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Fig. 1. Intratympanic membrane congenital cholesteatoma in Case 1.

ear was healing well with no recurrence (Fig. 5) and an
audiogram showed a 10-dB conductive hearing loss on the right
side compared to the left side.

3. Discussion

Intratympanic membrane cholesteatoma was first described in
1863 by Hinton [2]. In 1936, Teed reported five cases of congenital
cholesteatomas at the TM {3]. In 1977, Smith and Moran reported
three cases of tympanic membrane cholesteatomas in children
without otorrhea or otologic surgery, but with episodes of acute
otitis media [4]. Furthermore, in 1980, Sobol et al. reported a series
of 15 cases of intramembranous and mesotympanic cholesteato-
mas in children [5]. Thirteen of these 15 cases had a history of
recurrent otitis media. Intratympanic membrane congenital
cholesteatomas are extremely rare and there are only a few

Fig. 2. Axial computed tomography scan of the right temporal bone in Case 1
showing a small soft tissue mass, 2.5 mm in diameter, centered on the umbo of the
tympanic membrane.

Fig. 3. Intratympanic membrane congenital cholesteatoma in Case 2.

previously documented cases. In 2001, Pasanisi et al. described two
further cases of intratympanic cholesteatomas in children without
a history of otitis media, otorrhea, ear trauma or otologic surgery
[6], however, each case had a small mass in the TM.

The development of intratympanic membrane cholesteatoma
can cause several complications such as ossicular involvement and
subsequent hearing conduction impairment similar to any other
cholesteatoma of the middle ear. However, particularly in children,
patients with intratympanic membrane cholesteatoma have no
initial complaint of hearing loss. Computed tomography is of great
importance in assessing the ossicles and middle ear space invasion,
because a small pearl on a TM may be the manifestation of a small
part of a cholesteatoma in the middle ear cavity. This information
influences management plans. Although our second case appeared
to have a large mass, the extent of middle ear involvement was not
immediately obvious.

Fig. 4. Axial computed tomography scan of the right temporal bone of Case 2
showing a large soft tissue mass in the right external auditory canal and the middle
ear cavity.
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Fig. 5. Three months after surgery with an endaural approach, an axial computed
tomography scan of the right temporal bone in Case 2 shows the tympanic
membrane in the right place and not showing any mass in the middle ear space.

There are multiple theories regarding the formation of
congenital cholesteatomas in the middle ear. The origin of an
intratympanic membrane cholesteatoma may be best explained by
Sobol et al. They theorized that repeated bouts of middle ear
infection stimulate active basal cell ingrowth and proliferation of
tympanic membrane epithelium and then proliferated prickle cells
coalesce into an intramembranous keratoma [5,7,8]. Our patients
differ from this theory by absence of inflammation or disease in the
middle ear. The intratympanic membrane cholesteatomas in our
cases might have eventually violated the middle ear.
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The surgical approach to cholesteatoma of the TM is best
treatment, as small intratympanic membrane cholesteatomas, as
in our first case, may enlarge, and as shown in our second case, an
intratympanic membrane cholesteatoma may compress the
fibrous layer of the membrane to the promontory. An endaural
approach is recommended to remove the localized cholesteatoma,
if the cholesteatoma can be peeled off the TM while maintain an
intact fibrous layer of the TM. If a cholesteatoma extends into the
middle ear, a tympanoplasty or more extensive approach is
necessary to completely remove all the tissue. Recurrence of
intratympanic congenital cholesteatoma seems to be less than that
for middle ear cholesteatoma [5], however, postoperative follow-
up is necessary, especially in cases of large intratympanic
membrane cholesteatoma.

4. Conclusion

Our two cases of intratympanic membrane congenital choles-
teatomas demonstrate clearly that the development of these
lesions can be silent in children. Careful otomicroscopic examina-
tion is necessary even in children with no ear symptoms to detect
the disease early before it develops beyond the TM.
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Endothelin-1 Gene Polymorphism and
Hearing Impairment in Elderly Japanese
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Objectives/Hypothesis: To investigate the asso-
ciation between the Lys198Asn (G/T) polymorphism
(rs5370) in the endothelin-1 gene (EDN1) and hearing
impairment in middle-aged and elderly Japanese.

Study Design: Longitudinal study.

Methods: Data were collected from community-
dwelling Japanese adults who participated in the
Longitudinal Study of Aging biennially between 1997
and 2006. The participants at baseline were 2,231
adults aged 40 years to 79 years. An average hearing
threshold level of 25 dB or better in the better ear for
frequencies 500 Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz
was defined as no hearing impairment. Using gener-
alized estimating equations to treat repeated observa-
tions within subjects, 7,097 cumulative data were
analyzed to assess the association between hearing
status and the EDN1 G/T polymorphism with adjust-
ment for age, sex, histories of ear disease, occupa-
tional noise exposure, heart disease, hypertension,
and body mass index under additive, dominant, and
recessive genetic models.

Results: Comparison. with wild-type homozy-
gotes (GG), heterozygotes, and mutant homozygotes
{GT/TT) showed a positive association with hearing
impairment after adjustment for age in model 1 (odds
ratio [OR] = 1.24; 95% confidence interval [CI] =
1.02-1.50; P = .033), for age and sex in model 2 (OR
= 1.29; CI = 1.06-1.57; P = .0122), and for age, sex,
history of ear disease, and history of occupational
noise exposure in model 3 (OR = 1.31; CI = 1.07-
1.60; P = .0092); The association was also significant
in model 3 under the additive model.
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Conclusions: This study demonstrated that mu-
tant Tallele carriers were associated with a higher
risk of hearing impairment than carriers of wild-type
homozygotes in middle-aged and elderly people. This
result implies that endothelin-1 plays a valuable role
in the cochlea.

Key Words: Endothelin-1, polymorphism, hearing
impairment, aging, longitudinal study.
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INTRODUCTION

Presbycusis, which is the general term applied to
age-related hearing loss, is a widespread but underre-
cognized health problem in the elderly population.
Preshycusis has been deemed a multifactorial disease.
There are many etiological risk factors that cause hear-
ing loss and might contribute to age-related changes in
hearing; these include noise exposure, genetic predispo-
sition, ear-related diseases, ototoxic medication, systemic
diseases such as cardiovascular disease or diabetes
mellitus, socioeconomic status, and lifestyle factors.
Studying an outbred and older human population that
includes intrinsic and environmental variables accumu-
lated over the course of a lifetime is not easy. Therefore,
most studies have identified age-related hearing loss
genes using mouse models in a laboratory setting, where
rigorous genetic and experimental control can be
achieved such that age is the most significant factor in
such animal models of age-related hearing loss." To the
best of our knowledge, there have been no recent epide-
miological studies on common sequence variants that
may have a small to moderate phenotypic effect on age-
related hearing loss.

Endothelin is a potent vasoactive peptide that is
synthesized and released by the vascular endotheliom
and is a marker of endothelial function. The best-charac-
terized endothelin, endothelin-1, is encoded by a discrete
genetic locus on human chromosome 6p24-p23. Once
released, its actions are diverse, including vasoactivity,
the promotion of mitogenesisthypertrophy of vascular
myocytes,>* profibrotic activity,” and the regulation of
angiogenesis.® Although endothelin-1 was initially
thought to be expressed in endothelial cells and to mod-
ulate blood flow, later studies showed that it is widely
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distributed in the cardiovascular and noncardiovascular
systems,” and also distributed in the endolymphatic sac,
vestibule, stria vascularis, and spiral ganglion cells of
the inner ear.®!" This distribution strongly suggests
that endothelin-1 must play some meaningful role in the
inner ear, but no details are currently known. There
have been no previous trials to demonstrate the effect of
the endothelin-1 gene (EDN1) polymorphism on hearing
impairment. In the present study, we investigated
whether a common genetic nonsynonymous variation, an
amino acid substitution (lysine/asparagine) at codon 198
{rsb370) of the EDN1 is associated with hearing impair-
ment in a Japanese community-living population of
middle and advanced age.

MATERIALS AND METHODS

Subjects

Data for this study were collected from the National Insti-
tute for Longevity Sciences —Longitudinal Study of Aging
(NILS-LSA), an ongoing population-based study with a 2-year
follow-up. The first wave of NILS-LSA examinations was begun
in 1997. The participants were independent residents of Aichi
Prefecture in central Japan, who were randomly selected from a
register stratified by both age and gender in cooperation with
the local government. The numbers of men and women
recruited were similar, and age at baseline was 40 years to 79
vears, with similar numbers of participants in each decade of
age (40s, 50s, 60s, and 70s). The study consisted of various ge-
rontological and geriatric measurements, such as medical
examinations, blood chemical analysis, body composition,
anthropometry, physical function, nutritional analysis, psycho-
logical tests, and visual and auditory function.’! The details of
the NILS-LSA have been described elsewhere.'® The study pro-
tocol was approved by the Committee of Ethics of Human
Research of the National Center for Geriatrics and Gerontology.
Written informed consent was obtained from all subjects.
Venous blood samples collected in the first wave of examina-
tions were used for the present genetic analysis. Sera and DNA
samples were stored in deep freezers for later examination.
With respect to DNA analysis, a number of genotypes related to
geriatric diseases, such as Alzheimer’s disease, arteriosclerosis,
osteoporosis, benign prostate hypertrophy, and diabetes mellitus
were examined with the agreement of the participants.

Because the results of both EDN1 genetic analysis and
hearing tests were necessary for the present analysis, participa-
tion in the first wave of examinations (baseline) was the basic
requirement for subject selection. Those who did not allow blood
to be drawn or who refused or did not complete the hearing test
were excluded. The participants at baseline with results of both
EDN1 genetic analysis and a hearing test were 2,231 adults
aged 40 years to 79 years. Of these 2,231 baseline participants,
1,788 (80.1%) took part in the second-wave examination, 1,609
(72.1%) were involved in the third-wave examination, and 1,469
(65.8%) participated in the fourth-wave examination. The mean
number of repetitive visits was 3.2. The gross accumulation
number of participants, regardless of repetitive visits, was
7,097 adults 40 years to 88 years of age who took part in the
NILS-LSA between November 1997 (the first wave) and July
2006 (the fourth wave).

The participants filled out detailed questionnaires in
advance of the examination visit. The questionnaires consisted
of more than 130 items designed to obtain demographic charac-
teristics, personal history, family history, lifestyle habits, and
information on various medical problems. Histories of ear dis-
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ease and occupational noise exposure were obtained in the self-
reported account. Histories of heart disease and hypertension
were also taken from the self-reported account. Participants
who reported either suffering from any ear disease at any time
in their life or uncertainty about whether they had suffered
from an ear disease were grouped together. History of ear dis-
ease was added as a binary variable (yes = 1, no = 0).
Occupational noise was defined in the questionnaires as back-
ground noise in a work environment over which the worker
could not hold a conversation in a normal voice. Former and
current noise exposures were combined, and a history of occupa-
tional noise exposure was added as the other binary variable
(ves = 1, no = 0). Histories of heart disease and hypertension
were added as the additional binary variables (presence of the
disease = 1, absence = 0). Cases with past or ongoing treatment
and with being untreated were combined. Body mass index
(BMI) was calculated as weight (in kilograms) divided by height
(in meters) squared.

Genetic Analyses

DNA samples were isolated from peripheral blood cells.
Genotypes were determined using an allele-specific primer/poly-
merase chain reaction (PCR) assay system (Toyobe Gene
Analysis, Tsuruga, Japan). Genotypes were also determined in
control blood known to be from subjects homozygous for the
wild-type genotype and heterozygous and homozygous for each
variant genotype. The single-nucleotide polymorphism in the
EDN1 investigated in the present study was a G-to-T transver-
sion in exon 5 that causes Lys-to-Asn substitution at codon 198.

To determine the EDN1 genotype, the polymorphic region
of the gene was amplified by PCR with allele-specific sense pri-
mers labeled at the 5 end either with fluorescein isothiocyanate
(FITC) (5-CCAAGCTGAAAGGCAXGC-3') or with Texas Red
(5'-CCCAAGCTGAAAGGCAXTC-3') and with an antisense
primer labeled at the 5 end with biotin (5-TCACA-
TAACGCTCTCTGGAGG-3'). The reaction mixture (25 ul)
contained 20 ng of DNA, 5 pmol of each primer, 0.2 mmol/L of
each deoxynucleoside triphosphate, 2.0 mmol/L. MgCly, and 1 U
of rTag DNA polymerase (Toyobo, Osaka, Japan) in the appro-
priate DNA polymerase buffer. The amplification protocol
consisted of initial denaturation at 95°C for 5 minutes, 35 cycles
of denaturation at 95°C for 30 seconds, annealing at 60°C for 30
seconds, extension at 72°C for 30 seconds, and a final extension
at 72°C for 2 minutes.

To determine the EDN1 genotype, amplified DNA was
incubated in a solution containing streptavidin-conjugated mag-
netic beads in the wells of a 96-well plate at room temperature.
The plate was placed on a magnetic stand, and the superna-
tants were then collected from each well, transferred to the
wells of a 96-well plate containing 0.01 mol/L NaOH, and meas-
ured for fluorescence with a microplate reader (Spectra Fluor;
Tecan Co., Tokyo, Japan) at excitation and emission wave-
lengths of 485 and 538 nm, respectively, for FITC, and of 584
and 612 nm, respectively, for Texas Red.

Auditory Test Procedures

Air-conduction pure-tone thresholds at octave intervals
from 125 Hz to 8,000 Hz were obtained using the test method
recommended by the Japan Audiological Society, using a diag-
nostic audiometer (AA-73A and AA-78; Rion, Tokyo, Japan)
calibrated according to Japanese Industrial Standards T 1201.
Hearing thresholds of the better ear based on a pure-tone aver-
age of thresholds at 500 Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz
were used for the present analyses. An average hearing thresh-
old (AHT) level of 25 dB or better for frequencies 500 Hz, 1,000
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Hz, 2,000 Hz, and 4,000 Hz was defined as no hearing impair-
ment for the purposes of the present analyses according to the
World Health Organization grades.’™

Statistical Analysis

Statistical analyses were conducted using Statistical Anal-
vsis System (SAS) version 9.13 (SAS Institute, Cary, NC). For
continuous variables, a ¢ test was used to assess differences
between two groups and one-way analysis of variance (ANOVA)
was used to make comparisons among three groups. Compari-
sons of categorical variables were performed using the chi-
square test. Cumulative data were analyzed using generalized
estimating equations (GEEs), which take into account the de-
pendency of repeated observations within subjects; this is an
important feature that is necessary for longitudinal analyses. A
further advantage of GEEs is that subjects are included regard-
less of missing values. Thus, subjects who were lost to follow-up
after early-wave examination were also included in the analy-
ses. GEE models were fitted by the GENMOD procedure of
SAS. The GENMOD procedure fits generalized linear models.
The correlation structure was specified to be autoregressive.

The effect of the EDN1 G/T (Lys198Asn) polymorphism on
hearing impairment was analyzed using the GENMOD proce-
dure. Genotypes were coded as follows: wild-type homozygotes,
G@G; heterozygotes, GT; and mutant homozygotes, TT. Because
no preceding information regarding the mode of inheritance of
the EDN1 G/T polymorphism on hearing impairment can be
found, we considered different modes of inheritance as follows:
the additive per-allele model, the T allele was compared
between cases and controls by assigning scores of 0, 1, and 2 to
homozygotes for the G allele, heterozygotes, and homozygotes
for the T allele, respectively; the dominant model compared ge-
notypes GG versus GT and TT, and the recessive model
compared genotype GG and GT versus TT.

Analyses were carried out with several adjusted models,
adjusting for different combinations of confounding variables:
age was taken as moderator variable in model 1, age and sex in
model 2, and histories of ear disease and occupational noise ex-
posure in addition to age and sex in model 3. Histories of heart
disease and hypertension were added in model 4 to moderator
variables of model 3, and additionally BMI was included in
model 5.

The estimated prevalence of hearing impairment by a
dominant genetic model at ages 50 years and 75 years was ana-
lyzed assuming that the subject was male, with no occupational
noise exposure, and with no history of ear disease.

RESULTS

Table I presents the clinical characteristics of the
participants at baseline according to hearing impairment
status. The prevalence of hearing impairment was
20.6%. As expected, the subjects with hearing impair-
ment were significantly older and included a higher
ratio of males than those without hearing impairment.
The characteristics of participants according to EDN1
genotype are shown in Table II. Baseline data were put
in the upper panel with P value in the rightmost column
tested by the ANOVA or chi-square test, and cumulative
data were set in the lower panel. The frequencies of the
GG, GT, and TT genotypes in the samples at baseline
were 52.6%, 40.0%, and 7.4%, respectively. The allele
frequencies were 72.6% and 27.4% for the G and T al-
leles, respectively. These results were not significantly
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different from those expected based on the Hardy-Wein-
berg equilibrium (chi-square test, P > .05). No value of
baseline characteristics, including mean AHT, preva-
lence of hearing impairment (percentage), sex
distribution, and mean age was significantly different
among the three genotype groups. The frequencies of the
GG, GT, and TT genotypes in the cumulative samples
were 53.1%, 39.3%, and 7.6%, respectively.

The results from the GEEs, adjusting for the effects
of repeated observations within subjects and confound-
ing factors (age, sex, histories of ear disease, and
occupational noise exposure), are presented in Table IIL
Because the results of model 4 and model 5 were virtu-
ally identical to those of model 3 after being rounded to
two decimal places, they were not shown in Table III.
The genes were analyzed under additive, dominant, and
recessive genetic models. Under the additive model of in-
heritance, a risk for hearing impairment altered by
adjustment. The association of the EDN1 G/T polymor-
phism with hearing impairment was significant in model
3 under the additive model and in all models under the
dominant model. The association was significant after
adjustment for age in model 1 (P =.033), for age and sex
in model 2 (P = .0122), and for age, sex, history of ear
disease, and history of occupational noise exposure in
model 3 (P = .0092). The odds ratio of hearing impair-
ment in GT/TT subjects compared to that in GG subjects
was 1.24 (95% confidence interval [CI], 1.02-1.50) in
model 1, 1.29 (CI, 1.06-1.57) in model 2, and 1.31
(CI, 1.07-1.60) in model 3. However, no significant
association of the EDN1 G/T polymorphism with
hearing impairment was observed in the recessive model
(P >.05),

The estimated prevalence of hearing impairment by
the dominant model at ages 50 years and 75 years were
3.7% (CI, 2.8—4.7) for GG, and 4.7% (CI, 3.6-6.1) for GT/
TT at age 50 years, and 58.2% (CI, 53.5-62.7) for GG,
and 64.5% (CI, 59.7-69.0) for GT/TT at age 75 years.

DISCUSSION

Many attempts have been made from different per-
spectives to determine genetic contributions to age-
related hearing loss. In the Framingham cohort, the her-
itability of presbycusis phenotypes was estimated to be
0.35 to 0.55, based on evaluations of audiometric exami-
nations comparing genetically unrelated people (spouse
pairs) with genetically related people (sibling pairs, par-
ent-child pairs)."® According to genome-wide linkage
analysis in the Framingham study, the heritability (the
proportion of variance due to genes) of age-adjusted
pure-tone average at medium and low frequencies was
estimated to be 0.38 and 0.31, respectively.'® Wingfield
et al. tested the hearing acuity of monozygotic and dizy-
gotic twin pairs, and reported that approximately two-
thirds of the variance in hearing acuity for individuals’
better ears in the middle and high frequency ranges
could be accounted for by genetic factors.'® To the best of
our knowledge, the present report is the first to examine
common genetic variation that contributes to hearing
impairment and that stems from a number of genotypes
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TABLE 1.
Characteristics of Subjects at Baseline According to Hearing Impairment Status.

No Hearing Impairment Hearing Impairment All P
No. 1,772 (79.4%) 459 (20.6%) 2,231
Sex, % male 471 62.5% 50.3 <.0001
Age + SE, vy 56.7 4 0.2 69.1 + 0.5 59.2 £ 0.2 <.0001
AHT + SE 12.5 + 0.2 364 + 0.3” 174 + 03 <.0001

SE = standard error; AHT = average hearing threshold level for frequencies 0.5, 1, 2, and 4 kHz for the

better ear.
*P value tested by t test or 7 test.

related to geriatric diseases. Across all ages, environ-
mental and hereditary factors are important sources of
variation, with environmental factors becoming more in-
fluential with increasing age. Wingfield et al. found that,
in cases of asymmetric acuity, the better ear provides a
better approximation of what heritability would be prior
to the impact of environmental insults.'® Therefore,
hearing thresholds of the better ear based on average
pure-tone thresholds were used throughout the present
analyses.

In community-dwelling middle-aged and elderly
people, we found a significant effect of G/T polymor-
phism in EDN1 on hearing impairment. The frequencies
of the EDN1 genotypes and alleles in the present cohort
were similar to those in a previous report on Japanese
subjects,’” and were not significantly different from
those in Caucasians.’® The present results suggest that
carriers of the mutant allele (T) experience a dominant
effect that manifests itself as an increase in the preva-
lence of hearing impairment in people past middle age
in comparison with carriers of the wild-type homozygote
(GG). In other words, an amino acid substitution (Lys/
Asn) at codon 198 (rs5370) in EDN1 was significantly
associated with hearing impairment. This minor Asn-al-
lele (GT/TT) was associated with a 31% higher risk of
hearing impairment than homozygotes with 198Lys
(GG) after adjustment for age, sex, history of ear dis-
ease, and history of occupational noise exposure in the
middle-aged and elderly.

Recent research has shed some light on the connec-
tion between  endothelin-1 and the cochlea.
Experimentally, vasospasm of the spiral modiolar artery
(SMA) has been shown to be caused by endothelin-1,
which induces a strong, long-lasting constriction of the
SMA by increasing contractile apparatus Ca2+ sensitiv-
ity via Rho-kinase. Vasospasm of the SMA may cause
ischemic stroke of the inner ear, because its blood supply
depends exclusively on the SMA, which is a functional
end artery, 1%

Furthermore, under hypoxic conditions, a clear
increase of endothelin-1 activity is induced, potentially
leading to vasoconstriction in the stria vascularis.
Accordingly, the endocochlear potential may be
affected.”!

On the other hand, it has been demonstrated in
previous studies that endothelin-1 is distributed in the
central and peripheral nervous systems.”*? Endothelin-1
is widely distributed in spiral ganglion cells in the
guinea pig and may play a role in auditory transmission.
Spiral ganglion neurons are the primary sensory neu-
rons which provide afferent innervation to cochlear hair
cells and convey nerve impulses from the cochlear hair
cells to the central nervous system. Thus, a better
understanding of the characteristics of spiral ganglion
cells and their neurotransmission functions will provide
insights into the mechanisms of hearing impairment.
Endothelin-1 in spiral ganglion cells may have a direct
influence on the transmission of nerve impulses.!®

TABLE H.
Characteristics of Participants According to Endothelin-1 Genotype.
Genotype
GG GT TT P

Baseline data

No. 1,173 (52.6%) 892 (40.0%) 166 (7.4%)

AHT, mean + SE 17.0 + 04 18.0 £+ 04 169 + 1.0 NS

Hearing impairment, % 1.4 22.8 16.9 NS

Sex, % male 51.8 47.5 54.8 NS

Age, y, mean + SE 59.1 £ 03 594+ 04 58.8 + 0.8 NS
Cumuiative data

No. 3,771 (63.1%) 2789 (39.3%) 537 (7.6%)

Sex, % male 52.9 48.8 55.3

Age, y, mean + SE 60.7 £ 0.2 61.1 4+ 02 60.8 + 0.5

AHT = average hearing threshold level for frequencies 0.5, 1, 2, and 4 kHz for the better ear; SE = standard

error; NS = not significant.

*P value tested by analysis of variance or 4° test.
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TABLE i1
Odds Ratios of Hearing Impairment by Polymorphisms in EDN1.

Genotype
Mode of inheritance GG (T=0} GT{T=1) TT{T=2) P
Additive genetic model”
No. 3,771 2,789 537
Model 1 1 1.09 (0.99-1.20)/T allele NS
Model 2 1 1.10 (0.99-1.22)/T allele NS
Model 3 1 1.13 {1.02-1.25)/T allele .0240
GG GTT
Dominant genetic model
No. 3,771 3326
Model 1 1 1.24 (1.02-1.50) .0330
Model 2 1 1.29 (1.06-1.57) .0122
Model 3 1 1.31 (1.07-1.60) .0092
GG/GT TT
Recessive genetic model
No. 6,560 537
Model 1 1 0.96 (0.64-1.43) NS
Model 2 1 0.93 (0.62-1.40) NS
Model 3 1 0.92 (0.61-1.38) NS

NS = not significant.

“The additive genetic model assumes that there is a linear gradient in risk between the GG, GT. and TT ge-
notypes (GG genotype base). This is equivalent to a comparison of the T allele versus the G allele. The per-allele
odds ratio for hearing impairment risk is shown under the additive genetic model.

Moderator variable: model 1, age; model 2, age and sex; model 3, age, sex, history of ear disease, and his-

tory of occupational noise exposure.

Parenthetical reference shows 95% confidence interval.

However, the mechanisms through which endothelin-1
functions in the auditory system remain to be clarified;
further detailed investigation on the role of endothelin-1
on auditory function is required.

The diversity of actions of endothelin may be
explained by the existence of several types of endothelin
receptors with different cellular functions. Endothelins
exert their biological effects via two specific cell surface
receptor subtypes termed endothelin receptor type A and
endothelin receptor type B. Because the stimulation of
these different receptors is known to evoke different and
sometimes opposite functions, these receptor gene poly-
morphisms could have profound implications for the role
of endothelin on the hearing system. However, receptor
gene polymorphisms were not examined in the present
study.

For a multifactorial trait, like age-related hearing
loss, numbers of coexisting and risk-modifying factors
can be taken into account in analyses. Hypertension and
cardiovascular disease have been thought to have some
relation to hearing loss.?® Also, a high BMI has been
reported to correlate with age-related hearing logs.2t At
the same time, the significant relation between
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Lys198Asn polymorphism and a risk of coronary artery
disease has been shown.?” In the present analyses, we
added BMI and histories of heart disease and hyperten-
sion to the other factors (age, sex, histories of ear
disease, and occupational noise exposure) as moderator
variables, however, the association of the EDN1 G/T
polymorphism with hearing impairment did not alter
before and after adjustment for BMI and histories of
heart disease and hypertension.

A number of gene polymorphisms related to geriat-
ric diseases were examined in the NILS-LSA. There is
expected to be some interactive effect on age-related
hearing loss between common variants, and environmen-
tal and hereditary factors. Further research on this
issue is currently underway.

CONCLUSION

The present study demonstrated that there is a sig-
nificant  association between the EDN1 G/T
polymorphism and hearing impairment in middle-aged
and elderly people after adjustment for age, sex, occupa-
tional noise exposure, and history of ear disease. The

Uchida et al.: EDN1 Polymorphism and Hearing Impairment
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mutant Asn allele was found to be associated with a
31% higher risk of hearing impairment than homozy-
gotes with 198Lys after adjustment for confounding
variables in the middle-aged and elderly. This result is
consistent with the findings from previous laboratory
research regarding the presence and medicinal value of
endothelin-1 in the cochlea.
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CASE REPORT

Endolymphatic Hydrops of the Labyrinth Visualized on
Noncontrast MR Imaging: A Case Report
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We admitted an 11-year-old girl with enlarged endolymphatic duct and sac syndrome to
our hospital with severe nausea and vertigo. Three-dimensional constructive interference in
steady state (3D-CISS) and fluid-attenuated inversion recovery (3D-FLAIR) images re-
vealed a reflux of proteinous or hemorrhagic fluid into enlarged endolymphatic space in the
labyrinth. This is the first imaging report to show endolymphatic hydrops visualized by
noncontrast-enhanced MR imaging in a living human patient.

Keywords: endolymphatic hydrops, magnetic resonance imaging, temporal bone disease,

3D imaging

Introduction

Recent studies have reported the visualization of
endolymphatic hydrops on magnetic resonance
(MR) imaging after intratympanic administration
of Gd-DTPA!" or possibly after intravenous ad-
ministration of high-dose Gd-DTPA* in patients
with Méniére’s disease. However, such visualiza-
tion by nonenhanced MR imaging has not been
reported in living humans.

Case Report

We admitted an 11-year-old girl with hearing de-
terioration in her right ear and attacks of vertigo to
our hospital for severe nausea and vomiting. Since
age 2, she had been followed for enlarged endolym-
phatic duct and sac syndrome (large vestibular
aqueduct syndrome). From time to time, she had
hearing loss and vertigo attacks and received
steroid drip infusion and hyperbaric oxygen ther-
apy. She also had a goiter and was diagnosed with
Pendred syndrome based on genetic analysis. On
this admission, hearing in her right ear was un-
measurable on the scale and in the left ear was 86.3
dB (average of 500, 1000, and 2000 Hz).

MR imaging obtained one day after admission
(Fig. 1A-D) revealed an enlarged endolymphatic
duct and sac that showed high signal on 3-dimen-

*Corresponding author, Phone: + 81-52-744-2327, Fax: +81-
52-744-2335, E-mail: naganawa@med.nagoya-u.ac.jp
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sional fluid attenuated inversion recovery (3D-
FLAIR) and mixed signal on 3D constructive inter-
ference in the steady state (3D-CISS) images. On
3D-FLAIR images, the endolymphatic space in the
cochlea and vestibule also showed high signal. Con-
versely, on 3D-CISS images, the signal in the laby-
rinth was low. These areas were thought to corre-
spond to the reflux of high proteinous or hemor-
rhagic fluid from the endolymphatic duct and sac.
Reference to images from other patients with
Méniére’s disease obtained after intratympanic in-
jection of Gd-DTPA suggested that these areas
were enlarged endolymphatic space (Fig. 1E).

Her nausea and vomiting improved during her
7-day stay in the hospital. On the day she was
released, she fell and hit her head on the floor. She
then complained of worsening hearing loss in her
left ear and worsened nausea and vomiting and
returned to the hospital. Six days after this head
trauma, she underwent a second MR examination,
which revealed increased signal in the basal turn of
the left cochlea on 3D-FLAIR that seemed to ex-
tend into the perilymphatic space (Fig. 2).

All MR images were obtained on a 3-tesla scan-
ner (Magnetom TRIO, Siemens Medical Solutions,
Erlangen, Germany). We performed 3D-CISS
imaging (voxel size 0.5X0.5X0.4 mm) to obtain
reference images of the anatomy of the labyrinthine
fluid-space. 3D-FLAIR imaging (voxel size 0.7 X
0.7 X 0.8 mm) was performed using a variable flip-
angle echo train with an average flip angle of 120
degrees and an echo-train length of 119. The fea-
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Fig. 1. An 1l-year-old girl with bilateral enlarged endolymphatic duct and sac syndrome. First
magnetic resonance (MR) imaging series obtained 1 day after admission. (A) Posterior part of the
enlarged endolymphatic duct and sac of the right ear shows lower signal on the 3-dimensional con-
structive interference in steady state (3D-CISS) image (arrow; EES). Low signal areas corresponding
to endolymphatic space are seen in the cochlea (scala media, SM), vestibule (V), and posterior am-
pulla (A). Conversely, these same areas show high signal on 3D fluid-attenuated inversion recovery
(3D-FLAIR) (B). Note that no area corresponding to endolymphatic space can be recognized in the
left labyrinth on 3D-CISS (C) and 3D-FLAIR (D). As an anatomical reference for enlarged en-
dolympbhatic space, an image from a different patient who had Méniere’s disease (a 60-year-old wo-
man) is shown (E). This is a 3D real inversion recovery (IR) image acquired after intratympanic in-
jection of Gd-DTPA. This patient does not have an enlarged endolymphatic duct and sac. On 3D
real-IR after intratympanic injection of Gd-DTPA, endolymphatic space shows negative signal
(black), perilymphatic space shows positive signal (white), and surrounding bone shows zero signal
(gray).?

Magnetic Resonance in Medical Sciences

- 68 -



Noncontrast MRI of Endolymphatic Hydrops

45

Fig. 2. Images of the left ear. (A) A 3-dimensional fluid-attenuated inversion recovery (3D-
FLAIR) image from the first magnetic resonance (MR) examination. The enlarged endolymphatic
duct and sac show high signal (EES); however, no signal can be detected in the cochlea and vesti-
bule. (B) A 3D-FLAIR image from the second MR examination performed 11 days after the first ex-
amination and 6 days after minor head trauma after which she experienced worsened left-side hear-
ing loss. The enlarged endolymphatic duct and sac (EES) can be seen as in the previous study, and a
slight signal increase can be seen in the cochlea (short arrows). High signal also extended into
perilymphatic space. This finding is consistent with the reflux of proteinous or hemorrhagic fluid
from the endolymphatic sac into the cochlea and with the contamination of the endo- and peri-
lymph. (C) A 3-dimensional constructive interference in steady state (3D-CISS) image from the sec-
ond MR examination is shown for anatomical reference. On 3D-CISS, the signal of the enlarged en-
dolymphatic sac (EES) is low. That of cochlear fluid (short arrows) is high, suggesting only a small
amount of reflux. Comparing (B) and (C), the high signal in the cochlea in (B) can also be seen to ex-
tend into the scala tympani (perilymphatic space, ST, C).

tures of this variable flip-angle sequence have been
reported elsewhere.’ This sequence allows the use
of very long echo-train lengths without severe blur-
ring while maintaining contrast similar to that of
3D-FLAIR obtained with a conventional turbo spin
echo sequence, even with a long effective echo time.

Discussion

Enlarged endolymphatic duct and sac syndrome
is the leading cause of progressive sensorineural

Vol. 8 No. 1, 2009

hearing loss in children and young adults. Though
the syndrome is congenital, in most cases, the hear-
ing loss is acquired.®’ Because hearing loss in-
creases after minor head trauma, as in our case,
patients are usually advised to avoid contact sports.

The cause of hearing loss in this syndrome
remains unknown,?® but 2 major theories exist.*?
The first is that cerebrospinal fluid (CSF) pres-
sure in the internal auditory canal is transmitted
through an insufficiently developed cochlear modi-
olus to inner-ear hair cells, but reports of normal-
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sized cochlear modioli in some cases of this syn-
drome’® seem to refute this theory. The other the-
ory is that the hyperosmolar fluid in the endo-
lymphatic duct and sac refluxes into the laby-
rinth and damages hair cells.® Proteinous or hemor-
rhagic fluid have been reported in the enlarged en-
dolymphatic duct and sac on MR images.!® Recent
literature supports the latter theory,”!! especially a
case report of a reflux of proteinous or hemorrhag-
ic fluid from the duct and sac into the labyrinth
visualized in 3D-FLAIR images.!! However, no
separate visualization between endo- and peri-
Iymph fluid was possible, probably as a result
of contamination of the fluid by rupture of the
Reissner’s membrane.

In the present case, separation between endo-
and perilymph was apparent in the right ear, and
the endolymphatic space seemed to have enlarged
according to the image criteria reported previous-
ly.® In the criteria, the size of the endolymphatic
space in the cochlear basal turn was scored subjec-
tively from 0 to 3: 3, the cochlear duct is larger than
the perilymphatic space of the scala vestibule; 2,
the Reissner’s membrane is bulging toward the
scala vestibule but smaller than the perilymphatic
space of the scala vestibule; 1, the Reissner’s mem-
brane is not bulging; and 0, the Reissner’s mem-
brane is bulging toward the scala media or there is
no visualization of endolymphatic space. In our
patient, the score of the right cochlea was 3. In the
left ear, in contrast, contamination of the endo-
and perilymph seemed likely at the time of the sec-
ond MR examination.

This case report provides the first images that
show endolymphatic hydrops visualized by non-
contrast-enhanced MR imaging in a human patient.
It is also the first imaging report to suggest fluid
reflux into the cochlea just after head trauma in this
syndrome. The knowledge obtained from the pre-
sent case may improve understanding of the path-
ophysiology of enlarged endolymphatic duct and
sac syndrome.
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Endolymphatic hydrops revealed by intravenous gadolinium injection in
patients with Méniére’s disease
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Abstract

Congclusion: Visualization of endolymphatic hydrops became possible after intravenous gadolinium (Gd) injection in patients
with Méniére’s disease. Objecrive: To visualize endolymphatic hydrops after intravenous Gd injection. Methods: Gd (gadoter-
idol; 0.2 mmol/kg) was injected intravenously in three patients with unilateral Méniére’s disease. We performed three-
dimensional fluid attenuated inversion recovery (3D-FLAIR) and three-dimensional real inversion recovery (3D-real IR)
magnetic resonance imaging (MRI) 4 h after the injection using a 3-Tesla MRI unit. We used a 32-channel array coil to obtain
a high signal-to-noise ratio. Results: Endolymphatic hydrops was observed in the ears of patients with Méniére’s disease.
However, Gd concentration in the perilymph was lower compared with that obtained after intratympanic Gd injection.

Keywords: FLAIR, MRI, real IR MRI, intravenous gadolinium administration

Introduction

Endolymphatic hydrops has been visualized after intra-
tympanic gadolinium (Gd) injection using 3-Tesla
magnetic resonance imaging (MRI) [1]. Gd enters
the perilymphatic space through the round window
membrane and can then delineate the perilymphatic
and endolymphatic spaces. Three-dimensional fluid
attenuated inversion recovery (3D-FLAIR) MRI and
three-dimensional real inversion recovery (3D-real IR)
MRI allow visualizadon of the endolymphatic
space [2,3]. 3D-real IR MRI is generally better for
visualizing the endolymphatic space than 3D-FLAIR
MRI. However, when Gd concentration is not suffi-
cient in the perilympbh, itis more difficult to visualize the

~ Gd in 3D-real IR MRI than in 3D-FLAIR MRI [4].

Gd is generally administered intravenously for con-
trast enhancement of MRI. If endolymphatic imaging
by intravenous Gd injection becomes readily avail-
able, the intravenous method will be used widely [5].
At present, however, the signal-to-noise ratio is still

insufficient to clearly demonstrate the endolymphatic
space after ordinary intravenous Gd injection [6]. Gd
concentration in the perilymph reaches its maximum
level 4 h after intravenous administraton of the
drug [7]. Carfrae et al. [8] performed 3 TMRI 4 h
after intravenous injection of a triple dose of Gd in
normal subjects and patients with Méniére’s disease.
However, the resultant images were not convinc-
ing [9]. These authors did not perform 3D-FLAIR
MRI. In this study, we attempted to visualize the
endolymphatic space using 3D-FLAIR and 3D-real
IR MRI carried out 4 h after intravenous injection of a
double dose of Gd in patients with Méniére’s disease.

Material and methods
Patients

Three patients with Méniére’s disease were enrolled
in this study (Table I). Case 1 was a 60-year-old
woman who had had left fluctuating hearing loss
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Table I. Patients’ details.
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Average
hearing Hearing Vertigo AAO-HNS
Case no. Gender Age (years) Side level (dB) fluctuation attacks classification
1 F 60 Right 115 No Non-rotatory Possible
Left 68 Yes
2 M 41 Right 20 Yes Rotatory Definite
Left 6 No
3 F 67 Right 62 Yes Rotatory Definite
Left 13 No

Average hearing level is average (dB) of three frequencies (500, 1000, and 2000 Hz). F, female; M, male.

and dizziness for 10 months. Because she had not
experienced definitive episodes of rotatory vertigo,
she was diagnosed as having possible Méni¢re’s dis-
ease according to the criteria of the 1995 American
Academy of Otolaryngology-Head and Neck Surgery
(AAO-HNS) [10]. Although she had left otitis media
with a large perforation of the tympanic membrane,
otorrhea was not recognized. When she was 58 years
old, she underwent surgery to remove the right acous-
tic tumor via the posterior fossa, which was performed
by a neurosurgeon. After the surgery, she lost right
hearing ability completely. Her left average hearing
level of three frequencies (500, 1000, and 2000 Hz)
was 68 dB with an air-bone gap of 28 dB at the time
she was examined by MRI.

Case 2 was a 41-year-old man with right fluctuating
hearing loss. When he was 36 years old, he had low-
tone sensorineural hearing loss on the right side
without vertigo. Subsequently, he experienced fluc-
tuation of his right hearing level. He had also had
vertigo attacks, starting at 39 years of age. He had had
three definite episodes of vertigo attacks and many
drop attacks. He was diagnosed as having definite
Méniére’s disease according to the criteria of AAO-
HNS. His right average hearing level of three frequen-
cies was 20 dB with low-tone sensorineural hearing
loss. The left hearing level was normal.

Case 3 was a 67-year-old woman. She had had four
definite episodes of vertigo attacks with fluctuation of
her right hearing level for 10 months. She was diag-
nosed as having definite Méniére’s disease according
to the criteria of AAO-HNS. Her right average hear-
ing level of three frequencies was 62 dB with flat-type
sensorineural hearing loss. The left hearing level was
normal.

All patients gave informed consent to participate in
this study. Their written informed consent was
attached to the electronic medical record. The pro-
tocol of this study was approved by the Ethics Review
Committee of the Nagoya University School of Med-
icine (approval number 587-2).

Intravenous Gd injection

Gadoteridol (ProHance®) was injected intravenously.
The injected amount was 0.4 mlkg (0.2 mmol/kg).
Although the standard amount of gadoteridol is 0.2
ml/kg, a concentration of 0.4 ml/kg is permitted by the
Japanese governmental health insurance system if the
aim is to visualize metastatic brain tumors. At 4 h after
the intravenous gadoteridol injection, MRI was
performed.

MRI

MRI scans were performed with a 3 T MRI unit using a
multichannel coil. We started with an 8-channel head
coil and then switched to a 12-channel coil; we nowuse a
32-channel array coil to obtain a high signal-to-noise
ratio [6]. Heavily T2-weighted 3D constructive inter-
ference in the steady-state imaging was obtained for
anatomicreference and 3D-FLAIR was then performed
todetect perilymph enhancement, while suppressing the
signal from the endolymph. Finally, we obtained 3D-real
IR images to visualize the endolymph, perilymph, and
bone separately on asingle image. The details of the MRI
protocol were described previously [1-3]. In this study,
the inversion time ofthe 3D-real IR images was extended
up to 2000 ms, to adjust for the lower Gd concentration
in the perilymph when compared with that delivered by
intratympanic injection.

Results

In case 1, evaluation of endolymphatic space was pos-
sible in 3D-FLAIR and 3D-real IR MRI because Gd
enhancement of the perilymph was relatively good on
both sides. Significant endolymphatic hydrops was
observed both in the cochlea and in the vestibule of
the left ear (Figure 1). In the right ear, in which the
acoustic tumor remained in the internal auditory canal
(Figure 2), endolymphatic hydrops was not observed.

In case 2 the Gd enhancement was not as prominent
as that observed in case 1. Evaluation of endolymphatic
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Figure 1. Consecutive sections of 3D-real IR MRI in case 1. A and B, C and D, and E and F are the same sections. A, C, and E show the right
ear; B, D, and F show the left ear. Significant endolymphatic hydrops was observed in the left ear. Arrows in B and D indicate endolymphatic
hydrops in the cochlea (black areas without Gd). Arrows in F indicate endolymphatic hydrops in the vestibule.

size was difficult in 3D-real IR MRI. However, signif-
icant hydrops was observed both in the cochlea and in
the vestibule of the right ear in 3D-FLAIR MRI
(Figure 3). Gd enhancement was much less evident
in the normal left ear than in the right ear. No hydrops
was recognized in the left ear.

In case 3, the Gd enhancement was clearer than
that in case 2, but weaker than that in case 1. The Gd
enhancement was barely recognized in 3D-real IR
MRI. However, 3D-real IR MRI helped evaluation

of the endolymphatic space size. Significant hydrops
was observed both in the cochlea and in the vestibule
of the right ear in 3D-FLAIR (Figure 4) and 3D-real
IR MRI (Figure 5). Gd enhancement was less evident
in the normal left ear than in the right ear. No hydrops
was recognized in the left ear.

In all patients, endolymphatic hydrops was observed
in the ear with fluctuatinghearingloss. Both 3D-FLAIR
MRI and 3D-real IR MRI were useful for evaluation of
the size of the endolymphatic space.
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Figure 2. Heavily T2-weighted 3D constructive interference in the steady-state imaging of case 1. A, right ear; B, left ear. In these heavily
T2-weighted images, both the endolymph and the perilymph are white and no differences were detected between the right and left ears. The

remaining acoustic tumor of the right ear is indicated by arrows.

Figure 3. 3D-FLAIR MRI of case 2. A, right ear; B, left ear. In A, short arrows indicate endolymphatic hydrops in the basal turn of the cochlea
(wedge-like areas). In 3D-FLAIR MRI, endolymphatic hydrops cannot be discriminated from the surrounding bone. In B, no cochlear
hydrops is observed. In A and B, long arrows indicate endolymphatic space in the vestibule. The endolymphatic space is clearly larger in A than

in B.

Figure 4. 3D-FLAIR MRI of case 3. A, right ear; B, left ear. In A, short arrows indicate endolymphatic hydrops in th basal and upper turns of

the cochlea (wedge-like areas). In B, the cochlea shown by an arrow has no hydrops.
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Figure 5. 3D-real IR MRI of case 3. A, right ear; B, left ear. In A, short arrows indicate endolymphatic hydrops in the basal and upper turns
of the cochlea (black areas). In A and B, long arrows indicate endolymphatic space in the vestibule. The endolymphatic space is clearly

larger in A than in B.

Discussion

We have successfully visualized endolymphatic
hydrops after intravenous Gd injection. The blood-
labyrinthine barrier includes the blood—endolymph
barrier and blood-perilymph barrier. Because the
blood—endolymph barrier is extremely tight compared
with the blood—perilymph barrier, Gd administered
intravenously enters the perilymph but does not enter
the endolymph [11]. This difference made it possible
to visualize the endolymphatic space of the inner ear
in 3D-FLAIR and 3D-real IR MRI after intravenous
injection of a double dose of Gd.

The Gd concentration in the perilymph was fainter
than that observed after intratympanic injection of Gd
diluted 8-fold, and seemed to be closer to the con-
centration observed after intratympanic injection of
Gd diluted 16-fold. We were able to evaluate the
degree of endolymphatic hydrops after intratympanic
injection of the 16-fold dilution; however, to enhance
image contrast, we are now using Gd diluted eightfold
as the intratympanic injection method [4].

3D-real IR MRI was generally better than 3D-
FLAIR MRI for visualizing the endolymphatic space,
as the former discriminated the endolymphatic space
not only from the perilymphatic space but also from
the surrounding bone [2]. However, low Gd concen-
trations in the perilymph were more difficult to visu-
alize by 3D-real IR MRI than by 3D-FLAIR MRI [4].
Accordingly, both 3D-FLAIR and 3D-real IR MRI
are required for the precise evaluation of the endo-
lymphatic space after intravenous Gd injection.

In case 1, intratympanic Gd injection was not
suitable in the left ear because of a large perforation
of the tympanic membrane. Intravenous Gd admin-
istration was necessary for the image diagnosis of
endolymphatic hydrops. The Gd enhancement in

-5 -

the right ear with acoustic tumor was clear. This
was probably due to the disrupted blood-labyrinthine
barrier in the ear with acoustic tumor. In cases 2 and
3, the Gd enhancement was higher in the ear with
Méniére’s disease than in the normal ear. We can now
evaluate the blood-labyrinthine barrier by intrave-
nous injection of Gd.

Conclusion

We successfully visualized endolymphatic hydrops
using 3D-FLAIR and 3D-real IR MRI performed
4 h after intravenous injection of a double dose of
Gd, although the quality of the image was not as good
as that obtained after intratympanic injection of Gd
diluted eightfold with saline. The intravenous admin-
istration method, which has high applicability in clin-
ical use, will be used to evaluate the endolymphatic
space and the blood-labyrinth barrier on both sides.
This study was supported by research grants from the
Ministry of Health, Labour and Welfare in Japan.
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Abstract

We describe a case report of a patient with Meniere’s disease whose changes in endolymphatic hydrops were observed using magnetic
resonance imaging (MRI). Gadolinium was injected intratympanically through the tympanic membrane, and MRI scans performed with a 3-T
MRI unit revealed endolymphatic hydrops inside the perilymphatic space filled with gadolinium. We evaluated the relationship between the
image findings and hearing level. The correlation between the degree of endolymphatic hydrops observed by MRI and hearing level in patients
with Meniere’s disease offers a promising new method to study the progression of Meniere’s disease.

© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Endolymphatic hydrops are recognized as the main
pathological change of Meniere’s disease. Many animal
studies and human temporal studies have focused on
changes in inner ear function associated with endolymphatic
hydrops. Clinically, the severity of endolymphatic hydrops
in a patient with Meniere’s disease should be estimated in
relation to the hearing level, and the results of electroco-
chleography (EcochG) or vestibular-evoked myogenic
potential (VEMP) because pathological examination of
the inner ear is not possible.

One report detailed the imaging analysis of the inner ear
in patients with Meniere’s disease using magnetic resonance
imaging (MRI) with intratympanic administration of
gadolinium [1]. The clinical imaging of endolymphatic
hydrops using 3-T three-dimensional fluid-attenuated
inversion recovery (3D-FLAIR) MRI was recently reported
[2]. A correlation between the degree of endolymphatic

* Corresponding author. Tel.: +81 52 744 -2323; fax: +81 52 744 2325.
E-mail address: michsone@med.nagoya-v.ac.jp (M. Sone).

hydrops observed by MRI and clinical symptoms in patients
with Meniere’s disease offers a promising new method to
study the progression of Meniere’s disease.

We describe a case report of a patient with Meniere’s
disease whose changes in endolymphatic hydrops were
observed using MRI. We evaluated the relationship between
image findings and hearing level.

2. Case report

A 41-year-old man was referred to our department
because of Meniere’s disease in his left ear, which had begun
two years earlier. He had sensorineural hearing loss of 30 dB
on the left side. Since the first visit, his hearing level
deteriorated gradually so that he experienced rotatory
vertigo attacks despite medical treatment, which forced
him to close his business for 1 year. During this down period,
he received intratympanic gentamicin injection six times in
total, and he was able to return to work without experiencing
severe vertigo attacks. A caloric test with ice water after
gentamicin injection showed no response on the left side.

0385-8146/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
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Fig. 1. Hearing levels on pure tone audiometry at the time of the initial (A),
second (B), and third (C) magnetic resonance image examinations.

Two years after the treatment, the patient complained of
frequent drop attacks. His hearing level at that time was 55—
70 dB (Fig. 1A). AVEMP test and EcochG were performed
at this time. Surface myogenic potentials in the sternoclei-
domastoid muscle were added 150 times with a reference
electrode over the sternum while clicks (105 dB) were
presented to the ipsilateral ear and white noise (75 dB) was
presented to the contralateral ear (Synax 2100, NEC Medical

Y ®

©

Systems, Tokyo, Japan). EcochG was performed with a
silver ball electrode placed on the posteroinferior quadrant
of the external ear canal, close to the tympanic membrane.
The click stimuli were presented four times a second with
rarefaction and condensation polarity (Synax 2100). The
signal was added 500 times through the bandpass filter (100
3000 Hz). VEMP was absent, and the SP/AP ratio on
EcochG was 48%.

To investigate the patient’s inner ear condition more
completely, gadodiamide hydrate (Omniscan®, Daiich
Pharmaceutical Co. Ltd, Tokyo, Japan) diluted eightfold
with saline was injected intratympanically through the
tympanic membrane, and MRI scans were performed with a
3-T MRI unit (Trio, Siemens, Erlangen, Germany) 24 h after
the injection [2]. The patient gave written informed consent
to participate in this MRI examination in accordance with
the suggestion of the Ethics Review Committee.

3D-FLAIR MRI revealed significant endolymphatic
hydrops inside the perilymphatic space filled with gadolinium,
which was observed in the lower and upper turns of the cochlea
(Fig. 2A) {3]. The gadolinium was faintly visible in the
vestibule and the lateral semicircular canal, Seven months after
the first gadolinium injection, his hearing level recovered to
45 dB without drop attacks, and a second MRI examination
with gadolinium injection was planned. However, a few weeks
before the second examination, his hearing level began to
deteriorate to 60-75 dB, especially at lower frequencies

OF

Fig. 2. Three-dimensional fluid-attenuated inversion recovery magnetic resonance images on the axial plane. (A) The initial image shows endolymphatic space
inside the perilymphatic space filled with the gadolinium in the lower (long arrow) and upper (short arrow) turns of the cochlea, and faintly visible gadolinium in
the lateral semicircular canal (arrowhead). (B) The image at the second examination shows endolymphatic hydrops to a similar degree as that observed in the
first MRI, and the hydrops in the upper turn of the cochlea is obvious (short arrow). (C) The image at the third examination shows reduced endolymphatic space
in the cochlea (short arrows) and more strongly visible gadolinium in the vestibule (diamond) and the semicircular canal (arrowhead). (D) An image from a
patient with acute sensorineural hearing loss with no endolymphatic hydrops is given as an example for comparison. (a) The cochlea, (b) the vestibule, and (c)
the lateral and (d) posterior semicircular canals. The endolymphatic space is not clearly visible in this case.
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