FEIRE 2% D SR74 - 525% - 1996
Clin. Otol. pp 294~307
Vol. 7, No. 2, 1996
o] & WAL (Otoacoustic emissions) 2] 94
Jerieta ofthet oju A F et
M2 - HEgF
Clinical Application of Otoacoustic Emissions.
Sun O Chang, M.D.,, Yong Ju Jang, M.D.
Depart; t of Otorhinolaryngology, College of Mediciene,
Seoul National University, Seoul, Korea
1. A 2 o o] HEAQ Aldolr}. 1 °]%E‘ ol e
2 At okeof Ao da w2 @A
BAFE1BA d9E 28E WolEols HJTE A om w3 ﬁ’—‘l?_ wHes
7l Wk ok 2elg BAYANNE 71%E o9l AHE NG £ de AwF @iy
ZFAE ithe AHd 2 19489 T. Goldel 98l oz Agd £ e He Uk
A7 A Aol A gk g AFREd o8 A e OlEPAE AFEMEY 58H FTa
WAl 2aAa, 1978 G Kempol 98] & (active amplification process) 9] FAHE
A ol g FAtehE FeR A9 Aol (byproduct) E oSl B o] A gh9-o] A 1Ay

©] WA} (otoacoustic
SAF W &

olFoAA =k

emissions, OAEs) & Fo]zl

Furgol 9ol A4S olxE, Mok
Bl slolwe] Astrlel tente A& ol

€t} Kemp (1979)& 9Jo] %ol X)€@ rlo]a
ZES AHEE ol FWALY EAE HE
Zlegon oyd ide 99 TE4 F
4 (active mechanism)ol oj&] B o] Fo]
& AH dolzoA ZAEGL FRFY) o
St WAL g9 AR g tu-
ning® A (sharp tuning) ¥, oF=AE9|
2%/ (motile property)?] 223 t&o] 9}
F Aol B ol F E4E FE S

Hol Folg AR dJolxz dgdr o]E_ o
WA AR 7L BAFE Ao W an

obym a3 ok FAHA ’34-’?—%3¥‘5‘°1
o]FojA gitkE AL WYY o}, o]
Fiate AREAZAN "G n Az
ed 2 ol2A uWAcsE ogdPAe
417l tetrotoxin®l o8 AeHUAY F3H L
= ZPAGE A, dREAEY J)50] &

Folut o5 FEo o8 JgF& Wkl o]
ST ol T Ao 9FE WETE A
ol AUtk =7 o] F WA= 30dB ol4tel
2AAAB4GHo] o 1 BPLo] A3
AstH™ o] F WA input-output function

KEY WORDS : Spontaneous otoacoustic emissions * Evoked otoacoustic emissions *

Clinical application

- 294 -



Clin, Otol. 7

12, 1996

Table 1. Evidences supporting the possible origin of OAEs from outer hair cells

Unaffected when the auditory nerve is blocked or cut

Adversely affected by ototoxic drugs and n
Disappear with SNHL greater than 30 dB
Nonlinear input/output function

oise

Heavily innervated by auditory efferent system

Present in mutant mice that have no IHCs

Table 2. Classification of ic

Spontaneous otoacoustic emissions, SOAEs
Evoked otoacoustic emissions, EOAEs

1) Transient evoked otoacoustic emissions, TEOAEs
2) Stimulus frequency otoacoustic emissions, SFOAEs
3) Distortion product otoacoustic DPOAEs
& 99 TFA J1dolMe o] wAY II. xteho|2&tetAl Spontaneous

(nontinear) ¥t-g-0lgts 4, 4R Tde G
< FYPAF ] EAE] Qo] o] F AMA

AME wee A, Y oS PYAE W
BAES} e FQWo) micedl A Lhehite

AR EAEZ} e miceol ME YEIIA @e
o A Feol Utk (Table 1).
OlEFFALE A AR ol FUAL (HE
HEHH, spontaneous otoacoustic emis-
sions) St & ol XA} (FE HEHHA,
evoked otoacoustic emissions) &l ¥ FFE o
R
Aol e PR AR AF gl Qe 4
oA ekl Y, oz WArH o] 7]
= &¥oln, futol 2wl Ao s
SAF Wt B o] gagAtolt,
Frol P AT G F8I) F
o vehte 934 ol 9§ oAl (—
BEE FR HEESHH, transient evoked
otoacoustic emissions) ¢t F 33k o] &3t
AL (BEBRE BEEH4, stimulus freque-
ncy otoacoustic emissions), WZ oS AL
(5 BEEH 4, distortion product otoacou-
stic emissions) 2 ¥F €t} (Table 2).

Otoacoustic Emissions, SOAEs

Aol WA SAT ol gl FualA
selEdA F3E & e F &9 (narrow
band) 9] AL Q] FPAE vlo]AR E) A
#3287t F%o] g3 FFT (Fast Fourier
transformation) o &) F3E 4 (spectral
analysis)o] ¥ ¥ 78 5 U ojAe e
lEFIARGE 53] 288 ol £3H
ook gth zhdol & @Al Wil 500914
3000 Hz AFololA agtts gejx gla 2

An example of SOAE with three
peaks (arrow).
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Table 3. Prevalence of SOAEs in different study subjects (Chang et al, 1994)

Subjects Number of subjects Positive rate of SOAE
Normal 49 11(22.4%)
SNHL 22 oo %)
Tinnitus 27 16(59.2% )

SNHL + Tinnitus 32/ 3(94%)
* SOAE : ic

** SNHL : sensorineural hearing loss

ZEE —10090M 20dB BEolth Lol H
BAE A8 Y Fe S99 PAe AY
Qe 2 AR ZEe) AL g 50 Hz& @A
et (Fig. D.

Apubol & 3gate] WE L EuAwick o
Fho] BE A 13%~60% A LA
t Aoz MudEch Aol A xpdo] &AL
€ 40%3%9) 2EES Yehdga I

Aol S gAlsL HEHA dede AL
434 gue gle AHdolAR ozle] W
4o Ae Had AYYA7k 20dB HL ©]
Wel 913 o] Pt LEHE Fas 2
HellMe 97t AgHor Agaa e
Z571 4 & Aok 28y o8 FFGA Y
F5e ol TAtelA B B & F 3L
ool HAbe YT AHANAN WHEEA
Al Fire) Mg A9 gle Aeg deiA
ok,

Ruggero (1983) 52 AAARFEAM LA u]F
AREHED FAY WEO AL FEAN
YA og glojor st AHFE9 damping
A7t AatE e} zpd o] ¥t A
3 FAEAh o2 g Aol ahdatel 44
H o] g& azle] ZHARY WEe] X Y
Ao FoMY Yt HeAM AFH
At Y o] F WAL AdA AEH
o2 der At HAA ¥ (tinnitus)
% vl 71de AL Qe Zel ehdrt
3o} ojWte d@AYo] Hg dFE WnF
23] A9 gk (Norton, 1990). EA7
Ao A7ARE 2pdol g FHAte} olF e
A B &sA ¢on (Tyler and Conrad-Ar-

mes, 1982), Aol &P Absl ol o Fapg
€ dA3A FEh Norton (1990) & B4
B TZAME Aol LAzt olHe AA
o] @ F oy o|FEA HAAE ¥ B
g ojZle] Ade] He FEe nnsicin
gy g d7ARd 95t ool e
S AA L 4%AM T Ago] S WAL 2
AdolNk. AApe] Aol ojatd AFHHA
A9} wEgo] 224% P ¥l ool
SR oA o) Ao] ALY BHL LS 59.
2%, ZZAN7ZAR FREAFANE 0%, 30dB
ol e #ANRYEHT 0P el ol ANUY
ZoAME 94%9 LS Mo FHEHo)
oA e oY uhg Tashe AbgolA
ol PAY WHLe AN RS ¢ F
ot (Table 3), 54 o|F e Fsot
spectral analysis® %8 VEbd o] gk
Abel FaeE AR 4B BAE BolAe
e skeh.

L Ants Z0ff ofFt RLolSaeA
Transient Evoked Otoaoustic
Emissions, TEOAEs

A7} clickeltt tone burst, tone pip% #-&
A} & (transient) 22 AF& wowd v
ke FE7] Fo o] FFWAE BAGG. o]
A 499 ARRALY 2gef ofs) Th
se ddez 4z2Ed 9944 S 9 &
o] AL (TEOAEs) & 4ol 7h &
3 HE&HE oS ¥Atelth
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Fig. 2. System

setups  for
TEOAE (a) and DPOAE (b)

measuring

TEOAEE %437 fsiMe 293 Aze
vlola2 Eo] st (Fig 2, a). AF& 7
Az ghel Qe e F
FFRAE HAEY) st A8 #e
duration& 7}A3L Q1€ tone burst® F& ¥
A9 FosdE Frhshed AHS gt A3
Fiol 21olA click &7 tone pip & °1= 2
o] FEUPAE oHAE BFAsA Aot HAES
AN dolME o7 WEE AEsA
F&ol A% artifact® A Astol Frk 19
PP ER 9A oA AT disl
Whgol AdHe] detnz o] Soizt
T A9 2 msecE AYAAT AF R0
AAR artifacts o 2ol h stimulus arti-
fact rejection scheme& ©]& % WAte} n|Ad 3
A F7HEEE o] 43tk Sweep rejection te-
chnique2 =& Zx9 13& AAz}7] A3
AL €t o] S ALY B AL o] &g v
3 F7hgel mek A9 bufferdd A% B
ABASFE T8 B o] FBAFE °
SR F2o AEH E F A ADA
(reproducibility) o] 2= &ol2 EIHHT o
delx WEFEE FH}E ANEZE M=
S8HA A opAw FEdAbkg e do
A %, F82E (background noise)®] B7},
&3 FFAY v el dEd ILO 88

24l clicke &S

ol M= reproducibility®} echo leveld ¥] g
o ¥ AFo] AHgE de T HEA (re-
peatability) # ¥-& A&AA (reproducibility) &
Hole AFol 9% FF artifactst AT o]
S FEsed =4S dtojof ot
frol Fe ALY EAe e FEY (la-
tency) 9} repeatability of the two emmited re-
sponse©l 93] TFEHEH o] &Pty Fu
71 Kempel 913t9¥ 1~12msecd] ¥ ¥ B
°]8 5msec¥Ee] FE77} 7bg Bk 19
22 ghge $AFIE 25~20 msecE A
3] Z3 @ (Fig. 39 ot AAAY &
A). AFE9 FF7HES BE 2603 & Pt

TEOAE®HS- %49 71E-2 919 Kansas sy-
mposium®] 41 echo response 8 dB, reproduci-
bility 50% °14& 7122 oy o] £4
o % dAd ZEL oFF i3 Wil 5dB,
50%° 71E£S A8 (Fig 39 'HAES
102dBY F=E Helm, 0~6kHzAtelo A
®HA Q1 reproducibilitys 81%, 2, 3, 4 kHzoll A
€ 90% o3& B whge PG Holm
Aeh).

A9 FHE fast=ds 3709 para-
meter’t 1=l stabilty, temporal waveform,
spectrums©] LR Eo|t}. stability= 26071 €]
click®] Az ] 43 A= indexZ 90%
ool Hojof uigZ3ttt. TEOAES] FAwt
ol UetA g€ Zee ¢ ool
Aol BA =Y AU 2350 1 Ade
2 AAHER od ASe Y H7te s
oF gt} Figure 39 A5 32 default 0dBS]
AFEE FAL 9 82 dB peak sound pre-
ssure level (pSPL)& Holuj 1 kg Aol 96
%9g Belx gk

ol SFHAL whge J £ FHAA
9Xe dA}A ¥edw. 22y TEOAEsE
AAQD F4L 7ML e A A9 100
%ol A LAY FAY Ao oA W
$9 Fde A3 wste] BAQle] v
AAEG. & AFA QA F ALY B
Hxg Fdez duy fixez ZFydE
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[Stinulus TLO88 OAE Analyser V3,94D
,3Pa- [Patient:
Ear, right Case:
4(-— Date.... 89/82/1993
-.3Pa STINULUS dB GAIN
., . . 4us| [ NonLin CLIKN @.0

Responde Waveforn

STIMULUS 81dB;
stRaILITY 967

ST TIME_OH S6SEC]
SAVE DIRECTORY
= \ECHODA
FILLEO=129/133
FEVIEV DIRECTORY
(0:\ECHOORTA

" “RESIDENT DATA
2BMs {| ECHOORTA\93030201

Fig. 3. Transient evoked OAEs, as recorded with ILO 88 device (Otodynamic Limited) with

click stimulation, in a normal-hearing

H2E7)9) AAH Holg RAFEY. FTolS
FAHE FH2 o] 30014 40dB HL € |
o YetA gttt Kempe TEOAEs7H 3
P&4 S FAFHoz Y AE REAAT o
X7k 30dBe] HE FEAMES] Fofol o
P& g 2Ased oA FHAE3
A8 4 Ao FAS oS3 EA %
¥ Fo4EAe 8 BE 1~4kHz9 broad
band noise7t WtEb}L 2 9o WAl mul-
tiple narrow band peak’} YEbdth 7Hg ¥
peakE T2 1~2kHz oA 2AHT A35
o] AXNE wHdYFH Pz PASE AAY
AFFHeg 2 GEc (F § 1992a).
TEAMY FRFTFHAIE  ALF A<}
&g oz vehded Axe A7
3 7lUHeA CEOAEsE FH+Z =+
44 15~5kHz Atol9] B FapsFohel WA
ol uvEgn HogAxlE 2~3kHzAX
echo response®} reproducibility®] coefficient
of variation®] ¥t ZHAhe] AHBA ol

& & AR (F F, 1992b).

oo
=5

adult woman.

V. FOSES o|SagAl
Stimulus Frequency Otoacoustic
Emissions, SFOAEs

Kemp® Chum (1980)2 4B T FopsH 9]
M AgM nZo2 ALHOE o F3dH
AFol HE &g s NHe 15 ¥d
Abell thste] 71&S dAth ol# P SFOAES]
Ae A5 S $48 FIsE
744 7] g AF2H WAL S FEse
Aol 71£AQ o gol Atk SFOAEE A=
o ti3te] ¥k 174 (phase) @ B = (level)
o] M3te A& T3t AAEG. o2 A3
lock-in amplifiergt= X7} G a3tch ILO 88
o]y ILO 92 systemol A probed] &2]3 A
Aol 93t LYE o= HYAH B g
AASGL HHEHA W Fopdrt oy
& 71E€HA ooz AstA o] HAE o
AHozy A7 EFHoz 1z ol AME
HAe gt

FHFEE T dAT WSFF
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Ear canal sound pressure, dB SPL.

Ear canal sound pressure, dB SPL
'
s

-20 N N
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Fig. 4.

—ﬂ.l 10 12 14 16 18 20 22 24 285 28
: iz

Stimulus frequency OAEs in human. Sound pressure level in a ear canal measured

during a stimulation with several intensities and sweeping frequency in the range 1.
4~2.8 kHz. The top curves, recorded with 60 dB SPL, represent the frequency respo-
nses of the acoustic system (SFOAEs are saturated). Beginning with 30 dB SPL, per-
tubations of the baseline can be noted, indicating emission frequencies. Bottom cur-

ves: Non-stimulus conditions (a : with

& Boli TEOAE® H|&:d 53L& 7tAE=
LT JIdelN  dydds: YREd
SFOAEE %7l dA%AA 3Apse] 4
(peak) # & (trough) 2 Yeho] A}, ¥kg-9]
AFE e —20904 +10 dBSPLelth. &3 ¥4t
LE L Buzuigt Zolzt oyt 2 HlEE
88% o141 100% ]t} (Dallmayr, 1987. Zwicker
and Schloth, 1984). Figure 4= SOAE$} &
’d SOAEE 7HA Atgtell A 9] Fahhg o] &
At 33e vehla ok Yolxd
el Ao 7A7H&5 S F31E SFOAEY
S HYg Holx Ytk

V. HX0|S& YAl
Distortion Product Otoacoustic
Emissions, DPOAEs

AAATL e ¥H8¥A (nonlinearity)
o 53& 7HAx glen, o AT
st gkf71A e &5, WREHMES F83
9172 = (receptor potential amplitude), 217
M Z 9] firing rate §°] AF59 F7tel wet
Agd H9 Lol v HHAHA g FFoz
F7kte e dugd. o¥ wdFA
(nonlinearity) ¢} %= ©+& %47} combination

SOAE, b : without SOAE).

tones % distortion producto] t}. ¥ Eo] &
WAk T gE FRFE HAE &89
f1, 28] &AS0] 7HRE = EA}E A
Fohre] o] SFWAR 1 Fol 7HF B A
< 2f1~f29] F34E HOlE cubic distortion
producteltt (Fig. 5, b). WZo]& WAL
(DPOAEs)E ZA37] fME vfolazE
7} speaker?’t ¥-Z ¥ ear probe, tone genera-

2o
T

tion system, two separate transducer, pream-
plifier, averager”t ¥ 23ttt (Figure 2, b).
DPOAEs9] &9 7l F &5 2
A, AR F=o} Foie] v g 9FL W
£t 9ubA o 2 DPOAESE fI/f2 HI7} 1.210]
3 L1l L2tk 0olA 15dB A= 28 o 2
71Z2dgn geA g DPOAESE f1, f2¢)
71&ea JFo AP FoArE FIIE
sh-71Agte] A A 9 "‘&% bla:Riasy
A5 3 gtk DPOAEs ¥&& Wi/l $35F
34 (mid-frequency) thell A 7b8 Zsich o
2¥ 500Hz oM E YEhd F JAAT o]

}:l

He FEe 259 9% Bol v ¥
AE 7HAT k. HAAME $7HA paradigme

AL F Qo £5AFY FEE LA
8 ¥i F34E§ WA 71E DPOAE audiog-
ram (Fig. 5, ¢, ), 2L YFF FHFA
&g Zx=E WSAJIE input/output

=
==
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Pure Tone Audiogram
500 stk 4

125 250 k (Hz)
dB
2 =
¢ Y g2
<
% \
40
0 AV
70
2o e

% 1 2 B

(kH2) 3035 40 4550 5560 657075
2: 65, 65 dB, 4 Time, gsw:( Av)u. /R

F2 = F1 @B SPL

loput Output 2000 Hz
(@8 sPy -]

Level (d8 SPL)
30°

5X0 45 50 55 60/65 70 75

1 2
% Frequency (kH!
2 65, 65 dB, 4 Time, 2 Spec. A

Fig. 5.

64.8 dB

3035 40 4550 55606570 75
F2 = F1 B SPL

loput Output 4000 Hz
Output (4B SPL) h

30 35 40 45 50 55 6
F2

Pure tone audiograms (a) and DPOAEs in a male who had the noise induced hearing

loss in left side. DP-audiogram (c, d) mimic the curves of the PTA and input-out fu-
nction in normal hearing side (d, e) and high tone loss side (g, h). Pannel b shows
the F1, F2 and Fdp (2F1~F2) peakes in spectral analysis. Fe means a data point ap-
peared (triangles in pannel c, d) in DP-audiogram as a geometric mean with Fdp am-
plitude. The data were generated from Virtual 330, Virtual Corp, USA)

function (Fig. 5, d, e, g h)°l $Att. TEOAEs

o. 3897} 15dBE A ¥ DPOAEs

oS Zo] DPOAESE AARAANAE & £ @4 25ty AA7} 50dBE dod ¥
e Aol A% GEdtn deid 9 daA fEth o FQdAE AT
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b Ttimlus

imulus
B
Fig. 6. TEOAEs from one adult in different
fitting conditions ; (a) acceptable fi-
tting, nice stimulus spectrum and
good emission spectrum above the
noise floor, (b) leaky fit, note that
the vally in stimulus spectrum and
the noise obscures any emission in

response spectrum, (c) poor rubber
tip fit, (d) internal probe blockage.

BErt 2718 =7 Wz o] WAL F
4wrg- B % itk DPOAEs & 05914 8
kHz8l ®We F3F FSAN FPEC
DPOAEs®] Z#e] iAo oA F4dur3-o]
& ¥o] @ HEE noise floor, LI who]
az g AARY e AREel FeBoh A
How FAgurse DP-audiograml A noise
floorel ¥]3] 3dB A% ]2 Z+2 (Lons-
burry-Martin, 1990) 931 o & AA
o @ PAtlA WAL e ZEol 6~9dB
Walzh Aok ol o9 FElel f@ W
37t e deElEe 2702 AZdd 3
Zteg 2 9} o] 2 FuAte] ZEE 1~4kHz Abol
o FRFASdelH 53 Fo FuBAS
¥ty DPOAEselAe] %X+ input/output
functionol A ©]& %2 A7t noise floor2 o ¥
olA 7] AFsHe FRolt diH oz A
A DPOAEs® ZxEt &&AFS3 60dB
SPLYE®] #ol& Helw 1 ZE7t 30dB

SPLE A @€ Aoz I¥A Ax A¥F
E2EdME AF23 40dB A= Aol B
o ArgelA mohe whgel o ZEA vehd
t}. DPOAEs®] ¥g-de A A EtE
Be Aolg HolAT & IAHAAME UB
A Ve

ZAAE AgEA 2 | A3 FEE A
sFojol ded AT BEI FEFH
sheel $EA 42 B %3 WP
475o] 55dB SPLY AF&L 99 5F
x4 #4g 75dB SPLY AF&2 9o &
534 Z4g Hgddce 4AE Uk gE o
S3iabe MBS we] DPOAEsS] L
9499 7% o WF BN Fog FolHY
ARE Fo J1&Hoz FFd7] &l
artifact7t ¥l2A He FAge H Solth
Figure 5& % A4 #AFe 1EYGeAA
gX345e BHole x7 254 dAHAY
DPOAEs®] £7¢ H<3l Zelth. DP audiog-
ram 4 8¢ &£& B vsY DP A
242 Bolv FHZ 4kHz9 input/output fun-
ctione AgUet FEol FHA ¥E DPEE
Bolx gloh

VI. AN HE

o] &ALl EA7E 427 F TEOAEsH
DPOAEsE 7H3 @3 47 3 9443 2§
HE ol gFWAtelth T fdel S IALE ¥
Abel ey oluviAe B, AAGA SN
Mz o ARBAE Zed a8y AEF
Ate] 2Ho 2 TEOAEs7 A3 Hn 4243
oz s¢o WsE FAsewlE DPOAE7H
o f&3hch

43 A& (Table 4) o2k AolA ol &F
WAle OE ZAAES 98 274A 3dE h
A, 2 9 st ABHA AAbEke A
olth, ol @ HALe] ABHo R AdA o] I
AHe Q9uEQ F8AH FHAAE Bt o
e 20k (34 ol3h), o154 FAE TR
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Table 4. Clinical applications of otoacoustic emissions

Screening for newborns and infants

Separating the cochlear and neuronal retrocochlear hearing loss

Monitoring the effects of noxious agents
Assessing the fluctuating hearing loss
Differential diagnosis in children
Glycerol test

D is of mali ing

Table 5. Sensitivity of screening methods
for hearing impairment in newbo-

rns

Methods Sensitivity
Crib-O Gram 60~71%
Auditory response cradle 70%
ABR 86%
TEOAE 93~98%

I Qe F8R, 92, EFFA, Ao
o x9l, HHEE Yl AF S dabdl
AMs AHgE 4 Atk AAVE BiEsHIH,
AAAY traininge] A9 "a fdE IE
Aoz A, =F ol FEALe] AAT]
J1E AFE Y software 47 FAHIL HA
Anrt Bgstn Aol wan Huy MY
e AHE HAD Aok P Sl
olg g ALY BHE o HAAIF AFEAE
Eolzql AWH AAEE AR AFEA
Eo BAd g BPHE RE FHZNo
azrsAl wrgdthe AH2Y Reld, 23
o] ST WALE bed-side testZ AH&E W ol
g Agelde van AEF, ABHA PR
& Zoh 2@y o] SFPAE opFe A
oo} & RrtA EAFECl JEH, IAER
£ AAET Szt Wyagdl 9% 9
g go| o, g AAMG Zo] g3
o el St ot A AHF Bt
7t Sldde A, 2@ HPAe HAd
o) o7} Bt A (intersubject variability)
Solch

1. MHXH{ZA} Screening Test

o] ¥oke frEoldWA N 2 BHE
AT Qe ok ARH Yol Y &
wal o] 453 gl Eofolth ofd FAZE A
wAEA HAsita gadr) fsMe 2
Aol WS sensitivity®t ol% specificity7h
Folo} @}, EF AP 7]Fol A#A
olojof 3tv] Yo Tt LI PAER
Azbo] Fropol Frk MEAAF FAHL/L
uhs (ABR) 71 A Ael i g&d 2
Atz QRS vk 2 o] HAbe 284
Zro] A Awle] shAol wE ¢ Fd&ol
ED AAA Fo] Fo) Aol Frhe T
Aol ok AMAAEAR fRol & YA
AR (D ol Folgf o]l gle EE
Aol A wEAE (2) fdelsEeAE F
srEol o] Qo Aolel olFel T W
Fak4 Wsld W ¥AE T F A 3
40~50dB °l4el FHEAo]l slew FuEol
sgAbE TEEA @31 @ ZABY e
Az dFL WA Fowl (5) AR
B3 (6) AEAAA FAA Tzt oYL
(7) #AAre A@Ao] Fohe A T2 2%
4 Ut W] AWAANRZA fodol SFHAL
o BHe BY7] AHg R e FRE F
A g@cke A, 20 JAHRFERSEG
AN HA A B uFsche AH,
=g 2go 9§ gl ABRET Atk
A adn 54 e A olSFEA
2yg £ Qe A Folth
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A2 AAotFAA AAF G Fotel
i § A7o] A TEOAEs7t ¥z E§3
A A" £ 9ee FAY F AW 413
) AAerFFAALA QAT AotelA
TEOAEsE 4A3te] 979 Eaele S
£ 97 EHed o153 83 oA
thA] TEOAEs, ABR, stapedial reflexZAAHE 42
AlRe w) 799 Folo A= ABR, stapedial
reflex’t $49L & & A9 ©] HAS spe-
cificity’} ¥2& ¢ 4 AT (F 5, 1994a).

ol g BWALY oy FTHFT Haoke A
A2 743 gol AHgHe 22 TEOAEsZ o]
AL DPOAEsMThe e A7t <hol] A
& dvhe Adel Utk 2y DPOAEsE
TEOAEs®l W&te] o} & F34 So]2Q) Hu
2 F 5 oz AR 2, oA sc-
reening test 24 HAY & glon, FE 4
Hol A oh9-o) M) delE realtime monite-
ring & & Ae WPeE F U K4 F A
o 83486 Jehd oy dAkEe] WdsE
Table 69 2th

2. 0|=42| monitoring

fool &FuAte & AL opuwF o]
Fabol= P, cisplatinF 2] o154 FAldl
o wFo] 9% o)EAe zrWYY #FE&3F
the Ao E ol FWAle EFHol el 9
FRAEL WA WH ¥ oldd ol
54 gl 9gd NE2A g e

t Aotk AR FANE 71U A
furosemide ¥ ¥ 7}91# < TEOAEs At
profile?] W3}E BAEACH

o]28{3 2o DPOAEs, TEOAEs 57t
AH8-9 4 9oyt DPOAEs #AH7t o W& F
g5 ele) o] de WP 53 o540
g PPHE nFos Jdo wgte W
AHE FuF EolHoz F § Jve 44
o] 9o dzdrt

3. 7|t HHOMS] ALS
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