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Nationwide Survey of Pediatric Cochlear Implant in
-Japan

Kaga K., Fukushima K.\, Kanda Y.'4, Yamashita H.!5, Ito J."¢,
Ichikawa G.Y :

“Committee for Hearing-Impaired Infants and Children of the Oto-Rhino-Laryngological Society
of Japan, Inc. :

% National Institute of Sensory Organs, National Tokyo Medical Center

* Department of Otolaryngology and Head-Neck Surgery, Okayama University

4 Kanda Hearing Clinic, Nagasaki

% Department of Otolaryngology, Head & Neck Surgery, Yamaguchi University

¢ Department of Otolaryngology, Head & Neck Surgery, Kyoto University

? Department of Otolaryngology, Head & Neck Surgery, Juntendo University

Summary

The Committee for Hearing-Impaired Infants and Children of the Oto-Rhino-
Laryngological Society of Japan conducted nationwide surveys of surgery for pediatric
cochlear implant in 2005 and 2006 and compared problems of preoperation, operation
and postoperative auditory verbal training between the two years. This survey cla-
rified the present problems with regard to pediatric cochlear implants and revealed
that more efforts are required to develop better hearing, speech and language skills
of patients.

Introduction

To investigate data of pediatric cochlear implants in Japan and to identify current
problems, we conducted nationwide questionnaire surveys for all hospitals responsible
for cochlear implantation. Since 1994, when cochlear implantation was first covered
by the government health insurance system in Japan, we have asked all hospitals to
register patients’ profiles with the Oto-Rhino-Laryngological Society of Japan, Howe-
ver, over the last several years, the number of pediatric cochlear implants performed
has increased markedly and the registration system has been found insufficient to
obtain detailed data. This is the first comprehensive report on our data on pediatric
cochlear implantation in Japan.

©2009 by MEDIMOND s.r.l, LZ01R9061 69
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Methods

The Committee for Hearing-Impaired Infants and Children prepared the questionnaire
regarding pediatric cochlear implantation in 2005. The questionnaire was sent to 94
hospitals, of which 79 hospitals (84%) sent it back. The questionnaire consisted of 3
sections concerning numbers of patients (3 questions), preoperative backgrounds (19
questions), operations (4 questions) and postoperative auditory training (10 questions).
This questionnaire survey was conducted in 2005 and 2006 and changes were com-
pared between these two years. The collected data were analyzed by the committee
members. In this study, data of pediatric cochlear implantation in individuals below
6 years of age were analyzed and the results are reported here.

1. Number of patients

The numbers of pediatric cochlear implant were 189 among 399 patients (47.4%)
in 2005 and 199 among 474 patients (42%) in 2006. The numbers of pediatric patients
below 6 years of age were 156 (39.1%) in 2005 and 198 (41.8%) in 2006.

2. Preoperative background of patients below 6 years of age

1) Average age at operation: 47.7 months in 2005 and 37.6 months in 2006.

2) Average age at diagnosis of deafness: 12.9 months in 2005 and 14.3

months in 2006.

3) Average age at hearing aid fitting: 15.8 months in 2005 and 16.4 months in
2006.

4) How were hearing problems found?

a) Newborn hearing screening and refer: 36 patients (23.1%) in 2005 and 51
patients (25.8%) in 2006.

b) Passed newbom hearing screening but deafhess found later:10 patients (6.4%)
in 2005 and 16 patients (8.1%) in 2006.

¢) Deafness was found without newborn hearing screening:69 patients (44 2%)
in 2005 and 88 patients (44.4%) in 2006.

d) Deafness was found through one-and-a-half-year-old childrens’ health exa-
mination system: 16 patients (10.3%) in 2005 and 12 patients (6.1%) in 2006.

e) Others: 25 patients (16%) in 2005 and 33 patients (16.7%) in 2006,

5) Prelingual age or postlingual age?

Numbers at prelingual age were 107 patients (68.6%) in 2005 and 141 patients
(71.2%) in 2006 and numbers at postlingual age were 42 patients (26.9%) in 2005
and 46 patients (23.2%) in 2006.

6) Etiology of deafness (2005 vs. 2006):

a) Cytomegalovirus infection (5 and 11). b) Meningitis (5 and 4).

¢) Waardenburg syndrome (4 and 3). d) Inner ear anomaly (5 and 5).

e) Congenital rubella (1 and 2). f) Mumps (1 and 2).

7) Gene abnormality: GJB2 was detected in 7 patients in 2005 and 6 patients in
2006. GJB2 (235 delc) was detected in 7 patients in 2005 and O patients in 2006.

8) Inner ear anomaly and cochlear nerve hypogenesis: Inner ear anomaly was
present in 20 patients (12.8%) in 2005 and 26 patients (13.1%) in 2006 and cochlear
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nerve hypogenesis was present in 4 patients (2.6%) in 2005 and 2 patients (1%) in
2006.

9) Auditory neuropathy: 4 patients (2.6%) in 2005 and 3 patients (1.5%) in
2006.

10) Double-handicapped - children including these with cerebral palsy, mental
retardation, developmental disorders and others: 25 patients (16%) in 2005 and 35
patients (17.7%) in 2006,

"~ 11) Another 9 questions were asked but the results are not described here.

3. Operations

1) Difficulties of electrode insertion: 7 patients (4.5%) in 2005 and 10 patients
(5.1%) in 2006.

2) Type of device: Cochlear N24 was used in 151 patients (96.8%) in 2005 and
97 patients (49%) in 2006 and Cochlear N24 (Contour) was not used in 2005 but
was used in 95 patients (48%) in 2006.

3) Complications including infection and transient facial palsy: 17 patients (10.9%)
in 2005 and 9 patients (4.6%) in 2006.

4, Postoperative auditory training

a) Type of training: Auditory oral training was performed in 119 patients (76.3%)
in 2005 and 171 patients (86.4%) in 2006. Visual language training was performed
in 24 patients (15.4%) in 2005 and 20 patients (10.1%) in 2006.

b) Type of school: Deaf schools were attended by 101 patients (64.8%) in 2005
and 125 patients (63.1%) in 2006 and auditory oral centers for infants were attended
by 29 patients (18.6%) in 2005 and 41 patients (20.7%) in 2006.

¢) Average hearing level: 36.7dBHL in 2005 and 39.5dBHL in 2006.

d) Mapping: Performed by speech therapists only in 109 hospitals (69.9%) in
2005 and 145 hospitals (73.2%) in 2006. Performed with cooperation between spe-
ech theraplsts and otolaryngologists in 31 hospltals (19.9%) in 2005 and 28 hospital
(14.1%) in 2006.

e) Others: Not described here.

Discussion and Conclusion

This nationwide survey clarifies current problems facing congenitally deaf infants
and children. The first is the delayed discovery of congenital deafness in infants. The
second is that surgeons are limited to only one company’s device. The third is the
limited numbers of postoperative auditory training preschools for patients. We need
to make more efforts to achieve the best outcomes of pediatric cochlear implants.
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Vestibular function of patients with profound deafness related
to GJB2 mutation

MISATO KASAI', CHIERI HAYASHI', TAKASHI IIZUKA', AYAKO INOSHITA',
KAZUSAKU KAMIYA!, HIROKO OKADA!, YUKINORI NAKAJIMA!, KIMITAKA KAGA? &
KATSUHISA IKEDA' : —— e

! Department of Otorhinolaryngology, Funtendo University School of Medicine, Tokyo and 2National Institute of Sensory
Organs, National Tokyo Medical Center, Tokyo, fapan

Abstract
Conclusion: G¥B2 mutations are responsible not only for deafness but also for the occurrence of vestibular dysfunction.

However, vestibular dysfuniction tends to be unilateral and less severe in comparison with that of bilateral deafhess. Objectives:
The correlation between the cochlear and vestibular end-organs suggests that some children with congenital deafness may have
vestibular impairments. On the other hand, G¥B2 gene mutations are the most common cause of nonsyndromic deafness. The
vestibular function of patients with congenital deafness (CD), which is related to G#B2 gene mutation, remains to be
elucidated. The purpose of this study was to analyze the relationship berween G7B2 gene mutation and vestibular dysfunction
in adults with CD. Methods: A total of 31 subjects, including 10 healthy volunteers and 21 patients with CD, were enrolled in
the study. A hearing test and genetic analysis were performed. The vestibular evoked myogenic potentials (VEMPs) were
measured and a caloric test was performed to assess the vestibular function. The percentage of vestibular dysfunction was then
statistically analyzed. Results: The hearing level of all CD patients demonstrated a severe to profound impairment. Inseven CD
patients, their hearing impairment was related to GJB2 mutation. Five of the seven patients with CD related to G¥B2 mutation
demonstrated abnormalities in one or both of the two tests. The percentage of vestibular dysfunction of the patients with CD
related to G¥B2 mutation was statistically higher than in patients with CD unrelated to G¥B2 mutation and in healthy controls.

' Keywords: Vestibular evoked myogenic potentials, caloric test

Introduction

Since a correlation between the peripheral auditory
and vestibular systems has been identified both
anatomically and phylogenetically, a subgroup of
children with congenital deafness (CD) may be asso-
ciated with vesubular and balance impairments [1-3].
Interestingly, the vestibular disturbance in these chil-
dren gradually disappears as they grow up, probably
because of a compensatory mechanism of the central
nervous system. However, there have been only a few
reports that conducted a detailed analysis of the
vestibular function in adults with CD.

CD has been reported in approximately one child
per 1000 births [1]. In more than half of these cases,

the disease is caused by gene mutation. In partic-
ular, mutation in the G¥B2 gene, which encodes
Cx26 in the gap junction, is known to be a most
common cause (up to 50% of such cases) [2,3].
Gap junction channels enable the neighboring cells
to exchange small signaling molecules. Immuno-
histochemical studies have revealed that Cx26 exists
not only in the cochlea but also in the vestibular
organs [4]. K* cycling involving gap junction pro-
tein Cx26 in the vestibular labyrinth, which is sim-
ilar to that in the cochlea, is thought to play a
fundamental role in the endolymph homeostasis
and sensory transduction [5]. These findings suggest
that mutations in the G¥B2 gene may thus cause
vestibular dysfunction.
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In this study, the relationship between G¥B2 gene
mutation and vestibular dysfunction in adults with
CD was investigated to confirm whether or not there
are any abnormalities associated with the vestibular

function.

Material and methods
Subjects

The subjects in this prospective study included 21
patients with CD and 10 healthy volunteers. The
patients were excluded from the study if they were
being treated with ototoxic drugs or if they had a
cytomegalovirus infection, bacterial meningitis, exter-
nal and middle ear pathological findings, or other risk
factors for inner ear damage. No participants had
syndromic deafness due to pigmentary retinopathy,
nephropathy, goiter, or any other diseases. Patients
with vestibular dysfunction due to head trauma, brain
tumor, Meniere’s disease, or other conditions were
also excluded from the study. All subjects underwent
an otoscopic examination and were found to have a

normal tympanic membrane. Audiometric testing was.

performed in a double-walled, sound-treated booth.
All patients gave their informed consent in writing and
the study was approved by the Ethics Committee of
Juntendo University School of Medicine.

Genetic analysis

DNA was extracted from peripheral blocod leukocytes
of the subjects. The coding region of G¥B2 was
amplified by PCR using the primers G¥B2-2F 5'-
GTGTGCATTCGTCTTTTCCAG-3" and G¥B2-
2R 5-GCGACTGAGCCTTGACA-3". The PCR
products were sequenced using the PCR primers
and sequence primers G¥B2-A 5-CCACGC-
CAGCGCTCCTAGTG-3" and G7B2-B 5-GAA-
GATGCTGCTGCTTGTGTAGG-3'. These were
visualized using an ABI Prism 310 Analyzer (PE
Applied Biosystems, Tokyo, Japan).

Vestibular evoked myogenic potentials

The vestibular evoked myogenic potentials (VEMPs)
were measured as described in a previous report [6].
Both sound stimuli of clicks (0.1 ms, 95 dBnHL) and
short ‘tone burst (500 Hz; rise/fall time, 1 ms, 95
dBnHL) were presented to €ach side of the ear
through the headphones using a Neuropack
evoked-potential recorder (Nihon Kohden Co. Ltd,

Vestibular function of parients with GJB2 mutation - 991

Tokyo, Japan). The surface electromyographic activ-
ity was recorded with the patient in the supine posi-
tion from symmetrical sites over the upper half of each
sternocleidomastoid (SCM) muscle with a reference
electrode on the lateral end of the upper sternum.
During recording, the subjects were instructed to lift
their head up or to turn the contralateral side to
induce hypertonicity of the SCM. Thereafter, the
electromyographic signals from the stimulated side
of the SCM muscle weré amplified.

Caloric test

The caloric test in the current study was performed as
described elsewhere [7]. Briefly, 2 ml of ice-water (at
4°C) was irrigated in the external auditory meatus to
induce a thermal gradient across the horizontal semi-
circular canal of one ear. The duration of horizontal
and vertical nystagmus was recorded. The results
were compared between the right and left ears.

Statistical analysis

The data are expressed as the mean + SD. Statistical
analyses were conducted using a non-repeated mea-
sures analysis of variance (ANOVA). Significant
effects were further analyzed by post hoc multiple
comparison tests using the Student-Newman-Keuls
test. A value of p <0.05 was considered to indicate
statistical significance.

Results
Hearing test

The pure-tone averages of 0.5, 1.0, and 2.0 kHz are
shown in Table I. The hearing impairments of CD
patients ranged from severe (71-95 dB) to profound
(>95 dB). The hearing levels of all controls were at
the normal level (<30 dB; data not shown).

Genetic analysis

GFB2 mutations were found in nine CD patients
(Table I). All three mutations have been described
previously in association with deafness. Among these
mutations, 235delC mutation was found in eight
patients. One nonsense mutation (Y136X) and one
frameshift mutation (176-191del) were also identi-
fied. In six patients with a homozygous GfB2 muta-
tion and one patient with a compound heterozygous



