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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
2) others (group B). 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-
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.
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Subgroups of Enlarged Vestibular Aqueduct in Relation to SLC26A4
Mutations and Hearing Loss
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b

Objectives/Hypothesis: To investigate possible association of hearing loss and SLC26A4 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 diameter >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 SLC2644.

Results: Four novel SLC26A4 mutations were identified in the present study. SLC2644 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 SLC2644 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 SLC2644 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).1"* 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 = 13.5 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 aqueduct 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,'7 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 SLC2644 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 1.
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
SL.C26A4 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 (¢.601-1G>A [intron 5], ¢.919-2A>G [intron
71, ¢1614+1G>A [intron 14], ¢.1708-32_1708-16del
[intron 15], ¢.1707+5G>A [intron 15]), one nonsense
mutation (p.1.743X), 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  (¢.82A>G), p.D66IE
(¢.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

Okamoto et al.: Subgroups of Enlarged Vestibular Aqueduct
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TABLE II.
Types of SLC26A4 Mutations and Characteristics of Hearing Loss in 34 Subjects With Pendred Syndrome or DFNB4 by EVA Subgroups.
Aliele 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 Intron15 ¢.1707+5G>A Splice site mutation 19 c.2106-2110dup5 p.Q705Wfs18 T/T 90/70" - +
enlargement 0 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  ¢.919-2A>G Splice site mutation 19 c.2168A>G p.H723R T/N 98.75/100 + +
0 1 Intron 15 ¢.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 = ¢.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 61.25/61.25 - 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 c.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 c.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 c.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 TN 76.25/91.25 + +
g?:g‘?gle%ent
0 9 Intron7  ¢.919-2A>G Splice site mutation 17 c.2007C>A* p.DB6G9E™ T/N 100/100 + -
0 1 19 c.2168A>G p.H723R 14 c.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%  Unknown Unknown
Midpoint 0 3 Intron7° ¢.919-2A>G Splice site mutation 17 c.2007C>A* p.D6BIE™* T/N 82.5/93.75” + +
enlargement
0 8 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 c.1975G>C p.V659L N/N  97.5/87.5 + +




G @ not affect distribution of subjects among different hear-
éﬁ S ing levels (data not shown). Next, the relation between
§§’ 2 hearing fluctuation and EVA morphology was investi-
§§ + ;é PR gated in 28 subjects for whom relevant audiometric data
c o . were available (Fig. 4C). Hearing fluctuations were
%% z 2 detected in 15 subjects (54%) in total, and no significant
52 S g differences were noted in the incidence of hearing fluctu-
25| + 55 1 + ations between the subgroups of EVA morphology
. %5 0 (P =.209). Lastly, the relation between progressifm of
32 X @ R hearing loss and EVA morphology was analyzed in 29
o8| 5B 5 8B subjects for whom relevant clinical data were available
&5 5 S8 (Fig. 4D). Twenty subjects (69%) had progressive hearing
T ™~ 2 - loss in total, and the results showed no significant differ-
zlzz2zzz ences in the incidence of progressive hearing loss
FlrrR222 between the subgroups of EVA morphology (P =.207).
(o]
o))
C
a
525
ol DISCUSSION
28 § 52 %% 5% Although a variety of EVA criteria using the mid-
gs g < g g g point and aperture diameters of the vestibular aqueduct
g Siddd have been proposed to date,$7'° our study is the first
attempt to divide EVA into subgroups based on the
E shape and size of the vestibular aqueduct, and the first
% g ‘é’v (7')\ = <7'3\ %')\ (/5\ to investigate the possible relatiorgship of th(fe.sed sub-
68 2O <L << groups with genotypes and audiometric findings.
© §§ § § § SLC26A4 mutations were detected in 72% of the Japa-
I35 99 % nese subjects with bilateral EVA. Among these SLC26A4
c mutations, four mutations were novel. The discovery of
= 5 these novel mutations would expand the SLC26A4
) & DO O O ;O . . .
=S g T - mutation spectrum, thereby contributing to a more accu-
a % i rate gene-based diagnosis of hearing loss with EVA.
g8 cc Nearly all subjects with aperture, aperture and
= s/ 88 midpoint, and midpoint enlargement presented
58| =2 & SLC26A4 mutations, suggesting that subjects with these
< ‘é’aé £E £ EVA subgroups are most likely to be diagnosed with
€82 ﬁ% -‘% i s § Pendred syndrome or DFNB4. Conversely, only approxi-
<C2 29 @ % e = mately 30% of subjects with borderline enlargement had
@ '(‘03:%. i -L-g_ E._ = SLC26A4 mutation, which suggests that the majority of
E, subjects in this EVA subgroup have a pathological mech-
i anism other than Pendred syndrome or DFNB4.
% ° c.; None of the 47 EVA subjects enrolled in the preser‘lt
z % < £ ;tugy ha}d (.)nlyta' 1:iingle S€C2fA4. 1j})rlxutathn allele. Th1§
5 A Q inding is in striking contrast with previous researc
<<-2f) Z\g % (/5\ Z % reporting single SLC26A4 mutation alleles in approxi-
al dg % g 2 e mately one third of Caucasian subjects with EVA.>*20-22
Sl n Ly g 2 This discrepancy might be associated with Japanese sub-
g6 6 66 Z &£ jects, who were reported to have a spectrum of SLC26A4
é T B E mutations distinet from that of Caucasian subjects.??
% ss 22 g 8 One possible explanation is that the development of EVA
gl £E& £ g L 3 in the Caucasian population may more frequently
- == g g §_ % gg involve mutations in the introns or promoter regions of
% 5 oo v o3 g §§§ gEx the SLC26A4 than that in the Japanese population.
& 28 g%é%% Another possibility is that the Caucasian population
BgQ GEEEZLY may have higher mutation frequencies in genes than the
855> °VN Y OY |385858> Japan ulation, causing digenic hearing loss in
288 °25z38a g panese pop , g dig g
ea 388, % 3 % association with heterozygous SLC26A4 mutations (e.g.,
§ g S Oaé S gég KCNJ10 and FOXI1).?*25 The other possible explana-
2l of $52E58) tion for the discrepancy is that the present study regis-
5| = 2 2 §§ 1% §§ & tered only subjects with bilateral EVA, whereas previous
E 5'8 studies included those with unilateral hearing loss or
o o unilateral EVA. This implicates the hypothesis that
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of the amino acids, and nucleotides
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normal N . . .
splice site mutations. (A) Location of the
SLC26A4 mutations found in this study.
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C J 528 { D669 J F692 shown in black. N-term G = sulfate
Homo sapiens transporter N-terminal domain with Gly
Mocace :u/am motif; STAS = sulfate transporter and
Collthite iacchus anti-sigma factor antagonist domain;
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05 Laurus domain. (B) electropherograms of the
Mus musculis novel mutations and the corresponding
Rattus norvegicus sequence from normal alleles. Note that
Canis lupus the nucleotide sequence of c.1708-
Equus caballus 32_1708-16del is shown reverse com-
Loxodonta afiicana G plementary. (C) Upper. multiple align-
Sus scrofa ments of SLC26A4 protein orthologues

Monodelphis demestica R
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exon 16

at two noncontiguous regions. Arrows
indicate affected amino acids. Con-
served amino acids are shaded in gray.
Lower: boundaries between intron 15

©1708-32_1708-16del

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

Laryngoscope 00: Month 2013
6

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
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Fig. 4. Association of enlarged ves-
tibular aqueduct (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 IR-like image even after intravenous
standard-dose gadolinium administration. This type of image was named the HYDROPS
(HYDbriD 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.
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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 I1SO 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. ©2013 5. 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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this disorder involves T-cell-mediated autoimmunity
against melanocyte-associated antigens in the choroid,
meninges, cochlea and skin [Sugita et al., 2006]. Patients
with VKH disease typically present with symptoms of
aseptic meningitis initially followed by bilateral uveitis.
Dermatologic changes occur several weeks or months af-
ter the onset of the ocular symptoms [Mondkar et al.,
2000]. Otologic complaints may include sensorineural
hearing loss, tinnitus and/or vertigo that typically coin-
cide with the onset of ocular pathology [Kitamura et al.,
2005; Ondrey et al., 2006].

The diagnosis of VKH disease is based on ocular and
systemic symptoms and signs, established according to
the revised diagnostic criteria for VKH disease by an in-
ternational committee on nomenclature [Read et al,,
2001]. Among these diagnostic criteria, extraocular
symptoms and signs include neurologic, auditory and
dermatologic findings. Although there have been re-
ports of VKH patients with auditory manifestations oth-
er than tinnitus [Kitamura et al.,, 2005; Ondrey et al.,
2006], the current diagnostic criteria only include tin-
nitus, not hearing loss, as an auditory finding. Mean-
while, the nature and extent of hearing loss associated
with VKH disease has not been described well in the
literature.

In this retrospective study, we analyzed auditory sys-
tem abnormalities in patients diagnosed with VKH dis-
ease, with the aim of clarifying the characteristics and
prognosis of hearing loss associated with VKH disease.

Materials and Methods

Patients and Controls
We retrospectively examined consecutive patients diagnosed

with VKH disease in the Department of Otolaryngology - Head

and Neck Surgery, Hokkaido University Hospital, between January

1996 and December 2012. We used the revised diagnostic criteria

for VKH disease of the international committee on nomenclature

[Read et al., 2001], as follows:

1 No history of penetrating injury or surgery

2 No clinical or laboratory evidence suggestive of other ocular
disease

3 Bilateral ocular involvement consisting of anterior uveitis and
diffuse or multifocal choroiditis with or without evidence of a
retinal detachment; late manifestations or ocular findings con-
sist of areas of retinochoroid depigmentations, nummular cho-
rioretinal depigmented scar, retinal pigment epithelial clump-
ing and peripapillary chorioretinal atrophy with or without
chronic anterior uveitis

4 Neurologic and auditory findings include meningismus, mal-
aise, fever, headache, stiffness of the back or neck, tinnitus or
cerebrospinal fluid pleocytosis
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5 Dermatologic findings of alopecia, poliosis and vitiligo

A diagnosis of ‘complete VKH disease’ was based on all 5 cri-
teria being met, and of ‘incomplete VKH disease’ on criteria 1-3
and either criterion 4 or 5. A diagnosis of ‘probable VKH disease’
was based on criteria 1-3 only being met. Both patients with com-
plete and those with incomplete VKH disease were included in this
analysis. We excluded patients with definitive ear disease such as
chronic otitis media, Méniére’s disease, familial hearing loss,
chronic noise exposure, ototoxic drug intake, head trauma, acous-
tic neuroma and inner ear malformation, and also those with a
history of metabolic, neurological vascular, systemic and autoim-
mune disease, such as diabetes mellitus; hypercholesterolemia, ce-
rebral infarction, encephalorrhagia, hypertension, ischemic heart
disease, hypothyroidism, sarcoidosis and connective tissue dis-
ease. Presbycusis is the most common hearing problem in older
people. In general, people aged over 50 years are likely to lose some
hearing each year [Gates and Mills, 2005]. Therefore, we divided
the subjects into those aged 50 years or under and those over
50 years.

The control group included age- and gender-matched ear-dis-
ease-free individuals who visited our department for physical ex-
amination during the same period. They had no history of the dis-
eases described above for the patient groups. This research ad-
hered to the tenets of the Declaration of Helsinki and was approved
by our institutional review board.

Examination

We performed a number of routine tests, including history
taking, physical examination, pure tone audiometry, impedance
audiometry, distortion product otoacoustic emissions (DPOAE),
and magnetic resonance imaging and/or computed tomography
imaging. Apart from routine blood tests including a full blood
count and blood biochemistry, serological and immunological
tests were used to screen for other ocular and otologic diseases.
These tests included those for rheumatoid factor, antinuclear an-
tibodies, antineutrophil cytoplasmic antibodies, angiotensin-
converting enzymes, Krebs von den Lungen-6, soluble interleu-
kin-2 receptor and human T-cell lymphotropic virus type 1 anti-
bodies as well as a Treponema pallidum hemagglutination test.

Audiometric Data

Audiometry was performed using a pure tone audiometer (AA-
76; Rion Co., Japan) in a silent cabin by experienced audiologists.
The pure tone thresholds for each ear were determined at frequen-
cies of 125, 250, 500, 1,000, 2,000, 4,000 and 8,000 Hz for air con-
duction, and at 250, 500, 1,000, 2,000 and 4,000 Hz for bone con-
duction, with masking as appropriate. There are no specific diag-
nostic and outcome criteria for hearing loss associated with VKH
disease. Thus, based on the ISO 7029 standard [International Or-
ganization for Standardization, 2000], hearing loss in this analysis
was considered to exist if the pure tone thresholds were greater
than or equal to the age-specific 95th percentile of the normal pop-
ulation for at least 1 frequency. We evaluated the hearing thresh-
olds during high-dose corticosteroid therapy for 3~6 months from
initial presentation. Recovery from hearing loss was concluded if
the pure tone thresholds at all frequencies returned to within nor-
mal ranges at the final audiogram.

The severity of hearing loss was categorized into 5 grades based
on the initial pure tone audiogram, using the World Health Orga-
nization (WHO) classification [World Health Organization, 2000]:
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