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2.1.2. DPOAEs

DPOAES were recorded and analyzed using the [LO-92 system
(Otodynamics Ltd, Herts, UK). DPOAE primary tones f1 and f2 were
presented at 70 dB SPL. The f2:f1 ratio was kept at 1.22, and the
frequency of £2 was changed in one-third octave steps from 708 to
6299 Hz. The levels of 2f1-f2 DPOAE were recorded. DPOAE values
were plotted on a DP-gram, which expresses the emission level as a
function of the 2 frequency.

2.1.3. Auditory brainstem responses (ABRs)

ABRs were recorded using the Neuropack system (Nihon Kohden,
Tokyo, Japan) with an electrode montage of vertex (CZ) to the ipsilateral
(stimulated) ear lobe and ground to forehead (Fz). The amplifier band
pass was 100-1000 Hz. Alternating-polarity click stimuli were pre-
sented monaurally at a rate of 20 Hz at 100 dB aHL. Average responses
to 1024 clicks were collected in each of two experiments.

2.2. Vestibular function tests

2.2.1, Electronystagmography

The patient underwent an electronystagmography test battery
consisting of spontaneous, optokinetic, positional, postural, and
caloric-induced nystagmus recordings. Nystagmus was recorded
using an electronystagmograph recorder (Rion, Tokyo, Japan). Caloric
testing using 20 °C and ice-cold water (5 cm?, 5 s) was used to irrigate
the external auditory meatus to induce a thermal gradient across the
lateral semicircular canal.

2.2.2. Vestibular evoked myogenic potentials (VEMPs)

The sternocleidomastoid (SCM) miuscle was chosen as the target to
record VEMPs using the Neuropack system (Nihon Kohden. Tokyo,
Japan). Surface electromyographic activity was recorded from
symmetrical sites over the upper half of each SCM, with a reference
electrode over the sternal attachment site of the contralateral SCM.
The patient was laid supine on a bed and asked to raise and orient his
head contralateral to the tested ear to maximally activate the SCM
ipsilateral to the stimulation. Responses o 200 short-tone bursts
(105 dB nHL, 500 Hz) were recorded at 100-ms intervals over a band
pass of 500-1500 Hz.

2.3. Neuroimaging studies

2.3.1. High-resolution computed tomography (HRCT)

The protocol for HRCT included scanning with a multi-slice
computed tomography scanner (Sensation 64; Siemens Medical
Solutions, Inc., Malvern, PA, USA). Images were acquired with direct
axial sequences using a spiral scan procedure with a 1.0-mm
collimation. Data were reconstructed with a slice thickness of
1.0 mm using a bone algorithm.

2.3.2. Magnetic resonance imaging (MR{)

The patient was scanned on a 1.5-T MRI machine (Signa EXITE
1.5T, General Electric, Fairfield, CT, USA) with surface and head coil.
Axial three-dimensional fast imaging employing steady-state acqui-
sition (FIESTA, repetition time, 9.3 ms/echo time, 3.3 ms; scan
thickness 1.0 mm) was performed. The axial images were recon-
structed in the oblique sagittal plane traversing the internal auditory
canal (1AC), producing cross-sectional images that visualize the neural
structures of the 1AC.

2.4. Homology madeling of OPAland ligand fitting

The crystal structure of the GTPase domain of rat dynamin 1 (PDB
ID: 2AKA) was used as a template in homology modeling because the
GTPase domain of rat dynamin 1 is closely related to that of OPA1 in
both function and structure {32% amino acid sequence identity). A

program package for protein engineering and drug design, BIOCES[E]
{NEC Corp., Tokyo, Japan) [7], was used for a series of molecular
modeling. This package runs on an OCATANE?2 (Silicon Graphics Inc,,
Fremont, CA, USA). The GTP molecule of Ras-GTP (PDB ID: 5P21) was
fitted into the corresponding active site of the OPA1 model using DAL
(http://ekhidna.biocenter.helsinki.fi/dali_server/) [8]. The p.R445H
mutation structure was superimposed on the native structure
{backbone atoms only) and displayed using UCSF Chimera (http://
www.cgl.ucsfedu/chimera/) {9].

3. Case report

The patient is a 28-year-old man who first presented with sudden
optic atrophy at the age of 17 years. Clinical history of vision disorder
and the result of genetic test have been reported [10]. In brief, he
received a detailed examination for visual function at age 21. His best
corrected visual acuity was 20/200 in both eyes. He had atrophy of the
optic disks, central scotoma, and generalized bilateral dyschroma-
topsia. As a result, the patient was diagnosed with ADOA, and a
genetic examination revealed a heterozygous G-to-A substitution in
the second nucleotide of codon 445 in OPA1, resulting in an Arg-to-His
amino acid substitution (p.R445H). He had no apparent family history
of either optic atrophy or hearing impairment. At that time, he was
also found to have a slight bilateral hearing impairment. The patient
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developed progressive hearing impairment, and had particular
difficulty understanding speech. He came to our department for a
hearing evaluation at age 28. Although he did not initially complain of
balance disorders, he stopped riding a bicycle at age 17 years because
of difficulty controlling balance and also started to feel unsteady
walking at that time. He thought the unsteadiness resulted from his
visual dysfunction.

4. Results
4.1. Auditory function test results

Direct otoscopic observation revealed normal findings in both ears.
A bilateral sensorineural hearing loss of approximately 60 dB was
shown by pure-tone audiometry (Fig. 1A). The maximum speech
discrimination scores were 20% in both ears (Fig. 1B), which were
significantly worse than expected based on the results of pure-tone
audiometry. Although no differences were observed between left and
right ears, the patient reported better hearing discrimination in the
right ear (Fig. 1). ABRs were absent bilaterally even at 100 dB nHL
(Fig. 2A), but high-amplitude DPOAEs were present at all frequencies
tested in both ears (Fig. 2B).

4.2. Vestibular function test results

No spontaneous, positioning, or pressure-induced nystagmus was
found by electronystagmography. Neither 20 °C nor ice-water caloric
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stimulation of the labyrinth elicited nystagmus or dizziness in either
ear {Fig. 3A). Short-tone burst-evoked YEMP analysis revealed a
biphasic VEMP waveform in the right ear; however, the latency of
n23, which is the second wave of VEMP, was delayed. No VEMPs were
evoked in the left ear (Fig. 3B).

4.3. Neuroimaging studies

There were no abnormal findings by HRCT. In particular, no inner ear
malformation or internal auditory canal stenosis was observed (Fig, 4A,
D). By MRL, both the cochlear nerves and vestibular nerves were
detected from brainstem to the inner ear in both ears in axial FIESTA
slices (Fig. 4B, E). However, the diameter of the right cochlear nerve was
0.82 mm whereas that of the left cochlear nerve was 0.69 mm, and the
diameter of the right facial nerve was 1.06 mm whereas that of the left
facial nerve was 1.02 mm in oblique sagittal reconstructions through the
IAC (Fig. 4C, F). Thus, the cochlear nerves on both sides are considered
hypoplasia according to reported criteria [11].

4.4. OPAT predicted structure

The distance between Cot of R445 of OPA1 and the GTP binding
pocket is 18 A (Fig. 5). The electric field around R445 is negatively
charged due to its proximity to D450, D442, and E444. Under
physiological conditions, positively charged R445 is structurally
stable, and thus the mutation p.R445H reduces the electrostatic
stability and indirectly distorts the structure of the GTPase catalytic
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Fig. 2. {A) ABR tests revealed no ABR waveforms in this patient. {B) DPOAE recordings were normal for this patient. Residual noise levels are shown by the shaded area.




26 K. Mizutari et al. / Journal of the Neurological Sciences 293 (2010) 23-28

A lce-water caloric test

S

Right

b A

Water irrigation

a —*_hJ\MJ»JWWWWJ.M’”W‘
Left
b .
Water irrigation l 10°
10 sec
B VEMP
neg 100 uv
5ms
Rt
105 dB nHL
pt3
Lt
105dB nHL

Fig. 3. (A) Horizontal record of electronystagmograph on ice-water caloric test, Time
constants: a, 3.0s; b, 0.03 s. No nystagmus were elicited in both side of ears. (B) Air-
conducted VEMPs. Electromyographic responses of the right (R) and left (Lt) SCM to right
ear stimulation. A biphasic VEMP waveform was revealed in the right ear; however, a
latency of n23 was delayed. In contrast, no VEMPs were evoked in the left ear.

domain. In addition, salt bridges between R445 and D450 in the a3-
helix and strong electrostatic interactions between R445 and D442/
E444 are observed. The «3-helix is a key structure that constructs the
common wire frame of the G-protein core fold {7,9]. Thus, the p.
R445H mutation indirectly distorts the catalytic structure of the
GTPase reaction center and decreases GTPase activity.

5. Discussion

Several reports have described hearing impairments associated with
an OPA1 mutation [4,12-16]. As with the case we present here, these
hearing impairments were reported to result from auditory neuropathy.
Common features in these patients include moderate hearing threshold
elevation and a severe speech discrimination disability. No vestibular
symptoms or function test results have yet been reported. To our
knowledge, this is the first report of a detailed vestibular analysis in a
patient with an OPA! mutation. Moreover, inner ear neuroiinaging
studies, including HRCT or 3-D MRI, have not yet been reported in
patients with OPAT mutations. This report provides the first evidence of
cachlear nerve atrophy in the I1AC in a patient with an OPA] mutation.

OPAl encodes a dynamin-refated GTPase that is located in the
mitochondrial intermembrane space and plays a key role in
controlling the balance of mitochondrial fusion and fission [17].
Furthermore, release of cytochrome ¢ from mitochondria and caspase-
dependent activation of the apoptosis cascade have been observed in
the down-regulation model of expression by RNA interference in Hela

cells [17]. The OPA1 p.R445H mutation is reportedly associated with
various neurological disturbances, including ataxia, peripheral neu-
ropathy, ptosis, and cognitive impairment [18]. In cases involving the
heterozygous p.R445H mutation, ADOAs associated with deafness
have been reported [4], and these sensorineural hearing losses show
audiological features compatible with auditory neuropathy. In normal
rats, expression of OPA1 protein is seen in the inner hair cells, outer
hair cells, and spiral ganglia in the cochlea, and in the vestibular hair
cells and ganglia [6]. OPA1 protein expression has also been observed
in membranous or submembranous compartments of vestibular
ganglion cells and at the level of the calyx synapse, which typically
envelopes type 1 hair cells in the vestibular epithelium {6]. Bilateral
vestibular dysfunction in our present patient is probably caused by
dysfunction of these parts of the vestibular organs.

An abnormality in the OPA1 protein may cause mitochondrial
dysfunction, leading to insufficient energy production. Homozygous
mutant mice are not viable and show impaired development as early
E8.5. [19]. This study also reported that heterozygous mutants show a
reduction in OPA1 protein level (about 50% compared with wild-type
littermates) due to rapid degradation of the mutant polypeptide [19].
Skin fibroblasts obtained from patients carrying the heterozygous OPA1
p.R445H mutation show hyperfragmentation of the mitochondrial
network, decreased mitochondrial membrane potential, and an ATP
synthesis defect [4]. Our three-dimensional structure study suggests
that the p.R445H mutation reduces the electrostatic interactions and
therefore the stability of the protein and indirectly distorts the structure
of the GTPase catalytic center, thereby decreasing GTPase activity.
According to these findings, we suggest that the OPA1 p.R445H
mutation feads to severely insufficient energy production by decreasing
GTPase activity in the mitochondria. This deficiency could, in turn, affect
critical energy-dependent functions such as axoplasmic transport in
both cochlear and vestibular nerve fibers as well as optic nerve fibers.

This patient had almost normal VEMP resuits in the right ear but
no response in the left ear. Although the mechanisms underlying
these different responses are unclear, asymmetrical hearing impair-
ments have been reported in patients with the OPA1 p.R445H
mutation {12,13]. There was no response to caloric stimulation in
either ear. The VEMP consists of myogenic potentials obtained as a
response to tone-burst stimuli and is used to test the saccule and
inferior vestibular nerve of the vestibular system. The caloric test, on
the other hand, is used to evaluate the function of the lateral
semicircular canals and the superior vestibular nerve [20}]. In the right
ear. there was no response in the caloric test but fare VEMPs. OPAT is
expressed in sensory epithelia in both the saccule and the lateral
semicircular canal [6]. Atrophy of the superior vestibular nerve was
not detected by MRI scan. The mechanisms underlying different
responses for the caloric test and VEMPs in the right ear are uncertain.
in the present case, the patient reported slightly better hearing in the
ear that also had good VEMP responses (the right ear). It is well
established that ADOA is a progressive atrophy disease. If the main
mechanism for nerve atrophy in ADOA is the same in both the eye and
the inner ear, we speculate that nerve atrophy in the inner ear may
develop gradually from the superior vestibular nerve to the inferior
vestibular nerve in patients with the OPAI mutation. It has been
reported that VEMPs are less affected than horizontal semicircular
canal function during caloric testing in bilateral vestibulopathy [21].
We found only two reports with results of both caloric testing and
VEMP analysis in auditory neuropathy patients with causes other than
an OPA]l mutation [20,22], and these revealed normal caloric
responses and abnormal VEMPs in all patients (n==4) with auditory
neuropathy. We revealed a different profile in a patient with auditory
neuropathy due to an OPAT mutation. We speculate that the vestibule
is also an organ that is sensitive to the mitochondrial dysfunction
associated with the OPAl mutation.

In conclusion, we have presented a case of vestibular dysfunction
accompanied with auditory neuropathy in a patient with an OPAI]
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Fig. 4. Images showing the HRCT (A, D}, axial MRI {FIESTA: B, E), and oblique sagittal reconstructions (C, F). The facial nerve (FN), cochlear nerve (CN), superior vestibular nerve
{SVN), and inferior vestibular nerve (IVN) can be recognized in both sides of the internal auditory canal. However, the cochlear nerves in both ears were narrower than the vestibular
nerves in axial FIESTA slices. Moreover, the cochlear nerves on both sides were smaller than the adjacent facial nerves in oblique sagittal reconstructions.

mutation. In a standard evaluation, this patient's balance disorder could Acknowledgements
easily have been overlooked because he attributed it to his visual

dysfunction. Based on this case, we suggest that vestibular evaluation The authors give thanks to Ms. Retko Yakushimaru and Ms. Akemi
should be performed in auditory neuropathy patients carrying an OPAI Hori for their excellent technical assistance in the audiometric and
mutation, even if the patients do not complain of balance dysfunction. vestibular tests.

Fig. 5. Stereo view of the GTPase domain of predicted structure of human OPA1 with arginine at position 445 replaced by histidine, The electric field around R445 is negatively
charged due to the proximity of D450, D442, and E444. Positively charged R445, under a physiclogical environment, is structurally stabilized, and thus the mutation p.R445H reduces
the electrostatic stability and indirectly distorts the (:TPase catalytic structure. tmage produced using the UCSF Chimera package supported by NIH P41 RR-01081.
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Abstract

Background Cochlear implantation has become an accepted
treatment for deafness. As the frequency of cochlear
implantation has increased, requests for images have also
increased in the work-up for candidates. An absent cochlear
nerve (CN) is a contraindication to cochlear implantation.
Therefore, MRI is performed to evaluate the CN in patients
with sensorineural hearing loss. Recently, some authors have
reported the relationship between cochlear nerve canal
(CNC) stenosis and CN hypoplasia.

Objective To review the relationship between CNC and CN.
Materials and methods During a period of 78 months, 21
children (42 cars) with unilateral or bilateral sensorineural
hearing loss underwent both HRCT and MRI of the
cochlear nerve. We retrospectively reviewed two factors:
the evaluation of inner ear malformations and the relation-
ship between CNC stenosis and CN hypoplasia.

Results Inner ear malformations were recognized in ten
ears. The mean CNC diameter was approximately 2 mm
(ranging from 0.6 to 2.7 mm). CN hypoplasia was seen in
eight of the 42 ears; all eight were associated with CNC
stenosis (<1.5 mm). Of the 34 ears with normal CN, 32 had
CNC >1.5 mm in diameter and the remaining two ears,
with incomplete partition type I, had CNC stenosis.

M. Miyasaka (2.)- S. Nosaka - H. Masaki
Department of Radiology,

National Center for Child Health and Development.
2-10-1 Okura, Setagaya-ku.

Tokyo 157-8535. Japan

e-mail: Miyasaka-m@ncchd.go.jp

N. Morimoto * H. Taiji

Department of Otolaryngology.

National Center for Child Health and Development,
Tokyo, Japan

Conclusion Children with CNC stenosis had a high inci-
dence of CN hypoplasia. CNC stenosis (<1.5 mm) suggests
CN hypoplasia. On the other hand, CN hypoplasia was not
seen in children with CNC diameter >1.5 mm. Therefore, we
conclude that children with CNC stenosis or malformations
on HRCT should receive MR imaging of the CN.

Keywords Cochlear implantation - Cochlear nerve -
Cochlear nerve canal - Children

Introduction

Hearing loss is one of the most common birth defects,
affecting 3—4 of every 1,000 newborns [1]. A variety of
pathologic conditions cause hearing loss in children [2].
With the advent of universal newborn screening, deafness
can be diagnosed earlier in life [3].

Cochlear implantation has become an accepted treatment
for deafness. As the frequency of cochlear implantation has
increased, requests for imaging have also increased in the
work-up of cochlear implant candidates. Radiologists must
be familiar with imaging findings that contraindicate
implantation (cochlear aplasia and cochlear nerve aplasia)
[4]. High-resolution CT (HRCT) of the temporal bone has
been used to evaluate mastoid air cell aeration, facial nerve
position, and inner ear malformations. On the other hand,
MRI is better to visualize the cochlear nerve and intracra-
nial structure directly . Therefore, high-resolution MRI has
been used to detect CN aplasia or hypoplasia in children
with sensorineural hearing loss (SNHL) [1, 3-0]. Recently,
some authors have reported a relationship between cochlear
nerve canal stenosis and CN hypoplasia [7-9]. Those
findings have important implications for clinicians who
evaluate children with SNHL. CNC stenosis might be a key
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finding to select children with SNHL who should undergo
further evaluation with MRL

The purposes of this study were to evaluate a variety of
pathological conditions for children with SNHL and to
review the relationship between CNC and CN.

Materials and methods

This study was reviewed and approved by the ethics
committee of our hospital.

During a period of 78 months, 21 children (42 ears) with
unilateral or bilateral SNHL underwent both high-resolution
CT of the temporal bone and MRI of the cochlear nerve
(Table 1). These 21 children included eight boys and 13 girls,
with a mean age of 7 years (ranging from 1 to 13 years) at
the time of the MRI. Of these, 11 children had unilateral and
ten children had bilateral SNHL (31 ears with SNHL and 11
without). Cochlear implantation was performed in three
children who had bilateral SNHL and a normal CN.

The protocol of HRCT of the temporal bone was
performed with a multidetector-row CT scanner (8-detector,

Table 1 Summary of CT and MRI findings in children with SNHL

Fig. 1 Measurement of CNC on axial image of temporal HRCT. The
CNC is the bony canal from the fundus of the IAC to the base of the
modiolus. The diameter of the CNC width (/ine) was measured along
the inner margin of its bony walls at its middle portion on an axial
image of the base of the modiolus

Case no. Age (years)  Side of Inner ear malformations CNC diameter (mm) CN on MRI
/sex SNHL
Right Left Right Left Right Left
1 8/F Right Michel deformity No - 2 Absent Normal
2 2/F Bilateral ~ Cochlear aplasia Cochlear aplasia - - Absent Absent
3 10/F Left 1P-1 IP-I 1.0 Normal Normal
4 /M Bilateral Large vestibular Large vestibular 2.0 2.0 Normal Normal
aqueduct syndrome aqueduct syndrome
5 13/F Right Duplication of IAC No 0.68 2 Absent Normal
6 6/F Bilateral ~ Large vestibular Large vestibular 2.1 2 Normal Normal
aqueduct syndrome aqueduct syndrome

7 5/F Bilateral No No 2 1.9 Normal Normal
8 I/'M Right No No 1.5 2 Absent Normal
9 2/F Bilateral No No 2.2 2.1 Normal Normal
10 6/F Right No No 2.2 2.1 Normal Normal
11 8/'M Bilateral No No 2.4 24 Normal Normal
12 10/M Left No No 2.4 2.5 Normal Normal
13 SIF Bilateral No No 2.1 2.1 Normal Normal
14 3/F Bilateral No No 2.5 22 Normal Normal
15 5/M Left No No 1.9 - Normal Hypoplasia
16 1/F Right No No 0.59 1.8 Hypoplasia ~ Normal
17 ™ Right No No 22 1.8 Normal Normal
18 13/M Right No No 2.5 2.7 Normal Normal
19 13/F Bilateral No No 2.4 2.6 Normal Normal
20 7/E Right No No 1.5 2.4 Hypoplasia ~ Normal
21 3IM Bilateral No No 2.1 2.2 Normal Normal

SNHL sensorineural hearing loss, CNC cochlear nerve canal, CN cochlear nerve, M male, F female, No no abnormality, —not evaluated, /P-/

Incomplete partition type |
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Fig. 2 Axial and oblique sagittal image of normal IAC on DRIVE. a
Axial image of the cerebellopontine region and IAC shows the normal
anatomy. Line illustrates the plane prescribed for oblique plane sagittal
images obtained perpendicular to the nerves of the IAC. b Oblique

LightSpeed Ultra, GE, Milwaukee, W1, USA). Images were
acquired in the direct axial planes using a 0.625-mm slice
thickness, a field of view (FOV) of 96 mm, 140 kV,
150 mA, 1.25 pitch, and a bone algorithm. CT was
performed with the minimal radiation dose, according to
the ALARA (as low as reasonably achievable) concept. The
radiation dose ranged from 35.55 mGy to 44.44 mGy for
CT dose index volume (CTDI,,;). We are now using low
kV and mA to lower the CTDl,,. Coronal multi-planar
reconstruction images were obtained, as well. The CNC is a
bony canal extending from the fundus of the inner auditory
canal (IAC) to the base of the modiolus. The diameter of
the CNC was measured along the inner margin of its bony
walls at its middle portion on an axial image of the base of
the modiolus (Fig. 1).

All MR images were obtained using a 1.5-T or 1.0-T
magnet (Intera 1.5T and 1.0T, Philips, The Netherlands).
The children were studied in the supine position with a
head coil. The MRI scan sequences included a 3-D T2-
weighted fast spin-echo sequence (using DRIVE: driven
equilibrium) in axial and oblique sagittal planes of the IAC
with a 0.7-mm slice thickness and an FOV of 130 mm.
Oblique sagittal images were obtained perpendicular to the
course of the nerves through the IAC (Fig. 2). The scan
time was approximately 30 min. In oblique sagittal images
of the lateral aspect of the IAC, four nerves were
recognized (facial, superior vestibular, inferior vestibular
and cochlear).

We retrospectively reviewed the following factors: (1)
the evaluation of the inner ear malformations on HRCT, (2)
the CNC measurements on HRCT, (3) the presence of CN
hypoplasia or aplasia on MRIL, (4) the relationship between
CNC stenosis and CN hypoplasia or aplasia. The cochle-
ovestibular malformations were listed according to the new
classification system for inner ear malformations (Table 2),

sagittal image obtained at the fundus of the [AC, oriented with anterior
to the left and the cerebellum to the right. Four nerves were
recognized. F: Facial nerve, C: Cochlear nerve, SV: Superior
vestibular nerve, /V: Inferior vestibular nerve

published in 2002 by Sennaroglu and Saatci [10]. As Kim
etal. [11] reported, the CN is larger than either the superior
or inferior vestibular nerve in 90% of normal ears and is of
similar size or larger than the facial nerve in 65%.
Therefore, we designated the CN as hypoplastic when it
appeared smaller than the facial nerve and as aplastic when
it could not be identified on oblique sagittal images.

Results
Evaluation of inner ear malformations on HRCT

Of the 42 ears, cochlear malformations were recognized in
ten ears (six children). The details of the inner ear
malformations were as follows: Michel deformity in one
ear, cochlear aplasia in two ears, incomplete partition type |
(IP-I) in two ears (Fig. 3), large vestibular aqueduct
syndrome in four ears, and duplication of IAC in one ear

(Fig. 4) [12-15].
CNC measurements on HRCT

Of the 42 ears, four ears without a CNC could be evaluated.
These four ears had Michel deformity (one ear), cochlear

Table 2 A new classification for inner ear malformations [10]

-Michel deformity

-Cochlear aplasia

-Common cavity deformity
-Cochlear hypoplasia
-Incomplete partition type I (IP-1)
-Cochlear hypoplasia

-Incomplete partition type Il (IP-11) = Mondini deformity
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Fig. 3 IP-1in a 10-year-old girl
with left SNHL (case 3). a, b
Axial images show cystic
cochlea and the lack of
modiolus, which is diagnosed
as [P-I. The narrowing of the
CNC is also seen. ¢, d Oblique
sagittal DRIVE images show
normal CN, bilaterally

aplasia (two ears) and a closed CNC without cochlear
dysplasia (one ear).

The CNC was measurable in the remaining 38 ears. The
CNC diameters ranged from 0.6 mm to 2.7 mm in 27 ears
with SNHL and from 1.2 mm to 2.7 mm in 11 ears without
SNHL. The mean CNC diameter was 2 mm in each ear,
with or without SNHL.

Presence of CN hypoplasia or aplasia on MRI

The CN of all ears could be evaluated on MRI. CN
hypoplasia and aplasia were seen in three and five cars,
respectively. These corresponded to the affected side. The
remaining 23 ears with SNHL and 11 ears without SNHL
had a normal CN.

The relationship between CNC stenosis and CN hypoplasia/
aplasia (Table 3)

All eight ears with CN hypoplasia or aplasia were associated

with CNC stenosis (CNC diameter <l.5 mm; mean,
1.1 mm). The remaining 34 ears had a normal CN. Of

@ Springer

these, 32 ears had normal CN and CNC diameters >1.5 mm
(mean, 2.2 mm). Despite CNC stenosis (<1.5 mm), normal
CN was seen in two ears with IP-I. A CNC with CN
hypoplasia or aplasia was smaller than those with a normal
CN.

Of the eight ears with CN hypoplasia or aplasia, four had
inner ear malformations, as follows: one with Michel
deformity, two with cochlear aplasia, and one with
duplication of the IAC. The remaining four ears with CN
hypoplasia or aplasia failed to show inner ear malformation
(Fig. ). On the other hand, four ears with large vestibular
aqueduct syndrome and two ears with IP-1 did not have CN
hypoplasia, and three ears had CN hypoplasia without inner
car malformations. CN aplasia without inner ear malforma-
tion was seen in one ear.

Discussion
A variety of pathologic conditions cause SNHL in infants and

children [2]. Recent studies suggest that cochlear nerve
dysfunction accounts for up to 10% of newly diagnosed
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Fig. 4 Duplication of IAC in a
13-year-old girl with right
SNHL (case S). a Coronal
reconstructed image shows nar-
rowing of right IAC and a bony
septum in the right IAC (arrow).
b, ¢ On axial images, narrowing
of right CNC (0.68 mm) is
recognized compared with the
left CNC (2 mm). d On oblique
sagittal DRIVE image, the right
CN is unclear, while the left (e)
is normal. Diagnosis of the
duplication of the IAC associat-
ed with CN aplasia was made by
referring to previous reports
(12-15]

cases of SNHL in children [1]. Imaging plays an important
part in the work-up of cochlear implant candidates [4].
Traditionally, HRCT has been the imaging modality of choice
in the initial work-up of these children [16]. On the other
hand, MR has advantages in detecting soft-tissue abnormal-
ities, especially those of the facial-vestibulocochlear nerves
[17], which are best recognized on 3-D FRFSE (3-D fast
recovery fast spin-echo) or 3-D CISS (3-D constructive
interference in steady state) images [3]. Therefore, MRI is
accepted as the method of choice to evaluate abnormalities in
candidates for cochlear implants. Opinion varies regarding
the advantages of HRCT versus MRI as an initial imaging
modality for a cochlear implant candidate [4, 17].

The incidence of children with SNHL who show inner
ear malformations on HRCT ranges from 20% to 30% [ 16,
18]. In the present study, inner ear malformations were
present in six of 21 cases (29%). The children had a variety
of inner ear malformations. These results were similar to
those of the previous reports [16, 18].

Pathologically, both congenital deficiency and acquired
degeneration of the CN have been seen in children with
SNHL [6]. Jackler et al. [19] and Shelton et al. [20]
suggested that the presence of a narrow [AC on HRCT was
indicative of CN aplasia. The vestibulocochlear nerve starts
to develop at approximately 3 weeks of gestation. At
9 weeks, the IAC is formed by the build-up of cartilage
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Table 3 The relationship between CNC stenosis and CN hypoplasia/aplasia (=42 ears)

*CN hypoplasia/aplasia 8 ears

Associated with inner ear malformations

Michel deformity
Cochlear aplasia
Duplication of IAC

No association with inner ear malformations

with development of the nerve. Therefore, the IAC cannot
form in the absence of the nerve [5, 6, 9]. In a report by
Casselman et al. [5], CN hypoplasia or aplasia was detected
with or without labyrinth anomalies. Additionally, some
authors reported cases of CN aplasia with normal [AC
dimensions [21, 22]. The causes of acquired CN deficiency
are complex. CN deficiency can result from degeneration of
the nerve fibers in the IAC after cochlear injury (e.g.,
vascular, traumatic, compressive, or inflammatory injury).
Therefore, the findings of a normal-size IAC with CN
deficiency suggest an acquired cause of SNHL [6]. In the
present study, CN hypoplasia or its aplasia was diagnosed
in eight ears (19%) on MRI. Of these, four ears had inner
ear malformations and four did not. Histories of infection or
trauma were unclear in the four ears with malformations.
However, it is possible that infections or trauma are
secondary to acquired CN hypoplasia.

Fatterpekar et al. [8] reported that hypoplasia of the CNC
was a possible cause of congenital SNHL. Since then, some
authors have reported a relationship between CNC stenosis
and CN hypoplasia [7-9, 21]. The cause of a small CNC is

) Springer

4 ears
1 ear
2 ears
1 ear

4 ears

unclear. Embryologically, the soft tissue of the inner ear is
formed after the bony labyrinth. Some authors have
suggested that abnormal development of the membranous
labyrinth has a trophic effect on the CN. In addition to the
development of the IAC, the CNC might require stimula-
tion by its contents for normal development. Accordingly,
CNC stenosis might be secondary to CN hypoplasia [7].
Stiernholm et al. [23] determined that if the CNC was less
than 1.4 mm in diameter, then the possibility of CN
abnormality should be considered. In a report by Komatsubara
et al. [9], patients with a narrow CNC on CT studies were
diagnosed as having CN hypoplasia on MRI with 88.9%
sensitivity and 88.9% specificity. Those authors stated that
in ears in which CNC was <1.5 mm on CT, CN hypoplasia
could be seen on MRIL In a report by Kono [7], a CNC
diameter <1.7 mm suggested CN hypoplasia, even if no
cochlear abnormality could be found on CT. In the present
study, all eight ears with CN hypoplasia had a small CNC
(£1.5 mm). This result is similar to that of Komatsubara et
al. [9]. Only two ears of IP-I with a small CNC had no CN
hypoplasia and the reasons for the small CNC in these cases



Pediatr Radiol (2010) 40:1509-1516

1515

Fig. 5 Narrowing of the CNC
without inner ear malformations
in a 5-year-old boy with left
SNHL (case 15). a Axial HRCT
image shows no significant ab-
normality of the cochlea on the
right. The diameter of CNC was
1.9 mm. b Axial image of the
left side shows no significant
abnormality of cochlea, but se-
vere CNC stenosis is revealed.
¢ The right CN appears to be
normal compared with the facial
nerve on oblique sagittal DRIVE
image. In contrast, the left
cochlear nerve (d) is small

are unknown. On the other hand, CN appeared to be normal in
cases with a CNC diameter >1.5 mm in both affected and
unaffected ears. Therefore, noting the presence of CNC
stenosis helped to confirm the diagnosis of CN hypoplasia
or aplasia [21]. However, our study was limited to a small
series in one institution and was a retrospective study. Larger
prospective studies are necessary to examine these issues.
Maxwell et al. [24] reported that they used MRI as the
initial investigation method and reserved CT for special
situations. MRI can be used to evaluate the CN complex
directly regardless of the IAC size or whether the CNC is
small or large [16]. We understand their recommendation,
but we believe there are several drawbacks to using MRI as
the initial modality. MRI cannot show the course of the
facial canal or allow for a detailed evaluation of inner ear
malformations. Moreover, it is a longer procedure, and
most children younger than 6-8 years need sedation,
possibly general anesthesia. to undergo MRI successfully
[2, 23]. On the other hand, the disadvantage of CT is the
radiation exposure. However, CT can be easily and quickly
utilized in almost all situations. Moreover, CNC stenosis
(CNC diameter <1.5 mm) helped to confirm the likely

diagnosis of CN hypoplasia or its aplasia [9]. If CNC
stenosis or cochlear malformation is revealed on HRCT, the
additional MRI in these selected children might show CN
aplasia or hypoplasia. MRI can confirm the status of CN,
whether there is aplasia or hypoplasia, and help predict the
degree of improvement in hearing performance after implan-
tation. Therefore, the finding of CNC stenosis might be used
to select children with SNHL who should undergo further
evaluation with MRI. We believe that CT administered with
the ALARA concept is useful and acceptable for children with
SNHL. On the basis of these findings, we recommend CT for
the initial screening of candidates for cochlear implantation.

Conclusion

CT and MR imaging are both useful in children with SNHL.
There was a high incidence of CN hypoplasia or aplasia
associated with cochlear anomalies and CNC stenosis. CNC
stenosis with a diameter of 1.5 mm or less suggests CN
hypoplasia or aplasia. On the other hand, CN hypoplasia was
not seen in children with CNC stenosis with a diameter
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greater than 1.5 mm. Therefore, we conclude that children
with CNC stenosis (<1.5 mm) or with severe inner ear
malformations on HRCT require MR imaging of the CN.
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Auditory steady-state response thresholds
in infants and voung children with audi-
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Auditory neuropathy, renamed by consensus at
a recent international conference as audilory neuro-
pathy spectrum disorder (ANSD) | is a specific form
of hearing loss defined by normal otoacoustic emis-
stons, but severely abnormal or completely absent
auditory brainstem responses. We investigated the
distribution  of auditory steady—stale  response
(ASSR) thresholds in 9 infants and young children
with ANSD. The large variability of ASSR thresh-
olds indicated the heterogeneous nature of this dis-
order. Correlation values showed a significant posi-
tive relationship (p<0.05) between ASSR and con-
ditioned orientation response audiometry  (COR)
thresholds at 500-4000Hz. To estimate the func-
tional gains obtained from the use of hearing aids,
we examined the dB difference between unaided
and aided thresholds of ASSR and COR. The aver-
age functional gains estimated by the ASSR thresh-
olds were up to 15 dB at H00-4000H 7, which were
slightly lower than those estimated by the COR
thresholds. ASSR testing is considered to be uselul
for hearing aid validation when  behavioral  test
methods are inconclusive. ASSR may be useful for
the estimation of residual auditory capacities and
hearing aid benefits in inlants and very voung chil-
dren with ANSD,
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