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Background and Objectives Dizziness has been known as a prognostic factor in sudden
sensorineural hearing loss (SSHL), but it is difficult to describe and quantify its subjective
symptoms. Also, dizziness itself cannot imply vestibular dysfunction in SSHL. Comprehensive
evaluation of vestibular function may help us understand the extent of lesions in sudden deaf-
ness. The purpose of this study is to determine whether an impaired caloric response is associ-
ated with disease severity and hearing outcome.

Subjects and Method A retrospective chart review was conducted of 488 patients diagnosed
as unilateral SSHL. The patients were divided into two, an abnormal caloric group (canal pare-
sis >20%) and normal caloric group (canal paresis <20%). Initial demographic and audiolog-
ic findings and final hearing outcomes were compared between the two groups.

Results The initial pure tone averages of SSHL patients of abnormal caloric group and nor-
mal caloric group were 75.4+28.4 dB HL and 68.2+25.4 dB HL (p=0.004), respectively. Pa-
tients of abnormal caloric test group showed worse hearing outcome across all frequencies
compared to those of the normal caloric group. Also, a significant correlation was noted be-
tween the magnitude of hearing recovery and canal paresis (r=—0.223, p<0.001).

Conclusion SSHL patients of abnormal caloric test showed worse initial hearing level and
poorer hearing outcome. Evaluation of vestibular function in SSHL patients is important be-
cause subjective symptoms alone cannot account for vestibular hypofunction patients, and the
caloric test can help in the counseling of patients and prediction of hearing outcome in SSHL
patients. Korean J Otorhinolaryngol-Head Neck Surg 2018;61(10):508-13
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Table 1. Reason for excluded ears from total 982 ears

Reason for exclusion No.
History of otitis media 33
Pre-existing hearing loss, only ear, better ear 76
Meniere's disease 47
Bilateral vestibulopathy (caloric sum <12 degree/sec) 46
Contralateral vestibulopathy (canal paresis >20%) 58
Short follow-up period (less than 1T month) 80
Late hospital visit (more than 14 days after disease onset) 55
Recurrent of bilateral sudden deafness 37
Calloric test was not tested 52
Central lesion (acoustic neuroma or etc.) 10
Total 494
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Table 2. Comparison of initial demographic findings between patients with normal and abnormal caloric response

Caloric test
p value
CP <20% (n=304, %) CP >20% (n=184, %)
Sex
Male 141 (46.4) 88 (47.8) 0.757
Female 163 (53.6) 96 (52.2)
Age (years) 49.8+15.8 51.8+13.8 0.149
Initial PTA (dB HL)
Mild (<40) 0 (16.4) 1(11.4)
Moderate (<55) 59 (19.4) 31(16.8)
Moderate-severe (<70) 65 (21.4) 36 (19.6) 0.007*
Severe (<90) 2 (20.4) 0 (16.3)
Profound (>90) 68 (22.4) 66 (35.9)
Interval before first visit (days) 3.7+28 45+3.4 0.007*
Side
Right 142 (46.7) 73 (39.7) 0.129
Left 163 (53.3) 112 (60.3)
Dizziness
(=) 202 (66.4) 136 (73.9) 0.083
(+) 102 (33.6) 48 (26.1)

PTA of 0.5, 1, 2, and 3 kHz. #stafistically significant (p <0.05). CP: canal paresis, PTA: pure-tone average, HL: hearing level

Table 3. Comparison of pure-tone average of initial and post-
treatment and hearing improvement after treatment between pa-
tients with normal and abnormal caloric test

Caloric test
p value
CP <20% (n=304) CP >20% (n=184)
Initial 68.2+25.4 75.4+28.4 0.004*
Post-treatment 36.6+£24.2 51.1+£31.8 <0.001*
Improvement 31.9+23.3 23.9+22.1 <0.001*

xstatistically significant (p<0.05). CP: canal paresis
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Fig. 1. Comparison of hearing outcome in CP and normal caloric
group according to Siegel’s criteria. In CP group (CP >20%), Sie-
gel grade I, II, lll, and IV were 27%, 16%, 12%, and 45%. In normal
caloric group, Siegel grade |, II, lll, and IV were 44%, 25%, 8%,
and 23%, respectively. Considering Siegel |, II, and Il as hearing
improvement, hearing outcome was significantly worse in CP group
(p<0.001). *statistical significance (p<0.001). CP: canal paresis.
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Table 4. Multivariate regression analysis for hearing improve-
mentt

Variable B SE B p value
Initial PTA 0.376 0.036 0.433 <0.001*
CcP —-0.209 0.034 —0.244 <0.001*
Age —-0.287 0.062 -0.187 <0.001*
Intervalt —1.061 0.304 —0.140 0.001*

xstatistically significant (p <0.05), thearing improvement calcu-
lated by initial PTA minus post-treatment PTA, tinterval before
first visit. SE: standard error, CP: canal paresis, PTA: pure-tone
average

Table 5. Comparison of pure-tone average of initial, post-treat-
ment and hearing improvement between patients with and with-
out dizziness

Non-dizziness Dizziness
(n=338) (n=150) p value
Initial 71.1£70.3 70.3%£26.4 0.761
Post-freatment 42.1+29.0 42.3+28.1 0.963
Improvement 29.1+23.2 28.2+23.3 0.928

140

Initial pure-tone average (dB HL)

0 ° O Non-dizziness @ Dizziness —— r=0.140, p<0.01
-20 0 20 40 60 80 100 120
A CP (%)

Hearing improvement (dB)

—40 + O Non-dizziness @ Dizziness —— r=—0.223, p<0.001
°
-20 0 20 40 60 80 100 120
B CP (%)

Fig. 2. Correlation of the magnitude of CP and HL. The magnitude of CP and initial HL was positively correlated (pearson’s r=0.141,
p=0.002). As the amount of CP increases, initial hearing threshold was higher (A). The magnitude of CP and hearing improvement was
negatively correlated (pearson’s r=-0.223, p<0.001) (B). As the amount of CP increases, the magnitude of hearing improvement was

lowered. CP: canal paresis, HL: hearing level.
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Fig. 3. Comparison of hearing outcome in dizziness and non-diz-
ziness group according to Siegel’s criteria. The hearing outcome
was not different among two groups (p=0.612).

o] 5% ol GG |4 g AR BAEAr,
o] tjtt4:9] ATS AL ofxe e By Al L of
B3elR glot} FEHeR oh-e) r|Anet 1]
e 2 F)ARe] &AL ofulshs Tgele] WAz
= oA o B ofAeke-g 4wt glon ol

Eﬂaﬂ_,] 7:]0 om}x%oi g]ﬁ. o] ;qz 75]5(} HO]
ejso} ghehin 1 as}efe o
Berg®} Pallasch’= E&Fsl 7] J2w s 18619

ool 2FAQ! A & Aroll= dFS vAA X
& Rolekil B iskglch. 11 ool AT Auke} npl|
2 ofx|ee ZA AL W slEo] Aok WAL glolch
L AT EE R 7)20] AP AE ojx]8f ]
et 4718 v Ae wAE itks 2avk gl
20" Tnagaki 5% °1X1€1%°l = et e ﬂx}

iy

oo N

o

=)

ot

]_

rﬂ K 1—4
filo

o

o g
o l‘}?ﬂ HU oxt

o|2 Ql3t oJ3F2

o

N

Zholl A FrmAze] Ui B 225 ZHAatol Zpo)7} ¢l
< Bk

Wilson 573} Liu 572 29l ojxgZHrt= 2
Al HAA715 AAE A 2 GO F o ANl ol %
o A7t H 4 a5 HAskGih dvkdo g 9190 &
& AE7F ASE Yolo] HiHo] S Aoz Azto)
= o] offtofl IAIgle] A= o] E Ao]
gt 2AEY olgjet AW vl e Ao R
Hole] ¥wo] Aol 7] e Ast A7t Ak A9

BEE} v A0 W g

£ AT AuelA olgZo] gl Bk F 15050
2 HA 29 ] 22 5 307%2 7129 Hal Auket
ulw AXSH 27 Byt AR A ol gS
3 ol SRR T
oh] £712 BEOm NhEE uhe] BA4e] HlEERE ok

Q] AR IS LEQPIHAL A7) AA|SHA] S
A Bk
ofA[EEol = Bt A= A7 AT el 2
7 grgkom S o) 22 TaeH] g BAE iR
AT 7120 AFEolAl FRleEH HFAH O & oF 40%
x4594 WY 3 %1}7} %ixéﬂb At e Hol= A

ro

B £
N

o
pas

%ﬂng W 2 9
APRRAR] T 137} mzb} ol a7t B
Y B 5 ofielg Sl Gk B g o R 1
PSS ARl AR B W Bt ol Fol et
A o1e4°lu}““”° o 1%0] B B

SIS ol

Lo

= =) %% EJ—OP"“‘XW = d 01]”1 SHA|
A71%52) Ast W ASE A S5k A FFoll taliAl
‘__ ﬂ/\]_al_oj]-q_l,ll,lglo)

Jung 579 ¢itof| whEw A9 A Hvestibular-
evoked myogenic potential, VEMP)2} &E=MHIAANE A
Y2t Aol A VEMP HAF 27t 2= AbE o vIzts)
Al B 3E AEE S50l St e Haskglon of
AHE Sl A A8715 dolidtollA= A= 3]
A7t @5& Hslth VEMP 237} 2= AL
s Sy WHolA] gl £4F RS A vala
£ RIES dReton padol ok} ke iR
A wizoll sAlell =4 7He el 2L Rt oF%
St fFRAIEY 20 FAMY W FEE EH
B8 Wt S Mo 2 VEMP AP} ol9-E 7t
Sl F-& 2T Sevro] B Ausiict

S}A]4E Shih 5" Narozny 570 B4 A9 o591

< °ld

Zl—xH A %

AzH LEQRIAAS] §-84E Bstgon 53] Shih
500] QAo SEQHIZAA W vl He B2
Hro EAHOR folshl AwEAZt 9lon] B8 Wit

T vubH|7E 40% o) El= fHRtol|lA FAA SR [-o5kA H
o] o] Q< THelste] Bashgck Hlta np T L
i o2 Wolo] Brlo] Hate] 27] A s} vt 4]
Aoz HuEmY B dAjoMe 7 Antg Bt
(Table 3). A& F4to l e AR A7) Aot

9] 73 f-oll= v Rl A 3] flof L dl%E
wglo] Shelso] oS0 jgk Tajo] a-Hck

S ORIAANE Bk Vo] o Fof 1 RlolA thicke] gt
oA L= o] ol o} A A0 R 1 Tk
B GTEINE G oJelg 4 chsrhe &



A= 2 Hb4f3 ufH](canal paresis)ih-S OIS &2 5o] ek
291X (directional preponderance) 5l thet F7}4Ql A
7} Qlojof & Zlo|ch

e A7 At e ARE AlY
9] A YO 2 skGlom Ry SOl
£ xZgsto] AR w2 AR7E AshE 7
shelstalom AA| exbE2] Bl HuE 2 =gk AR
Hsf| Blwsich. 53] 844, zg%k;ﬂgg B7kslr] o]
OVFH% %‘*o 2 EQRIHAL At}
g ks A7 2 5 e =

st %?LE}

T

.

Lo )

1Nn

A

REFERENCES

1) Shih CP, Chou YC, Chen HC, Lee JC, Chu YH, Wang CH. Analysis
of caloric testresponses in sudden hearing loss. Ear Nose Throat J
2017;96(2):59-64.

2) 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.

3) Laird N, Wilson WR. Predicting recovery from idiopathic sudden
hearing loss. Am J Otolaryngol 1983;4(3):161-4.

4) Iwasaki S, Takai Y, Ozeki H, Ito K, Karino S, Murofushi T. Extent
of lesions in idiopathic sudden hearing loss with vertigo: study using
click and galvanic vestibular evoked myogenic potentials. Arch
Otolaryngol Head Neck Surg 2005;131(10):857-62.

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

Caloric Test in Sudden Deafness I Lim EJ, et al.

6) Shaia FT, Sheehy JL. Sudden sensori-neural hearing impairment: a
report of 1220 cases. Laryngoscope 1976;86(3):389-98.

7) Nakashima T, Yanagita N. Outcome of sudden deafness with and
without vertigo. Laryngoscope 1993;103(10):1145-9.

8) Mattox DE, Simmons FB. Natural history of sudden sensorineural
hearing loss. Ann Otol Rhinol Laryngol 1977;86(4 Pt 1):463-80.

9) Narozny W, Kuczkowski J, Kot J, Stankiewicz C, Sicko Z, Mikaszewski
B. Prognostic factors in sudden sensorineural hearing loss: our
experience and a review of the literature. Ann Otol Rhinol Laryngol
2006;115(7):553-8.

10) Weiss D, Bocker AJ, Koopmann M, Savvas E, Borowski M, Rudack
C. Predictors of hearing recovery in patients with severe sudden
sensorineural hearing loss. J Otolaryngol Head Neck Surg 2017,
46(1):27.

11) Korres S, Stamatiou GA, Gkoritsa E, Riga M, Xenelis J. Prognosis
of patients with idiopathic sudden hearing loss: role of vestibular
assessment. J Laryngol Otol 2011;125(3):251-7.

12) Wilson WR, Laird N, Kavesh DA. Electronystagmographic findings
in idiopathic sudden hearing loss. Am J Otolaryngol 1982;3(4):279-85.

13) Ahn JH, Yoon TH, Chung JW. Analysis of prognosis in patients
with sudden sensorineural hearing loss and dizziness. Korean J
Otolaryngol-Head Neck Surg 2001;44(10):1032-7.

14) Berg M, Pallasch H. Sudden deafness and vertigo in children and
juveniles. Adv Otorhinolaryngol 1981;27:70-82.

15) Liu J, Zhou RH, Liu B, Leng YM, Liu JJ, Liu DD, et al. Assessment
of balance and vestibular functions in patients with idiopathic sudden
sensorineural hearing loss. J] Huazhong Univ Sci Technolog Med
Sci 2017;37(2):264-70.

16) Khetarpal U. Investigations into the cause of vertigo in sudden
sensorineural hearing loss. Otolaryngol Head Neck Surg 1991;105(3):
360-71.

17) Park HM, Jung SW, Rhee CK. Vestibular diagnosis as prognostic
indicator in sudden hearing loss with vertigo. Acta Otolaryngol
Suppl 2001;545:80-3.

18) Inagaki T, Cureoglu S, Morita N, Terao K, Sato T, Suzuki M, et al.
Vestibular system changes in sudden deafness with and without
vertigo: a human temporal bone study. Otol Neurotol 2012;33(7):
1151-5.

19) Jung SG, Park JW, Han SY, Park SH, Nam SI. The role of vestibular
function tests in patients with sudden sensorineural hearing loss who
have subclinical vestibular dysfunction. Korean J Otorhinolaryngol-
Head Neck Surg 2013;56(11):700-5.

20) Niu X, Zhang Y, Zhang Q, Xu X, Han P, Cheng Y, et al. The relationship
between hearing loss and vestibular dysfunction in patients with
sudden sensorineural hearing loss. Acta Otolaryngol 2016;136(3):
225-31.

21) Fujimoto C, Egami N, Kinoshita M, Sugasawa K, Yamasoba T, Iwasaki
S. Involvement of vestibular organs in idiopathic sudden hearing loss
with vertigo: an analysis using oVEMP and cVEMP testing. Clin
Neurophysiol 2015;126(5):1033-8.

22) Saeki N, Kitahara M. Assessment of prognosis in sudden deafness.
Acta Otolaryngol Suppl 1994;510:56-61.

www.kjorl.org 513



