MATERIALS AND METHODS

From 2010 to 2011, we prepared 3D images for 6 separate CI
cases prior to surgery. These cases consisted of 5 patients (3 boys,
2 girls, ages 1-7 years), including one bilateral case. All of the
patients had congenital malformations in the temporal bone
structures, such as in the FN, cochlea, semicircular canal (SC), or
stapes. We created 3D images using a method we developed that
utilized a public personal computer.

First, we manually colored preoperative CT images, which
were axial sections of the temporal bone scanned by a normal
CT scanner (SOMATOM Definition; Siemens Medical, Miinchen,
Germany) at a slice thickness of 0.5 mm using Photoshop CS
extended. The extended version can import and edit DICOM
files directly. The inner ear labyrinth, auditory ossicles, and FN
were shaded in blue, red, and yellow, respectively, maintaining
the shape of these structures. We had to paint every axial section
of temporal bone CT images; there were about 30-40 slices. It
took about two hours to accomplish the coloring process.

We then converted the colored 2D-CT images to 3D images
using Delta Viewer (DV), a freeware for Macintosh available on
the Internet (http://delta.math.sci.osaka-u.ac.jp/DeltaViewer/in-
dex.html). This 3D reconstruction can be done from CT images
of any condition, such as the thickness of the slice of images, but
the thinner the CT slices are, the more detailed and smoother
the 3D images will be. This DV-3D rendering process was com-
pleted antomatically within a few minutes. In this paper, we re-
fer to the 3D images created using DV as DV-3D images.

Fig. 1 is a DV-3D image of the normal temporal bone struc-
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tures. We can rotate DV-3D images freely using the DV applica-
tion.

Before each CI procedure, we discussed any problems antici-
pated based on the DV-3D images and planned the surgery with
those who would be performing the procedure. We also brought
either the printed images or the notebook PC to the operating
room and compared the images with the surgical findings during
the CI procedure (Fig. 2).

RESULTS

Case 1. Left ear of a three-year-old boy

The patient presented with bilaterally malformed ossicles, SC
hypoplasia, internal auditory canal stenosis, and an abnormal
course of the FN. We had already performed CI surgery on the

Fig. 2. The pictures of an operation room during a cochlear implan-
tation surgery. The surgeon sees Delta Viewer 3 dimensional images
displayed on the bedside monitor (BM), which is controlled by the
notebook PC (Macintosh), and compares the images with surgical
findings.
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Fig. 1. Example of Delta Viewer 3 dimensicnal image of normal temporal bone structures of left ear based on computed tomography image.
Image (A) is antero-lateral inferior view, and image (B) is superior view. The bony labyrinth was shaded in blue and includes the cochlea (Co),
vestibule (V), anterior semicircular canal (ASC), lateral semicircular canal (LSC), posterior semicircular canal (PSC), and round window (RW).
The internal auditory canal (IAC) and facial nerve (FN) are shaded in yellow. The ossicles are shaded in red and include the malleus (M), incus
(1), and stapes (S). The annulus tympanicus (AT) and vestibular aqueduct (VA) are shaded in green and purple, respectively.
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Case 1: 3-year-old boy Normal control

Case 1: 3-yearold boy  Normal control Surgical findings
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Fig. 3. (A) Lateral view of the temporal bone structures of case 1.
The lateral semicircular canal (LSC) is hypoplastic, and the crus of
the incus (1) and stapes (S) are absent. The labyrinthine segment of
the facial nerve (FN) and the geniculate ganglion are posteriorly dis-
placed, and the tympanic and mastoid segments of the FN are an-
tero-inferiorly displaced, running more vertically than normal control.
The cochlea (Co), malleus (M), anterior semicircular canal (ASC),
and posterior semicircular canal (PSC) are intact. (B) Lateral view of
normal control. The green arrowhead shows the course of the FNs.
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Fig. 4. (A) The Delta Viewer 3 dimensional (DV-3D) image of case 1
in the same position during cochlear implantation surgery. (B) The
DV-3D image of normal control in the same position as (A). Rectan-
gle of dashed line shows the area of Fig. 5. Co, cochlea; ASC, ante-
rior semicircular canal; PSC, posterior semicircular canal; LSC, later-
al semicircular canal; FN, facial nerve; M, malleus; lincus; S, stapes.

patient’s right ear one year before. The outcome of his speech
was not as good as that of a patient with a non-malformed ear.
We then planned a second CI procedure on the patient’s left ear.
We expected that it was going to be difficult to perform cochlear
fenestration because of the facial nerve abnormality, so we pre-
pared DV-3D images of this case before the CI surgery.

The DV-3D images (Fig. 3) indicate that the cochlear turn is
intact, the lateral SC is hypoplastic, the long crus of the incus
and stapes is absent, the labyrinthine segment of the FN is more
posteriorly placed, and the tympanic and mastoid segments are
antero-inferiorly displaced and running more vertically than
normal. Fig. 4 shows the structures pictured in the same position
as we found them during surgery. These images show that the
stapes are absent and that the FN runs antero-inferiorly onto the
oval window.

Fig. 5 shows the preoperative DV-3D image and the actual
picture of the surgical findings. The space for cochlear fenestra-
tion was very narrow; however, we were able to insert an elec-
trode based on the preoperative DV-3D image without any com-

Fig. 5. The images of the surgical field of posterior tympanotomy as
shown by the orange oval. (A) Case 1: close-up image of the rect-
angle of Fig. 4A. The stapes (S) and crus of the incus (I) are absent,
and the facial nerve (FN) is antero-inferiorly displaced. Dashed line
shows the position of the ossicles and facial nerve (FN) of normal
control. The visible area of the basal turn of cochlea (Co) is smaller
than normal. (B) Normal control: close-up image of the rectangle of
Fig.4B. (C) The picture of the surgical findings of case 1. The visible
area of the promontory (Pro) for cochleostomy is narrow and surround-
ed by the chorda tympani nerve (CTyN) and facial nerve (FN) dis-
placed anteriorly.

Fig. 6. The X-ray of inserted electrode of case 1.

plications, such as FN palsy or stimulation. Fig. 6 shows an X-ray
of the electrode: MED-EL, standard.

Case 2: Left ear of a seven-year-old boy

The patient presented with bilateral cochleo-vestibular malfor-
mations and abnormalities of the stapes and course of the FN.
We had already performed CI surgery on the right ear one year
before. We planned a second CI procedure on this patient’s left
ear for the same reason we performed surgery on the first pa-
tient.

The preoperative DV-3D images (Figs. 7, 8) indicate that the
shape of the cochlea and the SC are hypoplastic, the stapes seem
to be fused to the FN, and the course of the FN is abnormal, as
in the previous case, with bifurcation. In addition, the round
window niche is closed, so there is no landmark for cochlear fen-
estration. We were able to successfully perform the cochlear fen-
estration right next to the FN, which was detected using a FN
monitor and referring to a DV-3D image of the nerve course.
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Fig. 7. Antero-lateral view of the temporal bone structures of case 2.
The shape of the cochlea (Co) and semicircular canals are hypo-
plastic. The labyrinthine segment of the facial nerve (FN) and genic-
ulate ganglion are posteriorly displaced, the tympanic and mastoid
segments of the FN are antero-inferiorly displaced with bifurcation,
and the stapes is fused to the facial nerve (arrow head). [AC, inter-
nal auditory canal; M,malleus; |, incus; S, stapes.

Superior
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Fig. 8. The Delta Viewer 3 dimensional image of case 2 in the same
position during cochlear implantation surgery. The surface of the
tympanic cavity is displayed in green. The round window niche
(RWN) is closed, so there was no landmark for cochlear fenestration.
Co, cochiea; FN, facial nerve; ASC, anterior semicircular canal; M,
malleus; |, incus.

Fig. 9 shows an X-ray of the electrode: Cochlear, standard.

Table 1 consists of a list of the DV-3D images we prepared for
6 separate CI cases that involved ear malformation; in particu-
lar, an abnormal course of the FN. In all of the cases, we were
able to successfully insert electrodes by referring to DV-3D im-
ages with no technical problems. Table 1 suggests that the anom-
aly of the stapes indicates an abnormal course of the FN.

DISCUSSION

We prepared 3D images of patients’ ear malformations prior to
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Fig. 9. The X-ray of inserted electrode of case 2,

performing CI procedures on these patients. These 3D images
contributed to the successful insertion of electrodes during sur-
gery on these patients, each of whom had an abnormal course
of the FN. There is no previous report on the clinical use of 3D
imaging for preoperative planning of CI surgery.

We have been able to produce preoperative 3D images using a
method we were able to develop at a low cost. Several software
products are available that enable us to convert 2D medical im-
ages, such as those produced through CT or magnetic resonance
imaging, to 3D. However, these imaging techniques are not suit-
able for creating 3D images of the temporal bone structures, be-
cause their resolution is so rough that they were developed gen-
erally for use on larger organs such as the lungs, large arteries,
etc.

In very recent years, a high-performance multi-slice CT scan-
per and workstation have made it possible to generate detailed
3D images of the temporal bone structures for radiology diag-
nostics (1). Some previous articles have reported on the creation
of 3D images based on a histological specimen for educational
purposes (2-6).

A novelty of our method is that it enabled us to convert struc-
tures of different densities-bone structures, such as the ossicles,
and soft tissue structures, such as the FN and cochlea-in the
same manner on one 3D image. It is especially difficult to recon-
struct a FN as a 3D image, because it is difficult to select the EN
on a CT image. There is a previous report that investigated auto-
matic FN selection through the use of special computer software;
however, this method has not yet been put into use (7). There is
room for further improvement in the accuracy of the DV-3D im-
age; however, even now it is quite useful for planning a CI pro-
cedure and for avoiding surgical complications.

In this study, we suggest that an anomaly of the stapes indi-
cates an abnormal course of the FN. It is well-established that an
abnormal stapes has been associated with an anomalous course
of the tympanic and mastoid segments of the facial nerve, be-
cause these are derivatives of the second branchial arch (8-10).
As the labyrinthine segment of the FN is not derived from the
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Table 1. Summary of cases and Delta Viewer (DV) 3D image findings

1 3(M) Intact Hypoplasia of Absent Posteriorly  Antero-inferiorly 2nd MED-EL
LSC - displaced displaced standard
sa0fLSC Abnormal: e i S

displaced

rcal

3 5(F) Mar2010Right  Intact  Aplasiacfall  Absent  Posteriorly  Antero-inferiorly  1stMED-EL
SCs displaced standard
L Absent teriotly Ystoochlear

~ Posteriorl

-straight. -+
2nd MED-EL
medium

5 6 (F), same pa-  Feb 2011 Left Intact Aplasia of all Absent
tient as case 3

Intact -

Cl, cochlear implantation; LSC, lateral SC; PSC, posterior SC; FN, facial nerve.
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to test 95% of newborns in Nagasaki over the last 4 years. With
* the rapid increase in use of pediatric CI, there is a need to de-
velop more intensive, longitudinal, and standardized tests for
auditory, speech, and communication skills and language devel-
opment. There are very few packages that include multiple lan-
guage development in the world.

As a part of the Research on Sensory and Communicative Dis-
orders (RSCD) project in Japan, we examined various language
development tests for children fitted with cochlear implants. This
report discusses findings as well as factors that led to better re-
sults in children with severe-profound hearing loss.

METHODS AND RESULTS

Subjects
We examined 33 Japanese children (32 cochlearimplant patients
and 1 hearing-aid patient) in our hearing center for the RSCD
project. Children were selected according to the following crite-
ria: 1) aged between 48 to 155 months and 2) congenital hear-
ing impairment with a hearing level >70 dB (average over mul-
tiple frequency bands). Children unable to complete these tests
because of further disabilities were not included. A consent form
was provided in 2009. The age distribution was as follows: 4 years
of age (4); 5 years (5); 6 years, i.e., 1st grade in primary school
(4); 7-8 years, 2nd grade (2); 8-9 years, 3rd grade (4); 9-10 years,
4th grade (6); 10-11 years, 5th grade (4); and 11-12 years, 6th
grade (4). Only one patient used hearing aids in both ears, and
the remaining 32 children wore cochlear implants. Ten children
had gone through the NHS process, while the other 23 had not.
The age at fitting of hearing aids varied from 4 months to 5 years
4 months, and the age of cochlear implant surgery varied from
1 year 6 months to 6 years 3 months.

The tests were conducted between April 2009 and March 2010.

Methods 1
We asked the children to perform the following tests:

- Test for question and answer interaction development (TQA-
ID): This test aims to evaluate interpersonal communication
skills (IPCS) with 57 questions divided into 10 categories.

- Word fluency test (WFT): This test was conducted as a pro-
ductive vocabulary task. Children were asked to generate as
many words as possible from a given category in 60 seconds.

- Japanese version of the Peabody picture vocabulary test-re-
vised (PVTR).

- The standardized comprehension test of abstract words (SC-
TAW): This test was conducted as comprehensive vocabulary
tasks, and these consist of 32 or 45 abstract words selected
from Japanese textbooks.

- The screening test of reading and writing for Japanese prima-
ry school children (STRAW): This test was also conducted to
examine the children’s reading and writing abilities. Since

preschool children have not yet learned Katakana or Kanji
characters, the test for these children only included Hiragana
characters.

- The syntactic processing test of aphasia (STA): The STA, a
syntax test that is like the test for the reception of grammar
(TROG) for Japanese language users, is a test that evaluates
the comprehension and production ability of syntactic struc-
tures,

- Criterion-referenced testing (CRT) for Japanese language and
mathematics.

+ Pervasive development disorders ASJ rating scales (PARS) to
determine autistic tendency.

- Raven’s colored progressive matrices (RCPM).

Results 1

The results showed that children suffering from hearing loss ex-
ceeded the national average of all children with hearing difficul-
ties by at least 60.6% and up to 100% (Fig. 1). A total of 76.2%
of all scores exceeded the national average of children with hear-
ing difficulties. On the CRT for Japanese language and mathe-
matics, 70.0% of all scores exceeded the national average of
scores obtained by normal-hearing children (Fig. 2). We investi-
gated the factors believed to account for the better performanc-
es in these tests.

Methods 2
To determine the factors that allowed the children reported un-
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Fig. 1. The results of the various language development tests. The
results show that children suffering from hearing loss exceeded the
national average of all children with hearing difficulties by at least
60.6% and up to 100%. TQAID, test for question and answer inter-
action development; WFT, word fluency test; PVTR, Peabody picture
vocabulary test-revised; SCTAW, standardized comprehension test
of abstract words; STA, syntactic processing test of aphasia; PARS,
pervasive development disorders ASJ rating scales; RCPM,Raven’s
colored progressive matrices.
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Fig. 2. On the criterion-referenced testing for Japanese language Not performed Refer Pass

and mathematics, 70.0% of all scores exceeded the national aver-

age of scores obtained by normal-hearing children, Fig. 3. Whether or not the child went through newborn hearing screen-
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Fig. 4. Causes of deafness. AN, auditory neuropathy; GJB2, Gap junction protein, beta-2, 26kDa (GJB2) gene mutation; CMV, congenital cyto-
megalovirus infection; LVAS, large vestibular aqueduct syndrome.

der Results 1 to have better results, we divided the children into

two groups. The first group, group A, consisted of 14 children 45
with higher scores in all tests than the national average for chil-
dren with hearing difficulty. The second group, group B, included
19 children that scored below the national average in any of the
tests.

Determining criteria within each group were as follows: 1)
whether the child had gone through NHS, 2) the cause for the
hearing loss, 3) the age at which the child began to wear hearing
aids, 4) the age at which the child received CI, 5) number of vis-
its to our hearing center since initial examination, 6) the amount
of time since CI, 7) current average hearing level, 8) current av-
erage wearing threshold, 9) whether the child has any siblings,
10) amount of time spent studying at home on a daily basis, 11)
educational method (school), 12) the period of integration and
the period of auditory verbal/oral education, 13) educational in-
stitution child attended before entering primary school.

r 8 GroupA

Month

HA Cl

Fig. 5. The mean age for children 1o start wearing a hearing aid (HA)
and cochlear implant (CI).
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Results 2

Quite a few children underwent NHS (Fig. 3). Causes for deaf-
ness are shown in Fig. 4. There were many cases of inner ear and
cochlear nerve anomaly and developmental disabilities in group
B.There were no significant differences between the two groups
in terms of the mean age for children to start wearing a hearing
aid or the mean age for CI (Fig. 5).

The mean period of the visit at our hearing center was signifi-
cantly longer in group A than in group B (P=0.049 <0.05*) (Fig.
6). The mean wearing period for the cochlear implant was sig-
nificantly longer in group A than in group B (P=0.02*) (Fig. 6).
The mean of the current average hearing level on their CI side
was 115 dBHL for group A and 113 dBHL for group B on their
CI side. On the non-operation side, it was 102.1 dBHL for group
A and 97.1 dBHL for group B. The mean of the present average
wearing threshold was 26.8 dBHL for group A and 28.2 dBHL
for group B on their CI side. On the non-operation side, it was
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Fig. 6. The mean period of the visit at our hearing center and the mean
wearing period of cochlear implant (Cl).
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Fig. 7. The mean of the current average hearing level and the pres-
ent average wearing threshold.

59.2 dBHL for group A and 59.3 dBHL for group B. There were
no significant differences in these results between the two groups
(Fig. 7). Children in group A were more likely to have older sib-
lings; however, there was no significant difference between groups
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Fig. 8. Whether the child has any siblings.
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Fig. 8. The amount of time spent studying at home on a dally basis.
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Fig. 11. The period of integration and the period of auditory verbal/
oral education.

A and B (Fig. 8). The mean amount of time spent studying at
home on a daily basis was 76.4 minutes for group A and 79.2
minutes for group B; these times were not significantly different
(Fig. 9). From the age of 1 year to the end of preschool, the edu-
cation for group A concentrated on auditory verbal and/or oral
methods, while that for group B was geared towards sign or cued
speech type education; there were significant differences between
groups A and B (P=0.003 <0.01**) (Fig. 10).

Children in group A attended regular school for 4.4 years, and
those in group B attended for 3 years. Auditory verbal/oral edu-
cation was 8 years for group A and 6.7 years for group B. While
group A’s education was longer than that of group B, there were
no significant differences between the two groups (Fig. 11). Fig,
12 shows the percentage of children who were integrated into
regular kindergarten and nursery school before attending elemen-
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Fig. 12. Educational institution child attended before entrance to pri-
mary school,

tary school; there were significant differences between groups A
and B (P=0.01%).

DISCUSSION

What factors are associated with good performance in language
development in children with cochlear implants? It is very im-
portant to gauge the effectiveness of the appropriate interven-
tion for hard-of-hearing infants. Research and evaluation of lan-
guage development for children with cochlear implants have
been conducted and should continue. However, there are very
few packages that include multiple language development in the
world (1-8).

In 2010, Fukushima et al. planned to assess the current status
of hearing impaired children in Japan using the RSCD project,
and many tests were used as a part of this nationwide research
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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 GJ/B2 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 2¢,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 ampliied 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.

1I00G=A
(c) Alpd 34Ty

ETTETEATGATOR

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; c.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 SLC26A4.* Mutations
in SLC26A4 cause autosomal recessive deafness;
Pendred syndrome (hearing loss with goitre) or DENB4
(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 NSHIL, 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—

Akihiro Kawata, Hidetaka Kumagami, Minoru Hara,
Yuzuru Sainoo, Kenji Takasaki and Haruo Takahashi

(Nagasaki University Hospital)

Yukihiko Kanda
(Nagasaki University Hospital, Kanda E-N-T Clinic, Nagasaki Bell Hearing Center)

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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OUTCOMES OF CASES WITH INNER EAR AND INTERNAL
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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 TAC 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 deficiency (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. Sennarogiu’s
classification was used to classify inner ear malformations and the IAC 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 IAC 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 | 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
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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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