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Table 1. Definition of major emergency disease by 119 run sheet

119 run sheet

Type Chief complaints Or Vital sign
EMS-assessed * Medical disease *» “cardiac arrest”
OHCA = Non-disease * “respiratory arrest”
* “Chest pain”
Cardiovascular ) ) * “Dyspnea’
= Medical disease . o,
emergent case = “Palpitation

= “Syncope”
= “Headache”

* “Mental change”

= “Seizure
Cerebrovascular . . ) o,
= Medical disease = “Convulsion
emergent case . Y
= “Syncope

» “Dizziness”

= “Paralysis”
= Painful response

» Unresponsiveness
= SBP < 90mmHg

= RR<10 Or RR>29
*EMS: Emergent Medical Service, OHCA: Out-of-Hospital Cardiac Arrest

Major trauma = Non-disease
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Table 2. The extraction technique of vulnerable area for prehospital transportation

of major incidents

Step Tasks

1. Define the analysis area.

) ) 2. Prepare the administrative district shapefiles containing
Preparing spatial data L )
. the spatial information.
of the predefined area ) ) ) o
3. Create the appropriate grid-based shapefiles within

the defining the geographic units.

Geocoding of EMS

o . 1. Define the major and non-major incidents
2 incidents using the

2. Geocode EMS incidents’ address using GIS software.
text-based address




1. Calculate major incidents ratio(major cases/total

EMS incidents) in each grid-based layer.

Overay and Hot/Cold

3 spots analysis in each o
) [ statistics.
grid

. Test for global spatial autocorrelation using Moran's

3. Detect hot and cold spots as spatial outliers by

using Getis-Ord Gi(d) statistics.

*EMS: Emergency Medical Service, GIS; Geographic Information System

ThE FHEA 712 QGIS 3.14 Versions ©o] &3t 3ttt

First step:
Preparing spatial data of the predefined area

administrative district hexa grid—-based (1x1 km)}
shapefile layer sahpefile layer

Second step:
Geocoding of EMS incidents using text—-based address

Major incidents geocode non—Major imcidents
UTME projection geocode UTMEK projection

—{ Third step:
Owverlay in each grid and Heot/Cold spots amalysis

Major incidents in each hexa grid—-based layer

Moram test for spatial dependence

calculate Getis—0rd Gil(d) statistics im each grid

w

Extraction of EMS—assessed major incidents wvulnerable
areas (Hot spots for Heliport)

Figure 1. Grid-based geospatial approach flow
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al, T AA olFH FTTSHEIHAE 48,0941 olom o] FAIZE H o] FAY
Mo 4% W 0B AW 4805090 dalA BAL FaAsArh B4 g4

< AHAA111%), AEHSFEHE5.0%), HERHSHAET13%), TTA%
(10.6%)°] EHAT. A Z4 i T 11975 AL=RE B ofF7HA
il

30+ o] A8 H A5+ 422%(20,288 H)ol A tH(Figure 2).

Total EMS call volume in Jeju
{Jan 1, 2018 to Sep 3@, 2018)

N=366, 155

Exclusions (n=318,861)

et | @ NON=transport calls (n=67,095)
s no major emergent cases (n=316,285)

¥

EMS transported major emergent cases

N=48, 094

Exclusions (n=44)

| missing/error of EMS transport time (n=25)
» missing/error of EMS transport distance (n=19)

Included in analysis

N=48,050 (100%)

v v \J v

EMS assessed Cardiovascular Cerebrovascular Major trauma cases
out-of-cardiac arrest emergent cases emergent cases

n=5,349 (11.1%) n=16,823 (35.0%) n=27,515 (57.3%) n=5,080 (10.6%)

Figure 2. Study flow chart
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2)
A 29 A2 te3 ZtH(Table 3). & 73telA 11974+

Aol gue dgel oyuth Ben BAFYLS

# %
=3
Table 3. Study population demographics
. ) - >30min >45min > 60mi
rehospital min <45min <60min =>60min p
transport time -values
(n=27,762) (n=10,280) (n=7,278) (n=2,730)
Male 15,267(55.0%) 5,609(54.6%)  3,833(52.7%)  1,548(56.7%)
Gender 0.004(a
Female 12,495(450%)  4,671(45.4%)  3,445(47.3%)  1,182(43.3%)
Age Mean +SD 58.6+23.1 61.4+21.0 63.4+19.7 62.7+£19.5 <0MIb
pb0(p25,p75)  59(44, 76) 64(48, 78) 68(51, 78)  66.5(51, 78) <VMl(c
Patient Medical 24.855895%)  9,090(88.4%)  6,559(90.1%)  2,359(86.4%)
Trauma 2,862(10.3%)  1,164(11.3%)  704(9.7%) 368(13.5%) <000l
type Others 45(0.2%) 26(0.3%) 15(0.2%) 3(0.1%)
Emergent 1971771.0%)  7,410(72.1%)  5,137(70.6%)  1,792(65.6%)
Urgent 4,805(17.3%)  1,540(15.0%)  1,120(15.4%)  415(15.2%)
Acuity non-emergent 2,209(8.0%)  943(9.2%) 797(11.0%)  359(13.2%) <00l@a
death 636(2.3%) 307(3.0%) 146(2.0%) 124(4.5%)
others 395(1.4%) 80(0.8%) 78(1.1%) 40(1.5%)
Alert 17560(633%)  6,954(67.6%)  5,425(74.5%)  2,028(74.3%)
mental Verbal 3,113(11.2%)  932(9.1%) 646(8.9%) 236(8.6%) 000l
state Pain 3,111(11.2%)  942(9.2%) 529(7.3%) 169(6.2%) ‘
Unresponsive  3,978(14.3%)  1,452(14.1%) 678(9.3%) 297(10.9%)
CPR No 25092(90.4%) 9,279(90.3%)  6,823(93.7%)  2,569(94.1%) Q0la
Yes 2,670(9.6%)  1,001(9.7%)  455(6.3%) 161(5.9%) )
EMS-assessed OHCA  3,265(11.8%) 1,252(12.2%)  578(7.9%) 254(9.3%) <Q00la
Cardiovascular cases 9,689(34.9%) 3,540(34.4%) 2,661(36.6%) 933(34.2%) 0.017(a

_12_



Prehosnital <30mi >30min >45min - 60mi

min >60min
rehospita <45min <60min 2
transport time -values

(n=27,762)  (n=10,280) (n=7,278) (n=2,730)

Cerebrovascular cases 16,084(57.9%) 5,650(55.0%) 4,215(57.9%) 1,566(57.4%) <00l

Major trauma 2,857(10.3%) 1,155(11.2%)  700(9.6%) 368(13.5%) <0M0la

SD; Standard Deviation, CPR; Cardiopulmonary Resuscitation, EMS; Emergency
Medical Service, OHCA; Out-of-Hospital Cardiac Arrest
a) X>Test, b) ANOVA(Analysis of Variance), ¢) Kruskal-Wallis

2) A 82 R o|F FF 54

BE o]FAZ T3 ¥ BAUAAGE BANOR Fo8 Aol A o
FAL T BRI FABEE AFA AGe FrAAT AALA Age F
behe Aol tEuth E@ o] $AF T3 ¥R EAARE BA w4

OfFAIZE bl weEt EFE AWAMEEE 30RVRE A= AlF A
(71.2%6), 30 ©]% 45% wIwk it = AMF 2 (41.9%), 451 ©1F 604 7]

T el s FRANA46.2%), 60 ol Tt M= FH-AWA(52.8%)7F

TA A4 $] %8+ Hospital 29} Hospital 32 ¢F 60% o]Ate] =17} o4 5]
I AT olFAIE I EFF SUMETE SFA/REAVE o|FHAdS HAAS)

Table 4. Geographical characteristics and other factors related to transport

<30m; >30min >45min ~ 60mi

: min = oumin
Prehospital <45min <60min pl
transport time

(n=27,762) (n=10,280) (n=7,278) (n=2,730)
City: Seogwipo-si  6,195(22.3%) 3,608(35.1%) 4,292(59.0%) 1,865(68.3%)
Jeju-si 21,567(77.7%)  6,672(64.9%) 2,986(41.0%) 865(31.7%)

_13_



. =>30min >45min .
Sl <30min <45min <60min =60min .
transport time ~values
(n=27,762) (n=10,280) (n=7,278) (n=2,730)
FS: Seogwipo 5,425(19.5%) 893(8.7%)  718(9.9%)  370(13.6%)
East 1,474(5.3%) 2,700(26.3%) 3,362(46.2%) 1,441(52.8%) Al
West 1,107(4.0%) 4,305(41.9%) 2,889(39.7%) 765(28.0%)
Jeju 19,756(71.2%)  2,382(23.2%)  309(4.2%) 154(5.6%)
Whithin jurisdiction  24,63588.7%) 9,022(87.8%) 6,277(86.2%) 2,121(77.7%)
Outside jurisdiction  3,127(11.3%) 1,258(12.2%) 1,001(13.8%) 609(22.3%) ool
Hospital: Hospital 1 = 5955(21.5%) 1,579(15.4%)  364(5.0%) 131(4.8%)
Hospital 2 6,643(23.9%) 3,221(31.3%) 2,226(30.6%) 832(30.5%)
Hospital 3 4,856(17.5%) 2,253(21.9%) 2,414(33.2%) 943(34.5%)
Hospital 4 3,473(12.5%) 1,164(11.3%) 1,000(13.7%) 326(11.9%) <Q0la
Hospital 5 3,246(11.7%) 1,358(13.2%) 762(10.5%)  220(8.1%)
Hospital 6 2,819(10.2%)  450(4.4%)  435(6.0%) 187(6.8%)
Others 770(2.8%)  255(2.5%) 77(1.1%) 91(3.3%)
Hospital Decision: EMS  12,573(45.3%) 4,532(44.1%) 2,729(37.5%) 931(34.1%)
Dispatcher 82(0.3%) 51(0.5%) 40(0.5%) 19(0.7%) Qe
Patient/Guardian 15,077(564.3%) 5,679(55.2%) 4,489(61.7%) 1,763(64.6%)
Others 30(0.1%) 18(0.2%) 20(0.3%) 17(0.6%)
*FS; Fire Station, a) X*—Test
3) THGA ¥ 28X 2 oA
oA FihE T hE THIE 2243 1EH B BAL

LT FA A BAH R {2l
2ol 7F JARE FEAE A @G A ] Ags AR Zolrp AA]
9

o)
5 L

_14_



Table 5. Prehospital duration and transport distance for each EMS tasks

Prehospital . >30min  >45min . p-
. <30min . . =60min Total
transport time <45min <60min values
Response time 59 + 27 81 + 45 92 + 57 140+ 130 7.3 + 53 <QWla)
(calll to T
. 5(4, 7) 7(5, 11) 8(5, 12) 11(7, 17) 6(4, 9) <O0Ib)
arrival)

Field time 59 = 27 81 + 45 92 + 57 130+26 64 + 6.8 <00k

(arrival to depart) ~ 5(3, 8) 53, 9) 53, 8) 74, 14) 53, 8) <00
Transport time 7.1 * 45 221 %82 356+ 81 458+ 173 168+ 147 <000k

(depart to hospital) (4, 10) 22(16, 29) 37(32, 41) 47(40, 52) 11(5, 27) <000Ib)
Prehospital time 187 £ 5.6 367 + 44 510 £ 42 727 234 305+ 176 <00la)

(call to hospital) 19(14, 23) 37(33, 41) 51(47, 54) 67(62, 74) 26(17, 41) <000Ib)

(FD to field) 20(1.8,40) 42, 7) 4725, 800 6(3, 10) 3(2, 5) <0

52 + 4.8 21+ 122 364+ 109 401 + 122 155+ 156 <0Mla)
DiStAnC@ 2 KRINL 7rrrrrrrr s s TS

(field to hospital) e oo s RSN ST O SO

|0 S 5 0 LTS A - o PR
(total diStanCe) ---roe s L

*FD; Fire Department

**Response, Field, Transport and Prehospital time were described as mean+SD
and median(p25, p75).

*+*xDistance 1, 2 and 3 were described as mean+SD, median(p25, p75) and
maximum.

a) ANOVA(Analysis of Variance), b) Kruskal-Wallis test
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Figure 4. Prehospital transport distance for each EMS tasks

- o]FAZ WE AR FExE BEWH WA o|FAHTL
TAE A @dFe] Age ol AolE HolA i doA
o ] WA7tA o] o]F ARt FelstA FrkekeE A S E A h(Figure 4).

3. RAFHAAT (6IS) S 0|88 SZSITUX 42 HE U Jz2HEs

MAAGE AFSEARAE PP om Aostar, sidEe= Aol gk
A2 A A5 (Shape file)E AlZtsbstar Adg A G5 S8 93
st A" =AY S4F gridE THS A=A o] T AgWAFeR
B °F 108 A=l 1km A 2=ALE A4sA
th A" 1X1 km 299 gridE® AYE AFEHRAANE FAA A FH3}
e w, 1,903719] grid7F A =H™ HA grid AFel Hit Agl= 28.0£15.8kmO|
A tH(Figure 5).
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Figure 5. A: Preparing spatial data of the predefined area(Jeju Island
administrative district layer), B: Creation of hexa grids(1xl km) in the defined
areas, C: Selection of only grids(yellow) overlapped with Jeju Island
administrative district layer, D: Extraction of 1,903 overlapped grids layer
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Table 6. The match rates from geocoding process

Total EMS call volume Major emergent cases

N=366,155(100%) N=48,050(100%)

Exact address match 263,659(72.0%) 33,941(70.6%)
Closet address match 70,488(19.3%) 9,695(20.2%)
Street/City centroid match 32,008(8.7%) 4,414(9.2%)

O

AT EAE(grid)edl F5eHEA B Fox AFARE ddsto] AR

of oA TS FTHAA AlZstedvH(Figure 6).

* PNE PN ««., algzEst

b4 LRt

SEAY

Figure 6. Geospatial mapping of geocoded addresses; OHCA(green dots),
Cardiovascular emergent cases(blue dots), Cerebrovascular emergent
cases(brown dots), Major trauma(purple dots)

A SSEHEAe] olFA e 4bkm o]/d)ek o] FAIZHE0R o d)el uet B
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| ol ey AANIe 549U W, olFA 4km o

o] HA o] FAIZE 30 ol A8 A9T 20,32971(42.3%)0] AL, o] FAIZE 455
6

0 o] 6,65171(13.8%)e= ¥ A

s

AolH A HEMSS A=Al F~8o tist f
g A&Est9 3, Aeld Bxo uet =238t 9tH(Table 7)(Figure 7).

Table 7. Potential demand for helicopter emergency medical services

Potential demand case definition n (%)

Prehospital transport time>
20,329(42.3%)

Transfer distance=45Km

Prehospital transport time>
. 6.651(13.8%)
60min

45km & 3080[4 45km & 45014 45km & 6OROJ4

Figure 7. Geospatial distribution of Potential demand for helicopter emergency

medical services

7} grid Wl HEMS®] o]&& f3ts TT&adAe Fo0d e 71e4 &4

<+t 2 (Table 8).
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Table 8. Descriptive statistics of Potential demand for helicopter emergency

medical services in each grid

Total Grid Tl wratee >45Km Transfer distance
(N=1,903) o
. . incidents =>30min =45min =60min
Incident Grid (n=48.050)
n=48, = =10. _
(N=1.513) (n=20,329) (n=10.690) (n=6,651)
Mean = SD 31.7 + 96.4 13.7 £ 28.3 7.1 £ 17.6 4.4 + 13.1
Median(p25,p75) 9(3, 23) 6(2, 14) 2(1, 7) 1(0, 4)
Minimum 1 0 0 0
Maximum 1145 503 323 265

Getis-Ord Gi(d) k> A e 44 A9 T2 gk Arks|AE ®
=3kek gh(Z-score) 0.2 oS Lol me}t et 1% A A= Hot spot? Cold
spotS Aolsle] =%3% Hot/Cold spot gridd] 7Hset Bx&= ofdlel 2kt

(Figure 8-10).

Table 9. Descriptive statistics of Potential demand for helicopter emergency

medical services in each grid

Total Grid
otal bril >45Km Transfer distance
(N=1,903)
Incident Grid = 30min =>45min = 60min
(N=1,513) (n=20,329) (n=10.690) (n=6,651)
Z = 2.58 (Hot spot) 126(6.6%) 329(17.3%) 350(18.4%)
1.96 < Z < 2.58 171(9.0%) 80(4.2%) 47(2.5%)
-1.96 < Z < 1.96 959(50.4%) 579(30.4%) 529(27.8%)
-2.58 <Z £ -1.96 157(8.3%) 107(5.6%) 85(4.5%)
Z < -2.58 (Cold spot) 100(5.3%) 418(22.0%) 502(26.4%)
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Z-value of major incidents (230min or 245km)

(2.576,100] (126)

{1.96,2.576] (171)

(-1.96,1.96) (959)

(-2.576,-1.96] (157)

[-100,-2.576] (100) i
Mo data (B55) :

1
i |
L

XX

®
&8

Figure 8. Hot and cold spots of potential demand for HEMS: major incidents=

30min and =45km

o] A g 45km o] H o]FA]ZF 30% oA A 2% Hot and cold spotse]
Figure 8& ®»W WAFEE 20,3297 08 74 @A vk Hot spot grid®] W4+
12670 & 7F4 # 3 Hot spot grid®] #X7} AFA 2 AAZE A3 H1AY

1793 AEAY 2790w 379 Ao UFE oAt (Figure 8)
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Zz-value of major incidents (z45min or =45km)
{2.576,100] (329)
{1.96,2.576] (80)
(-1.96,1.96] (579)
(-2.576,-1.96] (107)
[-100,-2.576] (418)
No data (855)

Figure 9. Hot and cold spots of potential demand for HEMS: major incidents=
45min and =45km

o] Az 45km o4 H o
Figure 95 EW o]& A7 308 o]49] Figure 8% ®]udle] WA= = 10,690
Ao g kA% o Hot spot gride] s 329702 Z715 o] ¢lal Hot spot
grid®] #FZ7} FFAY 1793 AFRAY 17908 299 Ao ZHHA

t}.(Figure 9)

oy

A7 458 o)Ak A Q2% Hot and cold spotsd]
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2-value of major incidents (=60min or =45km)
(2.576,100] (350)
(1.96,2.576] (47)
(-1.96,1.96] (529)
(-2.576,-1.96] (85)
[-100,-2.576] (502)
Mo data (855)

Figure 10. Hot and cold spots of potential

60min and =45km

olF A2 45km o] B o] FAIZE 60+
Figure 10s ®»¥H WAFEE 66501702
9} vl &te] Hot spot gride] A 3

7 ERAYG 17Gn ARAY 170z

=

=

o) 57e] L ol E ATt Fako] FAHAS
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Hot and cold spots<]

7b A o) okal AAE Figure 8-9

wWokal Hot spot gride] +3&

279 Aol I oA
A A Q1 HEMS®] 48
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MM e HEEA Fa FHAFHY AFA G FghEo] FFHAY. E
ol @ o]&EA7F 749 Figure 8-994] Hot spot gride] ®E7}
Xr=

A el 249 E= 3AHel 2

1z
M

>
1

Aol A FzE=A
253 HEMSS v o %5 W3t Cold spot gride] BX= T2
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1A TEOAR 2247 L oFALe] hF NEH A
BAe Ea) 39 A 7 FEEAE 2247 2 oEAY BRelA AA ~8
A7 R olE AT Fbl Wk FEARY, AFATAL L FFALN A A

A% 24 ot @A SHAR/NWAAL 2847
A7t felal F7bshs A2 el @ 4 UAATH(Table 5)(Figure 3-4). £&

HEMS?®] #aj# el 4=Q9] W3+ Hot and cold spotse] #+¥X%5 HW Hot spot

gird®] &X7F MFAZEAS} AFA AGE AL AR B g Ao 7o
2 FEE #FE A (Figure 8-10). o1& AFSEAAE A9 ff S$H998

Aol BES) Aol ANtW WA A FHANLE GYEE 4000 Y
Aol WA 26740 FEUS REE AFA, AAEA, B
WAool FHAD ofF FHUF BA B4
gogol MmHoE RE Al BAr} 21X Rovt B 6429 $FE
el REE 5A2TE AFA A W FAb) Bl REFT 12T A
AZA A dol AAske] AR D FR AN B RS

$RoE IBoR W2y At A AP SFIRI

<7l weEk Al 2e AT R olEAR Y] SR ol 4

e FET Aol ZAHQ AlFeln el = oF 20,0007, o] F ddd

27 F b4 BAe AKD Qe A, A7d A8 A BAd Andg
A
=]



= 1995 A5 s FAE A @] FhEEZE wj At Al AL, o] F- 2008
= @7 9y FrF oAl 220199 @) s FrF wAE L Als AN
selA = 2019 AV s wiAsky ekt o F T AbekAdie =

7 olF B QW TS TS e vk AF AFAFANAE 109

L
H
/18 9%

Aol &

2359 2

A7 Seets A4 SFARD/ AARSTFRA A7) oES 9
s A7l ol HF L B A b Ah) Fol WAV AM, AR AgEe
S UNzol A 8ALAA Bxste] Aol ool ahek AR F7b g o)
Fih. ol AAAME AAH MM A e FE Hue] mek AAY I

Abol A=)l Aol Q7] wiZolw HAHer QJAAXH 7t FFHeko] SH 9
T8 Ego] Bagk @Al A Hsks H AgA ot dAA EFHL U=

aib HolHEA $1A dHelge £4 HelHz U F Ut dF 59, =2
AARE, 2%, G, F3xp)oll gk Frel 7 =2 HA(o]F, Ho], £= A
g Ee Rl e AEE ol inh(19) olHd A e HEA L] &g
sk e S SERTIAA Ade AE S48kl HoAel AL

A= A AmAd Addez mAT & o] GApAAe] Hn Hd 44

AFEIAAE YPAGo FAHE A el @A sz 1A, vk
VN, $5% 1A, v DY, olel® 1), F4% 24144 ¢4 354% 1),
seby 2l (Agd w, WS, AFdE Ul AFdgnya ) 2 AF

FATY ARG A7) o FF ol gort HAl AFEA 9 4 AGEL vhee
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VIII. Abstract

Backgrounds

The time interval from symptom to definitive treatment is very important
on outcomes of patient visited emergency department(ED). Especially, cardiac
arrest, acute coronary syndrome, stroke, major trauma are well known time
dependent diseases. To decreasing the prehospital transport time from call for
emergency medical service(EMS) to arrival ED, we have tried to find a
solution to the problem of accessibility vulnerable areas for prehospital
transportation of the patients of 4 emergent diseases in Jeju Island. One of
them 1is air transportation by helicopter.

In this study, we analyzed the factors related to transport time from call
for EMS to arrival ED in patients by 119 ambulance run sheet in Jeju Island.
we showed the accessibility vulnerable areas with delayed prehospital time
through a geospatial analysis of the Geographic Information System(GIS).
Then we recommended Helicopter Emergency Medical Services(HEMS) as a

solution on delayed prehospital transport time in Jeju Island.

Methods

This study was a retrospective cross—sectional study by 119 ambulance run
sheet from January 1, 2010 to September 30, 2018 in Jeju Island. We defined
the eligible population who used 119 ambulance for 4 major emergent disease:
cardiac arrest, acute coronary syndrome, stroke and major trauma.

The information of patient’s location was collected from the spatial analysis
frame by the GIS. And we calculated the distance and time interval for each
EMS tasks. We analyzed spot of long-distance transport and delayed

transport. Then we derived hot spots that are thought to have high potential
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demand for HEMS for the patients of 4 major emergent diseases.

Results

48,050 cases were enrolled and of those, 20,288 patients (42.2%) took more
than 30 minutes from call for EMS to arrival ED.

This study showed a tendency the patients and guardians want to select a
hospital as the transport time increased. In addition, the main step in
determining the total prehospital transport time for the patients of 4 major
emergent diseases was the time interval from scene to the hospital. The hot
spots that are thought to have high potential demand for HEMS are
visualized and presented. The distribution of hot spot grids showed spatial
autocorrelation, and was confined to the eastern and western regions
excluding Jeju-si and Seogwipo-si, and tended to be concentrated in two or
three places.

These results are considered to be the influence of the geographic
distribution of six emergency medical institutions and twenty-six 119 rescue
centers in Jeju Island. Although twenty-six 119 rescue centers are distributed
throughout Jeju Island, but six emergency medical institutions are concentrated

at 2 urban areas.

Conclusions

This study showed the factors related to delayed transport time of
prehospital in 4 major emergent diseases. And accessibility vulnerable areas
for the patients of 4 major emergent diseases were derived and visualized by
the GIS. The spatial analysis framework, which was created previously, is

expected to be a useful tool for planning EMS resources in Jeju Island.
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