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g 8 A4S FAHeRE FolF Aozt fIATH(t=0.08, p=.773).

T ede]l WA il mEl EF wE2 Aolrb A m(£=20.40,
p<.001), =2 66.7%, 1l 60.0% &3 50.0%, &FFA 33.3%, H 25.6%2]
=8 vES 1o, "y vaste] E=R2oa Al A9 0rR=5.82 (95%
CI=2.38-14.20, p<.001), ZalolA] IS A9 0R=4.36 (95% CI=1.16-16.43,
p=.029)°] =¥ I E B

ARl el e FY
AbaL 76.5%, HElE FYe 45
S 1ok, Y vlaste] #ElE FY3 A9 0R=3.39 (95% CI=1.58-7.27,
p=.002), nLFAFaLe] 7§ 0R=9.85 (95% CI=3.00-32.30, p<.001) o] &8 4HA)

R zpolE& BPar(t=24.12, p<.001), &
8%, W18 A 31.6%, S 24.8%9] =Y



Aol AT
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P A2E AT kA= AA WA 24.4%(508), FE o] 60.6%(43%)
2, FAd 28 A5 mE gL AolE BATH(t=77.07, p<.001).

i T FdwolA vl Edad vaste] FAF R Fog
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oltt. Bl EdF3 Hluste], FHAF 0R=2.06 (95% C1=0.99-4.23, p=.050), &
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Know, FAAORE Folg zolE HIv. FFwAA 73 FAo] 70.4%( x
’=0.81, p=.368), TE 25.4%(x*=0.05, p=.815), DA} 15.5%( x*=1.99, p=.158),
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TS T, P, A AEY &S oI® oA, FUEY A
e 4= lth(Anderson, Heitger, & Macleod,
2006). 53], Zob= FA T2 FAHEZY FAATE gkl 2143l osto
=497 A%, AFHE ko] Ao ool o3 ¥ EFe] Ths/de] A4
Bt} F31(Bruce, Schut, & Sutton, 1996), 35 A AAQ wWdo] FEA] %
g AHolug, FH oo r Qg Sy HEG 54, dF Fol A
z}olE W.2lth(Berger, Pitts, Lovely, Edwards, & Bartkowski, 1985). Ao}¢]
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Weiss, 2010; Hyun, Ha, & Park, 2001), /& ZHo] e A$ FAW ¥
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o =5+ Ado|m(Pearce et al., 2012), YBHZ Z=7lA 7|2, A= A

N7 F AEor s e 2asE AR AAH ol§2 mde] Hi g

o



t}(Palchak et al., 2003).

& ol

= g

aeR, Augk FE 94 gl A

A (Ryu, Seo, Kim, Kim, & Lim, 2009).

=
ST

7d o]

=
[e)

=49 7t

3} da Aow o

% 83 (Hu, Fan, Chang, & Chen, 2013).

AA7EA Zob Ty g Bl o

M
M
pk
Nfo
uly
S
B

}E} [e)

=4

=g o

FApell A A

o] By

3
B
it

=4

=g v

FApell A A

o) By

g 24 99

=
=

Aol A 7H

2do] WA

o

go] 4o

3.

Hn
Hn

pH

Njo
aw

iy
W

Mo
o



2) TN =4

T o R FUlE Stol MAete 2dE, X HFH dsE A xdH
A2 w3t} Avsl =3 (subdural hemorrhage), A9l =3 (epidural
hemorrhage), A9t =3 (subarachnoid hemorrhage), AW =94
(intraventricular hemorrhage), W] <& (intracerebral hemorrhage)& X3t

sheie.



aobe] FR o) MY &% Lot o T ostue, Ao FEF e F
W W g0l A AN, TR o9l oI g AwWAl Ay H
H3S #9384 9ti(Coronado et al., 2011). weha F5 o3 $x} H7}
Al AR E4ed g el U= #AE AFs dste], aabH<l
A8E ForA ojabH ¥ &l VA FEF dfof drh. Loks TF
Aol o] FEeA X3 HHjolmm, R oFom IF Sy 99
54, d%F o] A3} Ao]E wolil(Massagli, Michaud, & Rivara, 1996),
gloll s A oem ot AFo] A&t ool A8 HAbel ool
ATH(Berger et al., 1985).

Zeop TR oPde AR Y ATtelA BA AR 54 o]l A 55%E A
18l , golr]el 7 wWekal(Trefan et al., 2016), 74 ©]&}7} 84 o] H T}
o) ol @wokth(Hyun et al.,, 2001). AW ‘dololl Al 56-71.3%%= oo}rt}
=39kt (Alharthy, Al Queflie, Alyousef, & Yunus, 2015; Arneitz, Sinzig, &
Fasching, 2016; Palchak et al., 2003; Trefan et al., 2016).

A o] gk Aol E FHol 50.6-51.3%% 7Hd wtar, g, AY &
ojitt. ARWUEE AtaL EA AA4TF vhEH, 5-94= Stal, 10-14A= A¥E=
e A, 16-18A= AollM ®ol EASAT(Kin et al., 2012; Trefan et
al., 2016).
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SAbLE QIR FH 9 Al FAW E€o] S7hsksivk(Alharthy et al.
2015; Hyun et al, 2001; Powell et al., 2015). F% <A gxpolA < A
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T =3 o]
A A TH(Kim et al., 2014). T5F ¢do=z 354 Witk 49 4.7%7}
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2. Zote] TR 9 F FAE FA

aof FHE oA FlE HE v[ES 0.81-1.3%¢] A tH(Arneitz et al.,
2016; Powell et al., 2015). %<& A7olx FHE =dol & o, e
DB T =8 JteAdo]l = (Arneitz et al., 2016; Atabaki et al.,
2008; Erlichman et al., 2010; Hyun et al., 2001), F7/1=& &
11495 A AFelA, B 5,164%W ¥ vlaste] Friu E3do] HAT
(Erlichman et al., 2010), F7/0&= Z4do] = 45 FH
A H(Ko et al., 2007).
FAE AL Yo7t oEes gden, 7H &3 Ao Ve YA e=
ofol Al 58-71.8%%= Wol WAYTH(Arneitz et al., 2016; Jo
et al., 2015; Kim et al., 2015; Nelson, Melton, Annegers, Laws, & Offord,
1984; Powell et al., 2015).
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7Fg @otth(Arneitz et al., 2016; Nelson et al., 1984).

oAl olat Aol FH oS b BAE YAoR A AFelq TR
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98 @aololgtar A (Lim et al., 1999; Schutzman & Greenes, 2001). TF&
ATolAE AW, AEFA 719 A, 5% o] gAARA, AH, HA],
S o FAY Mol A Eo] kil s¢ivk(Choi,
Son, & Lee, 1994). 7u]dt T3 oo ¥ HFE ©F FHF ZAHS 93
Aol A oA Wal, FE 4, FE, 24 olddA T FF, FEo
At FAW =4 7heAdol vk sk3itk(Palchak et al., 2003).

2M) WIRE SR QA Aote] QI T T 71W AAE(0R=8.21), TR TE
SAI(OR=14.75)5 HQl A% F/& =42 2 T/ &8 24 o] =3un
(Jeong et al., 2007). X Ut AFoNAME Z@(0R=2.14), 2|2 A ¥}
(0R=2.19)7} 9d+= 79-(Atabaki et al., 2008), &2 Aol AW Z$-, Fu
v EFdto] 7y &dwel vls, FAW =8 A&l %k (Kim, Lim, Cho,
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Patients visited pediatric emergency
department due to pediatric head trauma
(N = 3,079)

Exclusion (N = 2,871)

- No skull X-ray & Brain CT" (N = 367)

- No Skull fracture on skull X-ray or
Brain CT (N = 2,504)

A

Patient diagnosed with skull fracture

(N = 208)
Exclusion (N = 3)
-Skull fracture but insufficient
data
A\ 4 A\ 4
Intracranial No intracranial
hemorrhage hemorrhage
(N=171) (N = 134)

Fig. 1. Flow diagram of the study

"CT=Computed tomography.
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A= =
g zbe] dnkd 54L& g3 2oi(Table 1).

3.214. 34 = Aol A 18417hA] 23FH Ak, ZE 9]

5.2A41, vl ¥ Fo AHL 2.1+£3.242 F

ARoZ §o8k ztol7b AQTH(t=-5.22, p<.001). AA] PAAE Ay d=
ks of, gobr] 51.2%(105%), A 7] 31.7%(65%), 7] 9.8%(2078),
AFE7] 7.3%(15%) R o, S FJolr] 39.4%(287), SEAT] 28.2%(207),
g 7] 18.3%(13%), AFE7] 14.1%(107) vh(t=18.31, p<.001). A=HtE =4
Hl &2 AFE7] 66.7%, 39 7] 65.0%, SEx7] 30.8%, Fotr] 26.7%C] ATE.

AA Aol AHe P 64.9%(1337), o4 35.1%(727) ol lth. a2
WA 66.2%(429), oA 33.80(24) ol e, A mE FH oF9 Aol&
UATHt=0.08, p=.773). = H]EL Pl Al 35.3%, oJdolA] 33.3% ©]AT}.

Bo9lako]l dojut AAE F 62.9%(1297), deEA 16.1%(337), ==
13.2%(2770), 3l 4.9%(1071), molE 2.9%(671) =oAL}, o] 5 I+ F
46.5%(3371), &2 15.5%(1871), =& 25.4%(1871), Stul 8.5%(671), o]
B 4.1%(37D)o]lth. T4 9ol dojd Faol wpel T 8 o= Ao
£ Hom(1=20.40, p<.001), G WE =3 H[ES =2 66.7%, St
60.0%, +57 50.0%, &FFAa 33.3%, T 25.6% o] Art.

FEo9abel Ala F¥e YAl 64.8%(1337), HElE HUd F9-7) 17.6%(36
Ay, "muEd 9.3%(197), FEARL  8.3%(1771)eldtr. Hdae A
46.4%(337), M= Bda A497F 26.8%(1971), w1zl do] 8.5%(67), 1E
ARl 18.3%(137) ol tk. Abar &l wel Tl =8 ofF-& AolE HIn
(t=24.12, p<.001), X% Al 76.5%, WS FU3 49 52.8%, "11z1d
31.6%, =73 24.8%¢ =9 Hl&S B

FE =0 WA R= FAHT 54.7%(1129), TF2F 20.5%(429),
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Table 1. General Characteristics of the Intracranial Hemorrhage Group

and Non Intracranial Hemorrhage Group (N=205)
No
) Total Hemorrhage  Hemorrhage Hemor?h?ge tor )
Variables (n=205) (n=71) (n=134) rag;s X 2
n (%) or M+9D ]

Age(yr) ” 3.2%4.3 5.2+5.2 2.1+£3.2 -5.22 <.001
Infant 105 (51.2) 28 (39.4) 77 (57.5) 26.7 18.31 <.001
Early childhood 65 (31.7) 20 (28.2) 45 (33.6) 30.8
School age 20 (9.8) 13 (18.3) 7 (5.2) 65.0
Adolescence 15 (7.3) 10 (14.1) 5 (3.7) 66.7

Gender
Male 133 (64.9) 47 (66.2) 86 (64.2) 35.3 0.08 773
Female 72 (35.1) 24 (33.8) 48 (35.8) 33.3

Places of accident
Home 129 (62.9) 33 (46.5) 96 (71.6) 25.6 20.40 <.001
Public place 33 (16.1) 11 (15.5) 22 (16.4) 33.3
Street 27 (13.2) 18 (25.4) 9 (6.7) 66.7
School 10 (4.9) 6 (8.5) 4 (3.1) 60.0
Playground 6 (2.9) 3 (4.1) 3(2.2) 50.0

Type of accident
Fall 133 (64.8) 33 (46.4) 100 (74.6) 24.8 24.12 <.001
Knock 36 (17.6) 19 (26.8) 17 (12.7) 52.8
Slip 19 (9.3) 6 (8.5) 13 (9.7) 31.6
Traffic accident 17 (8.3) 13 (18.3) 4 (3.0) 76.5

Location of fracture
Parietal 112 (54.7) 41 (57.8) 71(53.0) 36.6 18.09 <.001
Occipital 42 (20.5) 5 (7.0) 37 (27.6) 11.9
Frontal 29 (14.1) 11 (15.5) 18 (13.4) 37.9
Temporal 22 (10.7) 14 (19.7) 8 (6.0) 63.6

Type of fracture
Linear 183 (89.2) 61 (85.9) 122 (91.1) 33.3 5.49 241
Depressed 16 (7.8) 6 (8.5) 10 (7.5) 37.5
Diastatic 4 (2.0) 3 (4.2) 1 (0.7) 75.

Complex 1 (0.5) 1 (1.4) 0 (0.0) 100
Compound 1 (0.5) 0 (0.0) 1 (0.7) 0

Admission
Yes 50 (24.4) 43 (60.6) 7 (5.2) 86.0 77.07 <.001
No 155 (75.6) 28 (39.4) 127 (94.8) 18.1

*Infant<1 year; Early childhood=1~6 years;

School age=7~12 years; Adolescence=13~18 years.

THemorrhage ratio(%) = Number of hemorrhage group/ Number of total group>< 100.
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FE = U T EA% TS o Zth(Table 2).

Y 28.3%(58™), &2l 38.0%(279 )0l A ZA3FFIL(x
=5.07, p=.024), FFo] 18.0%(37)e1aL, EHw9] 25.4%(18% )0l A FERR
oM (x’=3.91, p=.048), F w3k SAHSRE frolg aols HWlrh. o2 A4
o] AA thAaAre] 10.7%(229), =] 21.1%(15% )0l A ABaA a1 x *=12.25,
p<.001), 241e] 10.2%(21%) oA Yelgtar, Edat9] 19.7%(147) 2 ( x *=10.60,
p=.001), 57 7ol wet 7 3 SAHCE {Fo3 ApolE HAAT.

I Fol A oAt 66.3%(136™8), EFw] 70.4%(5078 ) A YERSE
on T F#7HY HoleE UATH(x*=0.81, p=.368). TEE HAA Ao
24.4%(50%), EF<] 25.4%(18%)olA YEFSTH(x*=0.05, p=.815). A2 #
A Rkl 11.2%(23%), Fde 15.5%(11%) ol vERS TR x *=1.99,
p=.158). AL 20(4)olA AP on, EHre] 4.2%(3) 0] ATH x*=2.93,

p=.087).
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Table 2. Comparison of Symptoms between Intracranial Hemorrhage Group and

Non Intracranial Hemorrhage Group

(N=205)
No

Total Hemorrhage Hemorrhage
Variables (n=71) (n=134) X’ p

n (%) n (%) n (%)
Scalp swelling 136 (66.3) 50 (70.4) 86 (64.2) 0.81 .368
Headache 58 (28.3) 27 (38.0) 31 (23.1) 5.07 .024
Vomiting 50 (24.4) 18 (25.4) 32 (23.9) 0.05 .815
Bruise 37 (18.0) 18 (25.4) 19 (14.2) 3.91 .048
Laceration 23 (11.2) 11 (15.5) 12 (9.0) 1.99 .158
Loss of consciousness 22 (10.7) 15 (21.1) 7 (5.2) 12.25 <.001
Nausea 21 (10.2) 14 (19.7) 7 (5.2) 10.60 .001
Seizure like motion 4 (2.0) 3 (4.2) 1(0.7) 121

‘Fisher’ s exact test.
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=
wAggen, 2499 FF= =3 2t (Table 3).

7Z2+sl %38 (subdural hemorrhage)e] 50.7%(36 A)= 7}4 weka, 7]
%9 (epidural hemorrhage) 47.9%(34 7), AF98} &9 (subarachnoid
hemorrhage) 9.9%(7 #7), AW =& (intraventricular hemorrhage)

4.2%374), ¥l =34 (intracerebral hemorrhage) 1.4%(171) <=o]At}.
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Table 3. Classification of Hemorrhage in Intracranial Hemorrhage Group

(N=71)
Variables® n (%)
Subdural hemorrhage 36 (50.7)
Epidural hemorrhage 34 (47.9)
Subarachnoid hemorrhage 7 (9.9)
Intraventricular hemorrhage 3 (4.2)
Intracerebral hemorrhage 1 (1.4)

“Duplication data
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FAE BE F FAT WA 9IS v 89S U] A, @AY
2A2E BHS o zzte] 540 e 23 w4 AW 89 FHR

=
zZkzye] 54 mE =9 A 9F 89l vhs3 ok (Table 4).

Aol e FE T Jobr|eh vlauste] A= g Afol7t ¢l

S1}(odds ratio [OR]=1.22, 95% confidence interval [CI]=0.62-2.64,
p=.564), #HE7)E= OR=5.11 (95% CI=1.85-14.10, p=.002), A}&=7]E= OR=5.50
(95% CI=1.73-17.50, p=.004) 0.7 ZAH oz Fo&tt. Ad¥d e =9 9
o8l FAdY vuste] AgAdA SAHCE {FoFd Aol fln
(0R=0.92, 95% CI=0.49-1.68, p=.773). Aol W& FAU &8 9d2, I
Hlansle] LmRolA whlE 49 O0R=5.82 (95% CI=2.38-14.20, p<.001), tuld]
A A 79 0R=4.36 (95% CI=1.16-16.43, p=.029)% EAZ o2 o3 =}
olF Wtk ¥ FaholA TG A5 0R=1.46 (95% CI=0.64-3.32, p=.373),
HolE oA AEE -9 0R=2.91 (95% CI=0.56-15.12, p=.204)% EAX o=
o] gk apol= AT,

At o] mE 913 a9, WA vaste] wEE F9d 49 0R=3.39
(95% CI=1.58-7.27, p=.002), nl&Atare] Z-¢- O0R=9.85 (95% CI=3.00-32.30,
p<.001) 9] &8 #A fgAde] AT AR frofg AolE: HlTE. w11
AL o3k 2ozt ¢l tH(OR=1.40, 95% CI1=0.49-3.97, p=.529).

=4 7ol wE 9% 89, FA8IH Hlaste] 5= (0R=1.06, 95%
C1=0.46-2.46, p=.895)2 #& zeol7b gllar, S5F= 0R=3.03 (95% CI=1.17-
7.84, p=.022)°] &8 IEE BT, FFE2 02012 =Y AFEI I
ow FAAHSZ Fod atelE HATHOR=0.23, 95% C1=0.09-0.64, p=.005).

Sl WE YL, #alo] g - 0R=2.06 (95% C1=0.99-4.23, p=.050),
94lo] o= A9 OR=4.46 (95% CI=1.71-11.63, p=.002), F% OR=2.04 (95%
CI=1.09-3.81, p=.026), <4 xae] U= 49 OR=4.86 (95% CI=1.88-12.57,
p=.00D) 9] =8 HALAETE glom, FAIFORE {Fo& AolE BT Ty
Z3(0R=1.33, 95% CI=0.72-2.47, p=.369), DA(0R=1.86, 95% CI=0.78-4.47,
p=.163), TE(OR=1.08, 95% CI=0.56-2.11, p=.815), 7 #(0R=5.87, 95%

l
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CI=0.60-57.48, p=.129) &
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Table 4. Univariate Analysis of Risk Factors for Intracranial Hemorrhage

(N=205)

Variables OR 95% CI D
Age (yr)”~

Infant 1.00

Early childhood 1.22 0.62-2.42 .564

School age 5.11 1.85-14.10 .002

Adolescence 5.50 1.73-17.50 .004
Gender

Female (ref. group: Male) 0.92 0.49-1.68 773
Places of accident

Home 1.00

Public place 1.46 0.64-3.32 .373

Street 5.82 2.38-14.20 <.001

School 4.36 1.16-16.43 .029

Playground 2.91 0.56-15.12 .204
Type of accident

Fall 1.00

Knock 3.39 1.58-7.27 .002

Slip 1.40 0.49-3.97 .529

Traffic accident 9.85 3.00-32.30 <.001
Location of fracture

Parietal 1.00

Frontal 1.06 0.46-2.46 .895

Temporal 3.03 1.17-7.84 .022

Occipital 0.23 0.09-0.64 .005
Sympt oms

Scalp swelling 1.33 0.72-2.47 .369

Bruise 2.06 0.99-4.23 .050

Laceration 1.86 0.78-4.47 .163

Nausea 4.46 1.71-11.63 .002

Vomiting 1.08 0.56-2.11 .815

Headache 2.04 1.09-3.81 .026

Loss of consciousness 4.86 1.88-12.57 .001

Seizure like motion 5.87 0.56-57.48 .129
OR=0dds ratio; CI=Confidence interval.
“Infant<1 year; Early childhood=1~6 years; School age=7~12 years;

Adolescence=13~18 years.
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< A A¥= v Zok(Table 5).
Frolah R ar( x*=54.63, p<0.01), A& Nagelkerke
o ¢Jsle] 32.3%% YEFWTE. Hosmer2} Lemeshow 7474 A3} o] ¥ 9]
BER dSwkel Aol7b glths spde] 7ZbE A ghob(x=11.86, p=.105),
2 O F iR}
At 18 F MEE FEY A$ 0R=3.29 (95% CI=1.50-7.22, p=.003),
WEAILS] 7§ OR=4.78 (95% CI=1.31-17.43, p=.018)0.2 =3 A =7}

BN
o\
Sl
ot
rlo
2
il
=2

N
H
e
i
rlr
P

ZAbo] wetA, 2Alo]l 9dE A9 OR=4.18 (95% CI=1.42-12.31, p=.009),
o]l A2lo] 9= A$ 0R=3.29 (95% CI=1.41-9.47, p=.027)°c&2 =3 A
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Table 5. Multivariate Analysis of Risk Factors for Intracranial Hemorrhage

(N=205)
Variables OR 95% CI D
Type of accident (ref. group: Fall)
Knock 3.29 1.50-7.22 .003
Traffic accident 4.78 1.31-17.43 .018
Symptoms
Nausea 4.18 1.42-12.31 .009
Loss of consciousness 3.29 1.14-9.47 .027

OR=0dds ratio; CI=Confidence interval.
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V. =9
£ e 9 o sl FolE = A SN =gl Wi
A

= BA4E YOR TN FF ovd mE " 54 2 gy

ool § 2ol gxbe] #eE B uSsS A% V%

= S

AT dREE FAE =4S Jobr](51.2%), S A7I(31.7%) 2 LE
ST A AFelA FlE A Forvt v A el Hlgte] =2 HlE
S Ho]il(Nelson et al., 1984; Trefan et al., 2016), vo|7} AJHF+-= =4
o] M%7t A YeERF(Powell et al., 2015), ¥ A9} 5U3 AysE W),
I AFoA FaAlE EE8L ol e, A AFdAE dolo Al 58-
71.8%% Wol WA= Ao R HiwAth(Arneitz et al., 20165 Jo et al.,
2015; Powell et al., 2015). o] ‘dol7} ofolrt} &5 Aol7] wjFo= A7}
ol &5 Al oolrtt 4G Fo7t HQ st

T AT FE Z-e] P Wol BAlse Fave F62.9%) 1AL, 7t

g

&3 Ao 7)1 (64,8001 ATE. AoF T FE fAfol A HA A
of theh A A= LA, Aol T ejite] &3
oA Ah(Kim et al., 2012; Trefan et al., 2016). F7/1& F4¢ 7}
gt VA Yo R 41-79%E AASFY] (Kim et al., 2012; Trefan et al.,
2016), A& A9k dAst= AAch. & AFolA, 14 olste] gofellAl

oA AR Ao w Q% FlE =do] MY WETE BdH. ol FEAL

i

FAEE FAe Fo

1. H—

Hl

it

rlot

b Qebrk m Fhel FAUE GeelA wol WAt Ao® Ax 9%
7150 Agsle] gigiek, 22 5 5
Fo R} okl B A4 RHelekm & & QAT FF 14 ola B4

FAE 2Ae AUs] 8] GEA goR okl wgol Wasthn Aze

t
i
)

i BololA BAH BAL G

N

2 AT T F@e goblsh wimate] 7] 518, AE7l)E 5.5
Mol 2% WAES Both A8 ATl F) vl Y NmE Awe] obd

T2 Z7189 ) (Berger et al., 1985; Bruce et al., 1996). ¥ Atol A <A}
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WAl et gelA BAT A waste] w58, Sha 4.4

o,
e
s

3
o

5 BAa, Alal ZJHoRE HAd nlaste] mWels Fuld Ae 3
5 Abarel 49 9.999) £ LS BT A Ao dFUEER TR
ool AbaL FAvt vhEal, wE AbalR Q1E R E42 Ado]l Tt
ol wel ME7F 7k tH(Kim et al., 2012). 4olo] S5 Fy £49 7}
FEe dde s wE AaL(71.80) e, ol B3, WA =

o] 5 9o =E¥ = WErF 7] wFolgta 39 tH(Kim, Park & Kim, 1983).

Aol 0@ Fo PEow Ad A7

7)
= Aoz AZtEY. adu=R sk

o] iL(Atabaki et al., 2008; Kim et al., 1997; Lim et al., 1999;
Palchak et al., 2003; Schutzman et al., 2001), F& &4 Al 5302 &9
A Eo]l Fohal eFIth(Kim, 2012). & AFolA oA A Al 4,849
Ad=E Bda, A3 Aol o4 24 A F7iU 29 A= =ua
3}l aL(Chio et al., 1994; Lim et al., 1999; Palchak et al., 2003;
Schutzman et al., 2001), Atabaki(2008) %<& 2.291¢] &8 @=7} Adchx
Hastloh, & AFoA o] dew 2,189 £ AFEE HUTE. &0}

o9l gk A ATtelA Fu dF T4 Ty ol adol glew
TN =8 8] =ohar =l (Gruskin et al.,1999; Schutzman et al.,
2001), & AgolM = Fy dFel e s 2AEA AT, &5 Fy 9,
5, A Fu S4e Ags] vled dFdH A9 Zesita
AZEECH, Ao oA T4 A 4.589 FAW 2E 9¥=7F A

e Apeld o4lel S-S gRadon AN ATE feH, o A
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BE - Z4d|7]« 4 (Case Report Form)

ATAZ: TR oo F FAT A fole] AW 28 9Aa
1. g4 ( ) o ( )

2. A7 (A GA| A=) w7 A

3. g 4R d < <

1) Yes 2) No

6. 75 o= Aldst  skull x-ray oA =4 A ofH

1) Yes 2) No

7. RN g wA P

1) % (Home) 2) 83l (School) 3) wo]l¥ (Playground)

4) 4 (Street) 5) &&%A (Public places)

8. T4 94 A 71A

1) "ol (Falls) 2) 71123 (Slip)

3) 493 (Knock) 4) nlEAaL (Traffic accident)

9. F O T oy F3

1) Swelling (1) Yes (2) No
2) Bruise (1) Yes (2) No
3) Laceration (1) Yes (2) No
4) Nausea (1) Yes (2) No
5) Vomiting (1) Yes (2) No
6) Headache (1) Yes (2) No
7) Loss of consciousness (1) Yes (2) No
8) Seizure like motion (1) Yes (2) No
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10. F5 ¢Jo & A3t skull x-ray & Brain computed tomography

1) A4 =4 (Linear fracture)

2) g% =4 (Depressed fracture)
3) o7 =4 (Diastatic fracture)
4) 53+ =4 (Complex fracture)

5) 7§ =4 (Compound or open fracture)

11. 5745 9oz A3P3t  skull x-ray & Brain computed tomography

oA Xetdre =4 A

o

1) A Frontal bone)

Parietal bone)

=
=
2) TA=E
= Temporal bone)
=

(
(
(
(

4) 5= (Occipital bone)
2. 75 94 = 74 W 28 A A%
1) Yes 2)No

1) A9st =€ (Subdural hemorrhage)

2) A4t =38 (Epidural hemorrhage)

3) A543} %38 (Subarachnoid hemorrhage)

4) ¥HAY =3 (Intraventricular hemorrhage)

5 HU =€ (Intracerebral hemorrhage)

14, T gow 3 U ¥ QY A of R

1) Yes 2)No
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Purpose: This study aimed to investigate the risk factors of intracranial

hemorrhage in children with skull fracture by head trauma.

Methods: Two hundred five pediatric patients diagnosed as having skull
fractures at one hospital emergency department between January 1, 2010,
and December 31, 2013, were included in the present study, which reviewed
case reports. The collected data were analyzed using figures, percentage,
mean, standard deviation, chi-square test, ¢ test, and logistic regression
analysis with the SPSS 24.0 software. P values of <.05 were considered

statistically significant.

Results: Among the patients with pediatric head trauma who visited the
emergency department, 205 were diagnosed as having skull fractures and 71
(34.6%) with intracranial hemorrhage. The mean age of the subjects was 3.2

+ 4.3 years. The mean ages of the patients in the hemorrhagic and non-
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hemorrhagic groups were 5.2 * 5.2 and 2.1 £ 3.2 years, respectively. The
incidence of intracranial hemorrhage depended on patient age (t=-5.22,
p<.001). Intracranial hemorrhage occurred according to age group (t=18.31,
p<.001) . The age-related hemorrhage rate was 66.7% in adolescence, 65.0%
in school age, 30.8% in early childhood, and 26.7% in infancy. Compared
with the infants, the school-aged patients had 5.1 times (odds ratio

[OR]=5.11, 95% CI=1.85-14.10, p=.002), and the adolescence patients had
5.5 times (OR=5.50, 95% CI=1.73-17.50, p=.004) higher incidence rates of
hemorrhage.

No statistically significant difference was observed in the risk factor
of intracranial hemorrhage regarding sex (t=0.08, p=.773). Of all the
patients and those with intracranial hemorrhage, 64.9% (133 patients) and
66.2% (47 patients) were male, respectively.

A significant difference in intracranial hemorrhage was observed among
the places of accident (t=20.40, p <.001). The incidence of intracranial
hemorrhage was 66.7% in streets, 60.0% in schools, 50.0% in playgrounds,
33.3% 1in public places, and 25.6% in homes. The risk of intracranial
hemorrhage was 5.8 times greater in streets (OR=5.82, 95% CI=2.38-14.20,
p<.001), and 4.3 times greater in schools (OR=4.36, 95% CI=1.16-16.43,
p=.029) than in homes.

A significant difference in intracranial hemorrhage was found among the
type of accident (t=24.12, p<.001). The causes of intracranial hemorrhage
were traffic accidents in 76.5%, knocks in 52.8%, slips in 31.6%, and
falls in 24.8% of the patients. The risk of intracranial hemorrhage was
3.3 times for knocks (OR=3.39, 95% CI=1.58-7.27, p=.002), and 9.9 times
for traffic accidents (OR=9.85, 95% CI=3.00-32.30, p<.001).

The difference in the incidence of intracranial hemorrhage was shown to
be dependent on the location of the skull fracture (t=18.09, p<.001).

Intracranial hemorrhage occurred in the temporal bones in 63.6%, frontal

bones in 37.9%, parietal bones in 36.6%, and occipital bones in 11.9% of
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the cases. In other words, the risk of intracranial hemorrhage was three
times greater in the temporal bones (OR=3.03, 95% CI=1.17-7.84, p=.022)
and 0.2 times lower in the occipital bones than in the parietal bones (OR=
0.23, 95% CI=0.09-0.64, p=.005).

The proportion of hospitalized patients was 24.4% (50) of the total
patients and 60.6% (43) of the intracranial hemorrhage group. A
significant difference in hospitalization rate according to intracranial
hemorrhage was observed (t=77.07, p<.001).

After sustaining skull fractures, the patients with intracranial
hemorrhage presented the following symptoms: headache in 38.0% (x*=5.07,
p=.024), bruising in 25.4% (x*=3.91, p =.048), loss of consciousness in
21.1% (x*=12.25, p<.001), and nausea in 9.7% (x?=10.60, p =.001), which
were statistically significant as compared with those in the patients with
non-intracranial hemorrhage. Compared with the non-hemorrhagic group, the
hemorrhagic group had a risk of intracranial hemorrhage 2.1 times greater
for bruising (OR=2.06, 95% CI=0.99-4.23, p =.050), 4.5 times for nausea
(OR=4.46, 95% CI=1.71-11.63, p =.002), 2 times for headache (OR=2.04, 95%
CI=1.09-3.81, p =.026), and 4.9 times for loss of consciousness (OR=4.86,
95% CI=1.88-12.57, p =.001). In the hemorrhagic group, scalp swelling,
vomiting, lacerations, and seizures were observed in 70.4% %( x*=0.81,
p=.368), 25.4% (x*=0.05, p=.815), 15.5% (x*=1.99, p=.158), and 4.2% (x
=2 .93, p=.087) of the patients, respectively. No statistically significant
differences were observed as compared with the rates in the non-

hemorrhagic group.

Conclusions: In this study, the risk factors of intracranial hemorrhage
were 1dentified in children with skull fractures caused by head trauma,
and the risk of intracranial hemorrhage differed depending on age, place
of accident, type of accident, location of fracture, and symptoms. On the

basis of the results, skull fractures caused by head trauma may provide
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better understanding of the intracranial hemorrhage dynamics and improve
the management of head trauma and the education of pediatric patients with

head trauma.

Key Words: Pediatric Head Trauma, Skull Fracture, Intracranial Hemorrhage
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