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Assessing ocular vestibular evoked myogenic potential (0VEMP)
amplitudes is a useful method for screening for atypical superior canal

dehiscence cases: A report of 2 cases
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Assessing ocular vestibular evoked myogenic potential (cVEMP)
amplitudes is a useful method for screening for atypical superior canal

dehiscence cases: A report of 2 cases

Sakurako Komiyama®, Haruka Nakahara®, Yukiko Tsuda?, Eriko Yoshimura"?,
Toshihisa Murofushi®

YDepartment of Otolaryngology, Teikyo University School of Medicine,
Mizonokuchi Hospital
?Yoshimura ENT Clinic

We report herein on 2 patients with superior canal dehiscence (SCD), who did not ex-
hibit the typical sound- or pressure-induced vestibular signs of the condition. In these pa-
tients, ocular VEMP (oVEMP) testing using air-conducted sound (ACS) was found to be
useful for selecting patients for CT scan of the temporal bone. The first patient was a 38-
year-old woman. She presented with a complaint of episodic vertigo and right aural full-
ness. She showed air-bone gaps at low frequencies in pure-tone audiometry on the right.
She did not show sound- or pressure-induced vestibular signs. She showed augmentation
of amplitudes and lowering of thresholds of cervical VEMP (cVEMP) and oVEMP to ACS
500 Hz short tone bursts (STB) on the right. CT scan images revealed superior (anterior)
canal dehiscence on the right. The second patient was a 47-year-old man. He visited our
clinic due to autophony and dizziness. He showed normal pure-tone hearing. He did not
show sound- or pressure-induced vestibular signs. He showed bilateral augmentation of
amplitudes of cVEMP and oVEMP to ACS 500 Hz STB. CT scan images revealed bilateral
superior canal dehiscence. Augmentation was more prominent in oVEMP than cVEMP.
These results suggest that oVEMP 500 Hz STB of ACS is a good method for screening for
SCD.

Key words: VEMP, superior canal dehiscence syndrome, utricle, anterior semicircular ca-
nal, ocular VEMP
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Introduction

Dehiscence of the bone overlying the superior
(anterior) semicircular canal was first described
in 1998 by Minor et al.”. It has since been re-
ported that this condition (superior canal dehis-
cence syndrome, SCDS) manifests as various ves-
tibular and/or auditory symptoms”®. While sound
-induced vertigo and pressure-induced vertigo are
characteristics of SCDS", not all SCDS patients
present with such symptoms””. Therefore, it is
necessary to perform a computed tomography
(CT) scan of the temporal bone to achieve a de-
finitive diagnosis; however, subjecting all patients
who complain of dizziness and/or vertigo to CT
examinations would be impractical. Thus, diag-
nosing SCDS can be challenging. Recently, we ex-
perienced 2 SCDS patients who did not exhibit
the typical sound- or pressure-induced vestibular
signs of the condition. In these patients, ocular
vestibular evoked myogenic potential (0VEMP)
testing was found to be useful for selecting pa-
tients for CT. Herein, we report the 2 cases and
discuss the utility of assessing the amplitude of
oVEMP as a screening method for superior canal
dehiscence (SCD).

Materials and methods

Subjects

We measured the oVEMP and cervical VEMP
(cVEMP) of 2 patients who were subsequently di-
agnosed with SCDS. Their medical histories are
presented below. For comparison, we have in-
cluded the data of 7 healthy subjects (one man
and 6 women, 34-51 years of age), which were
collected in a previous study”.

Methods

The methods used to record the oVEMP and
cVEMP were described elsewhere”. Basically, we
delivered 500 Hz short tone bursts (STB) (125
- dBSPL, air conducted sound (ACS)) to the pa-
tients’ ears, and their first biphasic responses (p
13-n 23 of the cVEMP in the sternocleidomastoid

VR BRI R M R L1 e B S MR
PRLEGOBRERE Y )=y 2

muscle ipsilateral to the stimulated ear and N 1-P
1 of the oVEMP evoked below the lower eye lid
contralateral to the stimulated ear) were analyzed.
In this paper, we assessed the corrected ampli-
tudes of ¢cVEMP" and the raw amplitudes of
oVEMP. Patient #1 also had her VEMP thresh-
olds measured.

Results

VEMP amplitudes of healthy subjects

The normal subjects’” corrected ¢cVEMP ampli-
tudes ranged from 0.47 to 2.08 (mean+SD=1.16

- +0.50), and their raw oVEMP amplitudes ranged

(70)

from 1.04 to 7.47 (mean-+SD=3.48+1.75) uV.
On the basis of these findings, we set the upper
limits of normal to 2.16 for cVEMP (corrected
amplitude) and 6.98 uV for oVEMP (raw ampli-
tude).

Patient #1

The patient was a 38vyear-old woman who vis-
ited our clinic due to episodic rotatory vertigo and
right aural fullness. Her vertigo occurred sponta-
neously and lasted for a few minutes. It was
sometimes accompanied by right aural fullness.
The patient was otherwise healthy, and her medi-
cal history, including her family history, was unre-
markable.

On examination, her bilateral tympanic mem-
branes were found to be normal. However, she
exhibited conductive hearing loss in her right ear -
at low frequencies (Fig. 1). The tympanograms
for both of her ears were normal. In addition, she
displayed normal evoked otoacoustic emissions
and distortion product otoacoustic emissions in
both ears. She did not exhibit gaze-evoked or
positional nystagmus, nor was pressure-induced
or sound-induced nystagmus observed. In a ca-
loric test, she demonstrated normal responses on
both sides. In VEMP testing (cVEMP and
oVEMP) involving STB of ACS (500 Hz, 125
dBSPL), the patient showed strong responses to
right ear stimulation, but no response to left ear
stimulation (Fig. 2). The amplitudes of her
cVEMP (p 13-n23) and oVEMP (N 1-P1) were
374 uV (corrected amplitude =3.13) and 67 uV, re-
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spectively. Both her corrected cVEMP amplitude
and raw oVEMP amplitude were significantly aug-
mented compared with those of the healthy sub-
jects; however, her cVEMP and oVEMP latencies
were both normal. Augmentation of amplitudes
was much more prominent in oVEMP than
cVEMP.

The results of the VEMP tests suggested that

the sound sensitivity of the vestibular end organs

in the patient’s right ear had increased while the
reason why the left ear stimulation did not evoke
VEMP responses remains unknown. Therefore,
temporal bone CT scan study was performed,
which revealed dehiscence of the bone overlying
the right superior (anterior) semicircular canal
(Fig. 3). The patient's VEMP thresholds during
right ear stimulation were measured on another
day and were found to be 90 dBSPL and 80
dBSPL for cVEMP and oVEMP, respectively.

Based on clinical findings she was diagnosed as
having SCDS. As her symptoms were mild and
tolerable, she did not choose surgical treatment.
She is under observation.

Patient #2

The patient was a 47-year-old man who visited
our clinic due to autophony and dizziness. He had
experienced autophony and aural fullness in both
ears for the past 7 years. On examination at an-
other clinic 7 years previously, no definite diagno-
sis had been obtained. He sometimes felt dizzy
when he blew his nose; however, he was other-
wise healthy, and his medical history, including
his family history, was unremarkable.

On examination, his bilateral tympanic mem-
branes were found to be normal, as was his pure-
tone heéring. The tympanograms of both ears
were normal. He did not display gaze-evoked or
positional nystagmus, nor was pressure-induced
or sound-induced nystagmus observed. In a ca-
loric test, he displayed normal responses on both
sides. In VEMP testing (cVEMP and oVEMP) us-
ing STB of ACS (500 Hz, 125 dBSPL), he exhib-
ited strong responses in both ears (Fig. 4). He
demonstrated ¢VEMP amplitudes (p 13-n 23) of

Equilibrium Res Vol. 73(2)
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Fig. 1 Pure tone audiogram of patient #1

She displayed air-bone gaps in her right ear
at low frequencies

288 uV (corrected amplitude =2.30) in the left ear
and 326 uV (corrected amplitude =2.31) in the
right ear and oVEMP amplitudes of 53 uV after
left ear stimulation and 62 wV after right ear
stimulation. Both his corrected cVEMP amplitude
and raw oVEMP amplitude were significantly aug-
mented compared with those of the healthy sub-
jects. Augmentation of amplitudes was much
more prominent in oVEMP than cVEMP. His
cVEMP and oVEMP latencies were both normal.

The results of the VEMP tests suggested that
the sound sensitivity of the bilateral vestibular
end organs had increased. Thus, CT scan study
of the temporal bones was performed, which re-
vealed dehiscence of the bones overlying the bi-
lateral superior (anterior) semicircular canals
(Fig. 5).

He was diagnosed as having SCDS. The clear
diagnosis made him relieved. He is managing his
symptoms with care not to give excessive pres-

“sure or loud sound to his ears.

(71)

Discussion

Dehiscence of the bone overlying the superior
(anterior) semicircular canal is also referred to as
superior canal dehiscence (SCD)?. Patients with
SCD typically exhibit sound- or pressure-induced
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Fig. 2 Vestibular evoked myogenic potential induced in
response to 500 Hz short tone burst (air-conducted
sound, 125 dBSPL) in patient #1
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Fig. 3 CT scans of patient #1
The arrow head indicates dehiscence.

vertigo”® in addition to upbeat-torsional nystag-
mus in response to sound or pressure stimulation
of the external ear canal”. These symptoms in pa-
tients with SCD are referred to as superior canal
dehiscence syndrome (SCDS). While sound-
induced and pressure-induced vertigo are charac-
teristics of SCDS, not all patients with the condi-
tion present with such symptoms®?. Therefore, it
is necessary to perform a CT scan of the temporal
bone to obtain a definitive diagnosis”; however,
subjecting all patients who complain of dizziness
and/or vertigo to CT would be impractical from
the viewpoints of medical economics and reduc-
ing radiation exposure. Hence, diagnosing SCD
(S) can be challenging.

‘While neither of the 2 patients in the current

study presented with upbeat-torsional nystagmus

(72)

in response to sound or pressure being delivered
to the external ear canal, they both displayed sig-
nificantly increased oVEMP and cVEMP ampli-
tudes on the side(s) affected by SCD. The ampli-
tude augmentation was much more marked for
oVEMP. These results suggest that assessing the
amplitudes of the oVEMP evoked in response to
STB of ACS (500 Hz; 125 dBSPL) could be a prac-
tical and useful screening test for SCD. Similar re-
sults were reported by Welgampola et al.”. In the
present study, we set the upper limit of the nor-
mal amplitude to 6.98 uV for oVEMP (raw ampli-
tude) and 2.16 for cVEMP (corrected amplitude).
According to the data reported by Welgampola et
al?, they should be set to 6.17 uwV and 1.79, re-
spectively, which are similar to our results. Wel-
gampola et al.? also suggested that the difference
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Fig. 4 Vestibular evoked myogenic potential induced in
response to (air-conducted sound, 125 dBSPL) in

patient #2
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Fig. 5 CT scans of patient #2
The arrow heads indicate dehiscence.

between the VEMP amplitudes of SCD patients
and healthy subjects was more marked for ACS-
induced oVEMP than for ACS-induced cVEMP.
Regarding oVEMP induced in response to STB of
ACS, Zuniga et al. reported that an n10 (N1 in
this paper) amplitude of greater than 9.3 uV and a
peak-to-peak amplitude (N 1-P 1 in this study) of
greater than 17.1 uV exhibited 100% sensitivity
and specificity for SCD?. In addition, a consensus
is forming with regard to the superiority of as-
sessing the oVEMP amplitude rather than the
cVEMP amplitude as a tool for screening for
SCDS””. On the other hand, cVEMP might be
associated with the extent of symptoms in SCD.
Niesten et al. reported that in patients with bilat-
eral SCD the more symptomatic ear displayed

(73)

lower cVEMP thresholds®.

As a surgical treatment of SCDS, resurfacing or
plugging of the superior (anterior) semicircular
canal has been reported”. Could surgical interven-
tion normalize VEMP responses postoperatively?
Welgampola et al? compared preoperative
cVEMP and oVEMP data with postoperative data
in four subjects with SCDS. ¢cVEMP amplitudes
decreased to 42% of preoperative values for ACS
and 32% for bone-conducted vibration (BCV). Av-
erage oVEMP amplitudes fell to 13% of the pre-
operative value for ACS. Bone oVEMPs were ab-
sent from three subjects after surgery and de-
creased to 30% of their preoperative value in one
subject.

Why does the oVEMP amplitude of SCDS pa-
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tients increase to a greater degree than the
cVEMP amplitude? To answer this question, we
need to consider the neural pathways of oVEMP
and ¢cVEMP. It is considered that the oVEMP
evoked in response to ACS predominantly reflect
utriculo-ocular reflexes while ¢VEMP represent
sacculo-collic reflexes”. Sound-induced vertigo in
SCDS is caused by hypersensitivity to sound in
the superior (anterior) semicircular canal due to a
third window being created in the canal by dehis-
cence”. This implies that in SCDS patients the
pars superior (the semicircular canals and the
utricle) is more efficiently activated by sound than
the vestibular apparatus in the pars inferior (the
saccule).

This raises another question: what is the cause
of the marked increase in the oVEMP amplitude,
activation of the utricle or the superior (anterior)
semicircular canal? Weber et al. obtained motor
unit activity recordings from the inferior oblique
muscle (I0) using needle electrodes and con-
firmed that oVEMP originate from the 10". As
the vestibulo-ocular reflex arc from the superior
(anterior) semicircular canal includes excitatory
projections that connect to the I0Y, the aug-
mented responses seen in patients with SCD
might include unusually strong responses from
the superior (anterior) semicircular canal. Thus,
the augmented oVEMP responses seen in SCD
patients seem to be due to the summation of re-
sponses from the utricle and the superior (ante-
rior) semicircular canal. However, it is unlikely
that responses from the superior (anterior) semi-
circular canal form the majority of oVEMP re-
sponses in SCD patients. As there are rich inhibi-
tory projections from the superior (anterior) semi-
circular canal to sternocleidomastoid motoneu-
rons®". Therefore, if the responses from the su-
perior (anterior) semicircular canal represented
the major oVEMP responses in SCD patients, the
cVEMP amplitude should also be markedly aug-
mented.

In conclusion, the results reported in this paper
suggest that assessing the oVEMP induced in re-

(74)

sponse to STB of ACS (500 Hz 125 dB SPL) is a
good-method for screening for SCD, even in pa-
tients with relatively mild vestibular symptoms.
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Commentary on the international guidelines on the clinical application

of cervical vestibular evoked myogenic potential (cVEMP)
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In this review, the authors introduce the international guidelines on the clinical appli-
cation of cervical vestibular evoked myogenic potential (cVEMP) published in 2014, with
an added commentary. Protocols recommended in these guidelines are basically the same
as those of cVEMP recording conducted in Japan. The guidelines stated that both air con-
ducted sound (ACS) and bone conducted vibration (BCV) can be used as stimulation but
that BCV can be used in addition to ACS, and not to replace it. For ACS the most effective
frequencies are between 400 and 800 Hz below safe peak intensity levels (e.g., 140 dB
SPL). The number of sweeps averaged should be between 100 and 250 per run. Raw ampli-
tude corrected by the level of background muscle activities narrows the range of normal
values. The authors suggested that these guidelines should be taken into consideration
when performing any VEMP study.

Key words: cVEMP, saccule, otolith organ, guidelines
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WTlit, WHOHBEMEASN TS, L%
COBFEFEZL > THEHZIN TS —DDm4E
2ERHTL00, BELIRETEHAN
TREFNEZIThREVWI EIZT 5, VEMPDIF &
AEDBwLTIE, 2FHOGBEFPHVLRTY
A, ZZTEVWTFREREWEWI B %
W, 2FHOGRBICELTARRS L, cVEMP
DFISIE, BOOELBEEE—2 Th b pl13
L, BROF-BEEY -2 Th B n23 k&M
Fonbd, BEPWIMLETHHILIZ, ZORK
DHEBRPHR TRV I L2 EW®RT 5, MRE®RD
FHREMIT, PFIZITHEFHEEMOPI00D X
I, BERXFREEHVA, ¥—27 OEHRE
L, FIMOBERICE -T2 tTszizdbA
ATH5bo
ZOHA KI4 TR, BOOBENE -7
p13 (P1) kL, BAOBRENAE—2713n23 (N
1) ERETED, EHLO0RIEEHEHT S0,
EHRICWERTWAS,

3. fE4E
COHETIE, cVEMPIZEb B EEZ LN A%

- -
—

Equilibrium Res Vol. 73(6)

FERERE IZ DWW T HICEH L T b,

cVEMP i, SR OEEO—BEDE/L % Bt
LTBY, BREOHTEEHOEROFTO, HE
MoOEBSIH 2T 0DEELZLATY
5%, cVEMP X, RIENK® I B, FICHKEE,
TRIEMRE, RIREMREA, MERETREE, Bl
BraUREBEOBEFMICHVORTWS, B
EERICX B L, FHBEDISO—FROBHEE, [
HOSMAB X TRIEMEK L y BRI T 52
EAHB L TWw 2972, PR E B,
cVEMP DY 7 F V% SCM~NEEETHEE L
LBhTWw3Y, —FT, WHBESRHEEL K
FELIZFHFVER L E 2 vk S s NHIETEM
BMPOTEE LTEIALEENTVAEAYY, Z
£ MR EOR—BIIMRRFE - TV B, EHE
0 5 AR EMR RN ORI EBICASNLS &
LT, ZOEEHEZTWAS,

4. BEXRWLEHR ~
CHDHETIE, cVEMPHIZEICE D AEERN LS
FBIZOWTHEHL T 5,

4.1 HIERIBOFE

cVEMP @512, [EE, FEHH BEXR
TS HWONESLZ LM 2 ORIEED
I b, KEFHEA, ZDIELHWLNTWE D,
K[EZOWE, EEREOD HREMTIE, KB

THERTHEEVHHZ LITHEEREL TV,

(487)

7z, WTNORBMEOBEICH, BIELZT) LE
BH5HILERRNTVE, BlEHENT, 3000
BEDZ L2 IZOWTHH L TW5,

411 REE

¢cVEMP X, 72U v 7 THbbP—UN—ZFTH
FHRINELD, EEERREZ-oTWLZE, IR
I8 & B OMmE L DI OFREROZEL Z
52k, BRROKIGIE, FEOFHERIH 7msec
THELNLZEEZBRRTVWAEY, ZOETIX,
BRRKELEZHVA I LICHT A LETORE
WKOWTHEHL TV 5,
BABRER, Z#E2HE VRV (22 213140
dBSPL) KHIREh A FhELsEwELTw
5. T/, WRENBHPZTOM—=F VORIV
F—, FFEANCEZESII 20N IR R
Vo IRV, FoRIICHAILTEIK
ERIANF-REEL, FROWRICIVERT
H5bH, LrL, WEEER, WE~ODFA-—T%
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BT D XM E SNRTIIER S v, b AR
B 7% ) S 9 B0, 400~800 Hz @ Hi BH M T &
B, 500 Hz A ORBEE, 70y 7 &0 b
KR T B o FUB D WEIE(F 2 — = )
FEBEISH s b Lk v, 0 L,
FELTAZZ—UHIEBVWTHESINLTY
A8, s oMW, p13 (P1), n23 (N1)
OO T L5 2 5. (6o T, 1IEF
BOREEE, FhENOMMEMCB TR Sh
BT IUE R B v, APRBIAT RREERE (SCDS)
BT D L) MO LT, TEAEZR
MEEEZMALZ LD EDLOTEETH DY,

F 72, BISORFREEEE (Fa—=27) 258
AENsEa, RAKHR, FRBEEEOREED
194 72 VoG ENRTER S e nWT &Il
nctwsb,

Z ZC, Young H 2%, KEHIIX LT, HE
BEPEANT D O KM BTER & D AR BOSEf % &0
Z L xR LM, McCue & Guinan B X O Muro-
fushi & Curthoys 23%EH 2 & B ERIZEEBE O SUG
EMRALIZZEZMALTwBEY®, T/ &l
BRI, D S T HEMRIC X o TIRES
N5, WEMZERIZBWT, ¢VEMP2TLIE
LI EhseEz2o05EHBRTNEY,

4.1.2 BERH

Sheykholeslami & 2%, FEIRE) H 5 W idFE
FHDCVEMP ##5 LB AT L2 Z LOTRLE
CERBALTVBY, ENVEY MBI HEEEH
1%, 500 Hz TOEERHABABAFEXKL TV D
R a—0rx AT AZ L 2RRLT
WAY, BIEMBERLS 2 —a Y 2RET 5 DI
VBRI NVIZRF 2 BEIRD LD E ],
Bruel & Kjaer 2718 D & 9 /3T — 7 ¥ T HLE
LB ENRL, TR, TR B
WOV ATLIHHET AP RELVETH A
TEEBAL TS, T, BFEOBTERT (2
EziE, B7) CEWERELARVPHGEI NG &
EAE A UMHATRE 2B EEZ GRS 5 aeME0s
Hho 32V r—A—DXI MO (2L 2
I¥ Bruel & Kjaer 4810) &, XD R&EZ N7 —%
b ol X VEVEEBIS ORI E EAR T LA
T& 5,

RIBEER R FLEADOFT 2R D cVEMP 24 L &
5V, MEOEWE VY — (72& 21E, Nicolet

(488)

Biomedical Inc.® model 842-116700) % 4§ 2 7=
FIRERRIZ & 2 U D & v ¥ v I EAR I Y~
TIWCHDLAD D) T —=RIENAE T B Z &R
MCTHbH, 32— h—DXYIENEEEHDRERK
Bk o Tl EIcLh k&R 7328
T4 =5z 51, “gamma pulse” D X9 %Ik
IETZ W) CHTIEY R RIBAS cVEMP % 35585 5 %)
RO TETH V57, BN 2B 3§ 5 .
Bt L, EMORERIIE AEZITT, EAED
NS BUIICIE, BIERICA U A NS E =
F—ENBERETHY, TN Lo THIEDTEE
W% %o ATEHERRFLZSE~NDITHERIC L B 7 v ¥
YUk, WU 2 5 esbim & (out go-
ing) ® “gamma pulse” &7z KIS FHHE LA
5o

FEHM OB > T, HEBIUHFHFEZN
AN U CTHER R ER 2 RS 5 2 B TE
50T, [REMBEOLEZRT LI ENTE S,
L2L, ZOFHAL F54 T, S,
M SN ERET, REHICK S cVEMP
ONFL LT—HRINCHVOLhERETREWVE
LCTwh, Peak force level (pFL) 2%FEHI# %
FAVBEAICEMESINAIRETH S, FERH
&, FEF oA & F— O ROHHE R B S &
AHEEWROLEWZ & HRXTWw 5B, Welgampola
5, BERME S 2 5 0B RRIITHR
L, BTl 2 AwEe, B82S EED
3em#J), 2em EHICBL ERLIBMEIE
W ERHE LY, BTSRRI IRNTH S
S, X DEBRAGREERELEETHE LTS,

4.1.3 EXHE

Watson & Colebatch 1%, 48\ B 3 7% )V R 28
CVEMP ##% 3 A2 & xR L72", O, B
AR L R R UGS & R A AR L R - 1 BUIGS %2
FEk L7, BEAEE, £ TOXRMEIEZREED
ABARFEKNY — VRO T 7 A N— 2T
HEEZONTWA, FIBHRIIHEE BN RE
EWOBEY R ERELH IR TR SR v, M
BT, 3~4mA OEFRE 1~2 msec D52
BENLETHL, FIBOT —F7 77 bH%F
HDOMETH %, Watson & Colebatch® &, #
ZUUHE S 72 RBORTEN, S SCME Y T v 7 X
SELRETORBET TN M T A EICK
STZOMELERLA-ZEZH[ALT S, &

i\l
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SR, ATEMRO R D EA OFAL T generator
potential Z AT AHZ LICX VERATALEZ L
NTWw5b, FHREOHEEESFHEE AR LSO
KT BICIRBELLVLETH S, BEXHEE,
FTHIEMARR L VR HREoORE TRV RD LA
TwE Ladsd, SWREOESITE, BXH
B, KMHREL LY HPRORELZ GEET 5012
FLTWELD LRV EDRBRTWE, FiH
ZEEIVTEDOE A ZORBEEDISH ZHIER L
TWwWsEL, TOFHL 74 ¥TiE, ThilE,
BRREE I TRy, T4bb, BAR
B T EOHETIIAT o TV,

4.2 FIBOHKIE

421 REE

KEFTHE T cVEMP 213556, Bl X)L
DRIBFVSLETH ), BIREICHCZMED
ANy R4 vHEWVEAY 7+ YOMH, 72,
HEMETPREINSL Z L (BEBERICIX dB peak
SPLC) 2"ETH S (F&AR2BR), BEE
AR, BEEE BB OEAMTTOWE *
HAwvb, Ald 51X CHREF EYTH Y, peak
sound pressure level (pSPL) DEHEDBHEITIE,
ZFOHERAPHREINERETHAHLE LTS, B
HOWBERS L ERER Y, cVEMP X, REEO
BOHOI Y R—2 Y MKFET LD T, FEFIC
BWHSOFHIALETH b L DIERVHEIHMED
FIMEETD X D RVWRIBEEZ b 256121,
B ENDEZRVE =AM T 20T, FEFL
LTHWAZLHNTE S, MEELZHKT ARV
FHiElZ, BRI, FOIANF-I1CLoT
BT AHETHY, 72& 218, L, OHEIEIC X
HHDTH 5D, 5/sec TH 2 515 139dB peak
SPL @ 0.1 msec click 1%, 105dB D La s & ¥ o
TBY, £4DHEHIZ4.85F TRRENE, 5@
BECOHYEBEREOFFHENICL TS
(82 A)e 7V v 7 H b= N—2Z M, cVEMP
FRICHVSON LS, F#E, dB peak SPL Tk
EENBERETHLE LTS, BENITE, L
PHOENLERETHY), RIEVZAVF—% B
STAERERBEFHONERETH B, (
D FEIZD\WTIE, Rosengren et al D X® %%
BENLZOPRVWNEEH, FHE). 20T
FS 4 » Tk, dBnHL® X ) b BArix, i
EEEERBTAL5DTHY, BUEIMEVWE L

-
L
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T, FBAIICIEHERL Ty,

4.2.2 BEIRE

[EHBORE L RIS, BERED T/ B
ESNZFNER SV, TOGEFEEMEE 1 uN
L L, dBFL (force level) THERT %, WIFIZ,
peak force level % % \ I RMS (root mean
square) THRROENBEREXTHHH, WMBIITFF
LWwELTwa, T, dBnHL DFEA I,
HEVHFFEFLLAWELTWA, p13 (P1) B
XU¥n23 (N1 KHRIOFEPEEZFOOT
HH, MWD 10msec Z WL 20msec 2B 5
force level DEHEISEYITH 5. FEFICE WG
BOBHLPUESATLIVBULELINLELTWY
5o

4.3 EiE

cVEMP itékiCid, REOXKMERIVHVWL
HRETHAHELL, HEHIE SCMDEF1
3oHEEOBI, AHEERIE WELD LW
BHEEECEL ZLEH#ERL VS, REFIC
3% cVEMP O E72 5 RS, FIEE & R
EU B, BEWMENSFERICRESHIZINS,
IhiE, EERORERRISTEL S5 Lk
WHLTH S, BERBOEE, FC, EAICH
sz onagea, MACKIEPFERINLD
T, WERSFLEL DL, BHERIE, BIED
WBPNES. EOBVI&EZH AL, BEERO
EIEZEL T5LEXH 5,

4.4 HREE

FATRRZEIZ BV T, 202000 Hz, 30-3000 Hz,
20~1500 Hz, 10-1500 Hz, 5-1500 Hz D% 7 4
VI —=HBHWLNTED, Wiz Hnigse
2 BRI RSB ON TS, N8R 7
ANWVE—=Z5~30HzDH V2L, T/, u—N
A7 4 NVEF—i%, 1000~3000 Hz DR ICRRE S I
HREThHbH, BEELAER, HAWFE74 vy
— %W T AL, —ODOWFEPTRIERE L2V
ETHAHILZBRAL TS,

il % OREERIC BT, BEFME T VEMP D
WIS TEL LI TFTL YOV Bk
ETRETHbB, ABROX ) MR EMERNZ
AT ABEESEOEWS A v, BEINICIE
100,000 x {ZFHWV AR E Tld %2\, cVEMP FCERIC
AWwa7 Y7054 id 3% 2500~5000 x
(200~400 uV/V) BETH S5, 7—F 777 b

-
— -
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B (artifact rejection) X%,

PTY L — biE, 1~95kHz O#iPACdH
D, RPEDOHREICB VT, 2.5~40 kHz o Py
HTH 5, 2.5~40 kHz OFEPHA D > 7)) > 7

—FERATAHIENEE L, T, T
WHLU— Ay DA TR LS 245
VETHDH I EEMRT HULEDNRD L,

ISEmELE, MEOR L OME T, 25005
S12BI DFEPAPI T - 7z ML T &5 &,
Bl ORI % FRE, RUIMERERE 2 5 W HE
WhdH Do A FIA Y TOERE LTI, S
BEDLOTHE LG EYRE, V—F Y O—RH0
BB A a0, 100~25000 & 37X & &
LTwb, ifkhicix, —momtdh, 550
i, A Mo M, KErsE e Th X
Vo RRERIEIEE, BUSAVNS WS, UL DAL
EWMERRT D20, BEFEER L, P E MR
RETH 5D,

5. BE7OMI—-I

O TIE, SCM OFERE RO H I
RO L BHIEICOWT, T/, oz
BIZDOWTIBRT WA,

5.1. B

cVEMP OISR TR 2 Ve RUBDH
VT BT W O R L MBS R {, A DRET

b cVEMP TRIGATA BN BT, X = T — U
R WSS S e W O O TR S R R I S A

SNBBHD—ETIZ cVEMP DRSS A 57
WA, ZHUE, TNLORETIE, HIBERTH
JEMRAEEI N TS O THiEEZLNS
ELTWw5D, ZEHHIC LS cVEMP %tk T 5
7oL, R E KA RER CRET 5 P ERE
fﬁiE%'C%%JZ%iJ%Z) TNz, BENS
&S BE D {Z T B ASB » CIEA~O ST 3 i
PRELTWLIEZTIE, RERMBICX S
&mMPﬁﬁmﬁT%éwm%ﬁmkﬁémw
ZEMEOH 5 BEOFMICIE, B BRI
cVEMP BER»d Lhiwe LTwb,
ZEHEO D 5 BHE I LTIE, FEHEOIZ
WIHTBHBICIAMERDO Y vy E 7 TH
cVEMP %#i04%CT& %5, cVEMP D@L & %2 b 7
BN TEBY, BLALDBETESIC
WMEZITZ 5. cVEMP DS IZSCM & h 5 5
N57:0, BEICDI-oTREBOELED S WVIX

(490)

REBICEDSCMZ TR ICRIRESELRENED
%o SHERO@ & AR S T 5 B L MR
BIZX D SCM MO & % A ITIE cVEMP X
JiATC & W EEEA S B0 cVEMP 25T 5
WAL GRS R AL BT d D 728, FEEBIK
D DHBA T FHHCH 2 SR Wi SRS
Ho FERIHIIE E LTRIEFINESLME SR
Lz, 9 LR REoOBECHOHEHETE S
WA %o cVEMP IERIES SN X ) SCM
PO AT HASL Z ETHELLRIETH HY
729, SCM OIHRIZ B TH %o SCM DL %
27200220 EERAL TS, EDIF
% R, BEERY FTHEMLS 5 WIdHT T
N % & o THMA R LT X BRE NS,
b O EDFIEIEE T, B oo e L B
Wamlizd 5 &R SN D, IBREEMEAALT
LM THMAITTE S, Wl RAEbLER)
B T hDBIEBE S L L RA SRR S8 5 )k
THREZ T T A% Dd H 5. ki hEE
L C, pushing method, 3 7b & EBEICHI T
filds (7221327 v aryOonizN—) ZH3
LR L THELZTT ) HEICOWTHMALT
WEY, WTNONEL R E L BHEFRSE
HETHBLTVWASY, EiRkETlE, BRLTW
B &R O SCM idHfE L C\w b7z, —fld
OLWﬁﬁfgawp&Lmﬁ#z§f&éo

5.2 HEROE=4UY

%R WU 5 1T & cVEMP OIRIEAE K4
Hizd, N o759y FHEERZHWT
cVEMP DIRIBEZWIEST 5 &, IEWHPEAIEL T
Xh, TNWZ, BRALPDFIETNY 775
VIHBENEE Y- L TR ZETEEL L,
bo BRI, MENLTLTILL), TR
TOBBRENFEDOTEEETHRESINS Z LA

F L, BIEHEESH L VIE, HEROFF
BWEHR RMS) OFHUIC X o THIUHE O
REZSV T, BEILET) T ENTE S,
(EAHEAALRE=F 5 L2 IRIB) / CF 5 5%
EMG 7% RMS))

Thbb, TOFAFITALVTE, Wb LH
FIRIEME 2 B %A L (normalized) RIEME & F L T
w5,

MERERROMA % &, MHEN2RAE b EAE
M7z b NICEEH Of BRI OB 2 LT 5
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DIZERTHH. HIEEHERT H7-012, Ho
HEEME T4 ATV —ICFERLTEZY—LTW
LHEERL DD, 7277L, INSLOFEREZ, bHIE
TR—BILLTELT, /2, M FIFL TR
HEENTWBEDLITTIER V. RADHEEIZD
WTIE, BRTFHIEHIEEED 5 ik RMS Of
BRII50H 5 200 uV IZHERE SN D Z L SEF L
WV, ILBEEL/NRTIE, Ny 275y v FHE
HMOFHHEIZ/DE WY, BHREOBHVIGZF5
FrOIIE, WHRERRY —E OMEEIE L MR T A
ZENEF L,

5.3. cVEMP QOAEIE

BHRBENFNOEFEHEEZRELTBLZ
DHEIRE N D, Mz THEA L T A IEEER,
[ U e et AT (REDORKHZRT) %
COBBEZREL TRUEZRIEL 256120
AFHATE B, TNZENOHMHRTHE LzHRIZ
FAETHBIETTH D, EFEIERICI->TE
20, BAICEBEVHTELLTREED H S,
D7z, FHFPRERFZORETIFLENL
NOZERDIEFHEEZRE L TBL LEND S,

.
—

BAERTAZ & DI0BM EOREZ P RELT

BLIEPET LV, ERFHEMIZ, &%, 7-5

DBIEHESH LTV BEEICIIFEHEDN2. 0 5\

225SD (BE#ERFZE) CRET S, 77— 7 IIE
BWHA L TWRWEEIZIE, T390 BIcERT 2
e CEEALERATHOEFHEZREL, EH
545 L TW WA I B eI R T
T 5, BEMIZIE, RMERBORELFEEICE
OWTHEEZREL THOLMEIMTONE A&
Vi, cVEMP O R O EFIC T IRIE D LA M
(asymmetry ratio : AR) 23X L HWHNTW5,
ARIZBEBEUTOLHIICEHR NS,

Asymmetry ratio (AR) (%) =100 (AL-AS) /(AL +
AS)

2T, ALIZKEWVWH® p13-n 23 OIRME, AS
BAREWEDp13n23 DIRIBTH 5, AR I8
F—k v PTREEIN, BREMEREICBITS
Jongkee PR L FIAR, HICIEEL %5, ARDFEH
fEIX7.2% %5 523.1% T ERIZR2% EHESINT
BY, ARDPS0%ULETHNITHEEICBRED D &
HESNS, —fdH 5 IS IIREZL
OB BITH B, BEEDH S p13-n23 DI
ErBonsR/pAOFE % c(VEMP OBfE L §

(491)
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%o cVEMP @ B & 12100dB pSPL #* & 5-10 dB
ATy TTHEREZNELLEVPLRET . FIE
DIEBICKEDP S 72HEITIETSCDS AgEDLN S
B, COMRAOATENEHETHILIITE
B\, 7272, 29 L-PrRoOGER, Btz
VELTHGEHHMME 2D, TR LA
ETRETH D, BHOERIIMBHREOELY
AN WA

6. HEEDLKR—I

ZOETE, BRREEPOMEZKELZE
MINDLUR—FOFEEHIREINL TS,

MEERIIUTOEBERLELILPETL
Uy,

(1) BHEOREER®R : K% - F# - %5 - 1D
5o

(2) ERRAGZ2IKAE © FEIR - BB R BRI 40 58
MR L,

(3) MESLM oS5 L®mS (SPL), #
BOHEE, THEEEHE L TWAEAICIZEEE.

(4) BHHRIIBITAIRIFLER p13 (P1)
&n23 (N1) DOIEFE,

(5) HEMR : EH T EhO cVEMP O ¥
FIIRBEEREZREL, FICHEENTH 256
W21, WMEETH TR & IRIBEDO X r — Vv % PFad
T 5

(6) WA DMK : c(VEMP O 5 % @R
TAHIZIE, BEICOVWTOER BREMTbNT
&t Avoh7-mEFE, MomERERED
i RSLETH S,

cVEMP O F R ARG H 5\ i AR 5350% &
DREDo72BE 0, EEHELRATLLE
BEL S, FICERERD AT HER &KL
BREOFEEEZY I BH, BREHEETHIF
cVEMP 1209 5 BEIEZE 2 2 TRW, HHIZ
XBRENT AN ERER LB EREIC X S5
NBE % 58k T 5. MORIEMRRERE, HFICEE
FIEARANL cVEMP OFREZBRT HI12H7-oT
BEI B,

cVEMPIZB W 5p13 (P1) £n23 (N1) @
W, p13 (P1) &n23 (N1) O OIREL,
EAEZNZNIMTT, T2, NEBoEETHT
TUR—=MIT 5. LHREBED X9 7R
ETEETAHIENH A/, p13 (P1) &£ n23
(N1) OFERIEIEETH S, 220U LRSS
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THAEZAT > T TR AP AL R gA R L
NP0 L ODOFEMFTHRE LG &S, o
TG TR DR BNz 6 22T 4, ARG
WERELRERTH Do 60i%LL L Tld cVEMP O
WAMET LTl MEISELRDLIEND
BY, ZO7%, AL AR O R Sz
o LabE THEERCRT 208055 5. &
B X A cVEMP T, % 400-800 Hz 12
K- OB F - TRARLND, Fa—
VU DOEACITERIL A O WL OAEAE E R BT
%)23)41)

cVEMP X SCDS D Wr iCIEH 1A ¢, &
BE - HEREE BI0% Y ETH Do RIFDOIEFITK
& %SOGB DH B LB R O BOG (cross re-
sponse) i, SCDS #5tH ¥ & kb, 7272, SCDS
DOBWE X VEEIZT B 720121, cVEMP TH
HBM O T %380 5 30 H 5, SCDS D
Wi ik cVEMP @Rl 2 29" L DM E T 2 080
7L, W T cVEMP O BUS 35 & 7 vEG WK
R CIHIEAHE SN DL Z & ZHETIUT L WY,
A ) ==y LT, $RTOBZIHLTEH
WIS C cVEMP itk 3 A & L wvrd Ltk
Vo cVEMP OWEF GO NRITIUEA 7 1) —
VT RNA LI R, EENEL IUTH
EERET LH-DICHRELITIRETH 5,
cVEMP OBfEASIEHR TR X YD 10dB UL KT
iX, “third window”, %L SCDS M HIFELFIZH
LI EWIRBENDL, 7272, KRgoEZORMLE
LTi&, 47 SCDS OFZWIZ IS E oVEMP A% &
DEREEINLEEDbNS,

7. EAMETORI—ILE

COETIE, B6EITOEMTSITIAT, K
ROBTERiT 5 cVEMP D HEICOWTREL
Twh,

EHETE, HBEMEDOH S cVEMP 215572012
BIEBELERZZ L & LT, UToE#E{L7a o
—VERELTWVWA,

7.1. &C8%

WRINDE 74NV =X, N XT7 14V
Z—E LT530Hz O—XA74 V¥ —¢1LT
1000-3000 Hz T& %

cVEMP % itk 3 5121k, —fEEORLHER O
BEE (Evy—Ya) THoThd, HE)T —
F7 727 MEEREIES 712U TB L,

PTFO L) ZEENEDSNLE, SCM Ot
MO 1 3T, NS I A
e RSO PRV R B o SR TV TEAR &
T, SO XD B HR OB EE D%
WK H B DAL, ChEREET 52 05T
X, F/ BESSICXAWHBRMoBICE, GE
RAEVEB XA D) Wl SCM 2> 5 O FUS %
FUERT D T EASTE D FEHTEMR (B B \vId Ik
TAR) AU 2 R B B

EATIER & LClE100ms 2V F L <, 100~
250l DN % AT ) o FEROPFHINE & MR T
Bz, e 2mEREEHRELT, F
NOEDEREDLEEIT I,

7.2, HI

CDOHA KT A4 TiE, EARMIE, KEGR
WAL TS D REME 2 HIC
i CcEdH 525 LR Y BHDOTRE

b)

(492)

SEGTH O H Y, WTOREITT
HHND,

AL E N DR -

a. 400~600Hz b— ¥ N—ZX & (F2—=
VT =T R FHIT ABCIE, o BEED),
HAEVZ00Ims 7)) v 2

b. b= —Z b OFHRRE %K 7ms (7
S MBI EEUERETNS X HI2)

c. FOIMPE : 120~135dB pSPL, #K 140 dB
pSPL

d. Lo W EBAERIZ12 85 dB Hife B2 X 5 8
MREEL LEIOZVWIE (0F ), Leq, s 2 85
dB)

e. MEOWBMEIISHz (2~10Hz
WIS TS LED FIZEE L)

. FEROIEZI A (MEHREME Y b) F2
ELTEHEMIIINSIAERLS b, EREREOK
& (p13-n23) & & BICKERORIS DM T
&5, ¥/, FEHETHNIZE, FHEH SCM D8
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176 Case report

Autoimmune inner ear disease associated with ankylosing
spondylitis

Kazuma Sugahara, Makoto Hashimoto, Yoshinobu Hirose, Hiroaki Shimogori,
Hiroshi Yamashita

Department of Otolaryngology, Yamaguchi
University Graduate School of Medicine,
Yamaguchi, Japan

We report here a case study of a 24-year-old man suffering from autoimmune inner ear disease
who also suffered from ankylosing spondylitis (AS). Although he was previously diagnosed
with AS, he has now presented with sensorineural hearing loss and vertigo. It is the first case
that a patient with AS displays symptoms of autoimmune inner ear disease. His symptoms
responded well to prednisolone treatment. However, because weight gain is a common side
effect of steroid treatment and may exacerbate the lower back pain, which is symptomatic of AS,
he has so far been treated with a minimum dosage of prednisolone. In addition, intratympanic
administration of dexamethasone was effective to suppress the exacerbation of deafness.
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Introduction

Autoimmune sensorineural hearing loss (SNHL) was
first described by McCabe in 1979 [1]. Recently, this
disease has become more widely known and speci
have been reported [2,3]. Moreover, autoimmu
with a vestibular dysfunction has been alsc
and defined as autoimmune inner ear diseas
[4]. It was reported that the patients with au
SNHL often suffered from other autoimmune
[5]. However, there is no patient with both autoimmune
SNHL and AS in these studies. There were however no
examples of patients with ankylosing spondylitis (AS)
among these 72 patients. In addition, the other such
reports did not reveal any patients with AS [6,7]. It is
very rare that a patient with AS displays symptoms of
autoimmune SNHL or ATED.

We report the first case of a patient with AS presenting
with AIED in the course of his disease.

Case report

A 24-year-old man with a previously diagnosed AS
was also suffering from repeated vertigo, tinnitus
and ear fullness on the right side and was treated in
our hospital. He suffered from general fatigue and
a low-grade fever and had been treated by a general
practitioner since February 1997. He was admitted
to the Third Department of Internal Medicine in our
hospital in November 1997. At that time, a physical
examination revealed a limited mobility of the
cervical and lumbar spine, and radiographs revealed
bilateral sacroiliitis. The peripheral WBC count was
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6900 cells/pl and the erythrocyte sedimentation rate
was 90 mm/h. Laboratory tests revealed a C-reactive
_protein (CRP) level of 2.95 mg/dl. Immunoglobulin
3 fractions were elevated at 3230 mg/dl, and IgA
IgM fractions were within normal limits. The
ic complement activity (CH50) was elevated
U/ml and HLA typing was positive for B-27
-7. On the basis of these findings, he was then
sed with AS [8]. Therefore, he started to take
omethacin (200 mg/day) orally. There was no patient
suffering from the same symptoms in his family history.

During follow-up examinations in our outpatients’
clinic in June 1998, he complained of a stuffed ear and
tinnitus in his right ear. Laboratory tests revealed a
CRP level of 3.48 mg/dl, and his drugs were changed
to Salazosulfapyridine (1000 mg/day) and sodium
diclofenac (200 mg/day). The symptoms in his ear did
not disappear, and he was transported to the Department
of Otolaryngology in our hospital by ambulance on 13
December 1998 after he had a vertigo attack. At the time
of admission, a continuous right-beating nystagmus
was seen using Frenzel goggles. Pure tone audiometry
showed a mild right-side SNHL (Fig. 1a). The auditory
brainstemn response revealed the prolongation of a peak
1 latency and the elevation of the threshold on the right
side. Distortion product otoacoustic emission amplitudes
with frequencies of 1,2 and 4 kHz were decreased on the
right side. Caloric testing revealed a right canal paresis
of 33%. There were no abnormal findings from magnetic
resonance imaging of the head. The vertigo and hearing
loss was ameliorated after the administration of ATP
and vitamins, and he was dlscharged after 2 days at his
own request.
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