EEIRE M H574 - $529% - 1996
Clin. Otol. pp 274~293
Vol. 7, No. 2, 1996

Spx

(e}
wuke

=

Foy st o} Beje} o) oetm

Yaiy -

HEH

Auditory Brainstem Response

Lee-Suk Kim, M.D,,

, Seung-Deok Heo

Departmenmt of Otolaryngology H&N Surgery, College of Medicine, Dong-A University

Lo = V. Yass
U Ha s "ol 2lg 1 Azt
. ohgol dge ojxls el 9. olAATEH A
L =R 3. Ao AuA
z A3 4. FRA A
3. 7= 5. %% BA
4. A 6. A7 AF HAHWRE
V. ZA}
1 AR
2. A% 2 g 23
3. 449 7%
L. M = AZFERTS SAT F, hol, FUZ 2
HzH Bo] ARG 2AN BAHE F v
AR fEwse @ A EE 4 e A o AES FE o 25~30H Fue| FYoR

#8 34 (peak) & zE HYo 2 71EHed
#4712 wet P22 (Auditory Evo-
ked Potential; AEP)3} A]Z}f#%+H8- (Visual
Evoked Potential) Z&lx AAQzzHfdekg
(Somatosensory Evoked Potential)®l 12w,
olsjol = ¥, nzt ASHA fEts
£ 715% F Aok

=

=2

T=

vehdth olE g 2 Rt ot
2} %7]9k (early response; 0~10ms), 3t
¥-g (middle response; 10~50 ms) 13 ¥
7]%k-% (late response; 50~300 ms) &2 ¥
s, oldle A 7]9h$-ukE (Electrocochleo-
graphy; ECoG), ¥ Ztf 233 (Auditory Brai-
nstem Response; ABR), 34 % 7Hi$ (Audi-

KEY WORDS : Auditory brainstem response

-274 -



Clin, Otol.

tory Middle Latency Response; MLR), 40Hz
¥hg- (40Hz response), HAFE 718 (Audi-
tory Long Latency Response; LLR) 1&]i
P300 ol itk ¥ Afuwbe-e Y4 Furs
T BAFIRgo) Wste] v}H, 9 o o
BE A Gm v AEHo oA Yol A Qe
olgHm, $AF F 1~10 msol YEh}E 5~
he) AAE N1FF Aoz FEAZ] 1~5
ms2 & A7)GPure A xU)ukge)
Rl

A Euhg& 19674 SohmerS} Feinmes-
ser7b Abge] ojfel g HI g B o
o2 7]1F38ou ol ECoGE Hustich
2 F 19709 Jewett?t HEIAD, 2o &)
Jewett, Romano “18]3 Williston©] A}eo] A
2tz IS V1S, 19719 Je-
wett?} Williston®] F#4elN 7188 A9e
ste] ol& A9 71 (far-field recording)°] et
i e 2 AAEL 2ol £ (1~VD)
2 EAs g,

1974'd Hecox9%} Galambos?t A1 ops} o}
ANAM W-gg 712 Rom® 1975 Starr, 19
77 Selters$t Brackmann, 2-& 3] Stockard
2 Rossiter §°] ¥4 ¥ Ao Hg
B GP9, 1977 Arlinger, 1978\ Jergersh

72, 1996

Maudlin®l 93t 22378 58 SA43
2.2, 1979'd Chouard, 1986'd Honert Sol|
oste] ArAFog HadRgss 7185
SLEH®. 1979'd “auditory responses from the
brainstem.” & FAIZ A& ©) - A Mujrio] 4
Davis= ¥ BERA, BAEP, BSER S22 A}
5 SRk 801§ “ABR’Z T4 5
& A7E vhas g,

. Fat oyn Mool 7|4 -
A5 F 10ms ool 71EHE Haw
o 7 3& A2 Zvidz ¥r)%d, o

FAA I, I, VIe @ gehdRg o,
e F et @8 Hot gon olg &
VIzk b4 am dgxe=z slsw (Fig
.

B4 By FPoRE AN, Y B3 B
+ e Aoz I9RE Vizx geo g3
ol R F¥. A, Vi Vs suz
weEhg vk gFEAzie]l goln #d. AA,
Vtst Vi Akelo] @2 negative peakol 1
o\A Ve Zo] Viirg i vehts
8. WA, N5ib vabe) & shoulder®

it ol o

=2 8o

I-11I1

amp 1 amp 11X

amp v

Fig. 1. Normal ABR recording. Latency values are determined for the peaks of the waves
I, I, I, N and V (top). Peaks are determined interpeak latency and amplitude(lo-

wer).
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Table 1. Adult normative ABR latency data.

ABR Antonelli 5* Schwartz &**
component mean(msec) SD mean(msec) SD
1 1.54 0.08 1.54 0.10
I 2.67 0.13
m 3.73 0.10 3.70 0.15
v 4.81 0.10
v 5.52 0.05 5.60 0.19
I-m 2.19 0.18 2.20 0.16
m-v 1.79 N 0.25 1.84 0.17
I-v 3.98 0.23 4.04 0.18

Note. Measurement parameters: *100ys click, alternating, 11/sec, 100dB peSPL, TDH-39 head-
phone, 200~2000Hz. **100ps click, rarefactinon and condensation combined, 80dB nHL, ER-3A
insertion phone, 100~1500Hz (from Antonelli et al, 1987, Schwartz et al, 1989™).

Table 2. ABR Latency Values as a function of intensity level in children ages 3 months to

3 years.
Age Latency (msec)
in months Wave 1 Wave V.
(N) 80dB 80dB 60dB 40dB 20dB
3-6(79)
Mean 1.59 6.25 6.73 743 8.72
SD 0.17 0.32 0.33 0.36 0.53
9-12(88)
Mean 159 5.90 6.31 7.05 8.31
SD 0.18 0.27 0.29 0.37 0.54
15-18(48)
Mean 1.58 5.84 6.24 7.00 .. 833
SD 0.14 0.27 0.24 0.38 0.61
21-24(23)
Mean 157 5.71 6.14 6.79 8.05
SD 0.17 0.26 0.29 0.33 0.58
33-36(21)
Mean 1.56 5.68 6.06 6.82 8.10
SD 0.15 0.27 0.31 0.38 0.68

Note. Measurement parameters : 100ps click, 13/sec, 0dB nHL=30dB peSPL, DT-48 head-
phone, 100~3000Hz; N=number of infants (from Gorge et al, 1989')

ZHe 3. O9AA, Vs v HE Hbfuukge By gHow 7} meo
shoulder2 TEEHE £8. JAA, Voot vV EAZ (me)@ AF (uV) 22 I -0, M-
3} Abole]l 2 negative peakol 3 ¥ ue] V, I - VI FEAL F& Fie g
Zo] H£F FPol AT, g3, e AF R 7152, 3,
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Hed® o] Wste dART o)A Ao

2) 44

dde] wE H3fuge
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|
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25{uv

2.5 msec

Fig. 2. ABR waveforms recorded at various
ages from a normal infant and from
an adult. Note slight decrease in
wave I latency and marked dec-
rease in latency of waves Ill and V
(from Salamy & McKean, 1976*).
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Fig. 3. Latency-intensity function in a normal-hearing subject. As intensity is increased, am-
plitude increases and latency decreases.
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Fig. 4. Effect of stimulus rate on wave V latency of ABR recording in an adult.

condensation
0.2 uv
Tms
rarefaction
alternating

Fig. 5. Effect of click stimulus polarity on ABR(see arrow).
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A AT AYe T3 2 YA A
FrAol e, HFRRs PAp e
20 =¥ 30Hz AXES 4 pAd] vIA AFE

- s

SUBJECT : 26 years old male

1 gy

[o25uv
vertex - ipsilateral earlobe

Wﬂd earlobe
'
3 i

:

1

13 msec

Fig. 6. ABR waveforms recorded simultaneously with the four-channel electrode array(from

Hall, 1992').
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FILTERING
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Fig. 7.
ncy cutoffs.

3kHz

Configuration of creating a band pass filter with adjustable upper and lower freque-

Fig. 8. Effect of altering low pass filter for ABR on normal-hearing subject. High pass filter
setting is held at 100Hz(2048 averages at 80dB nHL, 100 ps click).
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100]

'A/\,/\*/\/M
AVATAW LGRSV

Fig. 9. Effect of altering high pass filter for ABR on normal-hearing subject. Low pass filter
setting is held at 3kHz(2048 averages at 80dB nHL, 100 us click).

FEIAN FEA7NE FEE WA 100,000
v BE=rk AHEE I glon 109 Wi S9v

Fe9] (dB=logigain) & EH AT}

4) ®©H

BE (filter) & A8} Aol Fay R Fol
M A8 e Foge JEE WAL
H3e FHFe NEGE FEV 2 T4
£ A olth. 7hAAF, X-ray view box &4
TAHE FE (60Hz £ BEA F94), 9
AAe gAYl AP A9 (0.05~50Hz), 2
A9 (¢ 100~500Hz), =5} (30Hz °l3h) &
FLAs g Fog MxE dy Fol
A Z o724 (signal-to-noise ratio) & 7H413)
Fch

Y9 54& 9% (high pass or low
cut), A5 (low pass or high cut), HI 5
3} (band pass), ZHAF IS5 (cut-off freque-
ncy), 24§ (cut-off ratio) $22 EHECH
LYEHE 5 Fa4 olsty AAE 2AY
W A9E TR R won, AdEH
€ 19t wdige Adelt g Eae
53 Fo5 olate o4 Ha Y 1 4
olel Fot didwe TAAE A BY
o FAFAFE LHE $o) UG Fub

FE AAY ARst A7 Hn ZHo
E4E 3dB wtobd Ao FugE watn 7
A& S (octave) 3 A RHYHEE
dB/oct.Z XA} (Fig. 7).

HHEEE AN 295 Y ZAFH
e Aot A AP L 10~50Hz,
2 99 Z$-olE 50~300Hz 3E2 &t} 10
Hz ol3tl A& Hu7t E9€ & QU3 150Hz
oldell e FHASe) &do] Bt AGEH
#HAFRFE 1500Hz2 AH4E A9 o]
HaH ARSA FAHAG Ve FEAL
o] ARHE Tl A UwrH oz 3000
Hz7b AH85 ™ 1500Hz o]3t2 % 3:Ae @&
o} (Fig. 8~9).

5) HF7HE

T3 A5E T8 9 Aol HH
WAARG 108 EE 1 oold FE Fol
A5 BAQe] BFASA AN, {3
AE AT AHNT AFF AFoz @
A w2ty A2 guic YRR A
FH FEe AFo] AT FaA =
FEEde A 4D (Fig. 10). HA
2 Bazhdel A% FAEe 1//nd #AZ
#2d fRAge AFe] Feo AFug
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Fig. 10. Noise reduction by averaging.

Table 3. Number of samples per average
suggested in several ABR laborato-
ries(from Glasscock et al, 1987').

Reference samples per average
Selters and
Brackmann 1000

Mokotoff et al.
Stockard and Rossiter

1024 to 2096
2000 to 4000

Starr and Hamilton 2048
Coats and Martin 1000
Glasscock et al. 1000
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| TIFTLT
b P [o.25 v
I = 1.60 meac
V = 5.60 nsac
I-V = 4.00 msec
nsec
I = 1.05 msec
V = 5.65 msec
I-V = 3.80 msec
‘.‘:‘: ‘msec
o
: % V2 &150 mae
= V = 6.20 msec
Conductive I-V = 4.00 msec
4 nsec
Fig. 11. Schematic examples of ABR waveforms that may be associated with normal hearing,
high frequency sensory hearing impairment and flat conductive hearing impairment.
In each case, the ABR was recorded for a high intensity(85dB HL) air-conduction
click stimulus(from Hall, 1992').
.
E
o
» -
o
~d
©-
o]
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o 50 100 dB
Fig. 12. Normal range of latency-intensity curves derived from ABR to click stimuli of diffe-
rent intensity in a group of audiologically normal adults(from Spehlmann, 1985%).
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9, AR B FEAZ) W3t F late- 2 SHE Fj2 s HPHFILA
ncy-intensity functiong ¥ Bk B&§ 3 AIFSAE 729 Be IS vy 2E

- 287 -



BEPRH 5 72, 1996
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Bal -Vt FRAZ] wEE (Fig
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A2REe] o v Ve FRAZ]
HA A A4 0] latency-intensity function
curvedl Al L-shaped] SAAA 2Fg BAT
(Fig. 12). $m24 dde %y sl
Gehte, 7 stg 2e) o 247 #
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2. olMZmstA Tch

19753 Starr, Achor7t 213 Age] Aeel
HGES ol g em, 1977d Sel
tersSh Brackmann $& HZfEubgel 3
Auue] £ Awdolan s, of
F Hpgunge 29andFEd (FUNBEFY,
sotx B), AFUFY, edAss, EF
Sol Age] 9y oj4Hm e, 53 FA
Az Ago] 90% ol e wE VHE
g B ojgge Fulzy WHe ¥zt
sutge) 9y, AE P FEAT T °F
g wste AALech AN AFUNEE B
s mhae) FEAzEE ZojAm 2 Hye

Table 4. Guidelines for correcting ABR wave
rment(from Hall, 1992™).

AW Est gojA 2z YA 20/sec o132 AF
kidsd

HzhEag e FEAZ Wk B4l ¥
24 W Ade F2 o] &Hn, 19773 Sel-
ters® Brackmann % §&9 Friz4 gudl
el bt o] 47kx] FEAZ HAINES
Ao

(@ Absolute latency of wave V exceeds
some clinical definition for normal limit (2.5
Spz#, 62ms °%d ¥)

@ Abnormal ILD (interaural latency diffe-
rence) for wave V (0.3 E¥ 0.4ms °14)

@ Abnoraml I-V (I-II, ll-V) interpeak
latency

@ Abnormal ILD for the I-V(I-II, Hl-
V) latency interval

AAAARR FA JowA Fumg By
o] 948 A% B AEF AHAAL A8
vohe] ZEAZe] g Bgo] Bestch (Ta-
ble 4).

1980 Stockard & AH@ZAFY B
HgAA HaEeg 57hA o2 ¥
#argen (Fig 13), ol %9 271, AA,
Any Fol P& weThn FAT.

AsEF] B AN Ide 33A
ot} 11~ V7t WA AY &4, o
WA AsEe W AA % A% FE]
we} g P Bk WA e

V latency for degree of sensory hearing impai-

Investigators, year

Guidelines

Selters & Brackmann, '77

Subtract 0.1 ms for each 10dB of hearing loss

above 50dB at 4kHz

Rosenhamer, Lindstrom & Lundborg, '81

Subtract 0.1 ms for each 10dB of hearing loss

above 30dB at 4kHz

Prosser & Arslan, '87

AV=Lp (90)-Ln (90-X), where Lp (90) is wave

V latency of poorer ear at 90dB HL, Ln (90-X)
is normal wave V latency, and X is the patient’s

pure tone hearing loss average for 2+4kHz
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Fig. 13. Five abnormal ABR patterns in ce-

rebellopontine angle tumor, calib-
ration 0.1 uV (from Stockard et. al,
1980).
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INFANTS TO BE SCREENED

= IN HOSPITAL

AT NISK FOR PROGRESSIVE
MEARING LOSS

I

IAT 3 NONTHS FOLLOW-UP
L UNLESS 1

8Y AGE 3 MONTHS
COMPLETE AUDIOLOGICA|
‘OTOLOGIC EVALUATION
MSOIIPA‘E«ATM
i

AUDIOLOGIC MANAGEMENT
(BN Wikarson Hesring & Speech Conter)

VANDERBILT UNIVERSITY MEDICAL CENTER
AUDIOLOGY/OTOLARYNGOLOGY
NEOMATAL WEARING SCREENING PROTOCOL

Fig. 14. Flow chart for the newborn auditory screening and follow-up program at Vanderbilt
University Hospital(from Hall, 1992').
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