66

AR (Hz)

125 250 500 1,000 2,000 4,000 8000

ARE

120 ‘

Audiology Japan 57, 2014

AR (H2)

125 250 500 1,000 2,000 4,000 8,000

0 —

///

90
100
110
120 L

R2 A®H BERofEh&abEtr—I4 7924

oo BREABBNOBEH LAV ERTYH, BEH,
REFLLETOFERTBRLY AN TEMZ
AL, BEMEWICIEREEE O £ 125, 8000Hz
DENVANVEREZEHMICABELEZRED 2,

2. BEEREIR

FEAE R O MR AE IR & L T, &8 BI37HI Fp27651
(73%) A ¥EREZ HE L, BB IIHERREZIT- T
V723561013260 (91%) D BNz, FDMmDE
HAER E LT, HHEZ1960, TEEaHEE 9 iR
DA, B LIRS DEROFENSERENT
WHRWHDHE L ASNT, EEREE O E
ETERhos

BERICA D L, BEIZABOT0% (16/23), BH#
D79% (11/14) AL L, BB IZAR D% (20/
22), BE®2% (12/13) ICR O b7z, HEE
HEOHFEIIOWT, FHOMICAEEIED N
otz (M. p=0.5497, HHWS: p=0.8864),
3. FA=TF T HEWENE
ABREBHOZEREDEA—TVA 77052
(2, BEHBZ L DR ER AR LIz, SEFNI
B AWENENI R ESEE, BE e 2R 4 RER]
HEL, ThoEEbEEHEREERIZ62% (23/
37) D7,
HZETHADE, AHOT0% (16/23) W3 EFEE
BZR L0 BEABALD b EHFER 2R
BIASEEL L BD LNz, —F, BETEETAR
BORICHMOFINE {, SEEEE LRI 2
BIDHRThHolze SO, L LTEThRER

160

4 &Gl AR, BREORENME AR
&R (%) AR BB p
HESE 12(32%) 7 5 0.73%4
EEWME 11(30%) 9 2 0.1733
& 6(16%) 2 4 0.1117
IR 4(11%) 2 2 0.5954
il 3( 8%) 2 1 0.8667
RERE  1(3%) 1 0 0.4290

DEEII0% EARFL Y DS oz LL, &
BHROFRIIN L THEHOMICEEAEED O
o7z,
4. FIEREIR & IRIRAT R

MFERFEMED L 3o T wr HELL
FEBNE, SEGD2% (8/37) Th o7z, BN
AHbEAMTIZ20% (6/23), BEETIZ14% (2/
14) EABICOTVERES (RO, L L, #%
BN RAEEEE R P o7z (p=0.3977),

ARARARAE (X 37HIH27THIIC T S TB Y, RkE
RO IZERER D48% (13/27) T o7z R
i, ETEHAEDAREED U 3R E etk
RAMRIRTH Y, 9FIHEME SRR 4 62
i S RIRTH o 720 IRIRRAE AT SN2 H &
R R OBRE AL E, H7HH T TITHREL
T8 N7-1860 9 BIICIRIR 2 20, ZDH o 7653
BHmERIRTH o7 (3)e —FH, HBBHHLL
Rl gz U7z 9 Blrb 4 PICIRIR %2 3800, BBl & R
PRE M ERIRIZEN TN 2HNICED s B



5 E o0 22k I e I 451 67

Bz A D E, ABED56% (9/16), BE D36% (4 /
11) WCHRIREZ D725, IRIEOFMEICE L THES
W h o (p=0.4450),

h

1

[]&L

. BEImE

1T

10 1 15 1920 32 3
=)

3 HEEESEAE A S OFFH & IR
2761361 (48%) (CIREZ D B, 45 8 H LR
BT, B & RE &R & R 2 h 2
N2ECERDH LN L.

If

67

AR+ EREE
s+ AR
SBERE [

0 2 4 6 8 1012 14 16 18
A&

4 MNP

A IRV - WD B OREREIEL D &,
B3 6 (8%),

B : FERIZE, HEILH (41%),

5. WPk

ZEFEVE LR - M OH IO T
BrHETLE, 2O00FHHEIIHTEEN DRG]
A18H1 (ABE: 9B, BE: 9fl) & &ERDI9%
WKiEd 6N (K4 A). HAEBIZRST L, HRIE
NEERLZZABO LTI, EXEEILXLVo
Z4E7% 10dB L E 30dB #iii (35dB 225 9dB) T
DI SRS, FHET L AOViE 20dB L
WIZR > TWhoEBEICOEs N (’5A).
KFEGIORES P13, FEHEEROES L XV hise
JEWET 20dB LN TH A B L HET 5D
RBEEZ LNz, EEWEE LR L7 ABEOMO
1HTiE, ZEFEHEED L N vid 10dB # i o 2 1L
(23dB 25 15dB) TH B - DA B FHIN D
A3, SEEESI L AOViE 20dB INIZRE > TW b 728

EHEE

AR ERE
SA+E
AR |

0 2 4 6 8101214161820

A

B?¥

1861 (49%) A2 oD FHRHEIIHTEEN D,
1981 (51%) LHEShB,

A B (H) B BB (H2) C BB (H2)
2 125 250 500 1,000 2,000 4,000 8000 2 125 250 500 1,000 2,000 4,000 8,000 % 125 250 500 1,000 2,000 4000 8,000
-10 —10 ~10 |
o 0 0 A
A RS Sl S
10 10 10 - =
~ P .
20 20 \‘\ 20 K\ -
g 30 B 30 R B 30 "
E %0 N X 5 40 I\ le 40 \\
~ 50 ~ 50 \'— ~ 50 -
L g0 g W ogo \,3‘_
(dB} 70 B} 70 dB) 70
80 80 80
90 50 80
100 100 100
110 110 110
120 120 120

Bs5 K#EHOF—IVF 752084

MBHA =T A7 T4 (FER) CBNOBERA —~ 477 5 (H#) ZRT. 5T -
EHREOHEREIZE LD &, ARKBE - B8, BE CREE - NED 2215835,
AL BiZiHE, CEARELHETIDOHFEZETH L,

161



68

BRI baEE N (’5B). 8000Hz DS L X
WATREBE L FRRICIHERBMTHET LTS L
2ERTIUL, REFIOEFERIEHREE HET
ETHhHLEEZOLN, BERABMOBHO 16T
X, ZEEWEES LNV oZE{biE 10dB ki (13dB
5 9dB) T B D3 ERE G T) L~V i 20dB
DATH B0, REBITHEBICHE S (W
5C)o 8000Hz DY L NIV IGREM T T LT
575, JEREEM D 8000Hz DEES L NV ASIEH T
HIlrEiZNE FAELHUETRETHLEEZ
bNhize TOEHIZ, ABETIE, WHlE - WEE HE
SNDEFINTHERDS L, B - FWRIERE
W - AELHESNDES DS % L FIFE L7225, &
BlEH L HESNDEONRYEEZ bR —H,
BHTIE, I - MED L BT - AELHES
NBREFIDEK % ABI L 5PIFEL 22, 66lILE
B, WO IBIEIAELHESNLIREDDEERD
N EEPTAHA B L, BIFH%IEEBELE
(41%), W\E3B) (8%), %1981 (51%) &
ETHILPERYTHY, BEODEREHED Y
BIZLTLHBRIFTE A7 (K4 B)o

% =

WA FNASAFE (T E R S M7 2 FE T MERE 2 W O F-5 112
[HEEOME I HEOREHETH L] T L AR
SN-HMIE, BEOKRETHEORKE 2 9 5 X
ZX— VIR KBRS B E SN T
WaY, LaL, AFEFI2ER LS, BEOR
WG HENL L 2 HO TV EZ LN HEER
ERMOH OIZBEEE R ER R HME (ALHL:
acute low—tone sensorineural hearing loss) &9
oEBE LTRASh>D2H 5, £L T, ALHL
DRED1 DL LTHY Y 2SKEXRZZ 5hTw
%7 72, ALHL % B4t U 7288 B o0 S & HE I o
R A = — VIR 28K &3R5 B T RE
Wb, T2, FHEKIE [LTLIEETHS
VI BW] ETAHHAPNELINTHEH 00D,
INF TOERBHERICHT 5 Hd Tld Grade 2~
4 DIERIZERNGE LTSI LHEL, ALHL 2B
M LBEOSMEEREHEI TR I TV
LB R R

ZeFEVE BRI FE4F 13 30~605 AL T, 4FIZ505%

162

Audiology Japan 57, 2014

A%, PRI RVEEINRTVEY, AT — )
WTIE, BEETIZS0EAMA, TS <,
ZEA60% L. L% 5 %Y, ALHL @ #75% 1320~
40t S, Bkid 1l 1.2~1 : 3.4& Lokl
LI LML, GO ARETIZS0EAIC Y
— 7 & bOERmGAIERL, KEOLEIEEL kb
o720 EFEIIV RV OWEIXTE R VA, AM
DR AT R T IR D FBL L T v
72 =75, BETIZ60M L EOERIZED Sk
572 FMEBHOMBEHLNVIZBHLIY S ARTE
iR L2 Ens, HREOMEBHEILORELB
HEOMR - 7 M I BT RIZLb0EEZS
N7z,

AR R T, A48 DRIV IS W D F-7 |
W2 o 7o FEIR TRRICHEASEET L2 L] &
[Z2RFEHE] DADTMBMICET SN T D, Thb
b, BRI S L HENLEROA T2
HHEOZEILT LI LELR Y, TD0, 4
DOWFFETIE, HEOAL L THRSEMED 5 i3z
FEPENZIAE L 7B b )G & Uz AREf b e
T3%IZRED N/ LT, HKIZIN%E L%
COEMAPHEL Tz, —F, HE2 B LW
FEIZABETIZT0% TH Y, &) HEORESEFH W&
EZONAEBETLTI% THoZ 0, FILE
FH LAV 40dB K ORI BT H HEL B
B BEIIHEEICFET 5,

I SR TA S L, BERRNIKER (37—
51%), EEhER (15-21%) OHE 7 E L, i
DBDIE5-9% &PV, —F, SEIOMKET
X, SEAPEEFREERN LR TH»2%ERD S
{, KFENI1L% & i drofze fill, AKRBY L
Grade 1 DZEFRMMIEZ MR L Tw5b, ALHL 2
Bl & $EREFEF & B 7408l 2 b R L § 5 LRI
EERER (40%), AFR (15%), &4 (6 %).
I (5%) DNEICAZRL %Y, SHOME &ITIE
FIERDAER T o 720 FHEES L XV 2% 40dB i
OO 2 KT HIECIE, B, B ALHLIC
FUTHRERENOE NS ENL 72D, &
HiE BE A RO S AL v 125, 8000Hz DEET L X)L 28
KT LS, BEREMOBAEIHAMIZEL R
5b0LEZONG, UL, KEEPBEEOSM
REWIEIC GO 2E B D5 o - EfERBEHIX



BEHE O 2 ERE

TATH B, 22U HEOEKIIRHTH LD, ¥
AW ARGERIERBEENFBHRE L TEZLRLTY
B, [EH LAV EATOREERE ISR
BICESEA L) M, WEE L TRl
HERECIIRZ DI WITEESD D 5. FHEEH LN
VA 40dB FKiil D AL 0 I HEFEAYZRERICA U T
b, HERERLHEZ HE LIS L SHOGH SR
ENTVBIEEDEZ OGNS,

B F VTRV M 2R D22-38 % R I A HF T
209 h3 - L ORGETIEEEF D22% 278D 5
h, BRITIXAR (26%) L0 H B (14%) TK
HKTHol, WEOFEENFEELTIIDOETVE
PERGAEL 2 B9 J2 0, &AM TE
B2 F AR NLEHEEEZ LN,
e EE O IRIR O H) & 1&, F&4E 3-4 H HIZEAM
) X OIRIEASSHE L, ZoR@Efmsicgirdse
ENTERLY, SHOEMTIX, 5HHEDRED EM
& OIRIRE RTHSHFAEL. LA L, FIHELIOH
i TIEMmE, 2805 1 7 A CHEBRMm X
2B ETHMET bH D0, BEOSVERSH
HEIC B 2 RO B ZELOMETHREE A5 D
ZACTOLEETH S,

L ORFEMIIEI S ENECRASEEF A TY
HUHEMED B B Z &, F— L72RREN RS hTw
BB EPOHEOEPHE WL TW Wil EENE
b, L L, ALHL Bl %R 72 Grade 1 DZE5E
HHEOFHRIIFEESAEL ENTEYY, 40
DFERP LD BEOLAUKET RO PHIEILTLD
BIFCldsv, —7, SR - BoHREE O E
HEICHTATFEIUHEIDEH ATV Y
A5, S EOBEEHEF TIE 2 oO0FHHEICGEE
NBEFPF LB RA, FITEENLELEZ
LNZzOR, - FELHESNABRHO 3
BT, BATOHRB O E L TIEET L~V 20dB
DI &4 5 B MBI 125, 8000Hz i& Eh T
Wi, ME—REDEED 55 8000Hz OREIET
PAETHEBLHESNI LI L THE, &
ABEIZIZFAIREOREFNIIFED SNl h o 7208, FEREIZ
EFHLHERIC T Grade 112455 S 15 2256 i 51
WBWTHRABOHEIIEZ D 2 5. EHEEOH
EFRMEICH LTI DR T REFEIKINT
B, SHOFHEEREDVERNILEEINS,

163

HE a1

AFI484FE D225 M B W O F5 [MMER S /- &
&, Ay rosiE, ALHL, A7 04 FKFFH:
EEHE L EOH L VEBRENHEL L2, 2L
T, SHOFHERIILY, ThFTLTLLER
PEHENE & BT S N7 o 78R 0 Atk B B ATA
FRHRIZETND I LIk B, Grade 1 DT MRS
REOBREORMBEEEEL LIRS AZL
T, BUEEHEEOH L WRECHEREM S S
IR DU RENAH L EEZ DND,

69

K L DEEFE, Ho5M HARKEEREEZSRS - &
sl s (20104E11H, &R) (TR L1
AWFFED—HRIE, AT HER TR B iR 7S
¥ - BMEEEEEEIC B T B M ANE (H23-#EG—
#%-005) DHiBhZ 2T 72,

Evaluation of mild and acute sensorineural
hearing loss
Yoshihiro Noguchi, Naoko Momiyama, Masa-
toki Takahashi, Ken Kitamura

Department of Otolaryngology, Tokyo Medical

and Dental University

In the present study, 37 patients (22-78 years,
20 males and 17 females) with mild and acute sen-
sorineural hearing loss (ASNHL) were evaluated.
All patients met the following criteria: 1) rapid uni-
lateral hearing loss and/or tinnitus, 2) pure—tone av-
erage (PTA) at 250, 500, 1000, 2000 and 4000Hz<
40dB, and 3) unknown etiology. Patients with acute
low—tone sensorineural hearing loss were excluded.
The study patients were divided into two groups :
1) patients with an audiometric threshold = 30dB
HL in three connected frequencies (group A) and
Of all the patients, 70% of
group A and 79% of group B complained of hearing
loss, and 91% of group A and 92% of group B had
tinnitus. The most prevalent audiometric configura-

2) others (group B).

tion was the high—tone type in both groups. In the
positional nystagmus test, 26% of group A and 14%
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of group B complained of vertigo and/or dizziness,
while 56% of group A and 36% of group B showed
unidirectional nystagmus. The hearing prognosis
was judged as “unchanged” in 51% of all patients,
suggesting that the prognosis of mild ASNHL was
not good. Further studies are needed to clarify the

nature of mild ASNHL.

Z2EXH
1) OMalley MR, Haynes DS: Sudden hearing
loss. Otolaryngology Clin North Am 41 : 633-649,
2008
2) =% 5L EREMEEOES - WA - HRICHE
T AT JE A R S FE I M R AT SR Bt
MEFN484E BEfFE#iE & - 1-5, 1974
3) NI AR BvEEEEEEICBE Y 5 A g, JE
e H BT S E  B S HE R TR B IRAF7E S
SER2BE RS - s EAT e IR # . 19, 2012
4) Mg -, WHEEZ, FERK, b B
BEONEHRY SR BB 33(# 3) : 203-528, 1990
5) FATARL . RIERTTEEE . EAG R E R EA
EE AR ARAISOME BT s
1-3, 1985
6) flE AT, FhE & ERMEEOEME—R
FRAE Ol % 0 Il—. HE  48: 336-342,
2005
7 ) Noguchi Y, Nishida H, Tokano H, et al: A
comparison of acute low—tone sensorineural hear-
ing loss versus Meniere’'s disease by electro-
cochleography. Ann Otol Rhinol Laryngol 113:
194-199, 2004
8) MHEM Bt WEX: ZEMER NI A8
W, L brIEERE HELHBOTT,
AkFHEIE, KK, 2010, ppl37-147
9) & ¥ Az -, /M E M X<
bYrLEEEE HEEHBOTRT, ktH
JE, KB, 2010, ppl56-166
10) BPOEER : SVEE R ERREHE, A A8
MW, L brLHEEREE HELHEBEOTT,
kIFESE, KB, 2010, ppl67-173

164

Audiology Japan 57, 2014

11) AR, KRIEA, BEHEF, i 2258tk
2§ 5 ATP R&E#E. HEBHK 91: 443~
449, 1998

12) deAy s, Seaill, R, . etk
HEETTH) O Wl J BU 5 W A, B SRR 104
619-623, 2011 :

13) JURE AN, RBHEME, LA, . 25tk
I gradel AEBIIC BT 5 M HIZD W T Audiol-
ogy Japan 54 : 56-62, 2011

14) WHdhF. R WL BPHSEmT, fh 2N
HmoOmN—IFICARMBEENFHRICEAL
T— HHEKR 95: 565-571, 2002

15) KBPIEWE, “Fa 3, & KM A 285
HoMEERA R & F#. Equilibrium Res 64:
484-490, 2005

16) AMRZHR : 2e5E MM CE O PR B RE—IF 120K
B E S N5 EH & PETRRR O IKE T 58RI
DWW T—s Audiology Japan 13 : 150-153, 1970

17) &Fi=, Ba & —eiERER (GiEg
Bt ESEMEMEE, X =z —ueg) —BEARIR,
i BE AR IRAT R & BE RIS D W T— Equilibrium
Res 49 : 204-215, 1990

18) ghas, MAER, deHEE M. ek
WR677H o B IE B H 16 . H SRR 103:
421-425, 2010

19) FABN, BEEH . 225U BT 2 e
BT B FE IS W TR RHE R & B e i
IZoWT—, HELERK 83: 684-689, 1987

(20134:5 7 22 H 5% 20134F9H 3H % BH)

BfEERK%E : T113-8519

HECHR SO X 5 B 1-5-45

HUR R o AL R 27 B S
B

Yoshihiro Noguchi, M.D.

Department of Otolaryngology, Tokyo

Medical and Dental University

1-5—45 Yushima, Bunkyo—ku, Tokyo,

113-8519, Japan



The Laryngoscope
© 2013 The American Laryngological,
Rhinological and Otological Society, Inc.

Subgroups of Enlarged Vestibular Aqueduct in Relation to SLC26A4
Mutations and Hearing Loss

Yasuhide Okamoto, MD; Hideki Mutai, DVM, PhD; Atsuko Nakano, MD, PhDj Yukiko Arimoto, MD, PhD;
Tomoko Sugiuchi, MD; Sawako Masuda, MD; Noriko Morimoto, MD, PhD; Hirokazu Sakamoto, MD, PhD;

Noboru Ogahara, MD, PhD; Akira Takagi, MD; Hidenobu Taiji, MD, PhD; Kimitaka Kaga, MD, PhD;
Kaoru Ogawa, MD, PhD; Tatsuo Matsunaga, MD, PhD

Objectives/Hypothesis: To investigate possible association of hearing loss and SLC2644 mutations with the subgroups
of enlarged vestibular aqueduct (EVA) morphology in Japanese subjects with hearing loss.

Study Design: Retrospective multicenter study.

Methods: Forty-seven subjects who had vestibular aqueduct with midpoint dlameter >1 mm by computed tomography
of the temporal bone were enrolled at multiple sites across Japan, and DNA samples and clinical data were collected. EVA
morphology was classified into four subgroups by the pattern of enlargement: aperture, aperture and midpoint, midpoint,
and borderline enlargement. Venous blood DNA samples were subjected to polymerase chain reaction-based direct sequenc-
ing of all exons and exon-intron boundaries of the SLC26A4.

Results: Four novel SLC26A4 mutations were identified in the present study. SLC26A4 mutations were detected in
almost all subjects with aperture, aperture and midpoint, and midpoint enlargement. In contrast, 71% of subjects with bor-
derline enlargement had no SLC2644 mutation. No significant difference was found in the distribution of truncating and non-
truncating SLC26A4 mutations between the EVA subgroups. In addition, no significant correlation was observed between the

EVA subgroups and hearing levels, incidence of hearing fluctuation, or progression of hearing loss.

Conclusions: Subgroups of EVA morphology were significantly correlated with the presence or absence of SLC2644
mutation. In a subgroup analysis of subjects with SLC2644 mutations, however, differences in the EVA subgroups were not
correlated with SLC26A4 genotypes or characteristics of hearing loss.

Key Words: Enlarged vestibular aqueduct Pendred syndrome, DFNB4, SLC2644, computed tomography, hearing loss.
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INTRODUCTION
Enlarged vestibular aqueduct (EVA) is one of the
most common inner ear deformities, often identified by
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computed tomography (CT) in subjects with hearing
loss.’® The shape and size of the EVA differ between
subjects. As such, a variety of radiographic criteria to
define EVA have been published. Valvassori and Clemis®
defined EVA as a vestibular aqueduct >1.5 mm at the
midpoint diameter. Jackler and De La Cruz’ developed a
criterion of a midpoint diameter >2.0 mm, whereas Lev-
enson and colleagues® proposed a cutoff of 2.0 mm at the
external aperture diameter. Okumura et al.® suggested
an external aperture diameter >4.0 mm. Madden et al.’
considered external aperture diameter >2.0 mm and
midpoint diameter >1.5 mm as definitive, and midpoint
diameter of 1.0 to 1.5 mm as borderline enlargement.
Vijayasekaran et al.’® advocated the criteria of 0.9 mm
midpoint diameter or 1.9 mm external aperture
diameter.

Mutations in the SLC26A4 have been identified as
a major cause of vestibular aqueduct anomalies.
SLC26A4 mutations are known to cause Pendred syn-
drome (Mendelian Inheritance in Man [MIM] #274600)
and nonsyndromic sensorineural deafness autosomal
recessive type 4 (DFNB4, MIM #600791)."*"'* Some
researchers have identified a correlation between
SLC26A4 mutations, EVA, and hearing loss, whereas
others report no significant relationship among
SLC26A4 genotype and these phenotypes.'® Previous

Okamoto et al.: Subgroups of Enlarged Vestibular Aqueduct
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studies have not evaluated the relationship between
SLC26A4 mutations and clinical features of hearing loss
taking into consideration morphologic variations of the
EVA. We conducted a multicenter study and differenti-
ated subjects into subgroups according to vestibular
aqueduct midpoint and external aperture diameters to
examine a possible relationship between subgroups of
EVA morphology, SLC26A4 mutations, and hearing loss.

MATERIALS AND METHODS

We enrolled 47 bilateral EVA subjects with unilateral or
bilateral sensorineural hearing loss of unknown causes (mean
age = 18.5 years, range = 0-56 years; 33 children and 14 adults;
17 males and 30 females), and collected DNA samples and clini-
cal data. Specifically, subjects whose bilateral vestibular aque-
duct midpoint diameter was >1 mm on temporal bone CT scans
were included. The midpoint and external aperture diameters
were measured perpendicular to the long axis of the vestibular
aqueduct on the transverse plane, as shown in the upper right-
hand inset in Figure 1A. Subjects were classified into the fol-
lowing four subgroups based on the morphologic characteristics
of the vestibular aqueduct according to the criteria in Table I:

Fig. 1. Typical temporal bone com-
puted tomographic images of the
enlarged vestibular aqueduct sub-
groups. (A) Aperture enlargement.
(B) Aperture and midpoint enlarge-
ment. (C) Midpoint enlargement. (D)
Borderline enlargement. The mid-
point and external aperture of the
vestibular agueduct are indicated by
white and black arrows, respectively.
As shown in the inset of A, the mid-
point diameter (dotted line) and
aperture diameter (dashed line) were
measured perpendicular to the long
axis (solid line) of the vestibular
aqueduct.

aperture enlargement, aperture and midpoint enlargement,
midpoint enlargement, and borderline enlargement.

For mutation analysis, genomic DNA was extracted from
venous blood and subjected to polymerase chain reaction-based
direct sequencing of the exons and exon—intron boundaries of
the SLC26A4 (GenBank NG_008489). For the purpose of this
study, frameshift, splice site, and nonsense mutations were
categorized as “truncating,” and missense mutations as
“nontruncating” mutations. Novel variants were defined as
pathogenic if they 1) were nonsynonymous; 2) demonstrated low
carrier rates (<1%) in 96 normal control Japanese subjects,
absence in database Exome Variant Server'® and dbSNP,}" and
high amino acid conservation among various mammalian spe-
cies; and 3) were detected as heterozygous in association with
the other allele with another heterozygous mutation already
reported as pathogenic. Alteration of splice site was predicted
by NNSPLICE.*® Subjects with SLC26A4 mutations were ana-
lyzed for degree of hearing loss, fluctuations in hearing acuity,
and progression of hearing loss to assess the relationship
between these hearing parameters and EVA subgroups. Sub-
jects underwent conditioned orientation reflex or conventional
pure-tone audiometry, depending on their ages. Auditory
steady-state response measurements were utilized for five sub-
jects who did not receive any of these audiometric tests.

TABLE I.
Criteria for the Subgroups of Enlarged Vestibular Aqueduct.

Enlarged Vestibular Aqueduct Subgroup

Midpoint Diameter

External Aperture Diameter

Aperture enlargement >1.5 mm Wider than midpoint
Aperture and midpoint enlargement >1.5 mm Equal to midpoint
Midpoint enlargement >1.5 mm Narrower than midpoint

Borderline enlargement

1.0 mm to <1.5mm

1.0 mm to <1.5 mm

Laryngoscope 00: Month 2013
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Fig. 2. Number of subjects with or without SLC26A4 mutation
alleles in each enlarged vestibular aqueduct subgroup. *Significant
difference (P <.0125).

Hearing level was evaluated based on averages at 500, 1,000,
2,000, and 4,000 Hz (slight, 26-40 dB; moderate, 41-60 dB;
severe, 61-80 dB; profound, >81 dB) according to the World
Health Organization Grades of Hearing Impairment.'® Subjects
were considered to have fluctuating hearing loss if they had at
least one bout of aggravation of hearing loss and recovery (at
least 15 dB in one frequency). Subjects were considered to have
progressive hearing loss if they showed aggravation of hearing
loss by 10 dB or more at one or more frequencies within a 10-
year interval. Statistical significance was assessed using the
Fisher exact test.

All procedures were approved by the Ethics Review Com-
mittee of National Hospital Organization Tokyo Medical Center,
Japan and other participating institutions, and were conducted
only after written informed consent had been obtained from
each subject or from the parents of the subjects.

RESULTS

Subgrouping of EVA and Its Association With
SLC26A4 Mutations

Figure 1 shows typical CT findings in subjects with
aperture enlargement (Fig. 1A), aperture and midpoint
enlargement (Fig. 1B), midpoint enlargement (Fig. 1C),
and borderline enlargement (Fig. 1D). Among 47 sub-
jects, 21 (44%) were classified with aperture enlarge-
ment, 17 (36%) with borderline enlargement, five (11%)
with aperture and midpoint enlargement, and four (9%)
with midpoint enlargement (Fig. 2). All subjects had the
same subgroup of enlargement bilaterally.

Genetic analysis of the 47 subjects showed that 34
(72%) had two SLC26A4 mutation alleles (Table II), and
the other 13 (28%) had no SLC26A4 mutation alleles.
None had a single SLC26A4 mutation allele. The 34 sub-
jects with two SLC26A4 mutation alleles were diagnosed
with Pendred syndrome or DFNB4. The majority of
these subjects had aperture enlargement (n =20, 59%),
followed by aperture and midpoint enlargement (n =25,
14%), borderline enlargement (n =5, 14%), and midpoint
enlargement (n =4, 12%; Fig. 2). Conversely, most of the
subjects without SLC26A4 mutation alleles had border-
line enlargement (n = 12, 91%), whereas the one remain-
ing subject (8%) had aperture enlargement. The
frequency of subjects without SLC26A4 mutation alleles
in the borderline enlargement subgroup was signifi-
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cantly higher than in the aperture enlargement and
aperture and midpoint enlargement subgroups
(P <.0125). It tended to be higher than in the midpoint
enlargement subgroup, but this difference was not stat-
istically significant (P =.021), probably due to the small
number of subjects in the midpoint enlargement sub-
group (n =4).

SL.C26A4 Mutations and Genotypes in
Association With EVA Morphology in Subjects
With Pendred Syndrome or DFNB4

The types and locations of all the SLC26A4 muta-
tions in 34 subjects with Pendred syndrome or DFNB4
are shown in Table II and Figure 3. Five splice site
mutations (c.601-1G>A [intron 5], ¢.919-2A>G [intron
7], ¢1614+1G>A [intron 14], ¢.1708-32_1708-16del
[intron 15], ¢.1707+5G>A [intron 15]), one nonsense
mutation (p.L743X), two insertion/deletion mutations
(p.S551Ffs13, p.Q705Wfs18), and 14 missense mutations
(p.S28G, p.P76S, p.A372V, p.N392Y, p.R409H, p.T410M,
p.T527P, p.I529S, p.Y556C, p.V659L, p.D669E, p.F692L,
p.-T721M, p.H723R) were detected. These included four
novel mutations, p.S28G (c.82A>G), p.D669E
(.2007C>A), p.F692L (¢.2074T>C), and ¢.1708-32_1708-
16del (marked with ** in Table II), based on the criteria
for novel mutations in the present study (described in
Materials and Methods). Electropherograms of the novel
mutations and conservation of the amino acid residues
among various species are shown in Figure 3B and C.
NNSPLICE predicted ¢.1708-32_1708-16del to decrease
the probability of an acceptor site at exon 16 from 0.49
(for a normal allele) to 0.19 (for a mutation allele), which
is likely to cause aberrant splicing (Fig. 3C).

The list of subjects with two SLC26A4 mutation
alleles is shown in Table II. Analysis of genotypes of
SLC26A4 mutation alleles in these subjects showed that
20 (59%) had nontruncating/nontruncating genotypes, 13
(38%) had nontruncating/truncating genotypes, and 1
(3%) had truncating/truncating genotypes (Fig. 4A).
Comparison of the incidence of each genotype found no
significant statistical difference between the subgroups
of EVA morphology (P = 1.000).

Characteristics of Hearing Loss in Association
With EVA Morphology in Subjects With Pendred
Syndrome or DFNB4

The hearing levels, incidence of hearing fluctuation,
and progression of hearing loss in subjects with two
SLC26A4 mutation alleles are shown in Table II. The
relation between the hearing level and EVA morphology
was examined in the ears of 34 subjects (68 ears; Fig.
4B). Thirty-four ears (50%) had profound hearing loss in
total. No significant differences in the hearing levels
were detected between the subgroups of EVA morphol-
ogy (P =.462). To exclude the effect of aging in this anal-
ysis, we also stratified the subjects into two groups (age
0-9 and >10 years) and conducted the same analysis.
These analyses also demonstrated the same results, indi-
cating that the difference in ages among subgroups did
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TABLE Il
Types of SLC26A4 Mutations and Characteristics of Hearing Loss in 34 Subjects With Pendred Syndrome or DFNB4 by EVA Subgroups.
Allele 1 Allele 2
Age at
Deafness Amino Acid Amino Acid Change
Diagnosis, Age, Change or DNA or Splicing Hearing Level, Fluctuation Progression of
EVA Morphology yr yr  Exon/Intron DNA Change Splicing Mutation Exon/Intron Change Mutation T/N R/L, dBHL*  of Hearing Hearing Loss
Aperture 0 1 Intron 15 c¢.1707+5G>A Splice site mutation 19 €.2106-2110dup5 p.Q705Wfs18 T/T 90/70% - +
enlargement 33 15 c.1652insT p.S551Ffs13 19 c.2168A>G p.H723R T/N 95/95 - +
2 6 Intron7 c.919-2A>G Splice site mutation 19 c.2168A>G p.H723R T/N 53.75/63.75 - +
0 27 Intron7 c.919-2A>G Splice site mutation 19 c.2168A>G p.H723R T/N 98.75/100 + +
0 1 Intron 15 c¢.1707+5G>A Splice site mutation 19 c.2168A>G p.H723R T/N 85* Unknown +
0 31 Intron5 ¢.601-1G>A Splice site mutation 19 c.2168A>G p.H723R T/N  73.75/60 + +
3 11 Intron5 c.601-1G>A Splice site mutation 19 c.2168A>G p.H723R T/N 70/87.5 + +
0 4 Intron 15 ¢.1707+5G>A Splice site mutation 2 c.82A>G* p.S28G** T/N 61256125 - Unknown
0 35 Intron5 ¢.601-1G>A Splice site mutation 10 €.1229C>T p.T410M T/N 80/73.75  + +
3 12 19 c.2168A>G p.-H723R 19 c.2168A>G p.H723R N/N  82.5/106.25 + +
3 3 19 c.2168A>G p.H723R 19 ¢.2168A>G p.H723R N/N  62.5/73.75 — -
0 4 19 c.2168A>G p.H723R 19 c.2168A>G p.H723R N/N 55/70 + -
0 2 19 c.2168A>G p.H723R 19 c.2168A>G p.H723R N/N 37.5% Unknown Unknown
0 1 19 c.2168A>G p.H723R 19 ¢.2168A>G p.H723R N/N 102.5/1158 - -
0 0.5 10 c.1229C>T p.T410M 19 C.2228T>A p.L743X N/N  73.75% Unknown Unknown
0 1 9 c.1115C>T p.A372V 10 c.1226G>A p.R409H N/N  92.5% - -
0 20 19 c.2168A>G p.H723R 14 c.1579A>C p.T527P N/N 97.5/101.25 - -
0 4 15 c.1667A>G p.Y556C 14 c.1579A>C p.T527P N/N  77.5/75 - +
0 6 3 €.266C>T p.P76S 14 c.1579A>C p.T527P N/N  17.5/93.75 - +
0 9 10 c.1174A>T p.N392Y 19 c.2162C>T p.T721M N/N 103.75/110  + +
Aperture and 0 15 Intron 15 ¢.1708-32_1708-16del** Splice site mutation** 19 c.2168A>G p.H723R T/N 76.25/91.25 + +
[anr:g?g;%ent
0 9 Intron7 ¢.919-2A>G Splice site mutation 17 €.2007C>A" p.D6BIE* T/N 100/100 + -
0 1 19 c.2168A>G p.H723R 14 ¢.1579A>C p.T527P N/N 115% - -
5 6 19 c.2168A>G p.H723R 19 c.2168A>G p.H723R N/N  47.5/62.5 - -
1 2 19 c.2168A>G p.H723R 19 c.2168A>G p.H723R N/N - 105/93.75%5  Unknown Unknown
Midpoint 0 3 Intron7 ¢.919-2A>G Splice site mutation 17 €.2007C>A* p.DB69E* TN 82.5/93.75 + +
enlargement
0 19 c.2168A>G p.H723R 18 c.2074T>C* p.F692L* N/N 75/115 + +
7 10 19 c.2168A>G p.H723R 19 c.2168A>G p.H723R N/N 60/15 + +
0 35 10 c.1229C>T p.T410M 17 ¢.1975G>C p.V659L N/N  97.5/87.5 + +
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biallelic mutations of SLC26A4 are more strongly associ-
ated with bilateral EVA.

Our analysis of subjects with SLC26A4 mutations
revealed no significant difference in the proportion of
truncating and nontruncating SLC26A4 mutations
between subgroups of EVA morphology. This suggests
that, in addition to malfunction of the SLC26A4 protein,
environmental factors or genes other than SLC26A4
may contribute to variations in vestibular aqueduct
morphology.

Some researchers argue that there is no significant
relationship between the degree of the EVA and the
severity and progression of hearing loss and hearing
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and exon 16 and deleted nucleotides
are indicated at the bottom.

fluctuations, whereas others propose that there is a sig-
nificant relationship.?® In the present study, no signifi-
cant differences were detected in the level, fluctuation,
and progression of hearing loss between the subgroups
of EVA morphology, indicating that characteristics of
hearing loss cannot be predicted based on the EVA mor-
phology in subjects with Pendred syndrome or DFNB4.

CONCLUSION

Almost all the subjects with aperture, aperture and
midpoint, and midpoint enlargement of EVA had two
SLC26A4 mutation alleles, whereas more than two thirds

Okamoto et al.: Subgroups of Enlarged Vestibular Aqueduct

170



Fig. 4. Association of enlarged ves-
tibular agueduct (EVA) subgroups
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of subjects with borderline enlargement of EVA had no
SLC26A4 mutation alleles. Analysis of subjects with two
SLC26A4 mutation alleles revealed no significant correla-
tion between the morphologic subgroups of EVA and
SLC26A4 genotypes or characteristics of hearing loss,
suggesting that the subgroups of EVA morphology may be
associated with factors other than genotypes of SLC26A4
mutations and that the subgroups of EVA morphology are
not a predictive factor for characteristics of hearing loss.
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MRI evaluation of the bilateral endolymphatic space

in patients with unilateral Meniere’s disease

Tadao Yoshida, Masahiro Kato, Hironao Otake, Ken Kato, Masaaki Teranishi,
Naomi Katayama, Tsutomu Nakashima

Department of Otorhinolaryngology and Radiology, Nagoya University
Graduate School of Medicine

Development of 3-tesla enhanced magnetic resonance imaging (MRI) provides a tool
for the visualization of endolymphatic hydrops (EH). This technique was first developed in
animal experiments and adapted in patients with inner ear diseases including Meniere’s
disease (MD). Up to the present, we have demonstrated EH in many MD patients. Re-
cently, we have succeeded in obtaining a 3 D-real IRlike image even after intravenous
standard-dose gadolinium administration. This type of image was named the HYDROPS
(HYbriD of Reversed image Of Positive endolymph Signal and native image of positive per-
ilymph signal). The relationship between unilateral MD and EH has not yet been explored.
We studied 76 patients with unilateral MD who were evaluated using MRI. The mean age
of the subjects was 53.4 years (range 17 to 80 years). Forty-two were women and 34 were
men. Symptomatic and non-symptomatic ears were categorized into 4 groups (healthy, 76;
possible, 48; Probable, 13; and definite, 15) based on AAO-HNS definitions. MRI was per-
formed 4 hours after intravenous gadolinium administration. Overall, 152 ears were evalu-
ated. EH in the cochlea was present in 57 of 76 symptomatic ears (73.7%) and 34 of 76
(44.7%) non symptomatic ears. Ears with definite MD had EH more frequently in the coch-
lea than ears in the healthy ears groups. Furthermore, EH in the vestibule with definite
MD was larger than ears in any of the other groups. Our reports showed for the first time
that there was Ba relationship between the degrees of EH and the stage of MD. Moreover,
in fewer than half of unilateral MD patients EH was seen in the cochlea with non-
symptomatic ears. EH in healthy ears may be an indicator of bilateral MD. Using MRI to
identify this covert EH in asymptomatic patients may offer the possibility of early detection
or prevention of MD.

(247)

173



Equilibrium Res Vol. 72(4)

Key words: endolymphatic hydrops, unilateral Meniere’s disease, magnetic resonance im-

aging

=

® B

AT VRIZERE, HE, »IVnE=Ff#
LS % AR A EREBTH 5 AR @ E i
F—EHETH S, LaL, FBFICHEENEE
TT5ERDD Y, FEERORILE &b ITE
BIBASHEINS 2D Ho A =T — VIR DARE
RN Y NKETH L0l = —
VIR T o IZEFIDEEET, ot foREEICD
WY Y OKENTER S G EEZ b5, YFT
A == VIRERRALEBEONE N FY =
LAFEBIC L D MRIIC X BN ¥ 28K HE O FFAT %
o T&RY, HETRIELALDA =T -V
PEFIT MREIR LN Y ¥k EZED D T &
BahoTwb, EDMREHDOY -7 >
ADEFIZEY, BEBON F) =7 AEEH %
FAWTHY oK IEZFFMi45 2 LA HE & 7%
DI —EOWRE CTHE DAL 72 o 72,
72, FEEH A =T — VIR DRI RR F I D A DIE
BUZHWY) Y KED A LP T HETHI LD
BONICho 7257, SH, —H%EA =T — VR
OWY ¥ KON ERE~NDOHEL LTZOR

BEDOFMIIOWTEERT b,
B&E

20074 7 A5 20124 6 A £ TIZUF=Z L7z X
= L= VIRER CERRE R E— R TdH o 7 H
T6B0152 . JEBIL B 344, L H42% THIE
#1353, 6% (17 ~80i%) TdH o 720 B DR
=48 (500, 1K, 2KHZz D) I2TH -
720 EBIIX19954F ICVE R & 1L 72 American Acad-
emy of Otolaryngology-Head and Neck Surgery
(AAO-HNS) Dl (K1) XHE VT,

definite, probable, possible Meniere’s disease &
ZDREME O ARG AT o 720 MRLIZAH]
TAZT— VIFEHEBEBIZ37 AT (Trio ; Sie-
mens, Erlangen, Germany) Z WA K1) =
2 (Omniscan®) 0.1 mmol/kg & i¥ 4 B B #% 12 %

i B RFERFRE LR 7EH B - REHIF
S R H B AR

(248)

174

WERfTolo VAV —2 TV AP X Y EA
#91Z heavily T 2-weighted three-dimensional fluid-
attenuated inversion recovery (3 D-FLAIR) %
three-dimensional inversion-recovery sequence
with real reconstruction (3 D-real IR) #HW<T
& 72 3D-FLAIR i T 1 5 3H 18 {5 T 13 B B 29K
CHIAHEETH o 7254 ¥ RERHIOEEEF
I Z 655, 3D-FLAIR Tids ) »o3E <,
W) UNZBECRZBEMOFT LB HBEN
B7:DWNY) YR BOBEROHNPEH LV, ZD
M R RS 5 72 DBENT P =7 AEAR
BV Treal IRBFHZZICHVOLEND I H IR
720 real IR TIEWNY U3 EL, Ay B X
CFEELCHEBEINS 720N VOB EFHII)
L9\, ¥ 512 HYbriD of Reversed image Of
Positive endolymph Signal and native image of
positive perilymph signal (HYDROPS) Tix&E
ETHEEHOREFHVEMAFICE W T real IR
DX REBoOREEIREE LY WY YK
i o 4 D FHlN L 3 D-FLAIR # i\ 5 Z & T
FHRIORESH  THERMICTERTH S, BUE
TiZE A EDRERIZBVTHYDROPS TOH
D Y SRBEOREFHIATRE L o TV DA, *
RHY IR TOERFORESFHEIEEITIES
D-FLAIR % Fl W CRFHli 247 % o TV 5, BRIRAE
8 % R 72 K8 T MR i (% % f 5 Rk R A% 5
2, Ml iTVHNY YKL — FOEET
o7 ZV—FAEEBARIIHE L0 L FERK
2, KRR L, BE, FHO=ZERREEThE L72Y,
MRIIC X BHY Y NKEOREE LTR2D X
IR EERE L HETIIEEDO3IZD
1, 2701 ZIE%, BEKE FIKEORE
L7z BIEIWCEL CTid, ERELIIRAICHL TR
DR LIERT Z LITRIEOKEREED L WiE
B b, WEKEIZOWTHEAE, 2089
WAL, FRREEL L B EECREIGED BE
X, BELRFERBTAIL L Lz, BEOEK
LAV TR, BFoEmEEIIblzo TR Yo%
BEOMFIE 2§55 LPHELVWEENS L HER



26iE M. O AEBIICFSIE D45 probable MD, 5 MEIE, F B %
HIE, »Fw (1EoEEEDFWEIE) Y, 4508:TH 775
dB, £ 13.8dB Th o7z, HMMFRIEICER LN V290K E (&
) %39, BREICIZAY v o5KkE (HD) OAMIRERBE~D

Equilibrium Res Vol. 72(4)

o fE R

ANVZT ERE) 2B 5, FIZIBEICER LR Y oSKE (&
D, BiEICIZREONY) v 3KkE (KH) 232D 5,

1

AAO-HNS O * = 1. — ViR ki

Cerlain Meniere’s disease (FEZRH)

MEEFIOFER, HEBHNIZ L YA > 9K Z R

Definitive Meniere’s disease (FEEH])

205 L o B REIEEM D T WEEA 2 B R
1 B EoEHBREC & ) BEOMERR
HEIEA o0 BOOR F 713 H P

oD SR R B E

Probable Meniere’s disease (%)
1 B DFE & H 2 BlEEED T v
1 EPL_E OB AT & ) RO HERR
HIEM O E R £ /21X H R

oD JE R R AR SE

Possible Meniere’s discase (FRiAAF)
EEEME D T WIEEER R BT PERO L WEE,

HDHWiT

WSRO EWRETEZWIENRERD T WE (BEdH 5 \0iE
B L72) BEEZR0 556

D SR R B B AT 5

TZEETE Do, SHIT—EOEMITOW
THIERERE FEFRHENMN (VEMP), &
CP D
FHIIBEOREICH > THZE LYY, FE#5,

BN, KEOFEELEFEICIOVWT4ETHR
B, & % 1T o 720 BT 12 13 SPSS ver. 20
(SPSS, IBM, Armonk, New York, USA) %
VT A ZRfREB L UO—REBS BT (%

(249)

175

ERBICERYy 7o uo—o@a@EH) #1Fo7
KIfFed, BHBAFEEPGHEASORR R
BTiTo 72,

g 2

WD ¥ NKE BN E CT6E h57TH
(9 BLEKIE46E), RENE CTT6EH34E (9
LEWKIERE) Tholzo 72, BHEON ¥
PKFEIE A = = — VR BRI E TT6EHR66E (9



Equilibrium Res Vol. 72(4)

Ik

50

~7w

* %k

40

304

AN

. ANSRN
Possible MD

Probable MD Definite MD

**p<0.01

E2 AAO-HNSDZ 54 51 7 CHRIMIAY ~
INKEORE, U H & BB L T Definite
MD #THY) Y 2SKEOEEVHERIZZ V.

%

70

65

60 -

55 -~

50 4

45 -

40 -

35 -+

Possible MD Probable MD Definite MD

*%%p<0.001, *p<0.05

R

AAO-HNS D27 54 51 7 CAHIETENY ~
2KIBEOREEE, BIENY Y 3EOWA ) V8
fEz st AR TEME %2 47 o 720 Definite
MD THEDEE L LB LU THEEICHERN Y /3
71‘(}57337( g 7\’)“9 f:o

=3

F2 MRIZBITABAY VKEBEORRESHE

T
Y ¥ SEOASLY S [
x93 5 R M
KR 3H5D1ET 5S4 ZARVEMER L
KRR BE 2501 ET W21 T AR < B R I A
KIERE 25018 W21 TR, > T JEE R T A

WA KO TRIERIC & ) KEREDS R R B, XV EVE%Z

HLEIKEASE), BBNE TI6EFSTE (5
EUKIES2E) THoloo RIIWRTHEY, W
WY Yy RKBEERIEEOI L VEAME
(44.7%) 5 5 AAO-HNS D 7 L — FIZJE LT
% % 12180 U definite MD T12100% TR % 720

HIEOWY 7 KHEICE L CHRBROBETERD
i ERIE (75.0%) 2> S 4 (8N L definite
MD Ti2100% TR ¥ kiEZ B 72, (F£3)

112 probable MD (£5) THEM (£) &% K
W% ZRD 2RI MRI 2R3, = DIERTIZHA
IS RTRE IS 2 N Y vk HE, Aol IS 2
WY 2K, ERIEICBEBEORNY ¥ 3 KIE% 3R
D7zo WY Y KEOY A X% 4 BEHTHE
45 L EBBIZHE L definite JEFI TIZAEICH

(250)

176

YU KERKEP o7 (p<0.01: H A4 R
E)o (K2) F72, RIENY ¥ XEOHSY ¥ 3
JEloxt AL & L7234, definite MD
THOEFHBE L THEICKREVEIERY ¥ 5
KIEZ D (M : p<0.001, possible, prob-
able MD : p<0.05; — 7C B & 4 8 & #7) . (&
3) F7z, FHBRIEITOWTIX possible 2 5
definite IZERT HIZONTEWEITIZH o 720
(£3) T/, BAFOWY ¥ 7KEIZDWTH
BIE O AAO-HNS 7 5 4 7 1) 7 BN R B 0§l &
To 2R T, W4 12> W T probable MD #
T definite MD # & L CHBEICEHLZN) >~
PNKIEH S oz (9<0.05 5 B4 Z]/BE) 5,
HMETIRZ 94TV 7 TETIAEEZEOL )



Bl

50

40

30

20

Possible MD

Probable MD Definite MD

*p<0.05
B4 AAO-HNS®DZ 5451 7RI A BB D
WA v KEDORE B,
Probable MD & {& 8] B {Z T Definite MD @
BAE LD DERICERLZRNY VY 5KkER2S
CBDOIH, FNUMNEEEEZRD LD

Equilibrium Res Vol. 72(1)

%
60 -

Possible MD

Probable MD

Definite MD

AAO-HNS D27 54 7)) THICA - BEHF
BIERY ¥ 23K EORE,
FTRTOHEHIZIDODWTHEREE*R DL o
720

f:o
£3 AT VFEHSEE MRIBRERE R
fEE Possible MD Probable MD Definite MD
SEFIE 76 48 13 15
SEY ARG 53.6 53.3 54.7 53.6
W PKEOERE  34/76 (44.7%) 32/48 (66.7%) 10/13 (76.9%) 15/15 (100%)*
RIEKEDHEME  57/76 (75.0%) 41/48 (85.4%) 10/13 (76.9%) 15/15 (100%)
SEIRES; (aB) 17.9 34.4 46. 6 44.5
SE R (B) 48.7 50.5 75.6

WA & S ICBE KB L2 YSKERED & L.
SR - ZaFEEE); (500, 1K, 2K)

o7ze (—IREESESH) (M4, 5) probable
MD # T4 HAKEORES (72.37 H) TldXK
JEREE, 22 Lo (25.20 B) 1L CRwE
BB BEWHEBICH - 720 & 5 I VEMP % 7§,
ERIBRAE L 4 FICHETT L 72e VEMP TS
Lol 2 B TIIERLZIMENY Y KEZED
770 T 72IREHIEM AL definite MD @ 1 FlO A
TCPTHolzds, ZOEFTIIARENY »/%
HKIEDIMEIERE~DANN =T & BD 72,

z

A T VIHEORERICOVWTIR I NFE TICAER

(251)

177

KR RUFEBIZOVWTEROBERH L, A=T
—VIFEOBMEIZOWTIE A = — VK 1864E Bl
H, 1% R2OMAETH Y, —HED 2
S VIRD14% HHEE IS BT Lz
DHRERH BHY, SHORFTIE—HEA =z —
VIRBEBINE I ARTRE & S ICHEBR LY ok
JEDH A ZH/NSEHENZ D - 7288, BETHK
EAGEETAEEREN ENbhrole L2
L, HHUEEOBRNEERE L SHEN 2o
Too AT WRERAEOWNY Y 7KEICE LT
BEORFECTIINERERELH WL ONRS



Equilibrium Res Vol. 72(4)

Vo A ST — VRO EANE144F & WRERE 114
FEOWMER % g L -85 Tk 2 == — ViRl
ETI0% LA EICWY) v oskEZ R BE) T %2 32
D72h, WERETE2%UTTHo72%, X5
WA =T — VIR E T35% ICIREIRITHY v 28
KEZEST- L OBEDLDH DY, 72 Seo™ 5 i
—flEA - VHEBEFEO T LI FAR
VEMP BRI EFIC B W TREE T LR TH
HTHolbMELTEBY, AIEREREICBY
T b BRI E O R ERIERE EOFEE IR S
NTwb, SHOBREEKT L E—HE2A =T
— VIR OB EIINEREBRE L ) RPN 3
Il % % { B AEIICH BAS, IR %
{HIEICIES VWE W) HTIE—ELTWw5E, 4
OREH T HBEICHWEN SP/AP O K & 13,
BIEEKEE X DB KIBE L B A H B Z & R,
VEMP D534 408 & 0 5T EAKNE & B s
Hol" TEEBELTVS, T2, BENER
o CP L, digE, SMAEHEONY ¥ oK
JEiZ WIS BEEDN 2 H - 72 SHOME Tk
1 #01Z CP Z B 72h5Z DFEFI TIXRIEN Y ¥ 73
KEONBEHE~NOANL =T 2 BD 72,
Gurkov'®™"” 5%, KHEE~NIV = 7 & im BEH #k 2
CP L OBRIZOVWTHE L, &4 D, §1&,
FEB & B U CKIBA V=7 EIEIR, BMERRE
OBRICOVTIHRF LTV PETH 5, Defi-
nite MD TIEH Y Y28 KEO MHRD EFHITE
S, TP A XDHREV, AT - VROERES
TR D ROEFIS 720, FRERET
WY ¥ RIEDG R A ICKE L o 2T REDE X
5N 5%, Fiorino™ HIXBHRBAMSELU LD X =
I — VIR B E TIE80% UL L Tl L MR 12 N Y
YKIEE RS, 100% THRIENY v 78K E % 72
DzEHEL TS, AT —VREAMEBIC
BEIEICBWTHY Y SKEOY A4 Lidfae &
LICWREMICH L EEZOND, —HIEA=T
— VIR OREBIE I b BRI TR otk
JEZRDDLZEIREN, GHDOA T —IVIHD
TR - AP S OBHEICEMT 2 2%
Z bbb,

I
AL, BEERERSRE RMEZHIRL
DILFBIIETD %o

(252)

178

PR ST 5 FEHIT W
X ®

1) Nakashima T, Naganawa S, Teranishi M, et
al.: Endolymphatic hydrops revealed by intra-
venous gadolinium injection in patients with
Meniere’s disease. Acta Otolaryngol 130:
338-343, 2010

Naganawa S, Komada T, Fukatsu H, et al.:
Observation of contrast enhancement in the

2)

cochlear fluid space of healthy subjects using
a 3 D-FLAIR sequence at 3 Tesla. Eur Radiol
16: 733-737, 2006

Naganawa S, Yamazaki M, Kawai H, et al.:
Imaging of Méniére’s disease after intrave-

3)

nous administration of single dose gadodia-
mide: Utility of subtraction image. Magn
Reson Med Sci 11: 213-219, 2012

lida T, Teranishi M, Yoshida T, et al.:. Mag-
netic resonance imaging of the inner ear af-

4)

ter both intratympanic and intravenous gad-
olinium injections. Acta Otolaryngol 2013 in
press

Kato M, Sugiura M, Shimono M, et al.: En-
dolymphatic hydrops revealed by magnetic
resonance imaging in patients with atypical
Meniere’s disease. Acta Otolaryngol 133:
123-129, 2013

Yoshida T, Teranishi M, Kato M, et al.: En-
dolymphatic hydrops in patients with tinnitus

5)

6)

as the major symptom. Eur Arch Otorhino-
laryngol 2013, in press

Pyykko I, Nakashima T, Yoshida T, et al.:
Meniere’s disease: a reappraisal supported by

7)

a variable latency of symptoms and the MRI
visualisation of endolymphatic hydrops. BM]
Open 3: e 001555, 2013

HE %, SFIEIEH, FLEE, fiofwn
OHELVWEEREME MRIICXZHY ¥k
JE DM EREERT. Equilibrium Res 70: 197-203,
2011

Katayama N, Yamamoto M, Teranishi M, et
al.: Relationship between endolymphatic hy-
drops and vestibular-evoked myogenic poten-
tial. Acta Otolaryngol 130: 917-923, 2010

8)

9)



10)

11)

12)

13)

14)

15)

Kato M, Teranishi M, Katayama N, et al.: As-
sociation between endolymphatic hydrops as
revealed by magnetic resonance imaging and
caloric response. Otol Neurotol 32: 1480-
1485, 2011

House JW, Doherty JK, Fisher LM, et al.:
Meniere’s disease: Prevalence of contralateral
ear involvement. Otology & Neurotology 27:
355-361, 2006

Conlon BJ, Gibson WPR: Meniere’s disease:
The incidence of hydrops in the contralateral
asymptomatic ear. Laryngoscope 109: 1800-
1802, 1999

Moffat DA, Baguley DM, Harries MLL, et al.:
Bilateral electrocochleographic findings
unilateral Menieres-disease. Otolaryngol Head
Neck Surg 107: 370-373, 1992

Seo T, Saka N, Sakagami M: Furosemide-
loading vestibular evoked myogenic potential
testing can suggest developing bilateral in-

in

volvement of unilateral Meniere’s disease.
Acta Otolaryngol 132: 632—636, 2012
Yamamoto M, Teranishi M, Naganawa S, et

(253)

179

16)

17)

18)

19)

Equilibrium Res Vol. 72(4)

al.: Relationship between the degree of en-
dolymphatic hydrops and electrocochleogra-
phy. Audiol Neurotol 15: 254-260, 2010
Giirkov R, Flatz W, Louza Jet al.: Herniation
of the membranous labyrinth into the hori-
zontal semicircular canal is correlated with
impaired caloric response in Méniére’'s dis-
ease. Otol Neurotol 33: 1375-1379,2012
Giirkov R, Flatz W, Ertl-Wagner Bet al.: En-
dolymphatic hydrops in the horizontal semi-
circular canal: a morphologic correlate for ca-
nal paresis in Méniére’'s disease. Laryngo-
scope 123: 503506, 2013

Giirkov R, Flatz W, Louza J, et al.: In vivo
visualized endolymphatic hydrops and inner
ear functions in patients with electrocochle-
ographically confirmed Méniére’s disease.
Otol Neurotol 33: 1040—1045, 2012

Fiorino F, Pizzini FB, Beltramello A, et al.:
Progression of endolymphatic hydrops in
Méniere’s disease as evaluated by magnetic
resonance imaging. Otol Neurotol 32: 1152—
1157, 2011



Original Paper

Audiology &~
Neurotology

Audiol Neurotol 2014;19:49-56
DOI: 10.1159/000356386

Received: june 17,2013
Accepted after revision: October 10,2013
Published online: December 11, 2013

Characteristics and Prognosis of
Hearing Loss Associated with
Vogt-Koyanagi-Harada Disease

Shinya Morita Yuji Nakamaru Nobuyuki Obara Masayori Masuya

Satoshi Fukuda

Department of Otolaryngology — Head and Neck Surgery, Hokkaido University Graduate School of Medicine,

Sapporo, Japan

Key Words
Vogt-Koyanagi-Harada disease - Hearing loss - Audiogram -
Prognosis - Corticosteroid

Abstract

Objective: To clarify the characteristics and prognosis of
hearing loss associated with Vogt-Koyanagi-Harada (VKH)
disease. Methods: We retrospectively examined 85 patients
diagnosed with VKH disease between January 1996 and
December 2012. The control group included age- and gen-
der-matched individuals without definitive ear disease. The
patients with VKH disease were treated with high-dose sys-
temic corticosteroids, which were tapered off gradually over
a period of 6 months or more by the treating ophthalmolo-
gists according to the severity of the ocular inflammation.
The features of hearing loss were analyzed based on pure
tone audiometric data obtained at the initial presentation
according to diagnostic criteria based on the ISO 7029 stan-
dard. The efficacy of corticosteroid therapy was evaluated by
audiometry at the initial presentation and during therapy for
3-6 months. Results: In patients with VKH disease, the rate
of hearing loss detected by audiometry was significantly
higher than that of either subjective hearing loss (p < 0.001)
or tinnitus (p < 0.001). Bilateral symmetrical hearing loss was

the most common type of auditory disturbance associated
with VKH disease. The degree of hearing loss was generally
low, with no patients showing profound hearing loss. Hear-
ing thresholds were significantly elevated at high frequen-
cies compared with those at low-to-mid frequencies (p <
0.001). Hearing thresholds at all frequencies after high-dose
corticosteroid therapy were significantly better than those
at initial presentation (p < 0.001), and the rate of patients
who returned to within normal-range pure tone thresholds
at all frequencies was 74.8%. Conclusions: As auditory man-
ifestations cannot be detected through history taking alone,
audiometry should be performed to evaluate hearing loss
associated with VKH disease. Early administration of high-
dose systemic corticosteroids is effective for treating the au-
ditory manifestations, which generally show a relatively
good short-term prognosis. ©2013S. Karger AG, Basel

Introduction

Vogt-Koyanagi-Harada (VKH) disease is an idiopath-
ic, multisystem autoimmune disorder characterized by
bilateral granulomatous uveitis with neurologic, auditory
or dermatologic manifestations. The pathophysiology of
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