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Abstract: Providing rapid access to emergency medical services (EMS) within the “golden time”
for survival is important to improve the survival rate of emergency patients. This study analyzes
the accessibility of EMS based on driving speed changes following real-time road traffic conditions
by time to estimate vulnerable areas for EMS and survival rates of emergency patients. The key
results of the network analysis based on real-time road speed and this evaluation of vulnerable
areas by village level across South Korea reveal the different characteristics of urban and rural areas
to access emergency medical facilities. In urban areas, road traffic congestion during rush hour
delays the patients” access time to EMS. In contrast, in rural areas, the long geographical distance
to an emergency medical facility is a hurdle for receiving care from an EMS during the “golden
time” because emergency medical facilities are mostly located in urban areas. The existing standard
to assess vulnerable areas of EMS accessibility is based on the speed limit of roads, but the time
may be underestimated because the speed limit alone does not reflect the real road conditions.
The study results show that an effective way to increase the survival rate is receiving immediate first
aid treatment, which means that the government should continuously train the public to perform
cardiopulmonary resuscitation (CPR) as well as install automated external defibrillators (AEDs) in
populated places, and train the public to use them. Reducing assess time to emergency medical
centers in urban areas and providing additional manpower to help with first aid in rural areas are
reasonable ways to improve the survival rate of emergency patients.

Keywords: emergency medical service; accessibility; vulnerability; survival rate; golden time;
real-time; network

1. Introduction

Rapid access to emergency medical facilities within the “golden time” as well as prompt and
appropriate first aid are essential factors to improve the survival rate of emergency patients [1-4].
The emergency medical services (EMS) system enables manpower, facilities, and equipment to be
organically operated to effectively and quickly provide medical care in emergencies [5]. The EMS
system is divided into the pre-hospital and in-hospital phases depending on the place before and after
receiving help from an EMS. In the pre-hospital phase, emergency responders provide appropriate first
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aid to patients onsite before promptly and safely transferring the patient to a hospital for treatment [6].
In the pre-hospital phase, accessibility to EMS is evaluated by the time and distance to arrive at the best
EMS facility in a short time, mainly considering the available EMS resources and the transfer time [7].
The method used to evaluate accessibility to EMS considers service availability, population coverage,
and time-based geographic delivery of emergency services.

Differences in the locational distribution of emergency medical facilities in urban and rural
areas also need to be considered to improve accessibility to EMS in vulnerable areas [8-11].
Among Organization for Economic Cooperation and Development (OECD) countries, the accessibility
and mobility of medical services in Korea are generally evaluated as excellent based on a statistical
evaluation with a high rate of receiving medical service benefits per person [12]. However, medical
facilities and manpower are concentrated in urban areas [13]. As of 2019, most medical centers (3699
medical facilities including general hospitals and clinics) were concentrated in cities (90.4% of general
hospitals, 85.2% of common hospitals, and 88.8% of clinics), indicating that there is a broad gap in
medical service quality between urban and rural areas [14]. Unlike cities, poor medical access in rural
areas makes the transfer distance and time to emergency medical facilities longer.

Emergency situations occur more frequently among the elderly. For conditions such as
cardiovascular diseases and respiratory diseases, rapid first aid significantly affects the survival
rates of patients [15]. For the elderly in Korea, deaths from cardiovascular and cerebrovascular diseases
that require immediate first aid have increased by about 63% in the last 10 years (from 15 thousands
in 2006 to 24 thousands in 2016), and the ratio has increased annually by about 6% for the last 10
years [16]. The aging population rate of rural areas (23.1% as of 2019) is more than twice as high as that
of urban areas (10.9%) [17]. The rapid pace of aging compared to urban areas also makes it more likely
that emergencies with a high risk of death will occur in rural areas. Thus, poor medical facilities and
aging in rural areas further widen the gap of preventable or amendable mortality between rural and
urban areas [7,18].

New methods such as calculating the traffic flow speed and dispatch time of emergency medical
technician-paramedics (EMT-P) in real time to determine the appropriate response time to an emergency
situation are very effective in identifying vulnerable areas for EMS based on practical accessibility [19].
Korean government defines vulnerable areas for EMS as areas where the local EMS center cannot
be reached within 30 min or residents cannot reach a regional emergency medical center within
60 min [20]. This standard was revised in 2017 to apply the concept of the golden time to accessible
time based on the accessibility to emergency medical facilities for a population of less than 150,000
in a rural area. The time to reach an emergency medical facility is calculated as the time required
from where patient’s emergency occurred to a local/regional emergency medical center by mainly
calculating the time based on the legal speed limit of the roads. Using this standard, 99 administrative
districts (Si, Gun, and Gu) across the country in Korea (approximately 44%) could not receive EMS
within the appropriate time [19]. However, the number of vulnerable areas for EMS increases if
the real-time traffic conditions to reach the emergency medical facility are considered. In addition,
the dispatch time by an emergency medical technician (e.g., the EMT-P or ambulance workers from the
119-safety center) who can provide first aid should also be considered. In particular, an evaluation of
time-based accessibility is an essential requirement considering real-time road conditions by region,
because the survival rate could vary significantly depending on whether or not rapid first aid is given
in emergencies, such as an acute cardiac arrest.

Many studies on accessibility to medical or healthcare-related facilities have been conducted in
various fields based on physical distance to identify vulnerable areas [21-25]. However, few related
studies have used real-time traffic flow as well as driving speed data. Studies related to accessibility
have mainly based the calculations on the physical distance, such as the Euclidean distance (linear
distance), the estimated road distance using a circuity factor, and the actual road distance [26-34].
However, Kim [13] and Li [35] pointed out that the linear distance is more likely to result in excessive
distortion compared to actual road distances because the linear distance does not reflect the geographical
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features such as the terrain or road geometry. Kim [13] suggested that calculating the estimated road
distance by applying circuity factors to linear distance could be a substitute for the actual road distance
for the vulnerability assessment of access to medical facilities. Studies on accessible vulnerability using
physical distance have recently improved, and now estimate the accessible time using data about the
shape of the road network and legal speed limit provided by the Korean government [36]. However,
calculating accessibility using the speed limit of the road has limitations since it does not reflect the
effects of slower vehicle speed during traffic jams or traffic signals.

The goal of this study is to analyze EMS accessibility using real-time road traffic conditions
with driving speed changes by time of day and to estimate the vulnerable areas and survival rate of
emergency patients. We also compare the results of urban areas and rural areas. For this purpose,
we established a nationwide road network map across Korea to identify the current status of road
use distribution following real road speed flow by time. In addition, we evaluated vulnerable areas
for EMS by estimating the real-time access time via an optimal route from a village to an emergency
medical facility using network analysis. We set up four cases according to the patient transfer process
to an EMS facility, considering whether the patient receives first aid or not, and the dispatch time
of an EMT-P. We also examined the changes in the survival probability for each case in urban areas
compared to rural areas.

2. Data and Methods

2.1. Data

To analyze the access vulnerability to EMS by region in South Korea based on real-time road
traffic flow speed, we established spatial big data including road and position information of relevant
facilities (Figure 1). The facility information we established using spatial big data included community
centers in urban and rural villages, emergency centers, 119-safety centers, community health centers,
population and road network maps, as well as traffic speed flow data (Table 1).
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Figure 1. Location of provincial-level divisions in South Korea except for Jeju island. South Korea consists
of 17 first-tier administrative divisions: 6 metropolitan cities, 1 special city, 1 special self-governing city,
and 9 provinces. The gray and pink areas indicate rural and urban areas, organized sub-municipal level
divisions (Dong (neighborhood in Urban) and Ri (Village in Rural).



Appl. Sci. 2020, 10, 6492 40f15

Table 1. List of available data (facility, population, and traffic speed data) to analyze the vulnerable
areas for emergency medical services (EMS). The facility data include data about community centers and
medical centers. Each type of data includes a description of the data, the number of available statistics
(urban and rural), and reasons for exceptions. The data were provided by the Korean government,
and the source of each type of data is shown.

Category Description Number of Available Data Source

Urban  Rural  Exception!

Facility data

Coordinate information on
Community center community centers in urban and 3507 15,171 907 MIS 2/RAISE 3
rural villages

Coordinate information on

Emergency emergency medical facilities
, medical CIeTEency 397 112 14 NMC *
Medical including local emergency rooms
center . .
center and regional medical centers
119-safety Coordinate information on 709 112 110 NEA 5
centers 119-safety centers
Community Converting addresses to

coordinate information of local 287 3195 321 MHW ¢

health cent .
calth center community health centers

Traffic speed data
Roadmap Polyline information 531,843 links ITS”
Traffic speed Text information 358,143 links MLIT 8

1 Each facility for assessing accessibility of emergency medical center in island and military zone excepts in this
study; 2 Ministry of the Interior and Safety (MIS); 3 Rural Areas Information Service (RAISE); * National Medical
Center (NMC); °> National Fire Agency (NFA); 6 Ministry of Health and Welfare (MHW); 7 Intelligent Transport
Systems (ITS); 8 Ministry of Land, Infrastructure and Transport (MLIT).

We used 17,771 addresses of community centers in urban and rural villages (as the facility point to
represent the center of a village (3507 urban community centers and 14,264 rural community centers)
as of 2019 [37]. Community centers, as landmarks of villages, are a space for culture, administration,
and communication for village residents in the villages which are the sub-municipal level divisions
(Dong and Ri) [38—40].

We also acquired data on the addresses of the medical facilities including emergency centers,
community health centers, and 119-safety centers. Data were provided by various sources: data on
emergency centers were provided by the National Medical Center (NMC) [41], community health
centers were provided by the Ministry of Health and Welfare (MHW) [42], and 119-safety centers were
provided by the National Fire Agency (NFA) [43]. The addresses were taken from the Open Application
Programming Interface (Open API) and converted into coordinate data through a geocoding method.

We used traffic-related data such as road network maps and traffic speed information. The road
network map was provided by the Intelligent Transport Systems (ITS) of the Ministry of Land,
Infrastructure and Transport (MLIT) [44], and the traffic speed was provided by the Traffic and Road
Information Service of MLIT [45]. The road network maps were based on 2019 data, and the traffic
speed information was also acquired from the Open API of ITS from February to April in 2020.

2.2. Method

2.2.1. Accessibility Using Network Analysis

We used network analysis to evaluate vulnerable areas for EMS in urban and rural areas.
The network analysis for calculating accessibility was performed using the Network Analyst extension of
the Geographic Information System (ArcGIS™), which provides various techniques for network-based
spatial analysis, such as optimal path analysis on a road network, identification of the nearest facility,
analysis of service ranges, and other accessibility functions [46]. Among the various network analyst
functions, we used the origin-destination cost matrix (O-D cost matrix) to create a matrix of the origins
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and destinations. The optimal path was extracted to determine the least time to arrive at the destinations.
The transfer path for emergency patients was determined as the route from the community center
(through 119-safety centers or community health center) to the nearest emergency center.

2.2.2. Emergency Medical Vulnerability and Survival Rates by Emergency Case
(1) Emergency situation cases

Since the golden time is very important for emergency patients, their survival rate can increase if
prompt and appropriate first aid is administered. For example, with myocardial infarction, the survival
rate may double when someone (e.g., the primary respondent around the patient) promptly performs
cardiopulmonary resuscitation (CPR) and may triple when an automated external defibrillator (AED)
is used [47]. Since the golden time is just 5 to 10 min for cardiac arrest, the survival rate of emergency
patients depends not only on the real-time road traffic flow speed but also appropriate first aid
administered before or during transportation [48-50].

We evaluated changes in vulnerable areas and survival rates of an emergency by setting up four
emergency medical response cases considering the presence of first aid and dispatching of EMT-P
(Table 2). Case 1 is when a patient moves to an emergency center in person without initial emergency
treatment. This case simulates the same situation that has been used in previous assessments of
vulnerable areas of EMS. Case 2 is when a person near the emergency patient performs first aid
according to the first aid directions provided by a telephone operator (dispatcher) and then the EMT-P
arrives on-site to transport the patient to an emergency center by ambulance. Case 3 is when an EMT-P
arrives onsite, provides first aid, and then transports the patient to an emergency center by ambulance.
Case 4 is when an EMT-P or a community health center healthcare provider who is nearest to the
emergency patient arrives onsite and provides first aid first, and then the EMT-P transports the patient
to an emergency center.

Table 2. Description of emergency cases considering first-aid and transfer systems.

Case Description Emergency First Aid

A patient moves to the nearest emergency center using a

Case 1 .
personal means of transportation.

X

An emergency medical technician-paramedic (EMT-P) is
dispatched, but a person near the patient immediately
Case 2 provides first aid according to the first aid instructions given (@)
by a telephone operator (dispatcher). After arriving onsite, the
EMT-P transfers the patient to the nearest emergency center.

An EMT-P is dispatched. After arriving onsite, the EMT-P
Case 3 provides first aid, and then transfers the patient to the nearest (@)
emergency center.

An EMT-P or an additional healthcare provider from a
community health center is dispatched, provides first aid
on-site, and then the EMT-P transfers the patient to the nearest
emergency center.

Case 4

(2) Vulnerable areas for emergency medical services (EMS)

Based on the relevant laws and regulations about vulnerable areas in Korea, the vulnerable area
of EMS is defined as an area where an emergency medical center cannot be accessed within 30 min.
Although data in previous studies on vulnerability to EMS within 30 min have been analyzed based on
the road network and legal speed limit of the roads, these analyses do not reflect the real-time traffic
flow speed. We evaluated the accessible time every five minutes according to the real traffic speed
based on the traffic speed information provided by the Traffic and Road Information Service.



Appl. Sci. 2020, 10, 6492 60f15

(3) Survival rates

The survival rate of patients with myocardial infarction decreased by 3—4% each minute the
patient did not receive CPR, and by 8-10% each minute CPR was not performed [51,52]. Therefore,
the survival rate was assumed to decrease by 3% for each minute first aid was not provided by a person
near the emergency patient, an EMT-P, or a community health center worker, and by 10% each minute
no first aid was provided.

3. Results and Discussion
3.1. Vulnerable Areas for Emergency Medical Services (EMS)

3.1.1. The Distribution State of EMS in Urban and Rural Areas

We examined the current states of medical facilities to identify whether the medical environment
is balanced between rural and urban areas (Figure 2). The number of medical facilities includes 495
emergency medical centers (Figure 2a), 3161 community health centers (Figure 2b), and 1711 119-safety
centers in Korea (Figure 2c). Of these facilities, 80.2% of the emergency medical centers (397 centers) are
concentrated in urban areas. Since most emergency medical centers are concentrated in urban areas that
are highly populated, emergency patients in rural areas are relatively vulnerable to health emergencies.

o\
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5 TN e 0 \

(a) Emergency medical center (b) 119-Safety center (c) Community health center

Figure 2. Distribution of medical facilities in Korea. The yellow and gray areas indicate urban and
rural areas, respectively. The individual medical facilities are represented by dots. Red dots in (a) are
emergency medical centers, blue dots in (b) are community health centers, and green dots in (c) are
119-safety centers. There are 495 emergency medical centers, 3161 community health centers, and 1711
safety centers.

Community health centers and 119-safety centers are also balanced between urban and rural
areas because they are managed by the government to improve and promote residents’” public health.
They provide protective services for residents” health and property according to the Regional Public
Health Act and the Framework Act on fire-fighting services [53]. Approximately 90.9% of community
health centers seem to be concentrated in rural areas, but in fact one health center is located in each
jurisdictional county in each urban and rural village. The distribution of 119-safety centers is relatively
balanced between urban and rural areas with 41.4% (709 centers) in urban areas and 58.6% (1002 centers)
in rural areas.
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3.1.2. Comparison of Speed Limit and Real Speed of Traffic Flow

We established a road network map that can be used to analyze accessibility in 5-min units by
combining a standard node link and traffic communication information. We compared the legal speed
limit of each road to the real speed in the established road network.

Data on the speed range showed a descriptively statistical range within 5-min for 3 months.
The speed of vehicles in urban areas is not as easily available as the speed limit, but in rural areas,
the speed of vehicles can be sufficiently calculated at a speed corresponding to the speed limit of the
road (Figure 3). In the capital city (Seoul), for example, the highest population density, on average,
vehicles traveled 20-30 km/h on roads with a 60 km/h speed limit and 40-60 km/h on roads with
an 80 km/h speed limit (Figure 3a). However, the vehicle speed decreased remarkably around the
morning and evening rush hour (8 a.m. and 5 p.m.). By contrast, vehicles in Hongcheon, a typical rural
area located in a mountainous region, on average, vehicles can travel at a similar speed to a speed limit
of 60 km/h and 60-70 km/h on the road with an 80 km/h speed limit (Figure 3b).

Average speed of road network in Seoul city Every S miniute speed distribution of speed limit of 60km/hr (6:00AM-22:00PM)
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(a) Vehicle speeds in the road network measured at a 5-min unit by road type in Seoul (Urban)

Average speed of road network in Hongcheon-gun  Every 5 miniute speed distribution of speed limit of 60km/hr (6:00AM-22:00PM)
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(b) Vehicle speeds in the road network measured at a 5-min unit by road type in Hongcheon-gun (Rural)

Figure 3. Vehicle speeds in the road network measured at a 5-min unit by road type in urban and rural
areas. The average speed of roads is shown in blue to red on each road map. The distribution of the
actual vehicle speed is indicated by road type (speed limit of 60 km/h and 80 km/h) on the right side in
the line graph.

3.1.3. Vulnerable Areas for EMS

We evaluated and compared the vulnerable areas of EMS, which are defined as areas where a
patient from a community center cannot reach the nearest emergency center within 30 min according
to the speed limit, and the real speed (Figure 4). When a patient goes directly to the emergency medical
center in an emergency situation as in Case 1, the speed limit-based assessment is underestimated using
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the current method of assessing emergency medical vulnerability compared to the real speed-based
assessment. In particular, the number of vulnerable areas of EMS was 659 villages based on the speed
limit (Figure 4a), but 3618 villages based on the real speed (Figure 4b). Rural areas had the most
vulnerable areas that increased using the real speed.

Legend Legend
Emergency medical vulnerabilities based on limit speed Emergency medical vulnerabilities based on real speed
I Vulnerable area B Vulnerable area

Rural area Safe area
0 20 40 80 0 20 40 80
Urban area — — Kilometers Urban area —— Kilometers

(a) Vulnerable areas based on speed limits of roads (b) Vulnerable areas based on real speed of roads

Figure 4. Vulnerable areas depending on the road traffic flow speed. The yellow and gray areas
indicate urban and rural areas, respectively. The red areas indicate vulnerable areas of EMS, where
an emergency patient could not arrive at an emergency medical center within 30 min. (a) shows 659
vulnerable areas (4 urban areas and 655 rural areas). (b) shows 3618 vulnerable areas (48 urban areas
and 3570 rural areas).

An assessment using a 5-min unit based on the real speed of the road reveals that vulnerable areas
occurred mostly during afternoon rush hour. In urban areas, 48 villages were considered vulnerable at
6:35 p.m. In rural areas, 3570 villages were vulnerable at 6:25 p.m. (Figure 5). The trend of real speed of
the road by time shows that rural areas are relatively insensitive to traffic congestion during rush hour
compared to urban areas, but the trend was still the highest during afternoon rush hour. We think that
this tendency refers to locations around emergency medical centers. Since most emergency medical
centers are located in cities (397 emergency medical centers, 80.2%), the real traffic flow of roads
entering the city from rural areas slowed down when patients were transferred from a rural area to
an urban emergency medical center, which ultimately led to increased vulnerability of villages in
rural areas.

3.2. Survival Rate of Patients by Emergency Case

3.2.1. Survival Rate by Time Slot in Urban and Rural Areas

We estimated the survival rate of emergency patients by emergency case considering first aid
status and dispatching EMT-paramedics (Figure 6). In Case 1 (Figure 6a), the average survival rate in
urban areas was about 31.7% higher than those in rural areas: 36.6% in urban areas and 4.9% in rural
areas. In Case 2 (Figure 6b), the average survival rate was 59.4% in urban areas and 22.2% in rural
areas, which is about 22.9% higher for urban areas and 17.3% higher in rural areas than Case 1. As the
survival rate in rural areas in Case 2 was about 4.5 times higher than those of Case 1, immediate CPR
action can remarkably increase the survival rate of emergency patients in Case 2.
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Figure 5. Number of vulnerable areas of EMS in urban and rural areas based on the real road traffic
speed in five-minute units. The number of vulnerable areas is marked as an orange line for urban
areas and as a blue line for rural areas. The time slots when the number of vulnerable areas reach a
peak during afternoon rush hour (17:00-20:00). The highest is 6:35 p.m. (48 villages) in urban areas,
and 6:25 p.m. (3570 villages) in rural areas.
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Time Time

(a) Case 1 (Average rate; urban 36.6%, rural 4.9%) (b) Case 2 (Average rate; urban 59.4%, rural 22.2%)
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(c) Case 3 (Average rate; urban 31.8%, rural 7.3%)  (d) Case 4 (Average rate; urban 35.0%, rural 10.8%)

Figure 6. Survival rates in urban and rural areas by emergency response case. The survival rates in
different timeslots are shown according to the emergency response cases described in Table 2. Among the
four cases, the highest survival rate is Case 2, which is when a patient receives cardiopulmonary
resuscitation (CPR) by someone near the patient.

In Case 3 (Figure 6¢), the survival rate was 31.8% in urban areas and 7.3% in rural areas. In Case
4 (Figure 6d), the survival rate was 35.0% in urban areas and 10.8% in rural areas. The survival rate
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in urban areas in Case 3 was about 5% lower than that in Case 1, indicating that the survival rate
of patients decreases because of the delayed arrival time of an EMT-P to assist the patient and the
longer transfer time to an emergency medical center due to low speed flow in urban areas. In contrast,
the lower survival rate in rural areas was because of the long distance to an emergency medical facility.
Despite these negative impact factors, dispatching an EMT-P can positively affect the overall survival
rates of emergency patients.

In Case 4, the survival rate in urban areas also generally decreased to the same as Case 3, since the
dispatch time of an EMT or healthcare provider has a negative effect on improving patient survival.
In rural areas with Case 4, however, the survival rate was about two times as high as that in Case 1.
Because rapid first aid can increase the survival rate of patients in rural areas, where there is a longer
distance to a fire station or an emergency center, the survival rate could double when personnel at
the nearest community health center are used. When personnel from a community health center are
combined with first aid provided promptly by a person near the patient, the survival rate can increase
by more than four times.

3.2.2. Survival Rates by Region Depending on Emergency Cases

We examined the survival rate by region (urban and rural areas) with different emergency
situations (Case 2, Case 3, and Case 4) compared to Case 1 (Figure 7). In Case 2 when patients
immediately receive CPR, the survival rate increased in 12,439 villages compared to Case 1 (Figure 7a).
Case 2 seems to be an ideal situation because the survival rate increased in 70% of the villages
throughout the country. This result supports the other studies [54-56] that first aid provided by a
person near the patient before an EMT arrives is important in improving the survival rate. In Case 3
where first aid is provided after the EMT arrives onsite, the survival rate increased in 3440 villages,
but decreased in 2627 villages in mainly Busan, Gwangju, and Gyeonggi compared to Case 1 (Figure 7b).
However, the survival rate in Seoul with Case 3 increased in some areas and decreased in other areas.

Changes of survival rate (%)
(Case 2/ Case 1)

Changes of survival rate (%) Changes of swrvival rate (%)
(Case 3/ Case 1) (Case 4/ Case 1)

A 6 10 9-8 A0 LB A ®-10 0-5
10-5 Vs-10 0.5 Vs 105 Vs
5.0 Wio-45 5.0 W9 5.0 Wi 64

0 25 2 100
——

Kilometers L Kilometers o e Kllometers Nochanges

(a) Changes in the survival rate for ~ (b) Changes in the survival rate for  (c) Changes in the survival rate for
Case 2 compared to Case 1 Case 3 compared to the Case 1 Case 4 compared to the Case 1

Figure 7. Survival rates in emergency response cases compared to Case 1. The blue areas represent the
areas where the survival rate increases through expanded emergency responses by local individuals
compared to Case 1. Red areas represent areas where the survival rate decreases. In both urban and
rural areas, the emergency response in Case 2 was found to be the most effective in improving the
survival rate.

In Case 4 where first aid is provided by a healthcare provider or an EMT-P nearest the patient,
the survival rate increased in 5309 villages, but decreased in 2217 villages in urban areas such as Seoul,
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Busan, Gwangju, Daegu, and Gyeonggi (Figure 7c). Case 4 does not seem to be applicable to urban
areas as a policy because the time to receive help from a healthcare provider or an EMT-P increases
and the time required to transfer the patient to an emergency medical facility increases. However,
the survival rate in rural areas increased for 4060 villages in Case 4. This shows that establishing a
system for medical staff in community health centers to provide first aid before an EMT-P arrives is
an appropriate method to improve the survival rate. However, Case 4 is not a suitable method in
Gangwon province, a representative mountainous region in Korea, because of the low road density
and because the major medical facilities are concentrated in the central areas that are highly populated.
Therefore, another alternative EMS is needed in this region to more effectively increase the survival
rate of local residents.

4. Discussion

We suggest policy-based support to provide rapid first aid using local personnel. As the current
major medical infrastructure is concentrated in urban areas, more emergency medical facilities should
be established in rural areas to improve accessibility to EMS. However, it may be less efficient to build
new emergency medical centers to cover all rural areas due to the personal and social expenditure
needed. Instead, a more efficient method is to provide first aid to emergency patients to improve the
survival rate. Based on our analysis, when first aid is provided by a primary respondent before an
EMT-P arrives, the survival rate increased by 70% of the villages in rural areas. In addition, the survival
rate increased in rural areas where an EMT-P or a healthcare provider provides first aid and then
transfers the patient to an emergency medical facility. In urban areas, however, access by an EMT-P or
a healthcare provider increased the time required for patient transfer and ultimately decreased the
survival rate. Healthcare providers can also be used as additional personnel in rural areas to provide
prompt and proper first aid. To further reduce the transfer time of emergency patients in urban areas,
the government should consider introducing a traffic sign control system based on artificial intelligence
on the road.

Based on some studies revealing the importance of reducing EMT-P dispatch time and
implementing AED by the public [57-59], establishing an efficient response system that could increase
patients’ survival rate if they receive quick first aid could be through additional dissemination of
AED:s to places with potential risks (e.g., with many acute cardiac arrest patients, highly populated,
and largely transient populated places) as well as through continuous training for the public on how to
use AEDs and CPR. Because the most effective way to increase the survival rate is immediate first
aid treatment, the government should train the public to administer CPR as well as to install and
educate AEDs in populated places. One effective way to offer faster first aid is to foster the human
infrastructure, including police, general staff of community health centers, apartment or building
managers, and village representatives (town chiefs), to increase opportunities to provide first aid.
These approaches would also be reasonable ways to improve the survival rate of emergency patients
considering both the access time to emergency medical centers in urban areas and more people who
can help provide first aid in rural areas before an EMT-P arrives.

5. Conclusions

We explored the vulnerable accessibility to emergency medical services (EMS) by region and
time considering the speed limit and real speed of roads. The main findings showed that urban
and rural areas have different characteristics in terms of access to an emergency medical facility.
In urban areas, the congested road traffic flow (particularly during rush hour) delays the access time.
In contrast, in rural areas, the far physical distance to an emergency medical facility increases the
travel time, because most emergency medical facilities are concentrated in urban areas. We also found
that assessing vulnerable areas to EMS based on the speed limit of roads, as in the existing standard,
underestimates the time to a medical facility because it does not reflect the real road conditions.
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This study delivers significant meaning to the existing government’s approach to define vulnerable
areas for emergency care and shows the potential possibility of the underestimation to reflect real
world through big data analysis using activity data (real-time road speed) and geographical data
(spatial information). However, the study results can be improved with more data sources for the
following: First, we assume that there is no delay time due to traffic signals as well as no extra time to
prepare the EMT-P’s dispatch in 119-safety center which would ultimately have affected the survival
rate of emergency patients. Second, we supposed that all emergency patients will be transferred to
the nearest emergency medical center although patients can be transferred to different emergency
centers following the patient’s choices or medical conditions of the center such as medical manpower
and equipment. Third, the influence of epidemic conditions such as COVID-19 cannot be considered
even though pandemic diseases potentially restrict the accessibility of emergency patients because of
uncertain information and related laws to prevent the possibility of infection for medical personnel
and other patients in the medical facilities.

We expect that future studies overcome current data availability issues for modeling precise cases
including EMT-P’s actual dispatch time and arrival time as well as the exact transferred emergency
center location of emergency patients. Our ongoing studies will not only provide more accurate
assessment of vulnerable areas for EMS but also suggest optimal transport systems for regional
emergency medical services.
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