Otology Korean J Otorhinolaryngol-Head Neck Surg 2019;62(8):435-41/ elSSN 2092-6529
https://doi.org/10.3342/kjorl-hns.2018.00843

Correlation between Auditory Brainstem
Response Characteristics and Hearing
Recovery in Sudden Deafness

Eun Jung Lim, JooHyun Shin, Tae Hoon Kim, Jun Ho Park, and SungHee Kim
Department of Otolaryngology-Head and Neck Surgery, Daegu Fatima Hospital, Daegu, Korea

S BN BTG HALE] S FUARZA Y| 2|

e - AFE - PHE - UED - P43

;

Background and Objectives Auditory brainstem response (ABR) can be utilized to verify
the hearing threshold and determine the existence of retrocochlear pathology in sudden deaf-
ness. However, little is known about the significance of ABR characteristics as a prognostic
factor in sudden deafness. The purpose of this study is to evaluate which characteristics of
ABR is associated with the prognosis of sudden deafness.

Subjects and Method We studied patients who were diagnosed with unilateral sudden
deafness from January 2017 to May 2018. ABR results of click stimuli at 90 dB nHL were an-
alyzed by the latency of wave I, I1I, and V.

Results A total of 113 patients (55 men and 58 women) participated in the study. Hearing re-
covery was observed in 94 cases (83.2%). The absolute latency of wave I, III, and V was pro-
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showed worse hearing outcome in sudden deafness. This finding may provide ABR as a po-
tential prognostic indicator in sudden deafness.
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Fig. 1. ABR findings of two cases. ABR of 59-year-old female patient with 63 dB flap type hearing loss (the average of 0.5, 1, 2, and 4
kHz) in her left ear (A). Interaural latency delays of wave |, lll, and V were more than 0.3 ms. Her final hearing did not recover without any
brain lesion in the brain MRI. ABR of 45-year-old male patient with 68.7 dB flap type hearing loss in his left ear (B). Interaural latency
delay was not found in every wave. He recovered to normal hearing level. ABR: auditory brainstem response.

Table 1. Comparison of ABR characteristics between the affected and unaffected ears in all patients with sudden hearing loss

Affected ear n Missing (%) Unaffected ear n Missing (%) p-value

Absolute latency (ms)

Wave | 1.85£0.43 62 45.1 1.76+£0.43 92 18.6 <0.001

Wave lll 4.08+0.48 71 37.2 3.97+0.45 103 8.8 <0.001

Wave V 6.03+0.64 99 12.4 5.81+0.44 113 0.0 <0.001
Interpeak latency (ms)

1=l 2.11£0.23 58 48.7 2.21+0.37 21 19.5 ns

=V 1.83+£0.33 71 37.2 1.82+0.28 103 8.8 ns

5% 3.97+£0.41 62 45.1 4.05+0.45 94 16.8 ns

ABR: auditory brainstem response
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Table 2. Cross tabulation of the presence or absence of waves of
ABR according to initial hearing level

Group of Wave status (%)
. Total
the initial HL Presence Absence
Wave |
<55dBHL 15(83.3) 3(16.7) 18
<70 dBHL 19 (79.2) 5(20.8) 24
<90 dB HL 25 (65.8) 13 (34.2) 38
>90 dB HL 3(9.1) 30(90.9) 33
Total 62 (54.9) 51 (45.1) 13
Wave lll
<55dBHL 16 (88.9) 2(11.1) 18
<70 dBHL 20 (83.3) 4(16.7) 24
<90 dB HL 28 (73.7) 10 (26.3) 38
>90 dB HL 7(21.2) 26 (78.8) 33
Total 71 (62.8) 42(37.2) 113
Wave V
<55dB HL 18 (100.0) 0(0.0) 18
<70 dBHL 24 (100.0) 0(0.0) 24
<90 dB HL 36 (94.7) 2(5.3) 38
>90 dB HL 21 (63.6) 12 (36.4) 33
Total 99 (87.6) 14(12.4) 13

ABR: auditory brainstem response

Table 3. Comparison of absolute latency (ms) of each wave ac-
cording to initial hearing level

Initial hearing level

p-value
<55dB <70dB <90dB >9%90dB
Wave | 1.82+0.38 1.71+0.34 1.98+0.52 1.85+0.22 ns
Wave lll 3.91+0.39 3.94+0.45 4.18+0.79 4.50£0.53 <0.05

Wave V. 581+0.36 5.87+0.54 5.95+0.63 6.53+0.71 <0.001
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[Tk oFo] 7F FE7] A2 Siegel?] AHHI|E Lo whE
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Table 4. ABR characteristics in groups of hearing recovery by Siegel’s classification and group comparison using one-way ANOVA

Complete recovery Partial recovery

Slight recovery No recovery

(n=32) (n=27) (n=35) (n=19) p-value

Absolute latency (ms) of the affected ear

Wave | 1.75+0.42 1.90+0.42 2.01+0.44 2.04+0.41 ns

Wave lll 4.01+0.45 3.99+0.46 4.28+0.50 4.24+0.48 <0.05

Wave V 5.84+0.54 5.94+0.49 6.41+0.71 6.01+0.62 <0.01
Interpeak latency (ms) of the affected ear

1=l 2.16+£0.20 2.09+0.24 2.02+£0.30 2.06+0.25 ns

-V 1.82+0.26 1.93£0.25 1.86+£0.25 1.79+0.52 ns

1=V 4.02+0.28 4.01+0.28 3.88+0.55 3.83+0.76 ns
Interaural latency delay (IAD) (ms)

IAD | 0.05+0.18 0.23+0.27 0.29+0.36 0.22+0.37 <0.05

IAD Il 0.05+0.18 0.08+0.22 0.20£0.32 0.15+£0.24 ns

IAD V 0.17£0.33 0.16+0.31 0.48+£0.49 0.06+0.61 <0.01

ABR: auditory brainstem response, ANOVA: analysis of variance
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Table 5. Correlation analysis between hearing results (initial hear-
ing and hearing gain) and age, onset, initial hearing level and
ABR characteristics

Pearson’s r Initial hearing Hearing gain

Age 0.201* -0.901
Onset -0.043 -0.164
Initial hearing 1 0.263t
ABR characteristics

Wave | 0.116 -0.231

Wave I 0.353t -0.106

Wave V 0.340t 0.021

IAD | 0.049 -0.278*

IAD Ill 0.396t -0.042

IAD V 0.400t 0.175

%0 <0.05, tp <0.01, respectively. IAD: interaural latency delay,
ABR: auditory brainstem response
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20 I L 1 1 1 i | |
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Fig. 2. Correlation of interaural latency delay of wave | and hearing
gain. The hearing gain was negatively correlated as the interaural
latency of wave | delayed (r=-0.278).
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hearing recovery occurred. But, in no-recovery group, the result
was unpredictable compared to other group by interaural latency
delay of wave |. CR: complete recovery, PR: partial recovery, SR:
slight recovery, NR: no recovery.

www.kjorl.org 439



Korean J Otorhinolaryngol-Head Neck Surg 1 2019;62(8):435-41

g H 9] of| o)l ofE FRkS v Xz Aof| tafiAl= wet
517] ol ik

T 5= AoA A AtATto] =W ABR AAMY
[ o] HA179] deafferentiation®] A=g YERHTHE B
37} QAT Habib 502 B9 A e x4
ABR Al & [9}0] FAfjob H7]|eh--e AAME o] FAj
7F ERlElo] A o] = Hwlo] FAlFFe] dekiofA
7191817 ¢k&77t =454 Lin 5% ABR ALY [2}4¢]
Ad 2717 224 99 oSl wEns BAE 5
qom uy F 53] [97} oF9-9f el fiA]eh= F-9
oA 71¥ste] B H Al RIS R 55| S1EF
718 sl Qo] [t Al &E A58k ol =] |
753l
3l 55F4 0 & Schuknecht®} Donovan'?2] Ato] wh2w
=W EHo] Q= 12419 S5E 24 HiFE9 ¥Eol
SLEE| 7]#Horgan of corti) Bt Zf¥(tectorial membrane)©]

=, @FX(stria vascularis)®] YE4AS Ho|H £425
Al &4

P

A7l LT EGE o] Tt = Hol e
AAstR e thefRl siitela lt5 ol A% Schuknechte}
Donovan'”9] ¢ Auke} npl7kA) 2 e i Ee) iio] 312
E7]1% 9 ohe- dhghe] 9)25hS B skl gloj Y o] 2.9
£ 2 utgshe AR A dolA uirt )R] ¢
S7t R e

ARFE] AFtollA = wHg o) S TSR] o -1

sfe] ofo] 7k 2H57] Adigro] HeBA HEet FIRt Ak
A ngon, [vhe] sy A4S T 9] o) b
7] 0] HEg Hels) gt nlmE AR rhol Al 24
M= oulglis Aol 2 MLk, 3] ol 71 1 THHe] 12
7] Ao] 02 ms ZpsbALE Iote] A4o] Gl 49
B7d0] Azgto] Bwelr). oleid AT A

oL ﬂiﬁ‘
_\::l‘
i
H
=
u

A2 [ ¢Fo] 7t 7HE7] Aol &%
= A5 = Qe AR FHSG
ek Fa3t o 912kl 27| ¥ A =7} ABR #3of| 1]
A= FF= AT 4 gl Bl ) SAtolA=
suprathreshold level(JZ|A4F 20 dB ©JAF A}=H) 2] Ao A=
7V (recruitment effect) &2 Qlaf W Aol w2 3¢
£719] ggfo] A9| gl Ao @ W] QY W Jr=
of mh2 F=7]9] BAo| A= o]7o] Qo™ Fruo)
oFe-2 A= Al S JHe] A4 271 Aol
FHE7lol Foet MistE ZehA] P=rial alHct 1A
T 2 Y] A oA E 2ol ABRA 7)ol

440

IS = 4 Y= A1FA WA (neural hearing loss)©] €7
EAE 4= QA 1= Y 3R} E F SRpoA= 90 dBO
Aol FEgh ZAtF o] o B R RrhdAfo] Wyl Hw

FE3p olele WA S A= ke, st
Aol 27] W HEE wave 19] Ae) 25719} ool

=
=2
=
7t J57] Apolebs ARRIAIE BolA] ¢kont wave [9HO]
=]

2 A, S e

sHFe 2= 337(29.2%)01%1e.H,
WAYO 2 e FATF 237(20.4%), LE FAPE 28
(24.8%), LA EF TPt 9F8.0%) =Gk 2 A o
AN B Aol Higt 247t RS e ¢
F ST A oA BT fFofShA] 2k tH(p>0.05).

e 2 Aol A Siegele] TWHE 2 /S SIS W 8]0
ot He 2o e [k ol It HE7] Ade] AR
| A o7 B2 S Holu HE 3= ¢l
(no improvement)w-oll A= 28] FE3]59] A}
o7t fle AR ofFo] & A odshth 2 Al

23lE Jm=7h 21 4= ABR B o2 A
7] ofgte o2 A==t ofef Hsite &

_E_L
N m{m :
5 g 2

oorr

(

>
Ir

i
a7
v o
ol

N
ox X
N o
Log
N
ox 'LJ

N

L&A A7 7| 2S E3)F oLg o]2 oIt
BZrEln] ABR 930] B4 FolA=
oj|2] GFSkTE ESH [me] 9w
Ao 2 Y 4AEo] Tol o

)
N
pask
lo
fru

o
X org
4
N
e
RO

o
-

==
= 30

1o
1
e

%0 4
o o

i{“
N
—_

=
=
2
=)
4y
o o
.
N, M
fu) ‘o"
= X
2
offl
0w
o
o 2
> U
Pl ]
oY, >

o e N ro
~
>
il
>,
o2
o r
pacs
o
=2
°
>,
X
o
u
i
£l
X
d
=)
o,
_)~‘
o
i,

B o 0 %0 > T B oogh N o
g
ut)
=
4

P
o
filo
N
o
ok
rir
N
B
lo
re
-
il
filo
pall
i3
jata)
ok

>
1
il
¢
oxl
10
2
o
-0,
i
>
NI
5 12
QL'
ftjo
=2 [ A /R Y ©2

™
o
=
oZ
_]\1
»
Ko
o N
o
py
n)
52
flo
cloi
X
i
=
ox
|o
fru
e

ORCID

SungHee Kim https://orcid.org/0000-0002-3844-2213

REFERENCES

1) Kim CS, Jun SH, Kim LS, Kim HK. Clinical study on auditory
brainstem response. Korean J Otorhinolaryngol-Head Neck Surg
1985;28(3):279-83.

2) Busaba NY, Rauch SD. Significance of auditory brain stem
response and gadolinium-enhanced magnetic resonance imaging
for idiopathic sudden sensorineural hearing loss. Otolaryngol Head



Neck Surg 1995;113(3):271-5.

3) Wang CT, Huang TW, Kuo SW, Cheng PW. Correlation between
audiovestibular function tests and hearing outcomes in severe to
profound sudden sensorineural hearing loss. Ear Hear 2009;30(1):
110-4.

4) Lin HC, Chou YC, Wang CH, Hung LW, Shih CP, Kang BH, et al.
Correlation between auditory brainstem response and hearing
prognosis in idiopathic sudden sensorineural hearing loss patients.
Auris Nasus Larynx 2017;44(6):678-84.

5) Fisch U. Management of sudden deafness. Otolaryngol Head Neck
Surg 1983;91(1):3-8.

6) Clemis JD, Mitchell C. Electrocochleography and brain stem
responses used in the diagnosis of tumors. J Otolaryngol 1977;6(6):
447-59.

7) Rosenhamer HJ, Lindstrom B, Lundborg T. On the use of click-
evoked electric brainstem responses in audiological diagnosis. IV.
Interaural latency differences (wave V) in cochlear hearing loss.
Scand Audiol 1981;10(2):67-73.

8) Selters WA, Brackmann DE. Acoustic tumor detection with brain
stem electric response audiometry. Arch Otolaryngol 1977;103(4):
181-7.

9) Kujawa SG, Liberman MC. Adding insult to injury: Cochlear nerve
degeneration after “temporary” noise-induced hearing loss. J Neurosci

ABR Characteristics in Sudden Deafness I Lim EJ, et al.

2009;29(45):14077-85.

10) Stamper GC, Johnson TA. Auditory function in normal-hearing,
noise-exposed human ears. Ear Hear 2015;36(2):172-84.

11) Habib SS, Husain A, Omar SA, Al Drees AM. Brainstem auditory
evoked potentials and electrocochleographic findings in patients
with idiopathic sudden sensorineural hearing loss. J Coll Physicians
Surg Pak 2011;21(7):415-9.

12) Schuknecht HF, Donovan ED. The pathology of idiopathic sudden
sensorineural hearing loss. Arch Otorhinolaryngol 1986;243(1):1-15.

13) Ishii T, Toriyama M. Sudden deafness with severe loss of cochlear
neurons. Ann Otol Rhinol Laryngol 1977;86(4 Pt 1):541-7.

14) Gussen R. Sudden deafness of vascular origin: A human temporal
bone study. Ann Otol Rhinol Laryngol 1976;85(1 Pt 1):94-100.

15) Nomura Y, Hiraide F. Sudden deafness. A histopathological study.
J Laryngol Otol 1976;90(12):1121-42.

16) Durrant JD, Fowler CG. ABR protocols for dealing with asymmetric
hearing loss. Am J Audiol 1996;5:5-6.

17) Selters W, Brackmann D. Brainstem electric response audiometry
in acoustic tumor detection. In: House WF, Luetje CM, editors.
Acoustic Tumors. Baltimore: University Park Press; 1979. p.225-35.

18) Cashman MZ, Stanton SG, Sagle C, Barber HO. The effect of hearing
loss on ABR interpretation: Use of a correction factor. Scand Audiol
1993;22(3):153-8.

www.kjorl.org 441



