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Changes in the characteristics of definite Meniere’s disease over time
in Japan: a long-term survey by the Peripheral Vestibular Disorder
Research Committee of Japan, formerly the Meniere’s Disease
Research Committee of Japan

HIDEO SHOJAKU!, YUKIO WATANABE!, TOSHIAKI YAGI?, MASAHIRO TAKAHASHI?,
TAIZO TAKEDA?, TETSUO IKEZONO?, JUICHI ITO®, TAKESHI KUBO®,

MAMORU SUZUKI’, MASAYA TAKUMIDAS®, NORIAKI TAKEDA®,

NOBUHIKO FURUYA'® & HIROSHI YAMASHITA!

Departments of Orolaryngology, ' University of Toyama, 2Nihon Medical University, 3Yokohama Central Clinic, *University
of Kochi, >University of Kyoto, SUniversity of Osaka, " Tokyo Medical University, 8University of Hiroshima, °University of
Tokushima, '°University of Gunma and Y Undversity of Yamaguchi, Japan

Abstract

Conclusion. The incidence of new cases of Meniere’s disease (MD) in elderly patients aged 60 years or more was found to
have increased over time after correction for age distribution in the overall population. Job- and care-related fatigue may be
involved in the recent increase in elderly-onset cases because physical and mental fatigue can induce onset of the disease.
Objectives. Changes over time in the epidemiologic characteristics of MD in Japan were analyzed. Materials and methods.
Between 1975 and 2006, four nationwide, multi-center surveys of MD were conducted by the Meniere’s Disease Research
Committee of Japan (1975-1976) and the Peripheral Vestibular Disorders Research Committee of Japan (1982-1984,
1990, and 2001-2006). Information was collected by the committee members on a total of 1368 de novo cases of definite
MD, 520 reported in the first survey, 290 in the second survey, 148 in the third survey, and 410 in the fourth survey. Results.
Clear changes were seen over time in the population-adjusted sex distribution of the disease and population-adjusted age at
onset. The number of definite MD cases in females increased over time relative to the number of cases in males. The
proportion of cases in which onset occurred at 60 years of age or more increased over time when the number of cases in each
age group was adjusted for changes in age distribution of the population over time. From the time of the third survey, there
was a slight increase in the proportion of cases with bilateral involvement.

Keywords: Meniere’s disease (definite), onset age, sex distribution, aging

Introduction committee conducted three nationwide, multi-cen-
ter surveys to investigate the epidemiologic and
clinical characteristics of MD, surveying patients
admitted to hospitals with which members of the
committee were affiliated [8-10]. Because the same

Basic demographic characteristics of Meniere’s dis-
ease (MD) have been reported from many places
worldwide [1-7]. Most such reports present epide-
miologic data representing a single brief period,

without addressing secular trends. The Meniere’s diagnostic criteria have been used consistently [8],
Disease Research Committee of Japan was organized these epidemiologic surveys provide a unique op-
by the Ministry of Health and Welfare of Japan in portunity to evaluate long-term trends in the epide-
1974 and continued after reorganization in 1980 as miologic characteristics of MD. We analyzed basic
the Peripheral Vestibular Disorders Research Com- epidemiologic characteristics of MD as found in the
mittee. Between 1974 and the end of 1990, the fourth nationwide survey of Japan conducted from
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2001 to 2006 and compared the recent data with
data from the three previous surveys.

Materials and methods

The first nationwide survey was conducted from
April 1975 to December 1976 by 17 committee
members at 14 university and 3 general hospitals
located in various districts or areas of Japan [8-10].
Data collected from 520 patients with definite MD
included age, sex, and occupation; mode of onset;
and whether symptoms were bilateral or unilateral.
The second nationwide survey was conducted from
January 1982 to December 1984 by 24 committee
members in 22 university and 2 general hospitals
[9,10]. Data similar to those collected in the first
survey were collected from 290 patients with definite
MD. The third survey was conducted from January
to December 1990 by 16 committee members at 13
university and 3 general hospitals [9,10]. Data
similar to those collected in the first and second
surveys were collected from 148 patients with
definite MD. The fourth survey was conducted in
2001 and from January 2004 to December 2006 by
14 committee members at 14 university hospitals.
Data were collected from 410 patients with definite
de novo MD (i.e. patients who had undergone their
first medical examination for definite MD symp-
toms) and were similar to data collected in the three
previous surveys.

The diagnostic criteria for MD, decided on in
1976 by the committee conducting the first survey,
are as follows: (1) repeated attacks of whirling
vertigo; (2) fluctuating cochlear symptoms synchro-
nized with attacks of vertigo; and (3) exclusion of
central nervous system involvement, eighth nerve
tumor, and other cochleovestibular diseases [8].
Cases fulfilling all 3 criteria were diagnosed as cases
of definite MD, whereas cases fulfilling only criteria
1 and 3 or criteria 2 and 3 were considered cases of
suspected MD. In 1991, the committee decided on
diagnostic criteria for MD with bilateral fluctuant
hearing loss as follows: (1) repeated attacks of
whirling vertigo; (2) fluctuating bilateral cochlear
symptoms synchronized with attacks of vertigo; and
(3) exclusion of central nervous system involve-
ment, eighth nerve tumor, and other cochleoves-
tibular diseases [11]. Because the cochlear
symptoms sometimes fluctuate, and the severity of
symptoms is not the same in each ear, some
patients complain of severe unilateral, not bilateral,
symptoms. Cases fulfilling all three criteria were
diagnosed as cases of definite bilateral MD. Use of
the glycerol test and/or frequently repeated pure
tone audiometry is highly recommended to diag-
nose bilateral involvement more precisely. Only

patients who had undergone their first medical
examination for MD symptoms were surveyed. All
of the cooperating committee members were ear,
nose, and throat physicians.

Survey data were stored and analyzed by database
software at the Department of Otolaryngology at the
University of Toyama. Data from the fourth survey
on the sex distribution of definite MD, unilateral vs
bilateral involvement, and age at onset per sex were
analyzed. The distribution of bilateral involvement
and of age at onset per sex was compared between
the four surveys to investigate changes over time.
The sex ratio and onset age for definite MD from the
first, second, and third surveys were adjusted for sex
and age ratios of the general population calculated
with the use of denominators interpolated from
census data between census years. Data from the
national census for 1980, 1985, 1990, and 2005
were used to correct the data from the first, second,
third, and fourth survey, respectively. For statistical
analysis, chi-squared tests were performed on a
personal computer with StatView for Windows
(version 4.5, Abacus Concepts, Berkeley, CA,
USA). Some of the data in this study were analyzed
in previous studies [8-10].

Results

At the time of the first survey, nearly equal numbers
of males and females, i.e. 259 males (49.8%) and
261 females (50.2%), were diagnosed with definite
MD (Table I). The second to fourth surveys showed
a progressive increase with time in the proportion of
definite MD cases occurring among females. At the
time of the fourth survey, 256 females (62.4%) and
only 154 males (37.6%) were diagnosed with
definite MD. The percentage of females in the
population of Japan did not change between 1975
and 2005; it was 50.8% in 1975 and 51.2% in 2005,
according to national census data. The population-
adjusted proportion of female patients in the fourth
survey was significantly greater than that in the first
survey (p <0.01; Table II).

Proportions of cases with bilateral involvement
during the time of each survey are shown in Table
II1. At the time of the first survey, 48 of the 520 cases
of definite MD (9.2%) were diagnosed as bilateral.

Table I. Sex distribution of definite MD per survey period.

1975-76  1982-84 1990 2001-2006

Males 259 (49.8) 126 (43.4) 63 (42.6) 154 (37.6)
Females 261 (50.2) 164 (56.6) 85 (57.4) 256 (64.4)
Total patients 520 (100) 290 (100) 148 (100) 410 (100)

Number (and percentage) of patients are shown.



Acta Otolaryngol Downloaded from informahealthcare.com by Kyoto University

For personal use only.

Table II. Population-adjusted sex distribution of definite MD per
survey period.

1975-76 1982-84 1990 2001-2006

Males 257 (49.4) 125 (43.1) 63 (42.6) 154 (37.6)
Females 263 (50.6) 165 (56.9) 85 (57.4) 256 (64.4)
Total patients 520 (100) 290 (100) 148 (100) 410 (100)

Number (and percentage) of patients are shown.

The proportion of cases showing bilateral involve-
ment fluctuated over time, declining slightly from
the first to the second (7.9%) survey, then increasing
between the early surveys and the third (16.2%) and
fourth (13.8%) surveys. The proportions of definite
bilateral MD cases reported during the third and
fourth surveys were significantly greater than those
in the first and second surveys (p <0.01).

Age at onset of definite MD peaked in the fourth
decade in males and in the third decade in females at
the time of the first survey (Tables IV and V). At the
time of the second survey, age at onset peaked in the
third decade in males and in the fifth decade in
females. At the time of the third survey, onset age
peaked in the fourth decade in males and in the third
decade in females. At the time of the fourth survey,
onset age peaked in the fifth decade in males and in
the sixth decade in females. Population-adjusted
onset age peaked in the fourth decade in males and
the fifth decade in females at the time of the first
survey and in the fifth decade in males and the sixth
decade in females at the time of the fourth survey
(Tables VI and VII).

The population-adjusted proportion of patients
with definite MD for whom age at onset was 60 years
or more increased slightly from the first to the fourth
survey (Tables VI and VII, and VIII). During the
time of the first survey, the percentage of male
patients with onset age of 60 years or more was
15.7%, the percentage of female patients was 12.7%,
and the percentage of total patients for whom onset
age was 60 years or more was 13.5%; these values
increased to 20.1% in males, 31.1% in females, and
26.9% in total by the time of the fourth survey.
Differences between the first survey and fourth
survey in population-adjusted age at onset of 60

Table I1I. Unilateral and bilateral involvemnent of definite MD per
survey period.

1975-76 1982-84 1990 20012006
Unilateral 472 (90.8) 267 (92.1) 124 (83.8) 343 (86.2)
Bilateral 48 (9.2) 23 (71.9) 24 (16.2) 55 (13.8)
Total 520 (100) 290 (100) 148 (100) 398 (100)
Unclear 0 0 0 12

Number (and percentage) of patients are shown.
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Table IV. Onset age in males with definite MD per survey period.

Age (years) 1975-76 1982-84 1990 2001-2006
<19 12 (4.7) 5 (4.1) 1(1.7) 6 (3.9)

2029 36 (14.1) 13 (10.7) 4 (6.7) 17 (11.0)
30-39 65 (25.5) 32 (26.2) 14 (23.3) 32 (20.8)
4049 88 (34.5) 31 (25.4) 20 (33.3) 27 (17.5)
50-59 34 (13.3) 28 (23.0) 17 (28.3) 41 (26.6)
60-69 15 (5.9) 10 (8.2) 4 (6.7) 23 (14.9)
>70 5 (2.0) 3 (2.5) 0 (0.0) 8 (5.2)

Total 255 (100) 122 (100) 80 (100) 154 (100)
Unclear 4 4 3 0

Number (and percentage) of patients are shown,

years or more among female patients and among the
total patients were significant (p <0.05).

Discussion

In this study, changes over time in the sex ratio,
proportion of unilateral vs bilateral definite MD, and
age at onset of definite MD were examined on the
basis of data collected during four nationwide,
multi-center surveys conducted by the Peripheral
Vestibular Disorders Research Committee of Japan
(formerly the Meniere’s Disease Research Commit-
tee of Japan) between 1975 and 2006. Clear changes
were seen over time in the population-adjusted sex
distribution of the disease and population-adjusted
age at onset. The number of definite MD cases in
females increased over time relative to the number of
cases in males. The proportion of cases in which
onset occurred at 60 years of age or more increased
over time when the number of cases in each age
group was adjusted for changes in age distribution of
the population over time. From the time of the third
survey, there was a slight increase in the proportion
of cases with bilateral involvement.

The sex distribution of patients with MD has
varied among other such regional surveys. In Scan-
dinavian countries, the majority of cases of MD have
been reported in females. Stahle et al. [1] found in a
year-long 1973 survey that 60% of MD patients in
the Uppsala region and the county of Skane in

Table V. Onset age in females with definite MD per survey period.

Age (years) 1975-76 1982-84 1990 2001-2006
<19 15 (5.9) 7 (4.5) 3 (3.6) 2 (0.8)

20-29 34(13.3) 19(12.2) 11 (13.1) 29 (11.4)
30-39 72 (28.2) 29 (18.6) 23 (27.4) 43 (16.9)
40-49 64 (25.1) 43 (27.6) 20 (23.8) 45 (17.7)
50-59 52 (20.4) 38 (24.4) 19 (22.6) 56 (22.0)
60-69 16 (6.3) 13 (8.3) 8 (9.5) 64 (25.2)
>70 2 (0.8) 7 (4.5) 0 (0) 15 (5.9)

Total females 255 (100) 156 (100) 84 (100) 254 (100)
Unclear 6 8 1 2
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Table VI. Population-adjusted onset age among males with
definite MD.

Table VIII. Population-adjusted onset age among all patients with
definite MD 4 Surveys.

Age (years) 1975-76  1982-84 1990 2001-2006 Age (years) 1975-76  1982-84 1990  2001-2006
<19 7 (2.6) 3 (2.5) 1(1.2) 6 (3.9) <19 15 (3.0) 727 3 (2.0) 8 (2.0)

20-29 23(9.2) 11(0.4) 461 17 (11.0) 20-29 46 (9.0) 28 (10.1) 13 (9.3) 48 (11.3)
30-39 56 (21.9) 27 (22.1) 15 (25.3) 32 (20.8) 30-39 119 (23.4) 51 (15.5) 39 (27.2) 175 (18.4)
40-49 73 (28.7) 26 (20.9) 16 (26.2) 27 (17.5) 40-49 127 (25.0) 61 (21.9) 31 (21.5) 72 (17.6)
50-59 56 (21.9) 32 (26.6) 20 (33.1) 41 (26.6) 50-59 133 (26.0) 76 (27.3) 42 (29.2) 97 (22.0)
60-69 27 (10.5) 17 (13.6) 5 (8.4) 23 (14.9) 60-69 52 (10.3) 35 (12.4) 16 (11.1) 87 (25.2)
>70 13 (5.2) 6 (4.9  0(0.0) 8 (5.2) =70 17 3.2) 20 (7.2) 0(0.0) 23(5.9)

Total males 255 (100) 122 (100) 80 (100) 154 (100) Total patients 510 (100) 279 (100) 144 (100) 408 (100)

Sweden were females. Havia et al. [6] found in a
2005 survey that 67% of definite MD patients in the
Helsinki University hospital area in Finland were
females. In 2007, Klockars et al. [7] reported that
70% of MD patients in Finland were females.
According to surveys conducted in Italy and the
United States, however, the proportion of MD cases
in males and females has been almost equal. After a
year-long 1992 survey in the region of Tuscany in
Italy, Nuti et al. [5] reported that 53.9% of MD
patients were females. In a 13-year survey (1973-
1985) of southeastern Latium, the adjusted sex
distribution was found to be almost equal (males,
48.9%; females, 51.1%) [4]. In the United States,
Wladislavosky-Waserman et al. [2] reported changes
in the sex distribution of MD between 1951 and
1980 in Rochester, Minnesota. In the first decade, a
slight but not significant preponderance of female
patients was observed. In the following two decades,
the number of female MD patients declined over
time, and the number of male MD patients exceeded
the number of female patients, although not sig-
nificantly, in the third decade.

In Japan before 1965, MD occurred more fre-
quently in males than in females. In 1973, Naito
reported that the male:female ratio was about 1.5
from 1934 to 1960, although after that time, the
number of female patients with MD increased more
rapidly than the number of male patients, and the
difference between the two sexes almost disappeared

Table VII. Population-adjusted onset age among females with def-
inite MD.

Age (years) 1975-76 198284 1990 2001-2006

<19 934 428 224 2 (0.8)

20-29 22 (8.8) 17 (10.7) 9 (11.2) 29 (11.4)
30-39 63 (24.8) 24 (15.7) 24 (26.5) 43 (16.9)
40-49 55 (21.5) 35 (22.5) 15 (18.1) 45 (17.7)
50-59 73 (28.8) 43 (27.9) 22 (26.5) 56 (22.0)
60-69 27 (10.4) 18 (11.5) 12 (13.8) 64 (25.2)
>70 6(23) 14(9.0) 0(0.0) 15 (5.9)

Total females 255 (100) 156 (100) 84 (100) 254 (100)

[12]. Most of the subsequent Japanese surveys
showed a preponderance of female patients
{9,10,13,14}. In a year-long 1991 survey, 68.4% of
MD patients in Toyama prefecture were found to be
females [13], and in a 1994 survey, 79.2% of MD
patients in the Hida district of Gifu prefecture were
found to be females [10]. The sex distribution of
definite MD was almost equal in our committee’s
first survey, but there was a preponderance of female
cases of MD in the subsequent surveys. In recent
times, the number of cases of definite MD has been
greater among females than among males in Japan.

In the present study, the proportion of MD cases
with bilateral involvement was significantly higher at
the time of the third and fourth surveys than at the
time of the first and second surveys. The Peripheral
Vestibular Disorders Research Committee of Japan
prepared a draft of the diagnostic criteria for bilateral
MD between 1988 and 1990 and published the
criteria in 1991 [11]. The establishment and spread
of the diagnostic criteria for bilateral MD may have
influenced the reported incidence of bilateral invol-
vement starting at the time of the third survey in
1990. A patient with bilateral MD often does not
notice the bilateral fluctuant cochlear symptoms,
and thus the physician in charge sometimes thinks
that the patient is suffering from unilateral MD. Use
of the unilateral glycerol test or frequently repeated
pure tone audiometry is recommended for accurate
diagnosis of bilateral involvement.

MD was once considered to be quite rare in the
elderly {12]. However, in 1984, Wladislavosky-
Waserman et al. [2] reported a high annual inci-
dence of MD in the elderly in the United States. In
2002, Ballester et al. [15] pointed out that MD is not
at all uncommon in the elderly. Several investiga-
tions have revealed that cases of MD in the elderly
constitute between 10.8% and 37.8% of the total
number of MD cases [1-3,13,16]. Because MD is
not usually a life-threatening disease, cases of MD in
the elderly comprise both long-standing cases that
are reactivated and de novo cases. One may therefore
think that the increased number of elderly MD
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patients is associated with recent increases in life-
span. However, we found that the proportion of MD
cases in which onset age was 60 years or more during
the time of the fourth survey was greater than in
previous surveys when we corrected for age distribu-
tion of the overall population. This nationwide trend
is similar to the increase in elderly-onset MD found
in a recent regional survey [17]. In Japan, it appears
that the recent increase in de novo MD cases
exceeds the increase in the elderly population.

Elderly individuals are healthier now than those of
previous generations. According to the 2005 census,
22.2% of elderly persons in Japan are working. This
percentage is higher than that in France (1.2%),
Italy (2.5%), Finland (2.7%), Germany (3.3%), and
the United States (15.1%) in 2005 [18]. The larger
population of working elderly persons in recent years
might explain the trend in MD in Japan. Ikeda and
Watanabe [19] reported 11 patients who had their
first vertiginous attack after the age of 69 years (9
males, 2 females). Six of the nine elderly male
patients with de novo MD were working. Four of
them had managerial jobs. Only one male patient
was out of work, and employment status was unclear
in two male patients. Two female patients were
housewives. Because physical and mental fatigue
can induce onset of the disease [10], job-related
fatigue may be involved in the recent increase in
elderly-onset cases.

Today, 33% of the population is aged 65 years or
more. In 2004, the number of persons aged 65 years
or older was 24.88 million, the number of persons
aged 65 years or older certified as requiring long-
term care or support was 3.94 million [20]. Such
individuals are generally looked after at home mainly
by a family member, usually a female or someone
aged 60 years or older. Care-related fatigue may also
be involved in the increase in elderly-onset cases of
MD. Ikeda and Watanabe [19] reported three elderly
patients aged 69 years or older with de novo MD
who had looked after a sick, elderly family member.
Two of them were housewives and one was a man
out of work.

Compared with other countries, the rate of the
elderly populations of Japan increased rapidly. In
such a rapidly aging society as Japan, elderly persons
often experience various stressful events. Investiga-
tion of the variety and grade of the stress among the
patients with MD may be useful for clarifying the
reason why the elderly-onset MD cases have in-
creased recently in Japan.

Acknowledgements

This work was supported by a grant from the
Ministry of Health and Welfare of Japan. We express

Recent trends of Meniere’s disease in Japan 159

our sincere appreciation for the assistance and
cooperation of all members of the Meniere’s Disease
Research Committee of Japan, the Peripheral Ves-
tibular Disorder Research Committee of Japan, and
the Department of Otolaryngology at the University
of Toyama.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

References

[1] Stahle ], Stahle C, Arenberg IK. Incidence of Meniere’s

disease. Arch Otolaryngol 1978;104:99-102

{2] Wiadislavosky-Waserman P, Facer GW, Mokri B, Kurland

LT. Meniere’s disease: a 30-year epidemiologic and clinical

study in Rochester, Mn, 1951-1980. Laryngoscope

1984;94:1098-102.

Kotimaki J, Sorri M, Aantaa E, Nuutinen J. Prevalence of

Meniere disease in Finland. Laryngoscope 1999;109:748-

53.

Celestino D, Ralli G. Incidence of Meniere’s disease in [taly.

Am J Otol 1991;12:135-8.

Nuti D, Biagini C, Passali D. Incidence and prevalence of

Meniere’s disease in Tuscany. In: Filipo R, Barbara M, eds.

Meniere’s disease — perspectives in the *90s: proceedings of

the Third International Symposium on Meniere’s Disease,

Rome, Italy, October 20-23, 1993, New York: Kugler

Publications, 1994:20-3.

{6] Havia' M, Kentala E, Pyykko I. Prevalence of Meniere’s
disease in general population of Southern Finland. Otolar-
yngol Head Neck Surg 2005;133:762-8.

[7} Klockars T, Kentala E. Inheritance of Meniere’s disease in
the Finnish population. Arch Otolaryngol Head Neck Surg
2007;133:73-7.

[8] Mizukoshi K, Ino H, Ishikawa K, Watanabe Y, Yamazaki H,
Kato 1, et al. Epidemiological survey of definite cases of
Meniere’s disease collected by the seventeen members of the
Meniere’s Disease Research Committee of Japan in 1975-
1976. Adv Otorhinolaryngel 1979;25:106-11.

[9] Watanabe 1. Meniere’s disease in males and females. Acta
Otolaryngol 1981;91:511-14.

[10]) Watanabe Y, Mizukoshi K, Shojaku H, Watanabe I, Hinoki
M, Kitahara M. Epidemiological and clinical characteristics
of Meniere’s disease in Japan. Acta Otolaryngol Suppl
1995;519:206-10.

[11] Peripheral Vestibular Disorders Research Committee of
Japan. Diagnostic criteria of Meniere’s disease with bilateral
fluctuant hearing loss. Equilibrium Res 1991;(Suppl 7):147
(in Japanese).

[12] Naito T. Clinical studies on Meniere’s disease. Rev Laryngol
Otol Rhinol (Bord) 1962;83:361-83,

[13] Mizukoshi K, Watanabe Y, Shojaku H, Ito M, Naruse Y,
Kagamimori S. Epidemiological studies on Meniere’s dis-
ease in Toyama, Japan. In: Filipo R, Barbara M, eds.
Meniere’s disease — perspectives in the 90s: proceedings of
the Third International Symposium on Meniere’s disease,
Rome, Italy, October 20-23, 1993. New York: Kugler
Publications, 1994:21-5.

[14] Shojaku H, Watanabe Y. The prevalence of definite cases of
Meniere’s disease in the Hida and Nishikubiki districts of
central Japan: a survey of relatively isolated areas of medical
care. Acta Otolaryngol Suppl 1997;528:94-6.

3

-

[4

o)

[5

—



Acta Otolaryngol Downloaded from informahealthcare.com by Kyoto University

For personal use only.

160 H. Shojaku et al.

[15] Ballester M, Liard P, Vibert D, Hausler R. Meniere’s disease [18]
in the elderly. Otol Neurotol 2002;23:73-8.

[16] Mizukoshi K, Shojaku H, Aso S, Watanabe Y. Clinical study
of elderly patients with Meniere’s and related diseases. Auris [19]
Nasus Larynx 2000;27:167-73.

[17] Shojaku H, Watanabe I, Fujisaka M, Tsubota M, Kobayashi [20]
K, Yasumura S, et al. Epidemiologic characteristics of
definite Meniere’s disease in Japan. A long-term survey of
Toyama and Niigata prefectures. ORL J Otorhinolaryngol
Relat Spec 2005;67:305-9.

International Labour Office (ILO) Labosta Internet yearly
statistics. 1A Total and economically active population, by
age group. Available from: http:/laborsta.ilo.org/

Ikeda M, Watanabe 1. Meniere’s disease in the aged. Nippon
Jibiinkoka Gakkai Kaiho 1995;98:380-90 (in Japanese).
Statistic Bureau, Ministry of Internal Affairs and Commu-
nications. Population Estimates for Japan as of October 1,
2004: Table 1. Population by age (single year), sex and sex
ratio-total population, Japanese population. Available from:
http://www.stat.go.jp/english/data/jinsui/2004np/index.htm



HAMRK 102:1;1~3, 2009

3

l—;:%

HERBWEWBRIFEMHR ML —=2 7

o

=t

%_.

Surgical Training in Otorhinolaryngology

Juichi Ito
(Kyoto University)

It is very difficult to master surgical skills in Otorhinolaryngology because of the anatomical com-
plexixy of the field. There are several ways to gain surgical skills before being involved in surgery on hu-

mans, especially for young surgeons.

This paper introduces the concept of surgical dissection in the field of nasal surgery using a human
cadaver and points out certain problems with using human cadavers. Future surgical training systems
such as computer-simulated surgical training system are also described.

Key words : surgical training, nasal surgery, cadaver, computer-simulated surgical training system
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Objective: Lateralization of functionally abnormal cortical area in autosomal dominant lateral temporal
lobe epilepsy (ADLTE).

Methods: A sound pulse of pure tone was delivered monaurally to the ears alternately. Auditory evoked
magnetic fields (AEF) were measured by using whole-head magnetoencephalography (MEG) system.
Results: Significantly large N100m signals (a magnetic counterpart of N1/N100 in EEG) were detected in
three out of five patients, either in the left or in the right hemisphere, contralateral to the auditory stim-
ulation. The peak latency, location and orientation of distinct N100m exhibited no clear difference from
those of normal controls.

Conclusions: Unilateral cortical abnormality exists in some of the patients in ADLTE. Patients with abnor-
mally large N100m had seizures apparently provoked by auditory stimuli, suggesting that the appearance
of significantly large N100m is associated with the epileptogenicity. Based on the detailed examination
using MRI and FDG-PET for two of the patients, the authors hypothesize hyperexcitability caused by
the decreased inhibitory functions, larger number of synchronously activated neurons, or the elongation
of neuronal firing in the pathological temporal cortex in ADLTE.

Significance: The present study revealed clear abnormalities in the auditory cortex that have not been
well detected by conventional EEG in patients with ADLTE.

© 2009 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.

1. Introduction

Direct evidence that the seizures originate from a specific re-
gion is obtained only when epileptic cortical activities are recorded
in that particular region. Epileptic seizures usually occur sporadi-
cally and, in most cases, little neurological deficit is found during
the interictal period. EEG is useful to find the abnormal cortical
activities during seizures. In the interictal period, however, abnor-
mal activities are sometimes not found in EEG. Evoked potentials
(EPs) have been used to evaluate abnormality in various neurolog-
ical diseases. In epileptic syndromes, it is known that somatosen-
sory evoked potentials (SEPs) or their magnetic counterparts are
extremely large in patients with progressive myoclonic epilepsy
(Dawson, 1946; Watson and Denny-Brown, 1955; Halliday, 1967;

* Corresponding author. Address: Department of Neurology, Kyoto University
Graduate School of Medicine, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan. Tel.: +81
75 751 3772; fax: 481 75 751 9416.

E-mail address: akio@kuhp.kyoto-u.ac.jp (A. Ikeda).

Chadwick et al., 1977; Shibasaki et al.,, 1978; Hallett et al., 1979;
Karhu et al., 1994). In other types of epilepsy, however, EPs have
rarely been used to investigate latent cortical abnormality.

Autosomal dominant lateral temporal lobe epilepsy (ADLTE) is
one of the rare genetic epilepsies that exhibit partial seizures (Ott-
man et al,, 1995; lkeda et al., 2000, 2007; Michelucci et al., 2003).
Since ADLTE is characterized by recurrent auditory auras, it is as-
sumed that the seizure onset or the irritative zone is on the lateral
temporal lobe, and that the auditory cortex or its association areas
are involved in the epileptic activities. Functionally abnormal cor-
tical area, however, has not yet been clearly localized due to the
fact that ictal EEG is scarcely recorded in the cases of ADLTE, and
that interictal abnormality observed in EEG is also rare (lkeda
et al., 2000, 2007; Michelucci et al., 2003).

In the present study, we employed evoked magnetic field (AEF)
measured by using magnetoencephalography (MEG), a magnetic
version of evoked potential technique, for the investigation of
interictal abnormality in the cortex in ADLTE. We investigated
interictal abnormality in the cortex in ADLTE. MEG picks up

1388-2457/$36.00 © 2009 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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cortical activities right beneath the magnetic sensors with high
spatial and temporal resolutions, and thus enabled us to evaluate
the cortical function of the left and right temporal lobes separately
(Hari, 1990). The content of this paper did not appear elsewhere
except for an abstract (Ikeda et al.,, 2007)

1.1. Subjects and methods

1.1.1. Subjects

Five right-handed patients from three families with ADLTE par-
ticipated in the present study. Table 1 shows their clinical profile.
The clinical details of the patients, have been reported elsewhere
(Ikeda et al., 2000, 2007; Kawamata et al,, in press; Fujita et al,
2009). Families U and O were genetically diagnosed as ADLTE (lIke-
da et al,, 2007; Kawamata et al., in press; Fujita et al., 2009). All pa-
tients had auditory auras and three of them (Patients 2, 4 and 5)
had seizures triggered by specific sound. In interictal period, no
neurological deficits and hearing disturbance were observed. In
all patient EEG showed no definite epileptic discharges in interictal
period.

3-Tesla or 1.5-Tesla MR images were taken in all patients. MRI
showed volume reduction in unilateral temporal lobe in two pa-
tients (Patients 4 and 5) and the left hippocampal sclerosis in
one patient (Patient 3). {F-18]fluorodeoxyglucose-positron emis-
sion tomography (FDG-PET) showed glucose-hypometabolism in
the same temporal lobes with MRI abnormality in Patients 3, 4
and 5.

Ten healthy volunteers (2 females) of the age between 20 and
43 y.0. (mean (SD), 30.9(6.1)) with no neurological deficits and
hearing disturbance were recruited in the study as normal control.
All the procedures were approved by Kyoto University Graduate
School and Faculty of Medicine, Ethics Committee and written in-
formed consent was obtained from all patients and normal
volunteers.

1.1.2. MEG measurement and analysis

AEFs were measured by using a 306-channel whole-head sys-
tem (VectorView, Elekta Neuromag, Finland). It was confirmed that
the patients with ADLTE had no seizures within 12 hours before
the AEF recording. No seizure occurred during the recording. A
sound pulse of pure tone of 1000 Hz was delivered through ear
tubes monaurally to the right and left ears alternately. Level of
the sound pulses was controlled so that both patients and normal
volunteers were given auditory stimuli at SL (sensation level) of
50 dB above his or her hearing threshold. Output of the sound
pulse generator was individually set at SL (sensation level) of
50 dB above the hearing threshold of each subject or normal con-
trols. The duration of the pulse was 130 ms (the rise and fall time
of 10 ms each) with 1000 + 70-ms intervals.

Table 1
Clinical profile of patients with ADLTE.

MEG were recorded with bandpass filter of 0.1-330 Hz and with
sampling rate of 997 Hz. Epochs for on-line averaging started
100 ms before the onset of each stimuli and terminated 400 ms
after the onset. Each stimulus given to the right or left ear were
averaged separately. Epochs containing blinks and/or other arti-
facts were automatically excluded from averaging. More than
100 epochs for each right- and left ear stimulation were averaged
in one measurement. Two or three measurements were performed
in each subject in order to confirm that auditory magnetic re-
sponses were reproduced.

N100m, a magnetic counterpart of N1/N100 in EEG, which is the
most prominent component of AEFs (Pantev et al., 1995; Lutkenh-
oner and Steinstrater, 1998), were analyzed. The activated brain
areas were modeled as equivalent current dipoles (ECDs) (Hama-
lainen et al,, 1993). A spherical model, which is made from each
subject’s anatomical 0.5-Tesla 3-dimensional MR images (Signa,
General Electric, USA), was used for describing the conductivity
profile of the brain. The ECDs were estimated from at least 27
channels (=9 set of sensors), that covered the field pattern of
100 ms component in auditory magnetic fields over each hemi-
sphere. The ECDs with goodness of fit (GOF) more than 80% and
confidence volume (CV) less than 1000 mm? were used for further
analysis.

The mean and standard deviation (SD) of ECD moment and peak
latency of N100m were obtained from the control subjects. The
data of patients and of control group were compared, and the val-
ues that surpassed the mean + 2.5 SD of those obtained from con-
trol group were regarded as significantly large.

2. Results

Fig. 1 shows representative magnetic responses of a patient (Pa-
tient 4) to the auditory stimuli given to the left and right ears.
Shown in this figure are waveforms in 306 channels (A and D),
largest responses detected by planar gradiometer in the contralat-
eral hemisphere to the stimuli (insets of A and D), magnetic field
maps and estimated ECDs at 97 ms from stimulus onset in the con-
tralateral hemisphere (B and E), and the ECDs superimposed on the
patient’s anatomical MR images (C and F). The latency and esti-
mated ECD moment (strength) of N100m peak in each patient
are shown in Table 2 in comparison with the mean (SD) of those
in normal controls. In all patients, the peak latency of N100m
showed no significant difference from those of the control group.
The sources of N100m were localized in the temporal plane in each
hemisphere of both patients and control subjects, and no signifi-
cant difference in the location and orientation of sources was
identified.

As for the ECD moment, significantly large response was re-
corded in three patients either in the left (Patients 2 and 4) or in
the right (Patient 5) hemisphere, contralateral to the auditory

Patient  Age Sex Family Types of aura Seizure types  Inducing factors of Findings in MRI and/or FDG-PET
seizures
1 31 M U Auditory, deja  SPS, CPS, None No abnormal findings
vu n-GTCS
2 56 M u Auditory SPS, CPS, Ringing of phone No abnormal findings
n-GTCS
3 27 F u Auditory SPS, CPS, None Left hippocampus: sclerosis suspected
n-GTCS Left temporal lobe: mild hypometabolism suspected
4 27 F [¢] Auditory, deja  SPS, CPS Specific sound, Left superior temporal gyrus: small in volume
vu conversation Left temporal lobe: hypometabolism
5 36 F H Auditory, deja  SPS, CPS Specific music Right inferior horn of lateral ventricle; enlargement

vu

Right temporal lobe: hypometabolism

SPS, simple partial seizures; CPS, complex partial seizures; n-GTCS, nocturnal generalized tonic-clonic seizures,
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Fig. 1. Auditory evoked magnetic fields of Patient 4. Magnetic responses to the left ear stimulation are shown in the left and the responses to the right ear stimulation in the
right. Upper panels (A and D) show responses in all channels. The traces show a 500 ms time period starting 100 ms before the stimulus onset. The insets show the magnified
largest responses in the contralateral hemisphere to the stimuli. Lower panels show field map and ECD of N100m. Field patterns in the contralateral hemisphere to the stimuli
at the peak latency (97 ms from stimulus onset) are shown in panels (B) and (E). The maps were drawn over the helmet-shaped sensor array. The step between the isocantour
lines is 20 fT. The areas with black lines indicate the magnetic field out of the head and the areas with gray lines indicate the field into the head. The arrows show the
estimated location of the ECDs projected onto the subject’s head surface, Panels (C) and (F) show the ECD location superimposed on the subject's 3-dimensional MR images.

Table 2

Peak latency and ECD moment of N100m in the contralateral and ipsilateral hemispheres to unilateral auditory stimuli,

Subject Lt ear stimulation Rt ear stimlation
Contralateral (Rt) Ipsilateral (Lt} Contralateral (Lt) Ipsilateral (Rt)
Latency Moment Latency Moment Latency Moment Latency Momient
(ms) (nAm) (ms) (nAm) (ms) (nAm) {ms) (nAm)
P1 98 40.8 112 i3.0 103 122 108 27.5
P2 106 51.2 127 37.7° 114 88.0° 114 45.5
P3 94 21.2 104 13.8 98 17.7 118 248
P4 97 185 96 30.6 97 44.2° 104 13.1
P5 97 83.7" 111 7.6 105 15.8 114 423
Control Latency(SD) Moment(SD) Latency(SD} Moment(SD}) Latency(SD) Moment(SD) Latency(SD) Moment(SD)
(n=10) 97.3 (5.7) 354 (14.1) 108.9 (11.8) 18.5 (6.6) 98.2 (10.5) 236(7.3) 105.7 (8.6) 27.5{12.0)

P, patient; Lt, left; Rt, right. The data of control group are shown as the mean (SD),
* >The mean + 2.5 SD of control group.

stimulation. In the left hemispheres of Patients 2 and 4 and the
right hemisphere of Patient 5, large N100m was also evoked in re-
sponse to the ipsilateral stimuli and the ECD moment was signifi-
cantly large for Patient 2. In the remaining patients (Patients 1 and
3) the ECD moment of N100m was not different from those of the
control group.

3. Discussion

Morphological and/or functional abnormality in ADLTE has
been reported predominantly on the left hemisphere in the litera-
ture so far. In one study, for example, it was reported that morpho-
logical abnormality lateralized on the left hemisphere existed in

45% of 22 patients with ADLTE (Kobayashi et al., 2003). Another
study reported abnormality in auditory evoked potentials (AEPs)
lateralized on the left (Brodtkorb et al,, 2005).

Epileptogenicity and functional deficit, however, are caused not
only by visually detectable malformations but also by some other
abnormalities. In addition, AEP evaluation using EEG and binaural
sound presentation are not appropriate to distinguish left and right
auditory responses separately. It is, therefore, uncertain how much
the causes of ADLTE is associated with morphological abnormality
that is localized on the left hemisphere.

In this study using AEF, ECD moment of N100m can be classified
into two groups: one with the values larger than +2.5 SD, and the
other with the values smaller than +2.5 SD. For brevity, we call
the former “large signal” and the latter “small signal”. N100m



1926 K. Usui et al. /Clinical Neurophysiology 120 (2009) 1923-1926

signals of three patients were clearly larger than those of other pa-
tients. The results of these three exhibit unique features that
should be mentioned. First noticeable feature is that these larger
signals were observed in the left hemisphere for two patients
and in the right for the other patient.

Second noticeable and striking feature is that the N100m in the
right hemisphere of the two patients who exhibited large signals in
the left was small. It is also found that the N100m in the left hemi-
sphere of the other patient who exhibited large signal in the right
was small. The fact that the significantly large N100m signals were
detected in either left or right hemisphere in three patients, and
that the N100m in the opposite hemisphere of all these three pa-
tients were small is a clear indication that unilateral cortical abnor-
mality exists, at least in some patients, in ADLTE.

Third noticeable feature is that, as compared with the normal
subjects, the latency of large N100m showed no distinct difference
in the case of ADLTE patients. This result strongly suggests that no
disturbance in both peripheral and central auditory pathways.

Fourth feature is that, although the ECD moment of N100m was
distinctively large in the patients, the location and orientation was
similar to those in control subjects. The similar location and orien-
tation of the ECD suggested that the center of neuronal populations
underlying N100m response are supposed to be the same, or, at
least, very close in the giant and normal AEFs. (For detailed - mech-
anism see Eggermont and Ponton; 2002 and references therein)

Further detailed examination for two of the patients using MRI
and FDG-PET showed the anatomical and functional deficit local-
ized in the temporal lobes. The volume of the temporal lobe which
generated the giant N100m was reduced (possibly due to malfor-
mation or atrophy) and glucose-hypometabolism was detected.
Volume reduction and hypometabolism usually suggest cortical
hypofunction, which is supposed to lead weak signals. The two pa-
tients with ADLTE, whose cortical area was reduced in volume, by
contrast, generated larger N100m than those with cortices of nor-
mal volume.

Since there is no way to reveal the underlying mechanism of the
distinctively large ECD moment or the strength of MEG response
with concrete experimental evidence in our study so far, we pres-
ent the hypotheses. One possible explanation is the hyperexcitabil-
ity of the neurons: the amount of the neurons is the same but the
neurons of the patients are hyperreactive. If the neuronal popula-
tion producing N100m is hyperexcited, the signals would be appar-
ently larger than those of normal activity. Large dipole moment
may also indicate highly coordinated activity. If the amount of syn-
chronously activated neurons is larger in the patients with ADLTE
than in the normal controls, the signals would be apparently larger.
Other possible explanation may be the elongation of neuronal fir-
ing. To clearly distinguish the factors affecting the N100m signal,
microscopic invasive study using depth or subdural electrodes is
needed.

Our investigation found that three patients exhibited distinc-
tively large N100m and the remaining two patients exhibited com-
paratively small N100m. The difference observed between two
groups of patients was that the former had seizures apparently
provoked by auditory stimuli, such as specific sound or music,
while the latter did not. These facts suggest that the appearance
of significantly large N100m in the auditory cortex, which indicates
abnormally large response to sound, may be closely associated
with the epileptogenicity in these patients, just as giant SEPs in pa-
tients with progressive myoclonic epilepsy.

In summary, the present study using auditory magnetic fields
showed that significantly large N100m signals are supposed to
be an indication of auditory induced seizures. Our result is also a
clear demonstration of significant usefulness of AEF in the detailed
studies to address the issue of whether unilateral or bilateral tem-

poral lobes are involved. This technique enables these evaluations
even for the interictal period.

Conflict of interest
The authors have no financial conflicts to report.
Acknowledgement

This study was supported by the Research Grant for The Treat-
ment of Intractable Epilepsy (19-1) from the Japan Ministry of
Health, Labor and Welfare, the Scientific Research Grant (C2)
(18590935) from the Japan Society for Promotion of Sciences (JSPS)
and the Grant-in-Aid for Scientific Research on Priority Areas
(20020013) from the Ministry of Education, Culture, Sports, Sci-
ence and Technology (MEXT).

References

Brodtkorb E, Steinlein OK, Sand T. Asymmetry of long-latency auditory evoked
potentials in LGI1-related autosomal dominant lateral temporal lobe epilepsy.
Epilepsia 2005;46:1692-4.

Chadwick D, Hallett M, Harris R, Jenner P, Reynolds EH, Marsden CD. Clinical,
biochemical and physiological features distinguishing myoclonus responsive to
5-hydroxytryptophan, tryptophan with a monoamine oxidase inhibitor, and
clonazepam. Brain 1977;100:455-87.

Dawson GD. The relation between the electroencephalogram and muscle action
potentials - in certain. convulsive states. J Neurol Neurosurg Psychiatry
1946;10:141-62.

Eggermont JJ; Ponton CW. The neurophysiology of auditory perception: From single
units to evoked potentials [review]. Audiol Neurootol 2002;7:71-99.

Fujita Y, Ikeda' A; Kadono K, Kawamata §, Tomimoto H, Fukuyama H, Takahashi R.
Clinical features in a Japanese patient with autosomal dominant temporal lobe
epilepsy having LGI1 mutation. Clin Neurol (Tokyo) 2009;49:186-90 [in
Japanese],

Hallett M, Chadwick D, Marsden CD. Cortical reflex myoclonus. Neurology
1979;29:1107-25.

Halliday AM. The neurophysiological study of myoclonus in man. Brain
1967;90:241-84.

Hamalainen M, Hari R, Imoniemi RJ, Knuutila ], Lounasmaa OV.
Magnetoencephalography-theory, instrumentation, and applications to
noninvasive studies of the working human brain. Rev Modern Phys
1993,65:413-97.

Hari R. The neuromagnetic method in the study of the human auditory cortex. In:
Grandori F, Hoke M, Romani G, editors. Auditory evoked magnetic fields and
electric potentials. Advances in audiology 1990;vol. 6. Basel: Karger; 1990. p.
222-82.

Tkeda A, Kunieda T, Miyamoto S, Fukuyama H, Shibasaki H. Autosomal dominant
temporal lobe epilepsy in a Japanese family. | Neurol Sci 2000;176:162-5.
Ikeda A, Kawamata J, Matsumoto R, Takaya S, Usui K, Fukuyama H, et al. Variable
clinical features in Japanese families with autosomal dominant lateral temporal

lobe epilepsy (ADLTLE). Neurol Asia 2007;12(Suppl. 1):65 {abstract].

Karhu J, Hari R, Paetau R, Kajola M, Mervaala E, Cortical reactivity in progressive
myoclonus epilepsy. Electroencephalogr Clin Neurophysiol 1994;90:93-102.

Kawamata }J, Ikeda A, Fujita Y, Usui K, Shimohama S, Takahashi R. Mutation in LGI1
gene in Japanese Families with autosomal dominant lateral temporal lobe
epilepsy: the first report from Asian families. Epilepsia, in press,

Kobayashi E, Santos NF, Torres FR, Secolin R, Sardinha LAC, Lopez-Cendes I, Cendes
F. Magnetic resonance imaging abnormalities in familial temporal lobe epilepsy
with auditory auras. Arch Neurol 2003;60:1546-51.

Lutkenhoner B, Steinstrater O. High-precision neuromagnetic study of the
functional organization of the human auditory cortex. Audiol Neurootol
1998;3:191-213.

Michelucci R, Poza JJ, Sofia V, de Feo MR, Binelli S, Bisulli F, et al. Autosomal
dominant lateral temporal epilepsy: clinical spectrum, new epitempin
mutations, and genetic heterogeneity in seven European families. Epilepsia
2003;44:1289-97.

Ottman R, Risch N, Hauser WA, Pedley TA, Lee JH, Barker-Cummings C, et al.
Localization of a gene for partial epilepsy to chromosome 10q. Nat Genet
1995;10:56-60.

Pantev C, Bertrand O, Eulitz C, Verkindt C, Hampson S, Schiuierer G, Elbert T. Specific
tonotopic organizations of different areas of the human auditory cortex
revealed by  simultaneous magnetic and  electric  recordings.
Electroencephalogr Clin Neurophysiol 1995;94:26-40.

Shibasaki H, Yamashita Y, Kuroiwa Y. Electroencephalographic studies of
myoclonus: myoclonus-related cortical spikes and high amplitude
somatosensory evoked potentials, Brain 1978;101:447-60.

Watson CW, Denny-Brown D. Studies of the mechanism of stimulus-sensitive
myaclonus in man. Electroencephalogr Clin Nueophysiol 1955;7:341-56.



Eur Arch Otorhinolaryngol (2009) 266:367-371
DOI 10.1007/s00405-008-0760-3

Efficiency of a transtympanic approach to the round window

membrane using a microendoscope

Harukazu Hiraumi - Takayuki Nakagawa - Juichi Ito

Received: 12 March 2008 / Accepted: 1 July 2008 / Published online: 19 July 2008

© Springer-Verlag 2008

Abstract There has been increasing interest in cochlear
drug delivery through the round window membrane
(RWM). However, placing drugs on the RWM is difficult
because of anatomical barriers. We examined the efficacy of
a microendoscope for a transtympanic approach to the
RWM. We evaluated the visibility of the RWM using four
approaches: transtympanic microendoscopic, transtympanic
microscopic, transmastoid microendoscopic, and transmas-
toid microscopic in ten human temporal bones. For the
transtympanic approach, we made a fenestration (2 x 1 mm)
in the postero-inferior quadrant of the tympanic membrane.
For the transmastoid approach, conventional posterior hypo-
tympanotomy was performed. The transtympanic microen-
doscopic approach enabled visualization of the RWM in all
specimens, whereas the transtympanic microscopic
approach only permitted visualization in three specimens.
Through the transmastoid approach, the RWM was visible
in all specimens using either a microendoscope or a micro-
scope. The transtympanic microendoscopic approach can be
utilized for cochlear drug delivery through the RWM.

Keywords Microendoscope - Round window membrane -
Cochlea - Drug delivery
Introduction

Sensorineural hearing loss (SNHL) is one of the most com-
mon disabilities in industrial countries. Systemic adminis-

H. Hiraumi (0<) - T. Nakagawa - J. Ito

Department of Otolaryngology, Head and Neck Surgery,
Graduate School of Medicine, Kyoto University,
Kawaharacho 54, Shogoin, Sakyo-ku, 606-8507 Kyoto, Japan
e-mail: hhiraumi @ent.kuhp.kyoto-u.ac jp

tration of steroids has been widely used for the treatment of
acute profound hearing loss [1]; however there are limita-
tions in their clinical efficacy [2]. At present, therapeutic
strategies are limited to hearing aids and cochlear implants
for patients with chronic SNHL. Based on this background,
basic investigations have elucidated several agents that are
effective for the treatment of SNHL. However, the problem
of how to deliver drugs to the inner ear has been a consider-
able obstacle to the development of treatments for SNHL.
The blood-inner ear barrier prevents the transportation of
serum drugs to the inner ear, and the blood flow to the inner
ear is very limited.

Drug transduction through the round window membrane
(RWM) is one option for delivering drugs into the inner
ear. Continuous infusion of RWM with an osmotic pump
and microcatheter has been reported as an effective and safe
approach [3]. However, it requires surgery and the invasion
cannot be overlooked. Recently, new local drug application
procedures using biodegradable substances are gaining
interest [4, 5]. The inner ear is one of the targets for local
drug administration using biodegradable gelatin hydrogels
[6, 7]. In this drug delivery system, positively charged pro-
teins or peptides are electrostatically trapped in negatively
charged gelatin polymer chains. As the gelatin polymer
chains degrade, proteins or peptides are released from the
hydrogel. The released protein is conveyed through the
RWM into the inner ear via a concentration gradient.
Therefore, close contact of biodegradable hydrogels with
the RWM is critical for efficient drug delivery to inner ear
fluids.

The RWM is situated perpendicular to the tympanic
membrane and deep in the round window niche. In some
cases, a false membrane covers the RWM. For safe and cer-
tain drug administration, hydrogels containing drugs should
be placed on the RWM under direct visualization. Use of a
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