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project. The study included 638 hearing-impaired children throu-
ghout Japan. To enroll hearing-impaired children, the RSCD proj-
ect set up an open-invitation to various institutions, including
schools for the deaf, schools for the hard-'of-hearing, mainstream
schools, and hospital training rooms.

We conducted multi-directional language development tests
as a part of the RSVD in Japan. Overall, the results show that
76.2% of the scores obtained by the children in these tests ex-
ceeded the national average scores of children with hearing dif-
ficulty. The children that finished above average on all tests: 1).
had undergone a longer period of regular habilitation in the re-
habilitation center; 2) had their implants earlier in life; 3) were
exposed to more auditory verbal/oral communication in their
education at affiliated institutions; and 4) were more likely to
have been integrated in a regular kindergarten before moving
on to elementary school.

In the former report (9), age at diagnosis of hearing loss was
not a significant predictor of speech-language outcomes. The chil-
dren who received auditory-based rehabilitation services during
the preschool years demonstrated the potential to develop spo-
ken language communication skills (9). Our findings were simi-
lar. The lack of development of spoken language may induce re-
striction in learning and literacy, substantially compromising ed-
ucational achievement and employment opportunities later on
in life (10). There is a report that the first and second years have
a lasting positive impact on language, at least until kindergarten,
and the probability that a child would reach normal language
levels by kindergarten increased significantly with early interven-
tion and cochlear implant use (11). Niparko et al. (12) reported
that younger age at CI was associated with significantly steeper
rate increases in comprehension (1.1; 95% confidence interval,
0.5 to 1.7 points per year younger) and expression (1.0; 95%
confidence interval, 0.6 to 1.5 points per year younger). Our re-
sults were similar. In this study, we suggest that taking the above
four factors into consideration will have an affect on the lan-
guage development of children with severe-profound hearing
loss.
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Summary

We report a case of palmoplantar lichen planus in a 7-year-old Japanese girl with
congenital deafness, who presented with erythematous eruptions and hyperkeratosis,
with peeling and fissures on her soles, palms and digits. On histological examination of
a skin biopsy from the lesion on her wrist, lichen planus was identified. Using computed
tomography of the inner ears, bilateral cochlear dysplasia was found. The patient’s
DNA was sequenced; no sequence variants were detected in the GJB2 gene encoding
connexin-26, but she had a missense mutation in SLC26A4 (solute carrier family 26,
member 4). Mutations in SLC26A4 are known causes of hearing loss, but this is a novel
mutation, which has not been reported previously. In addition, there have been no
reports of cutaneous symptoms in previously reported patients with mutations in
SLC26A4. To our knowledge, therefore, this is the first report of palmoplantar lichen
planus associated with sensorineural deafness accompanied by a mutation in the
SLC26A4 gene.

We report an unusual case of palmoplantar lichen
planus (LP) presenting with sensorineural deafness,
associated with a mutation in the SLC26A4 gene.

Report

A 7-year-old girl presented with congenital bilateral
sensorineural deafness and skin disorders that had been
present since birth. The patient was born at term after
an unremarkable pregnancy to non-consanguineous
parents. There was no family history of skin disorders or
auditory dysfunction.
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On physical examination, erythematous eruptions
and hyperkeratosis were seen on the soles, palms and
digits, with peeling and fissures (Figs 1a,b). A skin biopsy
was taken from the lesion on the patient’s right wrist.

On histological examination, a band-like lymphocytic
infiltration was seen in the upper dermis, with lique-
faction degeneration (Figs 2a,b). Examination of the
oral cavity and nails was unremarkable, and results of
routine blood tests were normal. Specifically, thyroid
hormone levels were within the normal limits and no
goitre was detected by echo scintigraphy. Computed
tomography (CT) scans of the patient’s inner ears
showed bilateral cochlear dysplasia (Figs 2c,d,e).

Based on these findings, a diagnosis of palmoplantar
LP was made. Informed consent was obtained for
genetic investigations.

Genomic DNA encompassing the genes GJB2 (gap
junction B-2) and SLC26A4 (solute carrier family 26,
member 4) was amplified by PCR, as described

© The Author(s)
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Figure 1 (a,b) Patient at the age of

7 years, showing hyperkeratotic lesions on
the palms, wrists and flexor sides of the
digits with underlying erythema, fissures
and peeling. (c.d) At the age of 15 years,
although the hyperkeratotic lesions on the
palms showed some improvement, the skin
lesions on the palms were unchanged.
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Figure 2 (a) The biopsy taken from the skin lesion on the patient's right wrist revealed hyperkeratosis, epidermal hyperplasia, and a band-like
lymphocytic infiltration in the upper dermis (hematoxylin and eosin, original magnification x40). (b) Liquefaction degeneration and Civatte
bodies were detected (hematoxylin and eosin, original magnification x100). (c} Direct sequencing analysis of the coding region of SLC26A4
revealed a G>A transition of one allele (arrow), which alters the normal alanine codon to a threonine codon. Computed tomography (CT)
shows (d) no enlargement of the vestibular aqueduct (arrow); presence of (e,f) cochlear dysplasia: one and a half cochlear turns (arrow).
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previously.»? No sequence variants were detected in
GJB2. The patient had a missense mutation in SLC26A4
(p.Ala434Thr; ¢.1300G>A in exon 11) (Fig. 2f). The
patient’s mother did not have any mutations in this
gene, and we did not examine the father's DNA.

The patient was prescribed several topical therapies,
including steroid and urea ointment, but the skin
eruptions were still visible on the palms, soles and
wrists at follow-up 8 years later, at the age of 15 years
(Figs 1c,d).

Cutaneous features, such as palmoplantar keratoder-
ma, are sometimes associated with sensorineural deaf-
ness.® These skin disorders led us to consider conditions
associated with mutations in the GJB2 gene, which
encodes connexin 26, such as keratitis—ichthyosis—
deafness syndrome and Vohwinkel syndrome.® There
have been many reports describing deafness caused by
other gene mutations, including SLC26A44.* Mutations
in SLC26A4 cause autosomal recessive deafness;
Pendred syndrome (hearing loss with goitre) or DFNB4
(nonsyndromic hearing loss with inner ear abnormal-
ities).*

Although over 150 mutations in SLC26A4 have been
described  (http://www.healthcare.uiowa.edu/labs/
pendredandbor/)® our patient had a novel mutation,
which has not been published previously, to our
knowledge. In addition, there are no reports of Pendred
Syndrome or NSHL, accompanied by skin lesions. It is
difficult to clarify whether this heterozygous mutation is
pathogenic. Yuan Y et al.% reported that some patients
with inner-ear malformation carried only one missense
mutation in 2009, thus it seems that such mutations
can have a dominant-negative effect and/or produce
different phenotypes.

SLC26A4 encodes pendrin, which is a member of the
anion transporter family. Anion transporters play crit-
ical roles in the formation or preservation of gap
junctions, which are related to the exchange of ions
and small metabolites between adjoining cells in the
epidermis of skin.” This intercellular communication
system plays an important role in control, coordination
of tissue morphogenesis, differentiation and growth.®

Furthermore, ion channel-related drugs, such as
calcium-channel blockers, are well-known causes of
LP.? Therefore, these facts indicate that abnormality in
the exchange of ions in skin tissue can cause skin
diseases, including LP.

In conclusion, we report a patient with LP in whom a
novel mutation of SLC26A4 was identified. Further
study is needed to confirm the links between LP and
disorders of ion channels.
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Universal Newborn Hearing Screening in Nagasaki Prefecture

—Experience for 4. 5 Years—
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New born hearing screening was started on a trial basis in Japan in 1997.

Community-based newborn hearing screening started in Nagasaki prefecture in October 2003. We
investigated 45, 924 infants who underwent universal newborn hearing screening from October 2003 to
March 2008.

Ninety-four to ninety-six percent of neonates in Nagasaki prefecture were screened in from 2005 to
2008. The referral rate after the screening process was 0. 5-0. 7%. The incidence of hearing loss was
0. 15-0. 20%.

We compared the age in lunar months of the screened and non-screened infants at the time of
diagnosis, intervention, fitting of the first hearing aid, and the age of cochlear implantation. The age at
the time of diagnosis (p<0. 0001), intervention (p<0. 0001), fitting of the first hearing aid (p<0. 0001), and
the age at which cochlear implantation was performed (p=0. 0025<0. 01) were significantly lower in the
screened infants.

These results show that universal new born hearing screening is very useful for early detection of,
and intervention for infants with hearing loss.

The integration of medical, educational, and social assistance is very important for infants diagnosed
as having hearing loss after newborn hearing screening.

Keywords : universal newborn hearing screening, hearing aid, cochlear implant
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HRCT-BASED PREDICTION FOR COCHLEAR IMPLANT
OUTCOMES OF CASES WITH INNER EAR AND INTERNAL
AUDITORY CANAL MALFORMATIONS
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wara,! Kyo Itoh,? Yasushi Naito'

'Department of Otolaryngology, Kobe City Medical Center General Hospital; *Department of Radiology, Kobe
City Medical Center General Hospital; 3Institute of Biomedical Research and Innovation, Kobe, Japan

Introduction

Inner ear and internal auditory canal (IAC) malformations account for approximately 20-35% of congenital
sensorineural hearing loss!? and an increasing number of children with inner ear and/or IAC malformations
underwent cochlear implantation. According to Sennaroglu’s classification of inner ear malformations, which
. is the most widely accepted, the inner ear malformations are divided into labyrinth aplasia, cochlear aplasia,
common cavity (CC), incomplete partition type I (IP-I), type II (IP-II), and type III (IP-III), cochlear hypo-
plasia type I (CH-I), type I (CH-II), and type III (CH-III), and large vestibular aqueduct syndrome (LVAS).'?
This classification is essential to investigate the etiology of the inner ear malformations, but with respect to
predicting cochlear implant (CI) outcomes, it might not be enough, because it does not include JAC malfor-
" mations such as narrow IAC (NIAC) and hypoplasia of the bony cochlear nerve canal (HBCNC). These IAC
malformations are highly associated with cochlear nerve deficien¢y (CND), which has a negative impact to
CI outcomes.*’
The purpose of this study was to establish a new CT-based categorization which is simple and includes
both inner ear and IAC malformations for predicting CI outcomes.

Materials and methods

Between 2004 and 2010, 98 subjects who were under 20 years old underwent cochlear implantation at Kobe
City Medical Center General Hospital. Among them CT revealed that 24 subjects had inner ear and/or IAC
malformations at the implanted side.

We evaluated inner ear and IAC malformations at the implanted side based on CT findings. Sennaroglu’s
classification was used to classify inner ear malformations and the TAC malformations were classified into
NIAC and HBCNC. NIAC was diagnosed when the maximum diameter of the IAC was less than 2 mm.?
The width of the bony cochlear nerve canal (BCNC) was evaluated at the mid-portion between the base of
the modiolus of a cochlea and the fundus of the IAC on axial images. When the diameter of the BCNC is
less than 1.5 mm, it is diagnosed as HBCNC.® CND was diagnosed when a cochlear nerve (CN) appeared
smaller than the facial nerve on the parasagittal MR imaging.

We categorized inner ear and TAC malformations into four groups by two criteria: (1) the presence or
absence of a bony modiolus in the cochlea; and (2) the diameters of IAC and BCNC. In this categorization,
both Group 1 and Group 3 have a bony modiolus in the cochlea, while Group 2 and Group 4 lack this com-
ponent. Both JAC and BCNC are normal in Group 1 and Group 2, but NIAC or HBCNC was observed in
Group 3 and Group 4. Sennaroglu’s classification of inner ear malformations clearly discriminates between
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the presence and absence of a bony modiolus in the cochlea. According to his classification, a bony modiolus
is present in IP-II, CH-III, LVAS, and a normal inner ear, while CC, IP-I, IP-III, CH-I, and CH-II have a
cystic cavity without a bony modiolus.? ‘

We evaluated CI outcomes by category of auditory performance (CAP) scores,® hearing thresholds.of pure-
* tone sounds, infant word speech discrimination scores, and monosyllabic word speech discrimination scores -
at one to three years after implantation. A subject with 0-4 CAP scores could not even understand common
phrases without visual language and, therefore, we defined 5-7 CAP scores as a good CI outcome and 0-4

CAP scores as a poor one.

Results

We categorized our patients based on the two criteria as described above. In this study, there was no case
categorized in Group 4. Group 1, Group 2, and Group 3 consisted of 11, 7, and 6 cases, respectively. MR
imaging revealed CND in all cases of Group 3.

The post-operative CAP score was equal or over five in all cases of Group 1, but did not exceed four in
all of Group 3. In Group 2, the post-operative CAP score was still four in two cases even after three years of
CI usage, but reached to five or six in the remaining five cases. As shown in Figure 1, using our new catego-
rization instead of the existing classifications, we can better discriminate between a good and poor outcome.

We examined speech discrimination scores of 22 cases except for two cases of Group 3 whose response
to voice was poor. The correct percentage of the closed-set infant word discrimination test was > 80 in all
. cases of Group 1, while the score ranged from 40 to 60 in tested cases of Group 3. The correct percentage of
Group 2 widely varied between cases, ranging from 55 to 100. The open-set monosyllabic word discrimination
test is much more difficult than the closed-set infant word discrimination test and, therefore, only 17 of 24
patients, who were over five years old and used their CI for more than two years, underwent this examination.
All tested cases of Group 1 and 3 cases of Group 2 could answer correctly in equal or over 80% of accuracy.
The correct percentage of the remaining cases, including all tested cases of Group 3, was < 30.

The existing classifications Our new categorization
7 7 é
o ' , o
. o i Q
& : [T g
S | @ S
S N5 o] O ~
o] K \ '
o) -
& v ot ¢ A
J a g g
p) A 2?” A
! R A 1 - A
0 S 0 o«

oy
I

CCin=ay ¢
IP-1 {n=d) |
IP-1l (h=8)
CH-1ll tn=3) &
LVAS in=1) ¢
MNIAC n=1)
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Group 1 in=7] -
Group 2 p=11)
Group 3 (n=9) |

Fig. 1. A. The post-operative CAP score of each type of malformations based on the existing classifications. One case with both
CH-III and HBCNC is plotted twice (*). B. The post-operative CAP score of each group of our new categorization. In both graphs,
the members of Group 1, Group 2, and Group 3 are represented by a circle, diamond, and triangle, respectively.
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Discussion

In this study, we established a new CT-based categorization including both the inner ear and IAC malforma-
tions. This categorization is defined by two criteria; (1) the presence or absence of a bony modiolus in the
cochlea; and (2) the diameters of IAC and BCNC. We focused on these structures because the bony modio-
lus contains spiral ganglion cells, the major target of Cl-mediated electrical stimulation, and their axons go
through BCNC and IAC. '

Group 1, which is defined by the presence of a bony modiolus of the cochlea with a normal IAC and
BCNC, showed the best Cl-aided hearing performance among three groups. The high proportion of post- or
peri-lingually deaf cases might also contribute to the high CI outcomes of this group.” Group 2 is defined by
the absence of a bony modiolus with a normal diameter of IAC. The CAP score and speech discrimination
'score varied widely between cases in this group, but five out of seven cases could understand common phrases
without visual languages. Group 3 is defined by the presence of a bony modiolus in the cochlea with NIAC
or HBCNC and their post-operative improvement of hearing performance was limited. Visual languages were
necessary for them to understand common phrases even after long usage of their CI. MR imaging revealed
CND in all cases of Group 3, which might be responsible for their poor outcomes.

Conclusion

Our new CT-based categorization, which was based on the presence or absence of a bony modiolus in the
cochlea and the diameters of IAC and BCNC, was effective in predicting CI outcomes of children with inner
ear and/or IAC malformations. The CI outcomes were the best in Group 1, followed by Group 2 and Group 3.
All cases of Group 1 showed good CI outcomes and could communicate orally. On the other hand, all cases of
Group 3 showed poor CI outcomes and used lip-reading or sign language to understand common phrases. The
CI outcomes of Group 2 varied between cases, but many of them showed good Cl-aided hearing performance.
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Imaging of ear disorders seen from a viewpoint of treatment.

Department of Otolaryngology, Kobe City Medical Center Gene'raLHospital

Yasushi NAITO, M.D.

Textbooks on medical imaging usually show key images for diagnosing a certain disease,

but seldom describe its treatment and prognosis leaving them to clinical or surgical text-

books. We encounter many patients and diseases during our clinical practice. Each disease

has its unique etiology, diagnostic process, treatment and its result, which cannot be under- .

stood well without seeing the Stages after the diagnosis. A viewpoint of treatment is thus, es-

sential for clinically appropriate 1mag1ng dlagnosm This article reports cases of infectious and

mﬂarnmatory ear dlseases temporal bone traumas and inner ear anomahes in which not only

their diagnostic key images but also their treatment findings and prognoses are descnbed

and discussed. -
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Fig. 4 Brain and temporal bone CT of severe
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