:00 p.m. to 7:59a.m.) according to the previ-
ous reports,""!* and business hour (9:00a.m. to 4:59 p.m.)
and non-business hour (5:00 p.m. to 8:59a.m.) according
to general hospital business hours in Japan, to confirm the
differences in the number of dispatches between the time
periods.

Ambulance distance was defined as the distance between
the scene and the ambulance location at the time the am-
bulance was dispatched. Response time was defined as the
time from the emergency call to ambulance arrival at the
scene. The EMS activity times including response times for
each patch were calculated. We defined the top quartile of
response time (more than or equal to 11 min) across all dis-
patches as the response time extension; the top quartile of
the time from ambulance arrival at the scene to departure
(more than or equal to 27min) across all dispatches as the
prolonged patient care; the top quartile of the time from
ambulance departure to arrival at the hospital (more than
or equal to 18 min) across all dispatches as the prolonged
transport. In the EMS relocation simulation, the EMS team
relocated from the base with the lowest dispatch, defined as
the relocated EMS.

EMS relocation simulation

In the EMS relocation simulation, the EMS team with the
lowest number of dispatches (relocated EMS) was relocated to
the base nearest to the EMS team with the highest number of
dispatches (busiest EMS dispatched for 485/7915 cases dur-
ing the study period). The relocated EMS was dispatched from
the base of the busiest EMS instead of its original location.
As real-world prehospital activities involve time, we assumed
that each EMS dispatch would take at least 1h to complete
its ongoing activity. In the case of a subsequent call during
an ongoing activity, we assumed that other EMS teams would
be dispatched. This simulation focused on 836 cases that geo-
graphically should have been treated by the busiest EMS but
were handled by other EMS teams. We did not analyze cases
handled by the relocated EMS because the number was small
(83/7915 cases). We compared the response times before and
after EMS relocation in these cases. We used the Matrix API
of Mapbox for the EMS relocation simulation, and the Mann-
Whitney U test was used to compare the response time before
and after the relocation of the EMS.
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Statistical analysis

The primary outcome was response time extension. The
secondary outcome was ambulance distance. To clarify the
hypothesis that increased dispatches extend the response
time and ambulance distance, we examined the correlation
between the total number of dispatches and outcomes.

For further examination, we assessed the correlations be-
tween response time extension and prolonged patient care
or prolonged transport. Moreover, we created a heat map to
visualize the number of dispatches of each EMS and the dis-
tribution of emergency case occurrences. After determining
the distribution, we simulated the relocation of the EMS to
improve response time.

Correlations were analyzed using Spearman's rank cor-
relation coefficients. The Mann-Whitney U test was used for
comparisons between groups. Data are described as median
and interquartile range (IQR) for continuous variables and
as number and percentage (%) for categorical variables. Two-
tailed p-values of <0.05 were considered statistically signif-
icant. Analyses were performed using the Python 3.11.0
(Python Software Foundation, State of Delaware, USA)
SciPy statistical software package.

RESULTS

Among 7915 patients, the median age was 66 years old (IQR
39-81), and 53.1% were male. The median response time was
9min (IQR 7-11), and the ambulance distance was 2.2km
(IQR 1.4-3.2) (Table 1).

Association between response time
extension and number of dispatches

There was a significant positive correlation between the re-
sponse time extension and number of dispatches (r=0.94,
p<0.0001) (Figure 1). In addition, the scatter plots between
the response time extension and the number of dispatches
showed that the response time extension was disproportion-
ately distributed during the daytime (8:00a.m. to 7:59 p.m.)
(Figure 1). The scatter plot for business hours versus non-
business hours clearly illustrated that the response time ex-
tension is specifically biased during the morning of business
hours (Figure S1).

Association between ambulance distance and
number of dispatches

Next, we evaluated the association between ambulance dis-
tance and number of dispatches. There was a significant pos-
itive correlation between ambulance distance and number
of dispatches (r=0.95, p<0.0001) (Figure 2). Patients with
longer ambulance distances were disproportionately distrib-
uted in the daytime, similar to the response time extension

& SURGERY

TABLE 1 Baseline characteristics for patient data and dispatched
EMS units.
(n=7915)
Patient characteristics
Age, years 66 (39-81)
Male sex, n (%) 4202 (53.1)
Type, n (%)
Disease 5962 (75.3)
Injury 741 (9.4)
Transfer to a different hospital 788 (10.0)
Others 424 (5.3)
Admitted after hospital transport, n (%) 3385 (42.8)
Not admitted after hospital transport, n (%) 3464 (43.8)
EMS data
Number of dispatches by time of day, #n (%)
8:00a.m.-7:59 p.m. 5311 (67.1)
8:00p.m.-7:59a.m. 2604 (32.9)
Response time (min) 9 (7-11)
Ambulance distance to the scene (km) 2.2(1.4-3.2)

Note: Data are presented as median and interquartile range (IQR) for continuous
variables and as percentages (%) for categorical variables. Response time is the time
from emergency call to ambulance arrival at the scene. Ambulance distance to the
scene, distance from the fire station where EMS teams were on standby to the scene
where the injury or illness occurred.

Abbreviation: EMS, emergency medical services.

(8:00a.m. to 7:59 p.m.) (Figure 2). The scatter plot for busi-
ness hours versus non-business hours clearly illustrated that
the longer ambulance distance is specifically biased during
the morning of business hours (Figure S2).

Associations between response time
extension and prolonged patient care and
prolonged transport

When we assessed the correlations between response time
extension and EMS activity times, we found a significant
positive correlation between the response time extension
and the number of prolonged patient care cases (r=0.70,
Pp<0.0001) (Figure S3) as well as a significant positive corre-
lation between the response time extension and the number
of prolonged transport cases (r=0.84, p <0.0001) (Figure S4).

Dispatch heat map and EMS team relocation
simulation

To explore ways to improve the response time, we first cre-
ated a heat map to determine the occurrence of emergen-
cies in Chiba City (Figure 3A). Area 1 is an urban area with
a large population along the railroad, and the number of
emergency cases was high in this area (Figure 3A). The EMS
teams in Area 1 had a higher number of dispatches than the
EMS teams located in other areas (Figure 3B). However, an
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extended response time was frequently observed in the EMS ~ the lowest number of dispatches handled 83 cases (1.5 cases/
teams surrounding Area 1 (Figure 3C). Over the study pe- day) (Figure 3B).

riod, the EMS team with the highest number of dispatches The EMS relocation simulation was conducted based on
handled 485 cases (8.6 cases/day) while the EMS team with  the distributions of the number of emergency cases, EMS
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FIGURE 1 Correlation between the number of dispatches and response time extension cases. There was a significant positive correlation between
the number of dispatches and the. response-time extension cases (r=0.94, p <0.0001). The scatter plots indicate the following: The response time
extension disproportionately happened in the daytime. Red triangles indicate daytime (8:00a.m. to 7:59 p.m.). Blue circles indicate nighttime (8:00 p.m. to
7:59a.m.).
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FIGURE 2 Correlation between the number of dispatches and ambulance distance. There was a significant positive correlation between the number
of dispatches and ambulance distance (r=0.95, p<0.0001). The scatter plots indicate that cases with longer ambulance distances were disproportionately
distributed during the daytime. Red triangles indicate daytime (8:00a.m. to 7:59 p.m.). Blue circles indicate nighttime (8:00 p.m. to 7:59a.m.).

FIGURE 3 (A) Heat map for emergency case occurrences in Chiba City and the location of 25 emergency medical service (EMS) teams. Area 1

had a high number of emergency case occurrences in Chiba City. Blue circles indicate the locations of 25 EMS teams. (B) Number of dispatches of each
emergency medical service (EMS) team. The 25 EMS teams were divided into 3 groups according to the number of dispatches. White bars indicate

the top eight EMS teams, gray bars indicate the middle eight teams, and black bars indicate the bottom nine teams. (C) Frequency of response time
extension cases handled by each emergency medical services (EMS) team. The 25 EMS teams were divided into three groups according to the percentage
of response time extension cases. The red bars indicate the top eight EMS teams, yellow bars indicate the middle eight teams, and green bars indicate the
bottom nine teams.
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(A) Relocation simulation of the emergency medical services (EMS) team. The EMS team with the lowest number of dispatches

(relocated EMS) was deployed at the base of the EMS team with the highest number of dispatches and was nearest to the relocated EMS (busiest EMS).
The blue bar indicates the relocated EMS and the red bar indicates the busiest EMS. (B) Histograms of the association between the number of dispatches
and response time in the cases focused on the relocation simulation. Relocation of the EMS significantly shortened the response time compared to the
present study (from 13min and 30s to 12min and 11, a 9.9% decrease, p <0.0001).

dispatches, and response time extension cases (Figure 4A).
After the relocation, the average response time was signifi-
cantly shortened from 13min and 30s to 12min and 11s
(9.9% decrease, p<0.0001) (Figure 4B).

DISCUSSION

In this study, an increased number of dispatches was sig-
nificantly correlated with the response time extension and

ambulance distance. In addition, the EMS relocation simu-
lation based on the number of dispatches successfully re-
duced response time.

The demand for ambulances is increasing worldwide
because of aging and growing populations.' With an
increasing number of dispatches, prehospital time also
increases.>'* Prehospital time comprises several compo-
nents. Among these components, the time from the emer-
gency call to the arrival of an ambulance at the scene is
called the response time. A systematic review of global
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response times indicates the mean response times were
Asia 7.2min, Europe 11.1 min, America 9 min, Oceania
8min, and Africa 19.5min.'"* The average response time
in Japan was reported as 9.4 min,® which is similar to our
median response time (9min). However, as the World
Health Organization suggests that the ideal response time
is equivalent to or less than 8 min,' this time should be
shortened.

In the Japanese EMS system, medical resources, such as
EMS teams and ambulances, are allocated according to the
population, aging rate, and dispatch status.' Upon receiving
an EMS call, the nearest available EMS team is dispatched.”
However, if the nearest team engages in an ongoing activ-
ity, the next nearest available team is dispatched. Hence,
as the number of dispatches increases, there is a trend to-
ward an increase in the need for distant EMS teams, which
may extend the response time. In addition, ambulances in
Japan cannot go to the nearest hospital when the hospital
rejects the request for patient acceptance.'”'® This specific
EMS system may require ambulances to transport patients
to more distant hospitals, which requires more transport
time and potentially impacts response time extensions.
The present study showed a significant positive correlation
between the number of dispatches and response time ex-
tension cases (Figure 1). In addition, ambulance distance
is an independent factor that defines response time,'® and
our study also determined a significant positive correlation
between ambulance distance and response time (Figure 2).
The number of dispatches was disproportionately distrib-
uted across time zones, particularly in the morning during
business hours showing the highest number of dispatches
(Figures 1, 2, S1, and S2). These results may help to consider
the appropriate distribution of the medical resources in the
Japanese EMS systems.

The response time is the duration from when the am-
bulance is dispatched until it reaches the scene. While
the response time is independent of the duration of pa-
tient care in individual cases, our analyses found that it
was statistically affected by the duration of patient care or
transport time to the hospital across entire EMS activities.
In addition, biased requirements for a specific EMS may
make them continuously engage in an activity and lead
to the absence of an EMS in a specific location. This re-
quires another EMS from a distant location and causes a
response time extension. Thus, the optimal allocation of
EMS has the potential to reduce response time. In this
study, we first determined the biases of emergency cases
and actual dispatches of EMS. A heat map showed that the
areas with the highest number of emergency cases over-
lapped in an urban area with a large population in Chiba
City (Area 1 in Figure 3A), which is similar to a previous
report that showed a correlation between population and
the number of dispatches.’”*! In contrast, the dispatches
with the highest number of response time extensions were
distributed in the area surrounding Area 1 (Figure 3C).
One possible reason for this is that an increased num-
ber of dispatches would require a distant EMS team for
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assistance. Our simulation successfully indicated a short-
ening of the response time after relocation (decreased by
1 min and 195s) (Figure 4B). A previous study conducted in
Iran showed that the relocation of 8 out of 24 EMS bases
to new locations chosen according to the number of dis-
patches, traffic congestion, and distance to the nearest
hospital reduced the response time by 2min.?? This study
involved eight EMS bases requiring the establishment of
new bases. However, by focusing on the large disparity in
the number of emergency dispatches, our simulation re-
duced the response time by simply relocating one EMS to
another existing EMS base, which required fewer medical
resources and was easier to perform. Our results indicate
that optimizing the number of dispatches could be a solu-
tion to shorten response time.

This study had several limitations. First, the number
of patients and the duration of evaluation were limited.
This study covered approximately 8000 emergency cases
in only one Japanese city (population of approximately
0.98 million) during the 8 weeks. The study was conducted
during the coronavirus epidemic, and the dispatches may
be impacted by the disease. Although we chose the inter-
val period between outbreaks, the epidemic may still have
affected the dispatches. Furthermore, while the number
of emergency dispatches generally exhibits seasonal vari-
ations, with increased dispatches in summer or winter
compared to spring,'”'® and ambulances may encounter
more public health problems during busier seasons, our
study was conducted during the spring season. The cor-
relations observed in this study might differ in the other
seasons. Second, although we performed the simulation,
we did not conduct a demonstration experiment. Third,
we excluded cases from the simulation that were handled
by the relocated EMS. However, the number was small
(83/7915 cases, 1.5 cases/day) and only 1.0% across all the
dispatches. This may have had little effect on our results.
Fourth, because of the differences in the EMS system and
the traffic environment, our results could not always be
adapted to EMS activity in other locations. Fifth, our
study did not evaluate the patients' prognoses. Improving
the prognosis is the ultimate goal of the medical research.
Further study is needed to assess how the response time
impacts the prognosis.

CONCLUSION

The increased number of dispatches was significantly corre-
lated with response time extension and ambulance distance.
In addition, our simulation showed a possible improvement
in response time after optimal EMS relocation. By focusing
on the number of dispatches, strategic EMS allocation may
shorten the response time.
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