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HEMS  helicopter emergency medical system

GEMS  ground emergency medical system

PICU pediatric intensive care unit
AlS abbreviated injury scale

ISS injury severity scale

IQR interquartile range

JTDB Japan trauma data bank
JCS Japan coma scale

SMRW  standardized mortality ratio weight

ps propensity score

OR odds ratio

ClI confidence interval

SD standard deviation

SBP systolic blood pressure

HR heart rate

RR respiratory rate

ED emergency department

bpm beat per minute for heart rate and breath per minute for respiratory rate
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BEEDIET DRI v B VSIS G IR DRI Uiz, 7S~
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BT IAVEFNTEL LB A TS LT, Stata version 14 (Stata—Corp, College

Station, Texas, USA) ZfEATIZfHE H L 7=,

2.2.6 fmE
AWFFRIL, KPER 2 —DfmBlZ B TRRE =TTz, EAalksii:
T =B DM LT BENSO FEFEOBAFI L TITR K’FGE
iR, RELRWERZE R T S 25 7,

16



2.3 fER
2.3.2 BELTR
288 4 Oxt G/ NLRE O FIX Tablel-1 2R T LBV THD, 202 A
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i T2< EEREVGI MR FER T L FEOLI,

HIRIMEDENLE Table 1-3 |ZRUTz, BEEROME T — MR BO7R 32 A5 L
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b, BEEFEEDO LY MEAMREEL , B EWoE DT =2V 7 - ftT &l T
HZEE, BRONTZEIR THD HEMS Z X0 AN 72 DI E Th D,
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Figurel-1 Geographic details of our helicopter emergency service
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Figure 1-2 Patients selection flow

Recodes of patients derived from
the database of Ibaraki HEMS
from 2010-2016 (n=3,804)
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_| Inter-hospital transfer (n=369)
1>18yo (n=3,130)
Local disaster (n=17)
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Figure 1-3 Patients transferred to hospitals by age group.

a. Trauma (n = 196) b. Nontrauma (n = 92)
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Table 1-1 Patients ’ characteristics (N=288)

Sex (male), n (%)
Age, vear, median (IQR)
Age Group, n (%)

Infant

Preschool

School—aged

Adolescent
Transferred from scene by HEMS, n (%)
Distance to scene, median km (IQR)
Injury Severity Score, median (IQR)
Severity at Scene, n (%)

Mild

Moderate

Severe

Critical

Data missing
Glasgow Coma Scale, median (IQR)
Coma, n (%)
Hypotension, n (%)
Transfer to core hospital, n (%)
Interventions at scene, n (%)

Oxygen mask

Tracheal intubation

Defibrillation

Intravenous cannulation

Drug administration

Advanced cardiopulmonary life support

Intraosseous access

202
11

17
63
69
139
244
20.1

75
146
45

16

15

32

99

166
20

214
38

(70.1)
(5-14)

(5.9)

(21.9)
(24.0)
(48.3)
(84.7)
(14.4-35.5)
(1-9)

(26.0)
(50.7)
(15.6)
2.1
(5.6)
(13-15)
(11.8)
(1.6)
(34.4)

(58.5)
(6.9)
0.7)
(75.1)
(13.4)
(2.5)
(1.7)
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Table 1-2 Incident type (N=288)

Trauma, n (%)
Traffic accident
Fall
Sports injury
Other trauma
Burn

Non-trauma, n (%)
Poisoning
Drowning
Heat stroke
Choking
Anaphylaxis
Seizure
Other central nerve system disease
Cardiovascular disease
Respiratory disease
Gastrointestinal disease
Cardiopulmonary arrest
Others

Missing, n (%)

n (%)
113 (39.2)
42 (14.6)
23 (8.0)
11 (3.8)

7(2.4)

2(0.7)
5(1.7)
6 (2.1)
4(1.4)
13 (4.5)
26 (9.0)
13 (4.5)
4(1.4)
4(1.4)
2(0.7)
3(1.0)
8(2.8)

1(0.3)

Median age (IQR)

11

14

7.5

8.5

14.5

0.5

6.5

16

14

13

12.5

(7-16)
(2-13)
(13-16)
(0-13)

(0-13)

(0-17)
(8-13)
(12-16)
(0-2.5)
(2-14)
(3-12)
(14-17)
(13.5-14.5)
(0-12)
(11-15)
(0-8)

(6-13.5)
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Table 1-3 Anatomical location of the significant injury* (N=196)

Anatomical location, n(%)

Head 25 (12.4)
Chest 8 (4.0)
Abdomen 5 (2.5)
Extremities 7 (3.5)
Only minor injury 163 (81.1)

*Significant injury means each Abbreviated Injury Scale (AIS) score is greater than or equal
to 3, and minor injury means no part of the AIS is greater than two.

Patients who had more than one severe injury were categorized in each location.
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Table 1-4 Prognosis of patients transferred to HEMS base hospitals (N=127)

Prognosis, n (%)

Discharge from ER 37 (29.1)
Death at ER 1(0.8)
Immediate transfer to core hospital 4(3.1)
Discharge to home after admission 84 (66.1)
Death in hospital 1(0.8)
Hospital length of stay, median day (IQR) 2 (2-9)

IQR, interquartile range
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I. Abbreviated Injury Scale (AIS)
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3.1 HWY

INFAMEIZ T2 HEMS & GEMS O BEBSHFFE 1T KE N HOHDIENN T,
Z DM DETORBUTI S T/RN(18, 19, 20, 21], EBIZ, ENLDHFILD
2 Ch /NREBFITRT D HEMS O RIL—E LT AR TZ->TUOZRW,
Z D75, HEMS DHEFRHZ LB REIRAANIEEE THY26, 27], VAT L%
BINTIE AT D701, BURAZHEIRL . HEMS [CXDBE DO TR~
ZHBINCTHIENEETHL,

WFE 2 Tl /NEAMEEIIZEIL T, HEMS D41 AIZEY GEMS &b T
FEEBD T DEWHEFOLE HEMS O ALY GEMS L 7= (T
DD EBE NS D EIDEGNCTHZEE BIE LT,

3.2 Fik
3.2.1 BFEFH A
RS SRR IR T — 5~ AT B3 RO T,

3.2.2 BT 4T

Japan Trauma Data Bank (JTDB) MbHEF &4 CTT —X &L,
JTDB |3 HARDIMEZRIMEBE (B ODT — 22 IRKEEL, 7 — 2 2 fif
Hride BT MiERE BRI 74—y 73580 HOBH EIZ 2003 4R
(2 B ARSMESMEL P2 Ko THAGE ALz, 2017 47 3 A REALT 264 WP B
FINCT —FBEEAT > TD, WK ¥—Ths [62] . 7—
HAR—=ZDEGIE AIS 23 3 LLEDERLN DD LD R L EI2> T, K
VDI THRBMSNDZELHD, JTDB DR GRIA B 1L BH AN &
(Rl MERI, S2A5AE A B L S EIRIRD | e Rl i (MR R R | s TR B
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THBIHE A4 . TEBIHSBR XTI IRF ] Bl A2V A JRBERTALE) | 2RPE
IEI e CRBERE SA LA AL | BEESE) | SKREERFR AT - L& (I A DA k-
BARIR ], BEE, CT, M SR, FIF. fil) . 22Wr4 L4845 (AIS, 1SS,
BHHE) « JBBEEEE R AR, A TR B H 25, ICU 7E28 H k. 1RBE
H . 57 ) | SMEREGI OIR BRI DIRBE IR, T7ed, 92 ALK
5o RIZIE, AT —Z =381 THW K HEMS 1281057 —4
N2 LT, REBEO L EIEEGIZE S L H T T —FX—2&

R Do

3.2.3 A&
2004 FE 5 2015 FFOMIT JTDB ITBERSNTZEEZ DI | 18 AR T
HEMS 7> GEMS THIGMBIRE~ s SN B E x5 L U7, HEMS 131
HF DI UIEITLARNZD 8 D 18 WHTIRBE A~ LI JE B O A a Mt
KIREUTe, DMF LR B OFEBNTERIF 23 5D TR R THY | 25T Dl
DIME LI TR N B2 BT-0IZBRAMN T2 (18, 21], iz, IMEDOZ A5k, B
i CONALNA AL BEIRRIBL TODIEBNIFRIL T,

3.2.4 ¥
Efin, PERI, B2 R BTS2 GOARER . U L
WeAEL, ERCIREE) LT R ALS, 1SS, BRATFINOA M, BB TG DIEPE
B3 £ TORMEBIENOIRBERI A £ TOREM, JREEEIE ) D i & F1i BR
IRETORFH, BB RDOBDOITEI (ICU L Bti/ed) | WFEANZE T D
A BB, BEIREEO A IOV TRETLT,
FET TR LITIEEENIELT | BIRT T NI LNIAERE A EE LT,
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R OFEMTILE (1 A, S (1-2 5%), L& (3-5 ), FE (6-9
i) DA (10-12 3%, T4 (13-17 5%) @ 6 FEZHELIZ, SAZLH A3
ZNOOREZ LIZIER | @il RIS HEL (53]

L EREOREIFFLIE 104 mmHg, $h& 106 mmHg, '2& 112 mmHg,
B 115 mmHg, V4 120 mmHg | 4 131 mmHg &U7-, ARiMEITRD

)

~

AR 70 mmHg A3, 1-10 7% < 70 + (2#%4F#H) mmHg 10 mELAE 90

=

mmHg A, 1EH 7200 E0IFLIE 60-180 [|l/4y, $hIE 60-140 [A/4y, IR
B 60-120 [8]/4y, FEEDE 60-118 [8]/4r, FH4E 60-100 [B]/43, EH 72
RER EIHOEFLIR AY 29-53 [Bl/43 . ShIR 21-37 [B]/4y, B 19-28 [H]/%7,
LD 17-25 [A/%y, FAE 11-20 [1/%y& L7 (Supplemental table) |

EFRIRAEIL Japan Coma Scale (JCS) Z M\ 7= [54, 55], B AT ITIHPE
BIE% 3 RIS Tt S /b [56], o i TmprEl &% 2
IR AN B ML A B AR L 72 b D EEFR LTz, BESMEIT AIS 3 DL EEERL
2o B OIEAE ETORFRIA 120 43 LA L BeEIE DTN ETORRH 2
48 LA EObDITENENRIET —H LT,

3.2.5 MEEHEMT

A BT P AR R R 25 TR LT, BT AU I L B A L L OR
U7 A EE t WE , EFZE %4003 Wilcoxon rank-sum 7, BT V245K
IH4 2 FREEAT T, BN 22/ N B ITNZ T, RBENAET L
T BEIZDONWTHE DR A FLIR LTz,

Wk BT AR 2 | RIS T DU T2 WO T, JIE ST ARG &
572812 standardized mortality ratio weight (SMRW) {54 L, J&i04# &

{LE7T /VEMIRLIZ [57, 58], ZS#E IR 125 L 7= HEMS ZNEIGSID 5
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&R LTI A= 7 (propensity score, ps) &l fHL7z, ps 1, i, 1
B, 1SS, BEAEAME A A ST AL, BL OB TOFER X 43 B S A Z A
EMNLEREL TV AT o 7[R T Ve W TR IS L, ML E ST
NS THEEZELZ T 72N ob DA HEEITIRIRLI,

HEMS BEDE A1 1 ELT-, GEMS BETZR Sz ps 215 ps &5
Wb D TERLIZS D [ps/(I-ps)]Z BT ELTZ, ZRUTEY, GEMS #Ex
HEMS L[EBRDTE RA&ZHOBDEL T, R TEDLIIT/D, WD HEZ AL,
FNE DZAEH 703720 F UL GEMS BED BE 38T HEMS THES =&
LT, MR DI TELIOIT70D,

ZO LT, BANERV AT 407 BI ORI EIR T2 O T REENSE
CELERE DAy AL =2 R U, #i%T51E£ L T, HEMS & GEMS
DWTNEF T 2003, BE ORI Tl HIBO RIS R SR 441
Fo THHBLZ T 570 BEDIRENFEEETH, Z ORI THGE 7k
INEDD R D, ZOXIREKMEBRE T HE SMRW & [ 8104 &
LET 3T 2 OAFZE R AIZIE L T, MERRLTZE AT O trimming <2
truncation | ATO727>7,

ZOfFNTTIIIEE BICRBIE OB BE BRI TAT o7, BIRET p
<0.05 2 EZAEDHVEL THRE AT 572, Stata version 14 ((Stata—Corp, College
Station, Texas, USA) % JVWNTHEMTL 72,

Y7 T N— TR

HEMS 23B %072 DL ESESME B (ISS>15) D AL ESIL TV D [20,
25] DT, BEAEEL HEMS OFZMEDOBIEMZ MR T 572012, 1SS>15 &
<156 DBEERMRLLIY T 7N —T 5w R LTz, o, FbEs il
ERFENELS7RD  HEMS ORI END ATREME S & DT80 18], Mk RFfH I
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DNWTHOY T TN —T 5 a AT o7, WERERIE> 15 47 <15 7 FELT-,
RREESIHT
L7727 —2OHIFN R FERUICL D/ NRAMEE BROZE L3S R
B G2 CODLATREME DR HDEE 2, ZGOFEZIMA T AT ZERLIE

L. EE G &E1T -T2,

3.2.6 fmE

JTDB ~DBEkIXHUE R it @ e fm BEZ B & TR W 2% 1) 72(H29-114 ),
Flo RWFFRIE KFER B2 —Ofm 2 B S TRRBA2%ZT72(2017-19), &
AibSNTeT —Z OB T 57O BENLORIEEZ RS T 0BT A
BISCEASERL, RELRWERER R THMSERITHIE LT,

3.3 MR

EIRT 5,947 NOBFE DS (Figure 2-1), 453 A% HEMS 12&-
THERESHL, 5,494 ADSBURHIZ Ko TR SV, HEMS BEDIFH A5 m
#z (Motor Vehicle, Motorcycle, Pedestrian) (225 5z 3 & h o7z, Fi-,
A PR AR T, Bl TR AL BRRPE E R E DA Z A
VNEEETHHIERL HEMS BN Z 0 o7, fRSHIZFIRHE Tk, HEMS #f
T, BEEL, IR AIS AT A 3 LA EOEIG N L, S 1SS OfEbL A EIZE
SEVESET, FHPERIAE %R A E L= &b Zh o7z, EHIT HEMS
FECIIRESI RS EHGRBE LT 1E GEMS BELV D 7ol 2L T, #K
LEREEZIT LR ETL, BUR DR £ COMERRIE GEMS BED
I oz, (Table 2-1),

JRPBEN TR T LB 700033 IC B W CRIRIRRE THY | 5L Fo
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B SEE £/ TS O BIEAME A2 E T2 L Tz, Fo, ERUThe< s BT
M LR T o7z, FETHID 1SS IEMEEEHIT AT 25 UL ETHAIC
b L T BRFMIZDOF0 LT OBE TLAMITSI TWR)N-T
(Table 2-2),

TR A L2V VRBENSE T 1L HEMS BEDIEH 53 GEMS BELDE Eid o 7-(Table
-3, B EZ T HEE1T72<2 o7, (odds ratio (OR) = 0.82, 95%
confidence interval (CI) = 0.42-1.58; Figure 2-2),

SME D TEIE FE L BLS D DI £ T ORI DB AT 57012, b7 7L
— TR AT o T, £ BIESMEEHE (ISS>16) BEIZ DWW TiE, HEMS 1395
BrEdE 1o EBEH L CU e 572 (OR=0.94, 95%CI = 0.48-1.83), 1SS<15 D#E
TIE, HEMS BECIRLE L BF XN RD o772, OR TR TERh o7,
WA, PRERERNC DWW TRETL TS, AR ISR 4 OB sE T LB L L
72T b OO PAERFR DR WEEESE T O LI BE S H A DT,
(>15 4%, OR = 0.4, 95%CI = 0.15-1.05; <15 %¥, OR=1.92, 95%CI = 0.76-4.86)

WIZ, BIRT ORI L THLHIERE B B OB 2 77, KRBT —Z D78
HEMS /53 9 4 . GEMS 4 85 44 Z1ERE B & DT N BERIN LTz, ARFHHED
Bty 2 BERIOTERE B U B 221372057 (Table2-1) , IHIT, 2 B2
L Th HEMS & GEMS ORI E T80 > 7= (Table2-3) , FH DHEEE
LRI COY 7 7V — TR b, HEMS 13AERE H D kEiE & I3 BEL
TRl

AT TR 2 S0 AT L M Z T2 S BE A3 AT T L i SR IT AT L [RIAR TR D
WY ThoTz, BEWNFEL (OR 0.83, 95%Cl = 0.43~1.61) | 7EPE B # CEE 2

1.40, 95%CI = -4.86~2.07)
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3.4 B
H ARD/NEAME BE %95 HEMS D 5222 %- B 5N 3572812, SMRW 1

W B E LT T V2 L TR L7, FEERINT HEMS BEOIZH A
FVESE Tho7ond, WEELZET HEBENIE T HIGIZEIL DI -T,

HEMS (Z8DMEns, /NRAMEEE O F#%IZE5 2 D5 BB TN LT
RIRITZ2, b FIOBFZE Tl HEMS Offi il 38 1E O &2 F B2 B
T IHNER ol [21] o Lo, OB O XD KRB LTIk, HEE
MOEIED/NRIMEBA TN T, SEC O T ERE L0 TN WS
Stz [18-20],

AMFFET HEMS O EFE T DO E DN E/RBER D Z N2
STEEHEL TU T OLIRIENEZZLND, H 112, BRI AZIT>THR
i R EE R BOE I ERESME CThho T FIREME D 82, /NSMEIZ W TR b B
D WFE T R R E E O G ChoEMEIh T\ [69, 601, SE1TF
FeLRIARIT , ARBFFE TH EASERIT, EREBHSEHHEE Thol B2 bd,
Fo, BIE THIZh0 bbb T L EOSEF DB AFIRZTo T
WRDo T ZEb B BT D8 AT OIS e WESEH EIESME Th-o 72
AIREMEDS RIZEND, SHIT, AMEDO EIEIZEAL TiE, SB1THIZE T 1SS 13
HEMS £ T 9.2~14, GEMS #£T 6.7~9 THY [56, 611, RBFFEDIFHINIAT
WFFELDS EAEZRIE il 2 k5 L LTz,

2 D HOBAEL THRE IR B OB E B T 2N % T B D, HEMS
ICEDIRETIHBEIRE DT D DR T — VW e A AR DERBE CII R TE A
oI ATREME DD [4], HEMS 13T R R ISR 8L TV D AT - B RT3
BLTWDHT8, GEMS DARZ 7 X0 | JOBEITHE L EREBEREL T 5
ZENAREE AR D, b L, HAE/NRAME A T DL LTl e Y A AR
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THIRESN TV 225X, HEMS 1338 ORI TR T 2530 Fea R 7= vl HE
DD, ALK TIINIMEEZEN T DL L TNAME L 7 — 3 RES
N TCWDD, ZD I 7eliisk 3 E L B ARIZIE A2, <O/ NI X EESME
BEOYWZRICR T TUTBLT | BUGMHEEEERE 2 5 E R
BEBIL L CRIESNDLZ &I, 20— T, At 2 —n1+457%
INRBHED Sy 7T T HInERIC, BAE/NUMEEZZ T AN THDLZELH
% [62), ZoXoiz, NRIME £ Z—D IS IRmE Gl R R SR b A i 2 &
HEMS DOR7T =V R R B FARI IS WRIR L2055, Y7 7V — TR T
I%. HEMS ORI EWEE TR T B DR WEIRH -7, KESCT—n
Y/ XOYEATHFZETIE, HEMS OB LIRBLE TONREIL 60 FRE T
HY[18, 631, & EVITHTEEHEDH % CIIHEEIRER ELHE D AV MO W E0 0
ICRLTLESTW D REE L DD, F7o, itk h R RE AL A IR [ it
ETITEZILT, AV LIZLL 22 TWDD0 b LR, 2oV o7 B
(ZROPRERF DY 7 7V —T T R ~DEEEDE N A U7 Al REMED
5%, 51 LOHEREE OB\ 7 7 L — T et G L LT KB 922179
Z&T HEMS DT DR DL H)NIT DL TED AIREMERH D,
AWFIEOTRIA T, T LICIER AR R L T, ER LR FEE 2L
TV THD, NAZNY A NTBERAE D A R ITHE KL CEHHER
K- CThHHZLTHBILTND [63, 64], Rl 43T LD IEF a4 AW Tl
DINAZ N AL ZFRE LTI ET 1 Lo [18], Zofizidls
RO BFHELTMTEDR 1 DWESNTWDIETTHD [21], FlnZ LIZH
I ANAAATIBIRET T M AOBURE IELLHEE T 570 DI &
LLTHETHD,
AFFEDIRFEL T, T H T NP AXDORIEDZE T O, AE TR
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Moleb DO HEMS BETH 1D 7ehofz, HEMS &/NRAMEDFE L DR
A RUTATIFIEE 358, A EIOBIRIT > 7 E DT, fE- T,
P T NAAZXPRET UL, B2D5E RGN ATREMED DD,

%212, B DIRBEE CO/EEA HEMS OEREHINrIC R B % 5 2 7= 7]
REMER S D, T —F_X—ATIIBIE N ORRBEE TORBEOFE H#AEIEL T
RNz | BEBEOH & U TR & 13RI ] TR 21T 72, GEMS (THE~
T HEMS DIZH D3 BLE0BIs [ £ TORMBRFF S K> 72D, HEMS FED
(FD D BEBEE Th o7 2% L TWOD ATREMED D,

55312, AARTIL, AR O IDNTRBK B DEFIT 2B RESNDTZD | K
WFIEDFREFDS B AR LAMCE Y TUIEDNEINI AR TH D, F-, HIESME
DIRNBENLT —H_R—ADX RN THD,

B AT ARBFTRILT —H R —ADOME L BE OFEMIERORLE R RS
TWDIENZETBND,
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3.5 /&

HAROHFZEL L0 BEIE G2 5 G L Uiz R EBIEO T —F N —2% FW T,
HEMS DI AR5 2 5/NAAME B O AT % OB SV TRFILE
i 9. GEMS LHHEL T HEMS (2 KD 30 NRAME B3 DR N FE & Db
SIEBIE L2 o T, MR ERES RV T 7L — TR L RE A D 5 AT
REMED YD, HEMS 2% GEMS LEHHZL T DOWANCHE H THDH, Fi2idA
72 BIRBENHDDINEIDE O T HITIISO2 DM e N LB TH D,
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Figure 2-1

Records of patients derived form the JTDB

from 2004 to 2015
n=233,104

EXCLUDED
Age>=18 n=212,590
Unknown age n=536

s> Other than HEMS or GEMS n=2,505
Unknown transport way n=1,002
Night shift time at hospital arrival n=5,123
Unknown time at hospital arrival n=806

Children who transfered by GEMS or HEMS n=10,542

EXCLUDED
Burn n=315
Unknown cause of trauma n=210

> Cardiopulmonary arrest at scene n=189
Unknown vital sign at scene n=3,064
Unknown outcome at discharge n=817

Eligible patients n=5,947
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Table 2—1. Characteristics of children transported by emergency medical services.

GEMS

Characteristics HEMS n=453 n=5494 p-value

Age, mean (SD) 10.5 (4.7) 10.7 (4.5) 0.38

Age category, n (%) 0.10
Infants (0-1) 5(1.1) 35 (0.6)

Toddlers (1-2) 24 (5.3) 185 (3.4)
Preschoolers (3-5) 36 (7.9) 464 (8.4)
School-aged (6-9) 134 (29.6) 1631 (29.7)
Preadolescents (10-12) 66 (14.6) 995 (18.1)
Adolescents (13-17) 188 (41.5) 2184 (39.8)

Sex (female), n (%) 125 (27.6) 1514 (27.6) 0.99

Incident Type, n (%) <0.001
Blunt 445 (98.2) 5422 (98.7)

Motor Vehicle 48 (10.6) 246 (4.5)
Motorcycle 49 (10.8) 462 (8.4)
Bicycle 110 (24.3) 1469 (26.7)
Pedestrian 117 (25.8) 1151 (21.0)
Fall 49 (10.8) 656 (11.9)
Tumble 25 (5.5) 446 (8.1)
Sport 24 (5.3) 523 (9.5)
Other Blunt Injury 23 (5.1) 469 (8.5)
Penetrating 8(1.8) 72 (1.3)

Prehospital SBP, n (%) 0.33
Normal 228 (50.3) 2944 (53.6)
Hypotension 16 (3.5) 154 (2.8)
Hypertension 209 (46.1) 2396 (43.6)

Prehospital HR, n (%) 0.001
Normal 323 (71.3) 4323 (78.7)
Bradycardia 9 (2.0) 76 (1.4)
Tachycardia 121 (26.7) 1095 (19.9)

Prehospital RR, n (%) <0.001
Normal 213 (47.0) 3106 (56.5)
Bradypnea 16 (3.5) 172 (3.1)
Tachypnea 224 (49.4) 2216 (40.3)

JCS category, n (%) <0.001
Grade 0 (Alert) 130 (28.7) 2806 (51.1)

Grade 1 (Distracted) 126 (27.8) 1500 (27.3)
Grade 2 (Somnolence) 67 (14.8) 555 (10.1)
Grade 3 (Coma) 93 (20.5) 467 (8.5)
missing 37 (8.2) 166 (3.0)

Head & Neck Injury, n (%) <0.001
AIS <3 242 (53.4) 3616 (65.8)

AIS>3 211 (46.6) 1878 (34.2)
unknown 0 (0) 0 (0)

Chest Injury, n (%) <0.001
AIS <3 325 (71.7) 4674 (85.1)

AIS>3 128 (28.3) 819 (14.9)
unknown 0 (0) 1 (€0.1)

Abdominal Injury, n (%) 0.15
AIS <3 419 (92.5) 5170 (94.1)

AIS >3 34 (7.5) 320 (5.8)
unknown 0 (0) 4(0.1)
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Extremities Injury, n (%) 0.29
AIS < 3 354 (78.1) 4173 (76.0)
AIS>3 99 (21.9) 1321 (24.0)
unknown 0 (0) 0 (0)
ISS, median (interquartile ranges) 16 (9-25) 9(5-16) <0.001
Emergency Surgery
(Hospital arrival to surgery < 3 hours), n (%) 54 (11.9) 564 (10.3) 0.27
Emergency Blood Transfusion
(Hospital arrival to blood transfusion < 2 hours), n (%) 15(3.3) 84 (1.5) 0.004
Disposition after ED, n (%) <0.001
ICU Admission 353 (77.9) 3347 (60.9)
General Ward 88 (19.4) 1966 (35.8)
death at ED 1(0.2) 5(0.1)
Others 11 (2.4) 120 (2.2)
Missing 0 (0) 56 (1.0)
In-Hospital Mortality, n (%) 17 (3.8) 73 (1.3) <0.001
Length of Hospital Stay, mean (SD) 20.0 (28.7) 17.0 (34.9) 0.08
Discharge to Home, n (%) 305 (67.3) 4625 (84.2)  <0.001

Time from call to a hospital,

mean minutes (SD)
Time from a scene to a hospital,

mean minutes (SD)
Time from Hospital Arrival to Surgery, mean hour
(SD)
Time from Hospital Arrival to Blood Transfusion,
mean hour (SD)

54.5 (19.5) 36.9 (15.0)  <0.001
25.7 (18.0) 15.3 (11.7)  <0.001
1.9 (0.7) 1.9 (0.7) 0.81

1.1 (0.5) 1.1 (0.6) 0.94

HEMS, helicopter emergency medical service; GEMS, ground emergency medical service; SD,

standard deviation; SBP, systolic blood pressure; HR, heart rate; RR, respiratory rate; AIS,

abbreviated injury scale; ISS, injury severity score; JSC, Japan Coma Scale; ED, emergency

department; BPM, beat per minute for heart rate and breath per minute for respiration rate.
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Table2—2. Characteristics of children who died at the hospital

Characteristics HEMS n=17 GEMS n=73 p—value
Age, mean (SD) 12.7 (5.4) 11.2 (4.6) 0.25
Age category, n (%) 0.48

Infants (0-1) 0(0) 1 (1)

Toddlers (1-2) 2(12) 4 (5)

Preschoolers (3-5) 0 (0) 1 (D)
School-aged (6-9) 2(12) 24 (33)
Preadolescents (10-12) 2 (12) 10 (14)

Adolescents (13-17) 11 (65) 33 (45)

Sex (female), n (%) 4 (24) 25 (34) 0.39

Incident Type, n (%) 0.18
Blunt 12 (100) 72.(99)

Motor Vehicle 3(18) 6 (8)
Motorcycle 3(18) 6 (8)
Bicycle 5 (29) 13 (18)
Pedestrian 1 (6) 18 (25)
Fall 1 (6) 16 (22)
Tumble 2(12) 2(3)
Sport 2 (12) 7 (10)
Other Blunt Injury 0 (0) 4 (5)

Penetrating 0 (0) 1 (1)

Prehospital SBP, n (%) 0.17
Normal 8 (47) 29 (40)
Hypotension 0 (0) 13 (18)
Hypertension 9 (53) 31 (42)

Prehospital HR, n (%) 0.63
Normal 10 (59) 44 (60)
Bradycardia 2 (12) 4 (5)

Tachycardia 5 (29) 25 (34)

Prehospital RR, n (%) 0.87
Normal 5(29) 26 (36)

Bradypnea 3 (18) 13 (18)

Tachypnea 9 (53) 34 (47)

JCS category, n (%) 0.47
Grade 0 (Alert) 2(12) 4 (5)

Grade 1 (Distracted) 1(6) 5(7)

Grade 2 (Somnolence) 0 (0) 7 (10)

Grade 3 (Coma) 12 (71) 54 (74)

missing 2 (12) 3 (4)
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Head & Neck Injury, n (%) 0.11

AIS <3 6 (35) 13 (18)
AIS >3 11 (65) 60 (82)
unknown 0 (0) 0 (0)
Chest Injury, n (%) 0.58
AIS <3 9 (53) 44 (60)
AIS >3 8 (47) 29 (40)
unknown 0 (0) 0 (0)
Abdominal Injury, n (%) 0.15
AIS <3 16 (94) 64 (88)
AIS >3 1 (6) 9 (12)
unknown 0 (0) 0 (0)
Extremities Injury, n (%) 0.29
AIS <3 15 (88) 56 (77)
AIS >3 2(12) 17 (23)
unknown 0 (0) 0 (0)
ISS, median (interquartile ranges) 38 (25-45) 229(255) 0.24
Fl—rlri)esﬁfglcéfil\l/ﬁi? surgery < 3 hours), n (%) 8 (47) 35 (48) 0.95
Emergency Blood Transfusion
E(E/—I)ospital arrival to blood transfusion < 2 hours), n 4 (24) 23 (32) 0.52
b
Time from call to a hospital, mean minutes (SD) 57.6 (19.3) 35.2 (13.9) <0.001

Time from a scene to a hospital, mean minutes (SD) 22.3 (18.6) 15.9 (10.4) 0.070
;Fslg;e from Hospital Arrival to Surgery, mean hour 1.6 (0.9) 1.4 (0.6) 0.37
Time from Hospital Arrival to Blood Transfusion,

mean hour (SD) 0.9 (0.2) 0.8 (0.5) 0.74

HEMS, helicopter emergency medical service; GEMS, ground emergency medical service; SD,
standard deviation; SBP, systolic blood pressure; HR, heart rate; RR, respiratory rate; AIS,
abbreviated injury scale; ISS, injury severity score; JSC, Japan Coma Scale; ED, emergency
department; mmHg, millimeters of mercury; bpm, beat per minute for heart rate and breath

per minute for respiration rate.
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Table 2-3. Mean difference in length of hospital stay between those receiving helicopter or

ground emergency medical services.

Outcomes Number of observations Mean difference (95%CI)

Overall* 5,853 -1.49 (-4.94 to 1.97)

Subgroup analysis
Injury Severity Score
> 15 2,031 -4.52 (-9.18 to 0.14)

<156 3,822 2.19 (-2.50 to 6.88)

Time from scene to hospital
>15 minutes 2,800 -1.01 (-4.54 to 2.51)

< 15 minutes 3053 -0.09 (-8.28 to 8.11)

*Due to missing the length of hospital stay, 94 patients were excluded from the analysis.

CI: Confidence Interval
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Fig 2-2. Odds ratios of in—hospital mortality between helicopter and ground emergency

medical services.

Number of event /total (%) Odds ratio
(confidence interval)
HEMS GEMS
Overall 17/453 (3.8)  73/5494 (1.3) } L 2 0.82 (0.42-1.58)
ISS
>15 17/238 (7.2)  69/1820 (3.7) t L { 0.94 (0.48-1.83)
<15 0/215 (0) 4/3674 (0.1)
Transfer time
> 15 min 9/318 (2.8) 40/2535 (1.6) | | Py 0.40 (0.15-1.05)
<15min 8/135 (5.9) 33/2959 (1.1) } o ;1 1.92 (0.76-4.86)
0.2 10 20 50
Odds ratio (log scale)
Favors HEMS Favors GEMS

HEMS, helicopter emergency medical service; GEMS, ground emergency medical service; ISS,

injury severity score; CI, confidence interval.
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Supplemental table. Vital signs categories by age group.

Hypertension Hypotension Tachycardia Bradycardia Tachypnea Bradypnea

Age Groups
(mmHg) (mmHg) (bpm) (bpm) (bpm) (bpm)

Infants

104  70+(2*age) 180 60 53 29
(<1 yo)
Toddlers

106 70+(2*age) 140 60 37 21
(1-2 yo)
Preschoolers

112 70+(2*age) 120 60 28 19
(3-5 yo)
School-Aged

115 70+(2*age) 118 60 25 17
(6-9 yo)
Preadolescents

120 90 118 60 25 17
(10-12 yo)
Adolescents

131 90 100 60 20 11
(13-17 yo)

bpm, beat per minute for heart rate and breath per minute for respiratory rate
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