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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 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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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
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
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,
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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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Table 1. Characteristics of patients with VKH disease and of controls

Patients/controls
total subjects <50 years old >50 years old
Number 85/85 49/49 36/36
Gender - male:female, n 37:48/37:48 22:27/22:27 15:21/15:21
Mean age + SD, years 47.1£14.0/47.1+14.0 37.0+8.3/37.0£8.3 60.8+6.6/60.8+6.6
Mean duration from ocular symptom
onset to initial treatment £ SD, days ~ 8.2+5.9/- 8.4+5.8/- 8.0+5.9/-

(1) no impairment (the average of hearing thresholds at 500, 1,000,
2,000 and 4,000 Hz equates to a 25-dB hearing level, dB HL, or
less); (2) mild (the average of hearing thresholds is 26-40 dB HL);
(3) moderate (the average of hearing thresholds is 41-60 dB HL);
(4) severe (the average of hearing thresholds is 61-80 dB HL); and
(5) profound (the average of hearing thresholds is 81 dB HL or
more).

The pattern of the pure tone audiogram was categorized into
4 types using the classification scheme of Mazzoli et al. [2003].
Low frequencies were defined as <500 Hz, mid frequencies
as >500 and 2,000 Hz, and high frequencies as >2,000 and <8,000
Hz. The audiogram types were defined as follow: (a) low frequen-
cy, a >15-dB HL difference between the poorer low-frequency
thresholds and those at higher frequencies; (b) mid frequency,
a>15-dB HL difference between the poorest thresholds in the mid
frequencies and those at higher and lower frequencies; (c) high
frequency, a >15-dB HL difference between the mean of the 500-
and 1,000-Hz thresholds and the mean of the 4,000- and 8,000-Hz
thresholds; and (d) flat, a <15-dB HL difference between the mean
of the 250- and 500-Hz thresholds, the mean of the 1,000~ and
2,000-Hz thresholds, and the mean of the 4,000- and 8,000-Hz
thresholds. Asymmetric hearing loss was defined as a loss of hear-
ing sensitivity with a difference of 215 dB HL between the ears
at >2 frequencies.

Distortion Product Otoacoustic Emissions

DPOAE measurements were performed using an ER-33 in-
strument (Rion). An acoustic probe enclosed in a soft rubber cov-
ering and containing a miniature microphone and a speaker was
placed - but not hermetically sealed — in the distal portion of the
external auditory canal. The stimuli applied were a 65-dB sound
pressure level (dB SPL) tone of f; and a 55-dB SPL tone of f, (f; >
fy; £5/f; = 1.22). The DPOAE response levels were measured at the
frequency 2f;—f,. The noise floor levels were also calculated at each
frequency. DPOAE were recorded for 3 frequency pairs at 2,000,
3,000 and 4,000 Hz. The DPOAE response levels and the noise
floor levels for each of the frequency pairs were used to assess pass-
fail results. A ‘DPOAE pass’ result was defined as a DPOAE level
for the 3 frequency pairs at least 6 dB SPL above the noise floor
level.

Treatment Procedure

Patients with complete or incomplete VKH disease were
treated with high-dose systemic corticosteroids. An initial daily
dose of prednisolone (200 mg/day) was given by intravenous in-
fusion for 2 days, and thereafter tapered off to 150, 100 and
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80 mg/day for 2 days. Intravenous prednisolone was then
changed to oral prednisolone (60 mg/day), which was also ta-
pered off gradually over a period of 6 months or more by the
treating ophthalmologists according to the severity of the ocular
inflammation.

Statistical Analysis

Statistical analyses were performed using SPSS software (ver-
sion 12.0; SPSS Inc., Chicago, Ill., USA). Statistical differences were
analyzed using the Mann-Whitney U test and the Kruskal-Wallis
test, with p < 0.05 considered statistically significant.

Results

Subject Profiles

The patient and control profiles are summarized in
table 1. The study population comprised 85 patients,
consisting of 37 males and 48 females ranging in age
from 18 to 70 years, with a mean age =+ SD of 47.1 + 14.0
years. The duration from the onset of ocular symp-
toms to initial treatment ranged from 1 to 23 days, with
a mean duration + SD of 8.2 + 5.9 days. The patients
were divided into groups of 50 years or under (n = 49)
and over 50 years (n = 36). There were no differences in
gender distribution or in duration from the onset of oc-
ular symptoms to initial treatment between the two
groups.

The control group comprised 85 subjects, consisting of
37 males and 48 females ranging in age from 18 to 70
years. They showed normal pure tone thresholds at all
frequencies, normal tympanic membranes on otoscopic
examination, normal peak amplitudes with =100 to +50
daPa tympanic peak pressure in response to impedance
audiometry, and pass results for DPOAE.

Characteristics of Hearing Loss in VKH Patients

The characteristics of hearing loss in the VKH pa-
tients are summarized in table 2. Hearing loss was de-
tected by audiometry in 76 (89.4%) of the 85 patients,
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Table 2. Characteristics of hearing loss in Vogt-Koyanagi-Harada disease

Total subjects <50 years old >50 years old P
Hearing loss detected by audiometry 76 (89.4%) 43 (87.8%) 33 (91.7%) 0.565
Symptoms
Hearing loss 23 (27.1%) 13 (26.5%) 10 (27.8%) 0.565
Tinnitus 29 (34.1%) 15 (30.6%) 14 (38.9%) 0.565
Affected ear
Bilateral 59 (77.6%) 31(72.1%) 28 (84.8%) 0.189
Symmetry 50 (65.8%) 29 (67.4%) 21 (63.6%) 0.731
Asymmetry 9 (11.8%) 2 (4.7%) 7 (21.2%) 0.028
Unilateral 17 (22.4%) 12 (27.9%) 5(15.2%) 0.189
Total number of affected ears 135 74 61
Severity
Normal-mild 107 (79.3%) 69 (93.2%) 38 (62.3%) <0.001
Moderate 23 (17.0%) 4 (5.4%) 19 (31.1%) <0.001
Severe 5(3.7%) 1(1.4%) 4 (6.6%) 0.112
Profound 0 (0%) 0 (0%) 0 (0%)
Audiogram pattern
High frequency 96 (71.1%) 44 (59.5%) 52 (85.3%) 0.001
Flat 36 (26.7%) 28 (37.8%) 8(13.1%) 0.001
Low frequency 3(2.2%) 2 (2.7%) 1(1.6%) 0.678
Mid frequency 0 (0%) 0 (0%) 0 (0%)
DPOAE 75 42 33
Pass 17 (22.7%) 15 (35.7%) 2(6.1%) 0.002
Fail 58 (77.3%) 27 (64.3%) 31 (93.9%) 0.002

Values denote numbers with percentages in parentheses unless specified otherwise. Statistical differences were
analyzed using the Mann-Whitney U test to compare groups.

whereas 23 (27.1%) of the 85 patients complained of
hearing loss and 29 (34.1%) complained of tinnitus.
Among the total number of subjects, the rate of objec-
tive hearing loss was significantly higher than either
that of subjective hearing loss (p < 0.001) or tinnitus
(p < 0.001). Fifty-nine (77.6%) of the 76 patients pre-
sented with bilateral and 17 (22.4%) with unilateral
hearing loss (9 involving the right ear and 8 the left ear),
so that a total of 135 ears were diagnosed with VKH
disease-associated hearing loss; 107 (79.3%) of the 135
ears showed normal hearing to mild hearing loss ac-
cording to the WHO classifications of severity, with no
patient showing profound hearing loss; 96 (71.1%) of
the 135 ears indicated a high-frequency audiogram pat-
tern, and 58 (77.3%) of 75 ears received a fail result for
DPOAE.

Hearing Thresholds: Patients versus Controls

Figure 1 shows the mean pure tone thresholds + SD
for air conduction in the audiograms of the affected ears
and of the control group. In both patient groups, we
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found that hearing thresholds in the affected ear were
significantly higher than those in the control group at
all frequencies (p < 0.001). In particular, the hearing
thresholds were significantly elevated at high frequen-
cies compared with those at low-to-mid frequencies
(p < 0.001).

 Hearing Loss Features: Patients Aged 50 Years or

under versus Those over 50 Years

When we compared the features of auditory distur-
bance between the two groups of patients, the severity of
hearingloss (p < 0.001), the rate of high-frequency audio-
gram patterns (p < 0.001) and DPOAE fail results
(p = 0.002) were significantly higher in patients aged over
50 years than in those aged 50 years or under (table 2).
When we compared hearing thresholds in the affected ear
of both groups of patients, thresholds in the over-50-year-
old group were found to be significantly higher than those
in the group aged 50 years or under at all frequencies
(p <0.01).
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Efficacy of High-Dose Systemic Corticosteroid

Therapy

Figure 2 shows the mean pure tone thresholds + SD
for air conduction in the audiograms of the affected ears
3-6 monthsafter initial treatment. In both patient groups,
we found that hearing thresholds at all frequencies after
high-dose corticosteroid therapy were significantly better
than those at initial presentation (p < 0.001).

Hearing Loss with VKH Disease

The rate of recovery was 74.8% among the total sub-
jects, 77.0% in the group aged 50 years or under, and 72.1%
in the group aged over 50 years. The relationship between
hearing outcome in VKH disease and each category was
then assessed (table 3). Age, duration from onset of symp-
toms to initial treatment, and hearing threshold at initial
presentation were significantly related to better hearing re-
sults (p < 0.001, p = 0.008 and p = 0.001).
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Table 3. Factors related to hearing outcome in VKH disease

Recovery Norecovery p
(n=101) (n=34)
Mean age * SD, years 44.0+134 57.2494 <0.001
Gender - male:female, n 44:57 16:18 0.724
Mean duration from symptom onset to initial treatment + SD, days 6.6+4.2 11.4%6.5 0.008
Symptom of hearing loss, n ‘ 30 (29.7%) 8(23.5%) 0.490
Symptom of tinnitus, n 38 (37.6%) 11 (32.4%) 0.582
Audiogram pattern, n
High frequency 73 (72.3%) 23 (67.6%) 0.857!
Flat 26 (25.7%) 10 (29.4%)
Low frequency 2 (2.0%) 1(2.9%)
DPOAE, n
Pass 14 (13.9%) 3(8.8%) 0.710"
Fail 42 (41.6%) 16 (47.1%)
Mean hearing threshold at initial presentation + SD, dB HL 28.8+11.7 36.5£10.0 0.001

Statistical differences were analyzed using

the Mann-Whitney U test.

! Statistical differences in audiogram pattern and DPOAE were analyzed using the Kruskal-Wallis test.

Discussion

The clinical features of VKH disease include anterior
uveitis, exudative retinal detachment and depigmented
fundal lesions, as well as the presence of neurological, au-
ditory or dermatologic manifestations. The diagnosis of
VKH disease requires both ocular and extraocular symp-
toms and signs [Read et al., 2001]. However, only 20-40%
of VKH patients develop neurological and auditory find-
ings, such as meningismus and tinnitus, at the acute oph-
thalmic stage [Mondkar et al., 2000; Kitamura et al., 2005;
Miyanaga et al., 2007]. The integumentary findings, such
as alopecia, poliosis and vitiligo, usually appear in pa-
tients with VKH disease only in the convalescent stage,
some 3-6 months after the onset of uveitis [Mondkar et
al.,, 2000]. Therefore, with the present diagnostic criteria,
accurate diagnosis of VKH disease in the acute ophthal-
mic stage is sometimes difficult, making physicians hesi-
tant to begin high-dose systemic corticosteroid therapy.
Although the diagnostic criteria include only tinnitus as
an auditory finding, otologic complaints other than tin-
nitus, such as hearing loss and/or vertigo, have been re-
ported [Kitamura et al., 2005; Ondrey et al., 2006].

The presence of age-related hearing loss must be ex-
cluded to accurately discuss hearing loss. Thus, we used
the ISO 7029 standard [International Organization for
Standardization, 2000], which provides age- and gender-
specific normative data on hearing thresholds and takes
into account age-related hearing loss across the popula-
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tion as a whole. It is useful for evaluating any degree of
hearing loss, whether or not the loss is clinically relevant.
In the current study, 89.4% of the total number of subjects
were found to be suffering from hearing loss on the basis
of audiometric findings, while only 34.1% complained of
tinnitus. While hearing thresholds in the affected ear
were significantly higher than those in the controls at all
frequencies (p < 0.001), most of the patients showed only
normal hearing to mild hearing loss based on the WHO
classifications of severity [World Health Organization,
2003]. This might explain the higher rate of hearing loss
detected by audiometry than either that of subjective
hearing loss (p < 0.001) or tinnitus (p < 0.001). These re-
sults suggest that history taking alone is insufficient to
detect auditory manifestations, and that some auditory
examinations, other than for tinnitus, should be per-
formed to evaluate this disease.

In patients aged over 50 years, a differential diagnosis
between presbycusis and auditory manifestations associ-
ated with VKH disease is difficult. Presbycusis is the most
common hearing problem in older people. In general,
people aged over 50 years tend to lose their hearing slow-
ly as they age. Presbycusis is estimated to effect 30-83%
of adults aged 65 years and more [Helzner et al., 2005].
Most cases of presbycusis include high-frequency hearing
loss and are typically a bilateral, symmetric phenomenon,
although those affected do not always complain of hear-
ing loss [Nelson and Hinojosa, 2006]. In the current
study, hearing loss in patients with VKH disease was of-
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ten mild, with bilateral symmetric high-frequency audio-
gram patterns. In particular, there was a strong tendency
for bilateral high-frequency audiogram patterns to be ob-
served in patients aged over 50 years. Similarly, most of
these patients (61.1%) did not complain of audiological
disturbances, although their hearing thresholds were sig-
nificantly higher than those in patients aged 50 years or
under at all frequencies (p < 0.01). These features appear
to be similar to those of presbycusis and make it difficult
to evaluate auditory manifestations associated with VKH
disease.

We found that most VKH disease patients with hear-
ing loss scored a fail result on the DPOAE, and hearing
thresholds were significantly elevated at high frequencies
compared with those of low-to-mid frequencies (p <
0.001), which may indicate more serious damage at the
base of the cochlea than at the apex. In the cochlea, mela-
nin or melanocytes are located in the stria vascularis, au-
ditory receptors or hair cells, vestibular organ and endo-
lymphatic sac [Barrends and Axelsson, 1992]. Although
the functions of melanin and melanocytes in the inner ear
remain unclear, it has been reported that melanin has
semiconductive properties, responding to phonic, acous-
tic and electric stimulation, and the ability to convert en-
ergy states into molecular rotation and vibration, as well
as the reverse [McGinness et al., 1974]. Furthermore,
melanin in the cochlea functions as an intracellular cal-
cium buffer and as a depot of essential metal ions that
control the activity of various enzymes and metabolic
processes [McGinness et al., 1974; Steel and Barkway,
1989]. Melanocytes also are required for the maintenance
of normal function of the stria vascularis and cochlea, the
development of endocochlear potentials, and the conser-
vation of the ion and fluid gradients between endolymph
and perilymph, all of which are critical for hair cell sur-
vival [Hilding and Ginzberg, 1977; Steel and Barkway,
1989]. Thus, melanin-containing cells in the inner ear are
thought to protect the cochlea from various stresses such
as Joud noise, mechanical trauma and ototoxic drug ad-
ministration [Steel and Barkway, 1989]. Meanwhile, re-
duced levels and/or activities of pigment cells may result
in audiological abnormalities [Steel and Barkway, 1989;
Barrends and Axelsson, 1992; Ardic et al., 1998]. Mela-
nin-containing cells are considered to be concentrated
more in the basal region than in the apical region, so the
basal region is considered to be more vulnerable to vari-
ous stresses in pigmentary abnormalities [Wisterstrom et
al., 1986]. Several prominent cutaneous pigmentary ab-
normalities characterized by a loss of functional melano-
cytes have also demonstrated higher-frequency hearing
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loss [Ardic et al., 1998; Aydogan et al., 2006], which sup-
ports our present results on VKH disease.

Treatment of VKH disease is based on the early ad-
ministration of high-dose systemic corticosteroids, fol-
lowed by gradual tapering and maintenance for at least
6 months, and this regimen is associated with less intra-
ocular inflammation, a decreased frequency of ocular re-
currences and dermatologic features, and better visual
outcomes [Rubsamen and Gass, 1991; Moorthy et al.,
1995; Mondkar et al., 2000; Chee et al., 2009; Lai et al.,
2009]. Clinicians should balance the benefits of uveitis
control with the risk of side effects [Lai et al., 2009]. Al-
though several reports have demonstrated the effective-
ness of high-dose systemic corticosteroids for the ocular
and neurologic manifestations of VKH disease [Solaro
and Messmer Uccelli, 2000}, no study has specifically ex-
amined the effectiveness of systemic steroids for the oto-
logic manifestations. Their effectiveness has also been
suggested in the treatment of hearing loss associated with
other autoimmune inner ear diseases [Niparko et al.,
2005], which may indicate that similar results can be ex-
pected for VKH disease. In the current study, we found
that 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 pure tone thresholds at
all frequencies was 74.8%. These results demonstrate that,
as with autoimmune inner ear diseases, high-dose sys-
temic corticosteroids are effective in the treatment of the
auditory manifestations of VKH disease. As ophthalmol-
ogists make the decision whether to treat with high-dose
systemic corticosteroids according to the severity of ocu-
lar inflammation, but not based on auditory findings in
VKH patients, our study lacked a control group not re-
ceiving steroids. Although the rates of spontaneous re-
covery and recurrence remain clinical problems, as with
ocular symptoms and signs, hearing loss associated with
acute VKH disease is reversible and shows a relatively
good short-term prognosis. In particular, young patients
who presented with mild hearing loss and received early
treatment showed significantly better hearing outcomes.
Meanwhile, it is thought that presbycusis is exacerbated
under the influence of hearing loss associated with VKH
disease in patients aged over 50 years. However, some el-
derly patients showed an improvement in hearing after
high-dose systemic corticosteroids therapy even when
initially thought to be suffering from presbycusis. Thus,
an accurate diagnosis of, and prognosis for, hearing loss
associated with VKH disease in the elderly is difficult
when using pure tone audiograms alone.

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

55




In conclusion, hearing loss associated with VKH dis-
ease was observed in a significantly larger number of pa-
tients than was tinnitus. Most of the patients showed mild
hearing loss and a bilateral, symmetric high-frequency

audiogram pattern, while exhibiting no auditory symp-
toms. Although the diagnostic criteria include only tin-

nitus, and not hearing loss, as an auditory sign, audiom-

etry should be performed for the detection of asymptom-

atic hearing loss. High-dose systemic corticosteroids are

thought to be effective for the auditory manifestations of
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VKH disease, which generally show a relatively good
short-term prognosis. However, it is important to evalu-
ate hearing loss in VKH disease at the acute ophthalmic
stage and administer early treatment.
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Audiovestibular findings in patients with enlargement of the vestibular

aqueduct caused by mutations of SLC26 A4, ATP6V 1B 1 or SIX 1

Yoshihiro Noguchi”, Taku Ito", Yoshiyuki Kawashima™, Ayako Nishio”,
Keiji Honda”, Ken Kitamura’

"Department of Otolaryngology, Tokyo Medical and Dental University
?Molecular Biology and Genetics Section, National Institute on Deafness
and Other Communication Disorders, National Institutes of Health
Y Department of Otolaryngology, Tsuchiura Kyodo General Hospital

Enlargement of the vestibular aqueduct (EVA) is the most common malformation of
the inner ear. EVA can be observed in various disorders including DFNB 4/Pendred syn-
drome, branchio-oto-renal/branchic-oto (BOR/BO) syndrome, and distal renal tubular aci-
dosis (dRTA). Characteristic phenotypes of EVA include progressive, fluctuating hearing
loss (HL), and repetitive vertigo. In this study, we compared the audiovestibular findings in
patients with mutations of SLC26 A4, ATP6V 1B 1 or SIX 1 to clarify whether the ana-
tomical enlargement itself was related to the characteristic phenotvpes. We enrolled five
Pendred syndrome patients with SLC 26 A 4 mutations, one dRTA patient with ATP6 V1B
I mutations and two BO syndrome patients with a SIX I mutation. One patient with a SIX
I mutation showed unilateral EVA, and the others had bilateral EVA. All five patients with
SLC 26 A 4 mutations had progressive HL, fluctuating HL and/or repetitive vertigo. A pa-
tient with ATP6 V 1 B 1 mutations also showed repetitive progression HL, fluctuating HL
and repetitive vertigo. Fluctuating HL and repetitive vertigo were not recognized in two pa-
tients with SIX 7 mutation, although one patient showed slight progression of HL. There
were no significant positive associations in patients with SLC 26 A 4 mutations between
EVA widths and pure tone averages, and the widths and maximum slow phase velocities.
These findings suggested that EVA itself had no relationship with either progressive, fluc-
tuating HL, nor repetitive vertigo. The product of SLC 26 A 4, the CI"/HCO; exchanger
pendrin, and the product of the ATP6 V1 B 1, B 1-subunit of H-ATPase, can play a role
in the maintainance of endolymph pH homeostasis. Therefore, a disruption of endolymph
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pH homeostasis can be associated with the characteristic phenotypes.

Key words: enlargement of the vestibular aqueduct, SLC26 A4, ATP6 V1B 1, SIX 1
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