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Purpose : Early detection and intervention of hearing impairment is believed to improve speech and
language development and behavior of children. The aim of this preliminary study was to determine
the prevalence of hearing impairments, and to identify the association of risk factors relating to refer
response in high risk neonates who were screened using distortion product otoacoustic emissions
(DPOAE).

Methods : The subjects included 871 neonates who were admitted to the neonatal intensive care
unit of the Pediatric Department in Soonchunhyang University Bucheon Hospital from May, 2001 to
December, 2004. They were screened using DPOAE. Based on DPOAE, we divided the neonates in
two groups : ‘Pass’ and ‘Refer’. The differences in risk factors between the pass group and the refer
group were analyzed.

Results : The incidence of the refer group was 12.1 percent(106 out of 871). The bilateral refer rate
was 5.4 percent(47 out of 871). And the unilateral refer rate was 6.7 percent(59 out of 871). Gender,
birth place, family history of hearing loss, small/large for gestational age, obstetrical factor, hyper-
bilirubinemia and use of gentamicin were not statistically related to the refer rate. Statistically relat-
ed to refer rate were birth weight, resuscitated neonates, Apgar score, craniofacial anomaly, mechani-
cal ventilator application, sepsis, using of vancomycin(<0.05). The prevalence of hearing impairment
(=60 dB) in this study was 2 percent(18 out of 871).

Conclusion : This study showed a higher prevalence of hearing impairment in high-risk neonates.
Thus neonatal hearing screening should be carried out in high-risk neonates. (Korean ] Pediatr
2006;49:507-512)
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Table 1. Demographics in the Study Subjects

No. of cases(%)

Sex Male 522(59.9)
Female 349(40 1)
Birth weight <1500 g 53( 6.0)
=1,500 g 818(94.0)
Gestational age <37 weeks 377(43.3)
>38 weeks 494(56.7)
Birth area Inborn 521(59.9)
Outborn 350(40.1)

i

[ ] Pass 87.9%
N Bilateral refer 5.4%
[] Unilateral refer 6.7%

Fig. 1. Distribution of results of DPOAE among neonates.
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Table 2. Association of DPOAE Pass and Refer Response
with Risk Factors among Neonates

Korean ] Pediatr : A1 49 ¥ #15 & 2006\

Table 3. Degree of Hering Impairment in 40 Neonates with
Using Auditory Brainstem Response

No. of cases p-
Pass(%) Refer(%) value

Birth weight <1,500 g 15(14.2) 92(85.8) <0.001
Gestational age =37 weeks 335(44.1) 42(60.4)  0.001
Obstetrical factor

Caesarian section 402(52.5) 63(59.4) 0.213

Premature rupture of amniotic 146(19.1) 22(20.8) 0.694

mebrane

Gestational DM 31 41) 547 0793

Pregnancy-induced hypertension 34( 45) 8( 75 0.221
CPR(Cardiopulmonary resuscitation) 75( 9.8) 27(25.7) <0.001
Apgar score

<5 at 1 min 79(14.1) 28(31.1) <0.001

<6 at 5 min 33( 59) 17(189) <0.001
Mechanical ventilator application 91(11.9) 27(25.5) <0.001
Sepsis 55( 7.2) 18(17.0)  0.002
Hyperbilirubinemia 62( 87) 9( 87  1.000
Craniofacial anomaly 3( 04) 6(57 <0.001
Small/large for gestaional age 45( 59) 11(10.4)  0.089
Family history of hearing loss 2003 1009 0323
Antibiotics administered

Gentamicin(Aminoglycoside) 515(67.3) 77(72.6)  0.318

Vancomycin 12( 1.6) 11(10.4) <0.001

DPOAE (871)
[Pass (765) [ Fail (106) |

ABR (40)

[
[Follow up loss (46)| | DPOAE (20)

[Pass (17)] [Fail (3)]

| Follow up loss (3) | | Hearing impairment =60 dB (18) |

Fig. 2. Schematic flow-sheet of DPOAE and ABR test.

ATHTable 2).

Refer +* 106 % 2094 (18.9%)°] 37194 ¥ DPOAEE A4
gt om 1 F 3%(15.0%)°] Al SHskA] X ThFig. 2).
Refer 7 106 % 40W(37.7%)°14 ABRS Ald3ision o1
% 60 dB °14e] 3L 189 (45.0%) 1A #2F A THTable 3).

k
[la]

Aok A7E ol oF 1,000%% 1-3%elA dFL vA=
g AHd Ao of dxist

Degree of hearing impairment(dB) No. of cases(%)

Mild(26-40) 20(50.0)
Moderate(41-55) 2( 5.0
Moderately severe(56-70) 10(25.0)
Severe(71-90) 7(17.5)
Profound(=91) 1( 25)
ZF Felg 7H AAotel Az FAE EFE Qo] U gl
AubE wkge] Fo Ang bt gzt v wA g
ote] Ps& FoEA IEeTI HHAEE o] ol Z7]9
FAZE olge] wdte] wlg TS AFTFS VXNBE 27| FZF
AEHAAE A A7 FolE dAsk= 3lo] wlg- Fastt
A7y AEAbe] 27 w=Ee ugT dis HEEATH
2y el =Y, FA71e WY AR 2H0A o o] =
A7) FEHoR H7 FR AvE RE ZoloA B F
£ AAetrE a9y AAotEo]l HZF it el HA
th. 1978 d¢] Marion Downs®= 938 A5z Azt Zefo] 7}
=9, X EE oE glely s ot zhgd] ol Hdn A,
5, Q1% 59 kAol s R-atA 7E, FA AFe] 1,500 g M
Wl AS-oF AAA FEe & AR Aed Rl £XA
S 718kt

Pl A% 19E A4getel Aol AFARA 4 o}

H gl
2 37 AEAAE AFBor 98 AjRE o4

it o o o
e
-

g gde
& F aminoglycoside(gentamicin)®] AH&°] 592#1(68.0%),
71A 718 Alg w2 sholrl 118W(135%), &4 AF 1,500

g HlRko] 1079(12.3%), TRl dF Folrk 71%H(8.2%),
graiel aetd 7ge] Y Hork 918(1.0%), B2 Aol
o 7H=eo] 39(0.3%) 9l wolgith ¥ T4 DPOAES

=
A B3y 3 E3E R B3 o)A gentamicined] ARgo] &
o

Adom folgt Aol AW AW Ax F o]54 opiel
Agol B, WA olgel o5y ofEel AgE 4 Ut A
i

£ o
v
2

o
£
-z
td
fo

S o
— M
o
40«
0 2

2 o o b o g2
L
o
e = rff
ot

O,
=

a8 NN % o

olr



2 A7 Aok dugl gv ANAAE @ v AR A
of =3, AWAN] WHol Absela, WA A AR sein,
Azol W@ JuEE wAt A 9 F 5 o,
AP Hlgel Bolsh ABIA olle] 43T F 9lv] WEel

A9 AWAAEAe 24S WEE1 9k Moon $2¢] 7t
Adzakel Adtel wlg 53 B AFoAR Aot W9
27 A 27 A7 AR QA s zw NEEREEY
Hlg 4 5AHE F—E:Pf‘ u Ao

u ool 22 e IS B3 Ulol2 A9 dEe] iy
= Aol #adn AANAA e duold ol FEA
FoAAA dde] Egow sy ik 8 HAlF e V)
T ooldem wAE £ Qluf YoloeRE EaZEiEul FH,
AA Znfol e e F2EA vl 5 AHA 7Y, S5
T dole &4, g ENEE Aol AL wgle] gk
9 A&EE 29 2F So] dde] E § o A
ute] glolol A ® wAlE 4= okt Y gAA = aminoglyco-
sides, vancomycin 5°] €3l U FEAMEE T 5 9l
o} o)Al H2HZo|EA FAFTAEY FAAE Wolo] &
S E F Utk dREe A AA dHS 4 Aol EA3)
H fAHel AeE dut, B A ME o]EA FES ALg
g Slolrl 99 A 89 o o] &4

rO
ol
_\|J_’
o
53
rlo
-
ox il

g FAs] Abgaor 8

At ol ol&w o} Wy Felwh WEAUA 2ot
om 08T FHPE PAHMSABRIS] AgHe] ol
q

Aol Hlste] A

Hlo} ZApel]l A& s il ol &4 AXE 9
sto] FHES %53H°F s Algkde] glo] Hdle AEHANE
Ak
sponse, AABR)©] *]
9] @& E(click sound)& F
o} HlaLste] Fi-Auks SHstEE 711"] e
Atell H]8te] AL AR 23t Fol ]
SUAE AT AR AN S & F o= @

t
Mo Yo,

Fetgnh 1o &

geta AgAl ARE A
=)

_|>i
off
2=
o

2
i
rN
(i

Hk-S-(automated auditory brainstem re-
H 3 gtk AABRS 35 dB E+ 40 dB
Ay Aol Al AALE AAFX

AA = 7S A

f
o
)

S
A ©
22
ri'L
BN
ﬁ
o
&

AW S AxLe; @
acoustic emission, OAE)E /4 3Mk8
AlZbo]l grom Aol katar AL H]%Ol
Akl B Agsiva dAH o,

W AH(transient evoked otoacoustic emissmn, TEOAE)®} 34

DPOAEZ} #H+ 21Aole] A7y A At o] & ]
A @ol AMgEE fE oS A w2 EHA AP &
Ak Fo FIgdle] ARE of

AT %]
o8} Wrkwsh Folwsh vobd 5
=

2
ofd
_O|L
N
>
_O|L
)
N
Ho

%2
=
=
¢
oft
2
(o
fu
of
b
b

(s} h !

gZo] Fi AATY o)z} theFs 4= gl
A A2gotel mlmste] Aol HFA A AA3 ol
2 B4R FHY w2 IS Zta vk g A
A A olell HlE] 108l 208 HE =2 Aoz dEA doH
A mE Aubd G gigk A0l = Aol IF

minoglycosides, loop diuretics ¥ vancomy-

Ak G A ek ol¥ of=

cin? e oFEe o540l
) duprom 3ol g2 mAw A

o}
7108 A2 AAE FA e
&3t 4 At} Aminoglycosides”t 3717t AH-&%A Y loop diu-
reticsSt A A& W) o]EA4e] oY aedem mHEry
2 AT E aminoglycosides ¥ vancomycing P20
2 X @A DPOAE SHwd FaahA =gk wol 3l
aminoglycosides®] AH&2 FAFOZ Su|glE Abo]lE HoF
A ZPAR vancomycin®] A& oUlE ApolE BT T
g 1092 #olol Al aminoglycosides”t loop diuretics®t &7l
AHEEIQIAL 2L F 29elA ABR AHAIA 60 dB ol’de] W
o= A

9

8t

2,

2

22

ox

i

z ol

kOB
i
o

]
= p
FREZ, 718A HolgAg, Aot A& # a3

A% A7} B

ikt
X0 WE

o
o
i)
N
X
&3
I—; 5
o o
oflt
L oox
an OW
t
fe
R i
S

ol
N o
2k

i)
of¥
R
P
fux
=2
o
o,
o
2

l !
¥ I
=

e

£
30,
32
rﬂ
o
o
2,
2
2
LA
)
X0
o)

OVM B TX4 T Aufls A7 Ao
%3t 1A o)del A7 A As5E A %
L3 gloltP?. B A NE Mz oSN E3tE
%3 Shol 5 4678 (43.4%)°0] W
S AAME AdAEHA ol 4 o] Z o] FoA A Fgo
H 7L AAMAIA 60 dB o]/ 7éF+7
5H(28%)°] F4 o] HX
F3} oA} @ mEAEe] Wil
Z Bi®E Park “5)4 kel
AlA 0.1%9 FHES K
TFolME 60 dB °1de 5 H7 % 2y
HRom ol HA Ao} %‘%‘%(1 3%/, Ooom)iu} =
Aol 1Y B Aol JFEAsd 4 Il A= 374 A
A&ste]op s Wz o] S EWALF A
2 olg" & Ak
3k ol AFE VIERE 3

Aol Bzt

of
il
R
£
ol
L0
N
fa
ol
L8

T

O:
ofN ox

o e

[e)

-

e 2
to
rot
pou)
o
fr
>
>
it
)
nj

HQ

ro

O:
2
>
o
m\m
=
oz
o
fru
o

N

ANE wes

T g

AA AAolE Yo @
AwzAe wAs ¢ AL FAske ool dn

- 510 -



to
i)
pod)
o
fr
>
>
it
i,
iu)

PUALE Ade sTIEE UAoR oF7)5e T4

Estnh Wz o] F3AtA S3E B¢ Pass T

A A F 8719 3 106(12.1%)°] Refer 0.2 = o]4)
o] 36%W(4.1%), #H= olde] 237 (26%), ¥ ol’de
%)°1AT}. Refer™ 106% & 207%(18.9%)°] 3719 ¥ ™= o
SHPALE AAE sl em 409 (37.7%)°14 ABRE Al@3+4
t} & 871% % Pass w3 Refer i Alolo] AdE &4 Fa
e Aol up

=~
~
ol
—~
a1
=~

(B9 9 o), Ao 715, 2 &4
AF(FG Aol B3 Tl AA AFoh, Ao ¥ A
(AAA et AN " 27 g mke), W £
2 gentamicin AHE 59 AA}FE FS Zol7F fAATE F
8714 % Pass w3 Refer o= Alojoll &4 AF 1500 g VT
Ae] A= 377 olsh, Avl AAE AlY, B2 Apgar HT(1E

of 57 el3k, 5&el 6% elsh), FAF o1F(FME, TAME, ]
Nk IR E5F), dFEE7] AHE, ¥, vancomycin AHE-
59 AR A fo) gt 2ol (P<0.05)E EAth

A E:60 dB o3 o] 188(2%)olA #zEE Ao

sler o
= AA Aol FHE(1-3%/1,0008) et e FAot e
B2 Aol JeAsd 49 o= 4 AdAAE B
Al Alstetol st WM o] SEEAE AEAALY] WMo o
&9 F olvh E=F oW dAE VxR She] A AAokE o
o 3 Aot A7y AdziAte] mHst & e FHEH o
ol 9= AS v A5Al 4 Rl 48 AR AR
#rt,

References

1) American Academy of Pediatrics. Joint Committee on In-
fant Hearing 1994 Position Statement. Pediatrics 1995;95:
152-6.

2) American Academy of Pediatrics Task Force on Newborn
and Infant Hearing. Newborn and infant hearing loss:

Korean ] Pediatr : A1 49 ¥ #15 & 2006\

detection and intervention. Pediatrics 1999;103:527-30.

3) Ramey CT, Ramey SL. Prevention of intellectual disabili-
ties . early interventions to improve cognitive development.
Prev Med 1998;27:224-32.

4) Kuhl PK, Andruski JE, Chistovich IA, Chistovich LA, Koz-
hevnikova EV, Ryskina VL, et al. Cross-language analysis
of phonetic units in language addressed to infants. Science
1997;277:684-6.

5) Yoshinaga-Itano C, Sedey AL, Coulter DK, Mehl AL. Lan-
guage of early— and later—identified children with hearing
loss. Pediatrics 1998;102:1161-71.

6) Downs MP. Auditory screening. Otolaryngol Clin North
Am 1978;11:611-29.

7) Joint Committee on Infant Hearing. Year 2000 position

statement : principles and guidelines for early hearing de-

tection and intervention programs. Pediatrics 2000;106:798-

817.

Pappas DG. A study of the high-risk registry for sensori-

neural hearing impairment. Otolarlyngol Head Neck Surg

1983;91:41-4.

Harrison M, Roush J. Age of suspicion, identification, and

intervention for infants and young children with hearing

loss : a national study. Ear Hear 1996;17:55-62.

Kuhl PK, Williams KA, Lacerda F, Stevens KN, Lindblom

B. Linguistic experience alters phonetics perception in in-

fants by 6 months of age. Science 1992;255:606-8.

Sininger YS, Doyle KJ, Moore JK. The case for early iden-

tification of hearing loss in children : auditory system de-

velopment, experimental auditory deprivation, and develop-
ment of speech perception and hearing. Pediatr Clin North

Am 1999;46:1-14.

Moon SK, Park HJ, Kim Y], Park MS, Choung YH, Park

KH. Result and cost-effectiveness of newborn hearing

screening program in Ajou University Hospital. Korean J

Otolaryngol 2002;45:1052-6.

Oostenbrink R, Maas M, Moons KG, Moll HA. Sequelae

after bacterial meningitis in childhood. Scand ] Infect Dis

2002;34:379-82.

Newton V. Adverse perinatal condition and the inner ear.

Semin Neonatol 2001;6:543-51.

Tomski SM, Grundfast KM. A stepwise approach to the

diagnosis and treatment of hereditary hearing loss. Pediatr

Clin North Am 1999;46:35-48.

Doyle K], Burggraaff B, Fujikawa S, Kim J, Macarthur CJ.

Neonatal hearing screening with otoscopy, auditory brain

stem response, and otoacoustic emissions. Otolarygol Head

Neck Surg 1997;116:597-603.

Kennedy CR, Kimm L, Dees DC, Evans PIP, Hunter M,

Lenton S, et al. Otoacoustic emissions and auditory brain-

stem response in the newborn. Arch Dis Child 1991,66:

1124-9.

Kemp DT, Ryan S. Otoacoustic emission tests in neonatal

screening programmes. Acta Otolaryngol(Stockh) 1991;482

(Suppl):73-84.

Uziel A, Piron JP. Evoked otoacoustic emissions from nor-

mal newborns and babies admitted to an intensive care

baby unit. Acta Otolaryngol(Stockh) 1991;482(Suppl):85-91.

20) Thompson DC, McPhillips H, Davis RL, Lieu TA, Homer

8

N

9

=

10

=

11

—

12

=

13

=

14

fal

15

<

16

=

17

-

18

N

19

=

- 511 -



R = D

CJ, Helfand M. Universal newborn hearing screening. J
Am Med Assoc 2001;286:2000-10.

21) Joint Committee on infant Hearing. Joint Committe on in-
fant hearing 1994 Position Statement. Otolaryngol Head
Neck Surg 1995;113:191-6.

22) Eavey RD, Bertero MC, Thornton AR, Herrmann BS,
Joseph JM, Gliklich RE, et al. Failure to clinically predict
NICU hearing loss. Clin Pediatr 1995;34:138-45.

L WE O SPWAE o 88 W E Aot 7 AL

23) Marlow ES, Hunt LP, Marlow N. Sensorineural hearing
loss and prematurity. Arch Dis Child Fetal Neonatal Ed
2000,82:141-4.

24) Spivak L, Dalzell L, Berg A, Bradley M, Cacace A, Camp-
bell D, et al. New York State universal newborn hearing
screening demonstration project : inpatient outcome mea-
sures. Ear Hear 2000;21:92-103.

25) Park HJ, Park KH, Oh JH, Lee ]JS. TEOAE as a newborn
hearing screening. Korean ] Otolaryngol 1999;42:565-9.

- 512 -



