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Abstract This study aimed to investigate the impact of regional emergency medical service (EMS)
resources and their accessibility on immediate deaths in out-of-hospital cardiac arrest (OHCA) patients
in the emergency department (ED). Using the surveillance data of OHCA in the year 2020, the factors
influencing patients who died immediately upon arrival at the ED were analyzed. Additional data from
the 119-emergency call number, the National Emergency Medical Center, and Statistics Korea, were
collected for EMS resource and accessibility analysis from January to December 2020. K-means
clustering and a cross-classified multilevel model were employed to categorize regions based on their
EMS resources and accessibility and identify factors impacting the immediate deaths in the ED. The
results revealed three region types ('Secure,' 'Moderate," and 'Vulnerable') through K-means clustering.
The cross-classified multilevel analysis identified individual-level factors such as age, medical history,
witness presence, bystander cardiopulmonary resuscitation (CPR), location type, and transfer time that
influenced immediate deaths. At the regional level, the 'Secure' regions had lower immediate death rates
than the 'Vulnerable' regions (OR 0.75, CI 0.63-0.90), with a 7% contextual effect. These findings
highlight the necessity for proactive interventions, including CPR training and resource expansion,
especially in vulnerable areas. Further research is essential to develop strategies for improving
accessibility to EMS services.
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Total Population from Out-of-Hospital Cardiac Arrest Surveillance, 2020
N=31,417

1,701 exclude
+ Missing data

Remained Population
N=29,716

5,687 exclude
+ DNR, DOA, Transferred, Unknown Data In|
Population without CPRin ER
+ DNR, Transferred, Unknown in Population|
with under 20 minutes CPRin ER

Final Study Population
N=24,029

Fig. 1. Flow Chart of Study
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Table 1. Measuring Method for the Resource and Accessibility Indicators of the Regional Emergency Medical

Service

EMS™T Resource

EMS Accessibility

Indicators Scoring Method
Number of REMC’ nx 35
+
Number of LEMC Scoring by nx 25
Number of LEMA" weight nxl1
Number of emergency medical facility (Present or absence) loroO
Per Unitt®
Sum of REMC, LEMC and LEMA i
Per Unit
— Per Unit
Number of ER' beds
Per Population
Per Unit
Number of emergency medicine specialists
Per Population
Per Unit
Number of Nurses
Per Population
‘ Per Unit S(}ormg by 0~5
Number of Ambulances intervals
Per Population
) Per Unit
Number of EMTs
Per Population
Percentage of Population Accessible Within 60minutes to REMC
Percentage of Population Accessible Within 30minutes to LEMC
Percentage of Population Accessible Within 30minutes to LEMA
it Per Unit
Number of AEDs
Per Population

*REMC: Regional Emergency Medical Center, T LEMC: Local Emergency Medical Center, ¥LEMA: Local Emergency Medical Agency, §Unit:

100km?,
Defibrillator, T TEMS: Emergency Medical Service
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Table 2. Characteristics of Variables of Study

Variable ‘ Type | Componets

Dependent Variable

No

Immediate death upon arrival in ER’ Dichotomous v
es

Independent Variable

Level 1

Male

Gender Categorical
Female

<20
20-64
65-79
79

Age Categorical

National health insurance
Individual

L Insurance Categorical Medical aid
Characteristics

Other

0
1
2

3 or more

Number of disease history Categorical

Disease

Cause of OHCAT Categorical
Other

Spring
Summer
Fall
Winter

Incident season Categorical

00:00-05:59
06:00-11:59
12:00-17:59
18:00-23:59

Incident Time Categorical

No

Witness Categorical
Yes

No

Bystander CPR' Categorical
Yes

Sltuatlona.l . Public
Characteristics of

Cardiac Arrest Location of OHCA occurred Categorical Non-Public

Unknown

Non-shockable rhythm
EKG (Pre-hospital phase) Categorical Shockable rhythm

Not monitored

No

Shock delivery (Pre-hospital phase) Categorical v
es

Non-shockable rhythm
Shockable rhythm

EKG® (In-hospital phase) Categorical
Not monitored

{30min

Time from call to hospital arrival Categorical
>30min

Level 2

Vulnerable

Regional Regional EMS' Resource and accessibility Categorical Moderate
Characteristics Secure

financial independence rates Continuous -

*ER: Emergency Room, T OHCA: Out-of-Hospital Cardiac Arrest, ¥ CPR: Cardio Pulmonary Resuscitation, §EKG: Electro-Cardio-Graphy,
[|EMS: Emergenchy Medical Service
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Table 3. Regional Emergency Medical Service Resource and Accessibility Indicator Characteristics

Si*Gun*Gu(N=250)
Indicators
Mean + SD
* +
Number of REMC 0‘?n=738())‘4
+ 0.5 + 0.7
Number of LEMC (1=129)
i 09 + 09
Number of LEMA (2=236)
. . +
Number of emergency medical facility (Present or absence) O'(izh%g
i Per Unit* 29 + 55
Sum of REMC, LEMC and LEMA I
Per Population 1.3 £ 1.3
EMSTT R _ Per Unit 69.3 £ 129.5
SOUICe | Number of ER' beds -
Per Population 214 £ 153
Per Unit 16.0 £ 31.2
Number of emergency medicine specialists
Per Population 3.2 + 3.7
Per Unit 2,220.1 £ 4,422.4
Number of Nurses
Per Population 402.6 + 416.4
Per Unit 83 £+ 12.9
Number of Ambulances
Per Population 6.1 £ 5.6
_ " Per Unit 68.6 + 106.1
Number of EMTs
Per Population 46.4 + 38.6
Percentage of Population Accessible Within 60minutes to REMC 79.3 + 35.6
Percentage of Population Accessible Within 30minutes to LEMC 69.6 £ 41.7
EMS Accessibility Percentage of Population Accessible Within 30minutes to LEMA 90.5 + 20.0
it Per Unit 219.6 = 358.0
Number of AEDs
Per Population 76.6 + 57.9
Score of regional emergency service resource 39.3 + 10.8
Score of regional emergency service accessibility 18.4 + 4.4
Total score of regional emergency service resource and accessibility 57.7+13.5

*REMC: Regional Emergency Medical Center, T LEMC: Local Emergency Medical Center, ¥LEMA: Local Emergency Medical Agency, §Unit:
100km? || Population: 100,000 person, JER: Emergency Room, **EMT: Emergency Medical Technician, T TAED: Automated External
Defibrillator, T ¥EMS: Emergency Medical Service

Table 4. Descriptive Study for Resource and Accessibility Score of Regional Emergency Medical Service and

Post-hoc for Cluster Comparison (n=250)
Cluster’ 1 (n=74) 2 (n=93) 3 (n=83) ¥ P Post-hoc
uster (Mean+SD) (Mean=SD) (Mean+SD) (Dunn-Bonferroni)
1>2(p<.001)

Score of Resource 50.5 £ 5.6 35.6 £ 3.7 24.2 + 4.6 218.7 <001 1)3(p<.001)
2)3(p¢.001)
1)2(p<.001)

Score of Accessibility 21.1 + 2.6 16.3 + 4.6 12.5 + 4.6 103.1 <.001 1)3(p<.001)
2>3(p<.001)

*Clusters: 1-Secure, 2-Moderate, 3-Vulnerable
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Table 5. General Characteristic of Study Population by Cluster (n=24,029)
Regional EMS Resource and accessibility N(%)
Variable Secure Moderate Vulnerable P
(N=9.759) (N=9,751) (N=4,519)
;“ﬁmedme death upon arrival in |\ 7.172 (73.5%) 6.742 (69.1%) 3,012 (66.7%)| <.001°
Yes 2,587 (26.5%) 3,009 (30.9%) 1,507 (33.3%)
Individual Characteristics
Gender Male 6,157 (63.1%) 6,175 (63.3%) 2,944 (65.1%)| 0.048"
Female 3,602 (36.9%) 3,576 (36.7%) 1,575 (34.9%)
Age 0 212 (2.2%) 205 (2.1%) 78 (1.7%)| 0.005
20-64 3,583 (36.7%) 3,502 (35.9%) 1,528 (33.8%)
65-79 3,190 (32.7%) 3,143 (32.2%) 1,535 (34.0%)
)79 2,774 (28.4%) 2,901 (29.8%) 1,378 (30.5%)
Insurance National health insurance 8,086 (82.9%) 8,217 (84.3%) 3,796 (84.0%)| <001
Medical aid 1,030 (10.6%) 848 (8.7%) 364 (8.1%)
Other 643 (6.6%) 686 (7.0%) 359 (7.9%)
Number of disease history 0 4,663 (47.8%) 4,723 (48.4%) 2,475 (54.8%)| <001
1 2,279 (23.4%) 2,425 (24.9%) 1,050 (23.2%)
2 1,627 (16.7%) 1,554 (15.9%) 622 (13.8%)
3 or more 1,190 (12.2%) 1,049 (10.8%) 372 (8.2%)
Cause of OHCA Disease 7,881 (80.8%) 7.729 (79.3%) 3,491 (77.3%)| <€.001°
Other 1,878 (19.2%) 2,022 (20.7%) 1,028 (22.7%)
Situational Characteristics of Cardiac Arrest
Incident season Spring 2,392 (24.5%) 2,402 (24.6%) 1,112 (24.6%)| 0.436
Summer 2,189 (22.4%) 2,189 (22.4%) 1,077 (23.8%)
Fall 2,513 (25.8%) 2,551 (26.2%) 1,159 (25.6%)
Winter 2,665 (27.3%) 2,609 (26.8%) 1,171 (25.9%)
Incident Time 00:00-05:59 1,481 (15.2%) 1,355 (13.9%) 606 (13.4%)| <.001"
06:00-11:59 3,072 (31.5%) 3,172 (32.5%) 1,537 (34.0%)
12:00-17:59 2,861 (29.3%) 3,034 (31.1%) 1,443 (31.9%)
18:00-23:59 2,345 (24.0%) 2,190 (22.5%) 933 (20.6%)
Witness No 4,888 (50.1%) 4,862 (49.9%) 2,243 (49.6%)| 0.874
Yes 4,871 (49.9%) 4,889 (50.1%) 2,276 (50.4%)
Bystander CPR No 6,057 (69.7%) 6,428 (73.6%) 3,158 (79.1%)| <.001"
Yes 2,633 (30.3%) 2,301 (26.4%) 834 (20.9%)
Location of OHCA occurred Public 1,561 (16.0%) 1,601 (16.4%) 768 (17.0%)| <001
Non-Public 6,353 (65.1%) 6,458 (66.2%) 2,806 (62.1%)
Unknown 1,845 (18.9%) 1,692 (17.4%) 945 (20.9%)
EKG (Pre-hospital phase) Non-shockable rhythm 8,790 (90.1%) 8,859 (90.9%) 4,052 (89.7%)| 0.100
Shockable rhythm 948 (9.7%) 866 (8.9%) 452 (10.0%)
Not monitored 21 (0.2%) 26 (0.3%) 15 (0.3%)
(Sll‘r‘;‘jioci;l;:;r;hase) No 8386 85.9%)| 8357 ®5.7%)| 3,693 81.7%)| <001
Yes 1,373 (14.1%) 1,394 (14.3%) 826 (18.3%)
EKG (In-hospital phase) Non-shockable rhythm 9,315 (95.5%) 9,401 (96.4%) 4,388 (97.1%)| <.001"
Shockable rhythm 310 (3.2%) 213 (2.2%) 84 (1.9%)
Not monitored 134 (1.4%) 137 (1.4%) 47 (1.0%)
(Slh“k deltvery No 8330 (85.4%)| 8401 (86.2%) 3,909 (86.5%)| 0.120
n-hospital phase)
Yes 1,429 (14.6%) 1,350 (13.8%) 610 (13.5%)
Time from call to hospital arrival | {30min 4,274 (43.8%) 3,126 (32.1%) 923 (20.4%)| <.001"
>30min 5,485 (56.2%) 6,625 (67.9%) 3,596 (79.6%)
Regional Characteristics
financial independence rates ‘ 26.7 + 11.7 27.4 £ 13.1 21.6 + 13.1] <.001"

*Statistically Significant
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Table 6. Factors Affecting Immediate Deaths in Out-of-Hospital Cardiac Arrest Patients (n=24,029)
Null Model Model 1 (Individual)
. Reside Event CirOS?E_ Residence Event area Cross-classi
Variables nce area classifi only only fied
only only ed
or| %2 | or | 22 | or | %2 | or ‘ 95% CI | OR ‘ 95% CI | OR| 95% CI
Intercept -0.83010 -0.8372 -0.83620 -1.80828 -1.81764 -1.81932
Male Ref.
Gender
Female 0.94 0.88 — 1.00/0.94]0.88 — 1.00/0.94[0.88 — 1.00
<20 Ref.
A 20-64 1.84 |1.45 — 2.35(1.88(1.47 — 2.40|1.88(1.47 — 2.40
e
8 65-79 2.66 |2.08 — 3.40(2.71|2.11 - 3.47|2.71|2.12 — 3.47
279 4.27 |3.33 — 5.46|4.37|3.41 - 5.61/4.38|3.41 — 5.61
National health )
. Ref.
insurance
Insurance Medical aid 0.98 |0.88 - 1.10[0.99|0.88 ~ 1.100.99(0.89 - 1.10
Other 1.18 |1.03 — 1.35[1.161.02 - 1.33|1.16[1.02 — 1.33
0 Ref
Numb ¢ di hist 0.78 |0.72 — 0.85|0.78|0.72 - 0.85|0.78|0.72 — 0.85
umber of disease histor
ase fstory 0.71 |0.65 - 0.78|0.71(0.65 - 0.78|0.71/0.65 - 0.78
3 or more 0.62 |0.56 — 0.70/0.63|0.56 — 0.71/0.63[0.56 — 0.71
c £ OHCA Disease Ref .
use o
? Other 1.46 [1.33 — 1.59|1.45(1.33 - 1.591.46|1.33 ~ 1.59
Spring Ref .
. Summer 1.06 10.97 - 1.16/1.06/0.97 - 1.16/1.06|0.97 - 1.16
Incident season
Fall 0.99 |0.91 = 1.09[0.99(0.91 - 1.08]0.99]0.91 - 1.08
Winter 1.07 [0.98 - 1.16/1.06[0.98 - 1.16/1.06[0.98 - 1.16
00:00-05:59 Ref .
. . 06:00-11:59 0.99 0.90 - 1.10(0.99]0.90 - 1.10/0.99(0.90 - 1.10
Incident time
12:00-17:59 0.91 |0.83 - 1.01{0.90(0.81 - 1.00]0.90{0.81 - 1.00
18:00-23:59 0.97 10.87 - 1.07/0.97(0.87 - 1.07/0.97[0.87 — 1.07
Wit No Ref .
rness Yes 0.65 0.61 - 0.69/0.65/0.61 - 0.69]0.65|0.61 - 0.69
Bystander CPR No Ref '
ystander Yes 0.80 |0.74 - 0.86/0.80(0.75 - 0.87/0.80/0.75 - 0.87
Public Ref .
Location of OHCA occurred| Non-Public 1.76 |1.60 — 1.941.79(1.62 — 1.98|1.79(1.62 — 1.98
Unknown 1.59 |1.42 - 1.79(1.62|1.44 — 1.81|1.62[1.44 — 1.82
Non shockable rhythm Ref .
EKG Shockable rhythm 0.73 |0.61 - 0.88/0.73/0.60 - 0.88(0.73[0.61 - 0.88
(Pre-hospital phase)
Not monitored 0.4510.09 - 2.15/0.39]0.08 — 1.84/0.39(0.08 — 1.87
Shock delivery No Ref
(Pre-hospital phase) Yes 0.86 |0.75 — 0.99/0.85|0.74 — 0.98|0.85(0.74 — 0.98
Non shockable rhythm Ref
EKG Shockable rhythm 1.10]0.79 - 1.54[1.09]0.78 — 1.53|1.09|0.78 - 1.54
(In-hospital phase)
Not monitored 0.09 |0.04 — 0.17/0.08/0.04 - 0.17/0.08/0.04 — 0.17
Shock delivery No Ref
(In-hospital phase) Yes 0.21 (0.18 — 0.25(0.21(0.18 - 0.24]0.21{0.18 — 0.24
Call to Hospital Arrival {30min Ref
Time >30min 1.24 1.16 — 1.33[1.21|1.12 - 1.291.21|1.12 - 1.29
Vulnerable
Regional EMS Resource and|
ot Moderate
accessibility
Secure
financial independence rates
ICC (Residence area) 0.05 0.00 0.05 0.00
ICC (Event area) 0.06 0.06 0.0 0.0
Residence area variance 0.16 0.01 0.1 0.00
Event area variance 0.22 0.21 0.24 0.24
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Table 7. Factors Affecting Immediate Deaths in Out-of-Hospital Cardiac Arrest Patients

(n=24,029)

Model 2 (Residence area)

Model 3 (Event area)

Model 4 (Final)

Variables Residence only Cross-classified Event area only Cross-classified | Cross-classified
OR | 95%Cl | OR | 95%Cl | OR | 95%CI | OR | 95% CI | OR | 95% CI
Intercept -1.72767 -1.75190 -1.68484 -1.68679 -1.66219
Male Ref
Gender Female B _ B _ B
0.93 10.87 - 1.00] 0.93 [0.87 - 1.00] 1.03 [0.96 - 1.10] 1.03 [0.96 - 1.10] 0.93 [0.87 = 1.00
<20 Ref
Age 20-64 1.90 [1.48 - 2.43| 1.92 |1.50 - 2.46| 2.07 [1.62 - 2.64| 2.06 |1.62 - 2.64| 1.93 [1.50 — 2.47
65-79 2.72 [2.12-3.50| 2.76 |2.15-3.54| 2.72 [2.12-3.49| 2.71 [2.12 - 3.48| 2.76 2.15 - 3.54
79 4.37 |3.40 -5.61| 446 |3.47 —5.73| 4.06 [3.16 —5.20| 4.04 [3.15-5.18| 4.45 3.46 - 5.73
National health .
insurance Ref
Insurance Medical aid 0.98 |0.88 - 1.10] 0.99 |0.89 - 1.11| 1.05 |0.94 - 1.17| 1.05 |0.94 - 1.17| 0.99 0.89 - 1.11
Other 1.18 [1.03 - 1.35| 1.16 |1.02 - 1.33| 1.07 [0.94 - 1.22| 1.07 |0.94 - 1.22| 1.16 [1.02 - 1.33
0 Ref
Number of disease| ! 0.78 |0.72 - 0.85| 0.78 |0.72—0.85 0.81 |0.74 —0.88| 0.81 |0.74 - 0.88| 0.78 [0.72 — 0.85
history 2 0.71 |0.65-0.78| 0.71 |0.65-0.78| 0.75 |0.68 - 0.83| 0.75 [0.68 — 0.83| 0.71 10.65 - 0.78
3 or more 0.63 [0.56 - 0.70| 0.63 |0.56 — 0.71] 0.64 |0.57 - 0.72| 0.64 |0.57 - 0.72| 0.63 [0.56 — 0.71
Cause of OHCA Disease Ref
Other 1.46 [1.34-1.59| 1.46 |1.34-1.60| 1.22 |1.12 - 1.34| 1.22 |[1.12 - 1.34] 1.46 |[1.33 - 1.59
Spring Ref
Incident season Summer 1.06 |0.97 - 1.16] 1.06 |0.97 - 1.16| 1.06 |0.97 - 1.17| 1.06 [0.97 - 1.17| 1.06 [0.97 - 1.16
Fall 0.99 10.91 - 1.09| 0.99 [0.91 - 1.08| 1.08 [0.98 - 1.18| 1.08 |0.98 — 1.18| 0.99 0.91 - 1.08
Winter 1.06 |0.97 - 1.16] 1.06 [0.97 - 1.15| 1.02 [0.93 - 1.12| 1.02 [0.93 - 1.12| 1.06 [0.97 - 1.15
00:00-05:59 Ref
Incident time 06:00-11:59 0.99 |0.90 - 1.10| 0.99 [0.90 - 1.10| 0.98 [0.88 - 1.09| 0.98 [0.88 - 1.09| 0.99 [0.90 - 1.10
12:00-17:59 0.92 |0.83 - 1.01| 0.90 |0.82 - 1.00] 0.90 [0.81 - 1.01| 0.91 [0.82 - 1.01| 0.90 [0.81 - 1.00
18:00-23:59 0.97 |0.87 - 1.08] 0.97 [0.87 - 1.08] 0.97 [0.87 - 1.08] 0.97 |0.87 - 1.08| 0.97 [0.87 — 1.07
Witness No Ref
Yes 0.65 |0.61 - 0.69] 0.65 |0.61 - 0.69] 0.62 |0.58 — 0.66| 0.62 |0.58 - 0.66| 0.65 [0.61 - 0.69
Bystander CPR No Ref
Yes 0.80 |0.74 - 0.86] 0.80 [0.75—0.87| 0.76 |0.70 - 0.82| 0.76 |0.70 - 0.82| 0.81 [0.75 — 0.87
. , Public Ref
Location of OHCA Non-public 177 [1.60 - 1.95| 1.80 |1.63 - 198 1.62 |1.47 - 1.79) 1.62 |1.47 - 1.79| 1.80 [1.63 - 1.99
Unknown 1.60 |1.42-1.79] 1.62 |1.44-1.82| 1.34 [1.20-1.51] 1.34 [1.20 - 1.51] 1.62 [1.45 - 1.83
Non shockable
EKG rhythm Ref
(Pre-hospital Shockable rhythm| 0.74 [0.61 - 0.89| 0.73 |0.61 — 0.89| 0.67 |0.56 - 0.81| 0.67 |0.55 - 0.81| 0.74 [0.61 - 0.89
phase) Not monitored | 0.45 [0.09 - 2.15| 0.39 [0.08 - 1.83] 0.72 [0.31 - 1.69] 0.72 [0.31 - 1.69] 0.39 0.08 - 1.86
Shock delivery No Ref
g;osp“al Yes 0.85 [0.74 - 0.98 0.85 |0.74-0.97| 0.87 [0.76 - 1.00| 0.87 [0.76 - 1.00| 0.84 0.73 - 0.96
Non shockable
EKG rhythm Ref
(In-hospital phase)| Shockable rhythm| 1,10 10.79 - 1.54| 1.09 {0.78 - 1.53| 1.07 [0.75 - 1.52| 1.07 [0.75 - 1.51| 1.10 (0.78 ~ 1.54
Not monitored 0.09 [0.04 -0.17| 0.09 |0.04-0.17| 0.15 |0.08 - 0.27| 0.15 |0.08 - 0.27| 0.09 [0.04 - 0.17
Shock delivery No Ref
(In-hospital phase)| Yes 0.21 |0.18 - 0.25] 0.21 |0.18 —0.24| 0.19 [0.16 - 0.22| 0.19 |0.16 - 0.22| 0.21 0.18 - 0.24
Call to Hospital | <30min Ref
Arrival Time =30min 1.24 [1.16 - 1.33] 1.21 |1.13-1.30] 1.22 |1.14-1.31] 1.22 |1.14-1.31] 1.20 |1.12 - 1.28
Regional EMS Vulnerable Ref
Resource and Moderate 1.18 |0.97 - 1.43] 1.18 |0.97 - 1.43| 0.97 0.81 — 1.15
accessibility Secure 0.81 [0.67 -~ 1.00] 0.81 |0.66 = 1.00| 0.75 0.63 = 0.90
financial independence rates 0.99 10.99 - 1.00] 0.99 ]0.99 - 1.00 0.99 [0.99 - 1.00
ICC (Residence area) 0.05 0.07 0.00 0.00
ICC (Event area) 0.00 0.06 0.06 0.06
Residence area variance 0.16 0.01 0.01 0.01
Event area variance 0.23 0.22 0.22 0.22
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