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Abstract

This investigatton tested the hypothesis that a noise-induced temporary threshold shift (TT8) can be attenuated by a peroxynitrite scavenger,
cbsclen (2-phenyl-1,2-benzisosclenazol-3(2H)-enc). Guinea pigs received an oral dose of the vehicle or 10 mg/kg ebselen 1 h before exposure
to 115 dB SPL 4-kHz octave band noise for 3 h. In controls, auditory brainstem response (ABR) thresholds increased by 25-45 dB immediately
after noise and returned to pre-exposure baseline thresholds 7 days Iater, Ebselen eliminated this ABR threshold shift following noise exposure.
In controls, swelling of the afferent dendrites beneath the inner hair cells was evident immediatcly afier noise, whereas ebselen significantly
reduced this pathology. These findings suggest that scavenging peroxynitrite can attenuate noise-induced excitotoxicity and, thereby, TTS.

© 2005 Elsevier Ireland Lid. All rights reserved.
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After exposure to intense sound, auditory thresholds ¢an be
elevated permanently, or temporarily for minutes, hours or
days, depending on the parameters of acoustic overstimula-
tion. These two phenomena, permanent (PTS) and tempo-
rary threshold shift (TTS), are dependent on mechanisms not
fully understood [1,9,18]. At least two different mechanisms
have been proposed for PTS: a direct mechanical trauma and
a metabolic overstimulation of the cellular elements of the
organ of Corti {OC). Direct mechanical trauma may dam-
age the delicate stereocilia of the sensory hair cells or, with
higher stimulation intensity, the structural integnity of the OC
and basilar membrane. Intense noise exposure may also over-
drive the pathways that are responsible for maintaining OC
homeostasis, thus leading to metabolic changes that com-
promise the system. Metabolic overstimulation may be as-
sociated with biochemical traumatic processes, most notably
. the generation of reactive oxygen species (ROS), which may
serve as triggers for necresis or apoptosis [4,10].

Several mechanisms proposed for TTS inchide synaptic
fatigue, metabolic fatigue of either stria vasculans or the hair
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cells, and changes in cochlear blood flow. Histopathological
changes reported in TTS include disarrayed, splayed, fused,
collapsed, or floppy stereocilia of the hair cells, buckling of
the pillar bodies, and swelling of the afferent nerve terminals
[9,16,17]. Postsynaptic damage in the afferent dendrites be-
neath the inner hair celis (THCs) is an important component
of noise-induced hearing loss [15-17], and synaptic repair
mechanisms are thought to be involved in restoring function
after acoustic trauma f15,17].

It has been shown that the ITHCs release glutamate as a
neurotransmitter activating the afferent dendrites [11] and
that excess release of glutamate due to intense noise exposure
causes excitotoxicity in the afferent dendrites [14]. Excess
synthesis of nitric oxide (NO), which can react with 0»*™ to
form highly aggressive peroxynitrite {ONOO™) radicals, is
known to play an important role in glutamate excitotoxicity
[3,6]. Glutamate and NO can act independently or sequen-
tially to cause excitotoxicity. NO may induce glutamate
release by neurons, which then stimulates NMDA receptors
and triggers excitotoxicity { 8]. Conversely, when NMDA re-
ceptors are activated, Ca®* influx stimulates NO production
through calcium- and calmodulin-dependent neuronal nitric
oxide synthase, potentially leading to neuronal death [3]. The
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toxic effects origmally attributed to NO are now considered to
be mediated mostly by the compound peroxynitrite [2]. Thus,
in the present stedy, we tested the hypothesis that ebselen, a
glutathione peroxidase mimic and a scavenger of peroxyni-
trite, attenuates noise-induced excitotoxicity and TTS.

Twenty-four male albine guinea pigs (250-350g), with
normal auditory brainstem response (ABR) thresholds at 2,
4, 8 and 16 kHz, were randomly divided into vehicle-treated
(n=14) and ebselen-treated experimental groups (n=10).
These animals recerved an oral dose of 0.25 ml 0£99% chloro-
form solution alone (vehicle) or containing 10 mg/kg ebselen
one hour before exposure to noise. Ten mg/kg of ebselen was
selected because this dose most effectively attenuates PTS in
guinea pigs [13]. The animals were subjected to a 3-h noise
exposure (115 dB SPL, 4-kHz octave band noise) generated
within a single-walled, sound-deadened chamber. Two sepa-
rately caged animals were tested at one time and allowed to
move freely during exposure. The sound chamber was fitted
with speakers driven by a noise generator and power ampli-
fier. A 0.5-in. Bruel and Kjaer condenser microphone and a
fast Fourter transform analyzer were used to measure and cal-
ibrate the sound level at various locations within the chamber
to ensure stimulus wniformity within +1 dB.

Five animals in each group underwent ABR measure-
ments immediately and 1, 3, 7, and 14 days afier noise
exposure to assess the effect of ebselen on TTS. The method
of ABR measurement has been described previousty [13]. In
brief, ammals were anesthetized with a mixture of xylazine
hydrochloride (10mg/kg, 1.m.) and ketamine hydrochloride
(40mg/kg, i.m.), and needle electrodes were placed subcu-
taneously at the vertex {active electrode), beneath the pinna
of the measured ear (reference electrode), and beneath the
opposite ear (ground). The stimulus duration was 15 ms;
the presentation rate, 11/s; and the rise/fall time, 1ms.
Responses of 1024 sweeps were averaged at each intensity
level (5 dB steps) to assess threshold. Threshold was defined
as the lowest intensity level at which a clear reproducible
waveform was visible in the trace.

Four animals given vehicle alone were euthanized under
deep anesthesia with xylazine hydrochloride and ketamine
hydrochloride 7 days after noise exposure to assess hair
cell damage. Two animals unexposed to noise served as
controls. The cochleae were perfused intrascatarly with
4% paraformaldehyde and immersed in the same fixative
overnight. The surface of the organ of Corti was stained
with rhodamine phalloidin and each turn of the cochlea
was observed under fluorescent microscope as previously
described [13]. The influence of ebselen on noise-induced
morphological changes in the cochlea was examined in the
remaining animals (n =35 in each proup). These animals were
deeply anesthetized with a mixture of xylazine hydrochloride
and ketamine hydrochlonde immediately after the termi-
nation of noise exposure. The left bulla was then exposed
and the perilymphatic spaces perfused for 10 min with 2%
paraformaldehyde in 2.5% glutaraldehyde. The animals
were then sacrificed and the jeft cochlea quickly removed,

immersed in the same fixative for 24 h, and decalcified
in 10% ethylenediaminetetraacetic acid for }4 days. The
specimens were post-fixed in 1% osmium tetroxide for 2h,
dehydrated in a praded series of ethanol, and embedded
in epoxy resin. Ultra-thin sections were obtained from the
very upper part of the basal tum corresponding to the region
most responsive to frequencies in the range of 4-6 kHz and
observed under transmission electron microscope (TEM).
We focused on the histological changes in the stria vascu-
Yaris, the hair cells and supporting cells, and the afferent
dendrites beneath the THCs. Because the extent of swelling
of the afferent dendrites was obviously different between
vehicle- and ebselen-wreated animals, we compared the area
(rm?) of the swollen dendrites in the two groups. In each
animal, a total of 10 sections that contained the nucleus of
different IHC were collected. From these, five sections were
chosen randomly for measuring and statistical analysis by a
blinded technician who did not know the aim of the current
study. The images of these scctions were captured using a
scanner, the area of the swollen dendrites measured using
Adobe Photoshop image analysis software, and the mean of
the areas calculated. Student’s 1-test was used for statistical
analysis.

The experimental protocol was approved by the University
Committee for the Use and Care of Animals at the University
of Tokyo and conforms to the National Instinite of Health
Guide for the Care and Use of Laboratory Animals.

ABR thresholds before noise exposure were essentially
equivalent among all animals. In vehicle-treated controls,
ABR thresholds were moderately increased immediately
after noise; the threshold shifts were approximately 25 dB
at2kHz and 45dB at 4, 8, and 16 kHz. The ABR thresholds
then showed gradual recovery, retuming to pre-exposure
baseline thresholds 7 days later, indicating that the noise
exposure induced a TTS. In contrast, ebselen-treated ani-
mals showed virtually no ABR threshold shifts after noise
(Fig. 1). The ABR thresholds shifts immediately after noise
were significantly different (p<0.001) at all frequencies
measured between conirol and ebselen-ireated antmals. The
IHCs and outer hair cells {OHCs) were well preserved in
both vehicle-treated noise-exposed animals and unexposed
controls; the mumber of missing OHCs in the lower two
tums was 6.4+25 in the former and 49+ 44 in the
latter, sugpestive that the noise used did not cause hair cell
death,

In controls that were euthanized immediately after noise,
the OC in the upper basal turn showed numerous swollen den-
drites beneath the 1HCs. In contrast, pathological changes
were quite fimited in ebselen-treated animals (Fig. 2). The
mcan area of swollen dendrites was significantly smaller
{p<0.01) in ebselen-treated animals compared to controls.
In neither controls or ebselen-treated animals sacrificed im-
mediately after noise exposure was there obvious evidence
of other pathological changes reported to be correlated to
TTS, such as edema or vasoconstrictionin the stria vascutaris,
buckling of the pillar bodics, or fusion or loss of stereocilia.
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Fig. 1. Thresholds of auditory brainstem response (mean + $.10.) measured before and immediately and 1, 3, 7, and 14 days following neise expnsure in

vehicle-treated controls (@) and ebsclen-treared

Is (O)

The current study shows that ¢bselen virtually prevents
noise-induced TTS under conditions where vehicle-treated
controls developed a TTS of approximately 25-45dB.
TEM observation revealed that immediately afier noise, the
afferent dendrites beneath the IHCs were severely swollen
in control animals, whercas such pathological changes
were significantly reduced in ebselen-treated animals, Other
pathological changes were not evident in either controls
or ebselen-treated animals. Because we did not examime
otoacoustic emissions or use scaming clectron microscopy,
itis possible that functional and/or subtle anatomical changes
in the regions other than the afferent dendrite, especially the
OHCs, were missed. However, the above findings indicate
that ebselen can attenuate noise-induced changes at least in
the afferent dendrites beneath the THCs and thereby TTS.

Using fluorescent dye 4, 5-diaminofluorescein diacetate, it
has been shown that in the normal guinea pig cochlea, NO is
present in the afferent nerves and their putative endings near
the IHCs, putative efferent nerve endings near the OHCs,
the IHCs and OHCs, and bleod vessels [20], and that in-
ducible NO synthase (iNOS) is expressed in cochlear nerve
fibers, as well as in hair cell stereocilia, Hensen’s cells, and
the stria vascularis [19]. 1t has also been reported that, when
exposed to broadband noise (3 h/day at 110 or 120dB SPL)
for three consecutive days, NO concentration is increased
in the peritymph, NO fluorescence becomes more intense

m the THCs and OHCs [21], and iNOS fluorescence signals
becomes more intense in cochlear tissues compared to un-
exposed controls [19]. In addition, it has been reported that
cochlear perfusion with kainic acid (KA), a conformation-
ally restricted analog of glutamate known to have excitotoxic
effects on spiral ganglion cells, causes significant elevation
of thresholds of the cochlear nerve compound action poten-
tial and that this threshold shift is significantly reduced by
pretreatment with nitroindazole, a competitive inhibitor of
neuronal NOS [6]. The toxic effects originally attributed to
NO are now regarded to be mediated mostly by the compound
peroxynitrite [2]. Considering these findings, it is likely that
ehselen attennated noise-induced excitotoxicity and thereby
TTS, by scavenging peroxynitrite formed by the reaction be-
tween noise-induced O2*~ and NO.

It may alsc be possible that ebselen attenuated TTS be-
cause of its antioxidant property. It has been shown, however,
that topical application of R-PTA, which increases endoge-
nous antioxidant levels, to the chinchilla cochlez facilitates
the recovery of hearing function 4 days after noise exposure
but does not attenvate initial noise-induced threshold shifts
[5]. Ohinata et al. [10] have shown that lipid peroxidation (8-
isoprostane formation) in the QC induced by intense noise
is significantly attenuated by N-methyl-D-aspartate (NMDA)
receptor antagonists and anti-oxidant N-acetylcysteine, but
not by NOS inhibitor, L-N (omega)-nitroarginine methyl
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Fig. 2. Typical transmission tlectron microscopic findings in the medial
side of the organ of Corti immediatety following noise exposuse in vehicle-
treated controls (a) and ehselen-treated animals (b). The afferent dendrites
are markedly swollen in vehicle-treated controls (arows) but relatively nor-
mal in chsclen-treated animals (arrowbeads). The bar indicates 10 n; HIC:
inner hair cell. (c) The mean £ S, of areas (jum?) of the swollen afferent
dendriles in the vehicle-tneated conirol and chsclen-treated ani

ester. Therefore, it is unlikely that ebselen’s protective ef-
fect against TTS is provided chiefly by scavenging ROS or
reducing ROS formation in the OC.

In conclusion, the current study shows that ebselen can
prevent notse-induced excitotoxicity and thereby TTS. This
prevention likely reflects ebselen’s scavenging of peroxyni-
trite, thus supporting the view that peroxynitrite, at least in
part, mediates excitotoxicity induced by intense noise. It has
previously been shown that ebselen can zlso atteneate PTS in
guinea pigs [13] and rats | 7). Since ecbselen has already been
used in hurnans clinically to treat ischemic stroke with few or
no side effects [12], our findings reinforce the potential clin-
ical utility of ebselen to prevent and/or treat noise-induced
hearing loss in hamans.,
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Ototoxicity after use of neomycin eardrops is unrelated
to A1555G point mutation in mitochondrial DNA

TaTsUYA YaMasoBa, M.D., KATSUNORI Tsukupa*, M.D.

Abstract

Ear drops contaiming neomycin only rarely cause ototoxicity. The authors report on three patients with a
tympanic membrane perforation who developed severe ototoxicity after use of eardrops containing 0.35 per
cent neomycin. Mitochondrial DNA analysis revealed that there was no A1555G point mutation in these
patients. This finding indicates that application of low concentration neomycin to the middle ear can cause
severe inner ear damage even in humans who are not hyper-susceptible to aminoglycosides.

Key words: Neomycin; Cochlea; Hearing Loss, Sensorineural; Vertigo; Mutation; Drug Hypersensitivity

Introduction

Neomycin is one of the most ototoxic drugs in modern
medicine. Neomycin ototoxicity has been reported in all
the routes of administration: oral, rectal, parenteral,
intrapleural, wound irrigation, and aerosel spray.
Neomycin primarily causes cochlear damage, especially
when renal and gastrointestinal functions are alered.!
Hearing impairment may develop, or continue to progress
after systemic or topical application is discontinued.*?
Kavanagh and McCabe' reviewed cases of neomycin
ototoxicity and concluded as follows: ‘the usual latency is
from two to six weeks after the onset of neomycin therapy.
Since many patients received short courses of the drug,
the hearing loss was often noticed days to weeks after the
drug was discontinued. The onset of deafness may be
severe and sudden but is uswvally progressive and may
. progress from six to 10 months, leaving the patient with a
profound hearing loss.”

Several commonly wused eardrops, including
Cortisporin®, contain neomycin. When applied to the
middle-ear space of guinea pigs, neomycin readily entered
the perilymph in the cochlea through the round
membrane® and at a concentration of 5 mg/ml or more
caused dose-dependent ototoxicity™ Despite these
experimental findings, hearing loss, vertigo, or both have
rarely been reported after use of a neomycin otic
suspension. Several large reference works failed to find
such cases in humans (reviewed by Lind and Kristiansen®).
An inquiry made by Swiss otolaryngologists showed that
inner ear damage caused by antibiotic eardrops with
ototoxic properties is estimated 10 occur in only one of
1 000 to 3 000 treatments.” Merifield et al® found no

increase in the bone conduction thresholds in 44 children
with chronic suppurative otitis media treated with five
different topical aminoglycosides, four of which contained
neomycin at a concentration of 0.33 or 0.35 per cent. Lind
and Kristiansen,® however, reported that a patient with a
ventilation tube to the middle ear developed severe
hearing loss and vertigo after the use of eardrops
containing 5 mg/ml neomycin. These findings suggest that
humans may be less suscepiible to neomycin applied
topically to middle-ear spaces than are guinea pigs.
Neomycin at the concentration of 035 per cent or less
applied to middle-ear spaces may not be sufficient to cause
inner ear damage in humans.

In Japan, Rindelon A® ear drops (Shionogi Co. Ltd.),
which contain 0.35 per cent neomycin sulphate and 0.1 per
cent betamethasone sodivm phosphate in a 5 ml aqueous
solution, are very commonly used. Approximately
19 000 000 botiles of these eardrops are sold annually in
Japan. Despite the low concentration of neomycin,
otologists know that this preparation may cause, albeit
very rarely, inner ear darmmage. Why eardrops with low
concentration neomycin are ototoxic in a limited number
of cases 1s not known. The easy access of 2 neomycin otic
suspension to the round window membrane in the absence
of inflammatory oedema and secretion in the middle ear is
considered a significant factor in producing this
side effect.® Another possibility is that patients who
experience inner ear damage after the use of a neomycin
olic suspension may have hyper-susceptibility to
aminoglycosides. Persons with an A-to-G transition at
nucleotide (nt) 1555 of the 125 ribosomal RNA gene in the
mitochondrial DNA (mtDNA) are reported to be very

From the Department of Otolaryngology Head and Neck Surgery, University of Tokyo, and the Third Department of Internal

Medicine*, University of Tokyo, Tokyo, Japan.
Accepted for publication: 7 March 2004
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Pure-tone audiograms for Case 1. (a) Slight conductive hearing loss on the left before use of Rindelon A® eardrops
(b) Sensorineural hearing loss at higher frequencies after the use of four bottles of the ear drops. (c) Progression of sensorineural
hearing loss at all frequencies three months after cessation of eardrops use. (d) Complete deafness nine months after the use of

' ' Rindelon ® eardrops. :

susceptible to aminoglycosides® The authors therefore
investigated whether ototoxicity caused by a neomycin

otic suspension was closely related to the presence of the

A1555G mutation.

Case reports
Case 1

A 50-year-old female suffering from tinnitus and mild
hearing loss in the left ear, which had appeared one month
before, visited the anthors’ clinic. She had been given six
bottles of Rindelon A® ear drops over a three-month
period at a private ENT clinic because of a slight serous
discharge from her left ear. A pure-tone audiometric
examination made before application of Rindelon A® ear
drops showed mild conductive hearing loss on the left
(Figure 1{a)}. An otoscopic examination found a small
perforation in the inferior part of the left tympanic
membrane through which the mucoperiostium on the
promontory looked intact. No discharge was present in the
middle or external ear. A pure-tone audiometric
examination showed an increase in hearing thresholds on
the left at high frequencies (Figure 1(b)). Neuro-otological
examinations found no  abnormalities.  An
electronystagmogram (ENG) recorded no spontaneous,
positional, or positioning sysiems. A caloric testing with

5 ml cold {4°C) saline produced nystagmus with a slow
component velocity of approximately 35°/s in both ears.
Magnetic resonance imaging (MRI) with Gd-DTPA
enhancement excluded intracramial lesions such as a
cerebellopontine angle (CPA) tumour. Although use of
these eardrops was stopped, over the next six months her
left-side hearing gradually worsened (Figures 1(c), 1(d)).
Qral administrations of coenzyme Q, ATP and/or vitamin
B12 were not effective. Nine months later, she was
completely deaf in the involved ear.

Case 2

A 54-year-old male had been treated for one year for otitis
media with effusion in the left ear at a private ENT clinic
and had had a ventilation tube inserted four months
before visiting this clinic. Before the insertion, he had mild
conductive hearing loss on the left (Figure 2(a)). He had
been given a total of four bottles of Rindelon A® ear drops
because of occasional ear discharge through the
ventilation tube. An otoscopic examination found that the
ventilation tube had been placed in the antero-inferior
quadrant of the left tympanic membrane, through which
the mucoperiostium in the middle ear looked intact, and
that there was no discharge. A pure-tone audiometric
examination showed profound hearing loss on the left
(Figure 2(b)). Neuro-otological examination found no
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abnormalities. An ENG recorded no spontancous,
positional or positioning nystagmus. A caloric testing with
5 ml cold (4°C) saline produced nystagmus with a slow
component velocity of approximately 35°/s and 40°/s on
stimulation of the right and left ear, respectively. Brain
MRI with Gd-DTPA enhancement showed no
abnormalities. The use of these eardrops was stopped, but
when he revisited 12 months later, he was found to be
completely deaf in the involved ear.

Case 3

A 58-year-old female had been given several bottles of
Rindelon A® ear drops at a private ENT clinic six months
before visiting this clinic for a serous discharge from her
Ieft ear. She experienced tinnitus and hearing loss in the
left ear one month after using the eardrops. She had been
given additional bottles of these eardrops one month
before visiting this clinic, and two weeks after starting the
use of these eardrops severe unsteadiness occurred. An
otoscopic examination found a small perforation in the
postero-superior quadrant of the left tympanic membrane,
through which the mucoperiostium in the middie ear
appeared to be intact. There was no discharge in the
middle or external ear. A pure-tene audiometric
examination showed moderate mixed hearing loss on the
left (Figure 2(c)). Neuro-otological examinations revealed
spontancous horizonto-rotatory nystagmus, strongly

beating to the right. Caloric testing with 5 ml cold (4°C)
saline produced nystagmus with a slow component
velocity of approximately 30°/s on stimulation of the right
ear, but no nystagmus was elicited on stimulation of the
left ear with 20 mi cold saline. MRI with Gd-DTPA
enhancement showed that there were no intracranial
lesions such as a CPA tumour. Despite oral administration
of a corticosteroid, ATP, and vitamin B12, spontaneous
nystagmus continued over the next four months, and her
left-side hearing deteriorated (Figure 2(d)).

Examination for the presence of A1555G point mutation
in mtDNA

None of the three patients had close relatives with
deafness, but their histories suggested that they might
have been hyper-susceptible to aminoglycosides. The
authors therefore examined whether any of the patients
had an Al1555G point mutation in their mtDNAs. The
method used has been reported elsewhere.r In brief,
total DNA was isolated from the patients’ peripheral
leukocytes. To determine whether the A1555G mutation
was present, the miDNA fragment surrounding the 128
rRNA mutation site was amplified by a polymerase
chain reaction (PCR) that used the sense primer 5’-
AAACTCAAAGGACCTGGCGG (nt 1160-1179) and
antisense primer 5-CGTCCAAGTCGACTTTCCAG
(n1 1598-1579). The fragments obtained were subcloned
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into a plasmid vector by use of a TA cloning kit
{Invitrogen, San Diego, Calif., USA) then directly
sequenced in an ABI DNA sequencer. In the dot-blot
hybridization, 2 pl of each ampiified DNA was spotted
onto nylon filters. A probe of 19-mer oligonucleotides
five’-TACGACTTGCCTCCTCTAT (nt 1564-1545) was
synthesized and labelled with v-**P-ATP. The filter was
hybridized witk the labelled probe in 3 mol
tetramethylammonium chloride {TMAC) solution for 3-
five h at 55°C. Then the filter was washed twice in rinse
buffer at room temperature and twice more in TMAC
solution at 58°C. The filter was exposed to Kodak
XOMAT film for 1-5 h at -70°C.

Using this method, no abnormal sequences around nt
1555 were found in any of the patients. Moreover, none
had the A1535G point mutation.

Discussion

All patients in the present study had a tympanic
membrane perforztion unaccompanied by inflammatory
oedema or discharge in the middle ear. They had received
several botties of Rindelon A® ear drops containing 0.35
per cent neomycin sulphate and 0.1 per cent
- betamethasone sodium phosphate. Patient 1 noticed
hearing loss two months after using Rindelon A® ear drops
and her hearing loss progressed nine months after the
termination of the eardrop uvsage. Patient 2 developed
profound hearing loss after use of Rindelon A® ear drops
over four months and was found to become completely
deaf in the involved ear when he revisited 12 months later.
Patient 3 noticed heanng loss one month after using
Rindelon A® ear drops. She developed moderate mixed
hearing loss, which had progressed four months after the
termination of the eardrop usage. By means of MRI, the
presence of intracranial lesions such as CPA tumour was
discounted in all patients. The latency from the onset of
therapy and peried of progression of hearing loss in these
patients are similar to those reported in cases of neomycin
ototoxicity.”? . The close time relationship between
medication and the symptoms and the absence of
intracranial lesions strongly suggest that the progressive
hearing loss in these patients occurred duve to the
neomycin included in Rindelon A® ear drops that were
applied to the perforated eardrum.

The concentration of neomycin in Rindelon A®
eardrops is 0:35 per cent, the same as in Cortisporin and
Pediotic® otic suspensions commonly wsed in the USA.
Despite its Jow concentration of neomycin, Rindeton A®
ear drops induced severe inner ear damage in these
patients. Following cessation of the use of this | product, alt
- these patients showed gradual deterioration of hearing.
Patients 1 and 2 finally became completely deaf in the
involved ear. In the involved ear of Case 3, vestibular
function was virtually abolished. These cases of severe
inner ear damage caused by eardrops containing a low
concentration of neomycin raised the guestion whether
the patients had hyper-susceptibility to aminoglycosides.

A homoplasmic A1555G point mutation in miDNA is
reported to be associated with maternally inherited
aminoglycoside-induced deafness®™ It has been shown
using a rho” cell system that cells carrying this mutation
had very high susceptibility to streptomycin.”® Even very
small amounts of aminoglycoside are reported to cause
severe inner ear damage in persons with this mutation.'*"
Patients with aminoglycoside-induced deafness and those
with deafness of middle-age’ onset unrelated to
aminoglycosides usually coexist in families harbouring the
A1555G mutation,> but sporadic cases in which there
was no family history of deafness have been reported.’”
Although none of the patients in this study had other
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family members with deafness, the presence of these
sporadic cases suggested that there might have been an
A1535G point mutation. MIDNA analysis, however,
showed that none of them had the A1555G point
mutation. This shows that, even without the hyper-
susceptibility to aminoglycosides caused by the A1555G
point mutation, patients with a tympanic membrane
perforation may develop severe inner ear damage after
using eardrops containing neomycin.

- Prevnous studm l:ave shown that g

wutloh in the: apphcztlon of lopwal meﬂncanon
n all patlenls wnh safe dlmmc otms medla

No inflammatory oedema or pus was found in the
middle-ear spaces of any of the patients Eardrops are
given usually when abundant pus and oedema are present
in the middle ear of patients with a tympanic membrane
perforation. A substance diluted by secretion therefore
reaches the round window niche, which in such conditions
is usually protected by thickening of the submucosal
connective tissues. If there is no middle-ear inflammation,
as in these patients, topically applied water-soluble
substances can readily reach the round window membrane
and gain access to inner ear fluids through that membrane.
As previously reported.® easy access of neomycin solution
to the round window membrane in the absence of
inflammatory oedema and secretion may be a significant
factor that contributes to the serious side-effects.
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New Method of Using Reconstructed Images
for Assessment of Patency of Intracochlear
Spaces for Cochlear Implant Candidates

Shotaro Karino, MD; Naoto Hayashi, MD; Shigeki Acki, MD; Kuni Ohtomo, MD; Tatsuya Yamasoba, MD

Objective/Hypothesis: A new method of recon-
struction using multidetector-row helical computed
tomography (MDCT) was apphed for assessment of
cochlear patency in cochlear implantation eandi-
dates. Study Design: Descriptive study comparing ra-
diologic and surgical findings in eight radiclogically
normal cochleas and four abnormal cases, Methods: In
unusual cases including cochlear ossification and
misinsertion of electrodes, intracochlear space was
evaluated on two types of reconstructed images: the
“basal turn plane” that was vertical to the modiolus
and contained whole basal turn was effective in the
assessment of the lining of the inner bony wall of the
otic capsule; “cochlear cross plane” images allowed
evaluation of the patency of the intracochlear space
and the location of inserted electrodes at the sections
vertical to the direction of insertion of the electrodes.
Resulis: Preoperative evaluation was useful for pre-
dicting possible problems in electrode insertion and
therefore helped in decision-making in regards to
surgical strategies, especially in candidates with a
high probability of cochlear ossification such as those
with meningitis and otosclerosis. Furthermore, the
new reconstruction method also provided usefol in-
formation on the position of the cochlear implant
electrodes after surgery. Conclusions: These unusual
cases demonstrated that preoperative MDCT evalua-
tion by our reconstruction method was useful for
predicting possible problems in electrode insertion
and decision-making in regards to surgical strategies,
especially in cochlear implantation candidates
with a high probability of cochlear stenosis. Key
Words: Multidetector-row helical computed tomogra-
phy, cochlear implantation, cochlear ossification, oto-
sclerosis, meningitis.
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INTRODUCTION

Partial or total obliteration of the cochlear scalae is
frequently encountered in patients with deafness cauvsed
by otosclerosis, meningitis, and labyrinthitis.? Qtosclero-
sis and meningitis can induce intracochlear changes that
range from fibrosis to almost complete obliteration of the
cochlea. In suppurative labyrinthitis, fibroblastic prolifer-
ation occurs within the perilymphatic spaces in the early
period after bacterial penetration and is subsequently fol-
lowed by ossification. In general, such ossification
progresses from the base to the apex, resulting in complete
labyrinthitis ossificans ?

Severe intracochlear obstructive changes have been
found in a limited number of postlingually deaf adults but
very commonly in children deafened by meningitis.® The
House Ear Institute has reported that 64.0% of the 128
children who underwent cochlear implantation have be-
come deaf because of meningitis * In these cases, 21.3% of
the cochleae showed radiologic evidence of ossified co-
chleas, but ossification of scala tympani was confirmed in
as many as 33.9% during surgery.

Cochlear ossification evident on radiologic examina-
tion had previously been considered as a contraindication
to cochlear implantation. The reasons for the contraindi-
cations included difficulty in insertion of the electrodes,
increased resistance to spread of electrical stimuli, and
possible damage to neural elements.’® Since the descrip-
tion of alternative techniques such as the short insertion
tunnel technique® and total drill-out technique,!-” several
reports have demonstrated the safety and efficacy of co-
chlear implantation for patients with ossified cochle-
ae.>%® The purpose of this report is to describe a new
method using multidetector-row helical computed tomog-
raphy (MDCT) to assess cochlear patency in cochlear im-
plantation candidates, especially those with a high prob-
ability of cochlear ossification.

MATERIALS AND METHODS

MDCT was performed before and after cochlear implanta-
tion, and reconstructed images were compared with the surgical
findings. First, we applied cur new method to eight patients who
underwent cochlear implantation at our hospital. In both axial
and coronal slices of high-resolution computed tomography
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(HRCT)} and T2-weighted magnetic resonance images (MRI)
taken before surgery, all showed no abnormal findings in the
cochlea. The scala tympani was found during surgery to be widely
open, and cochlear implant (CI} electrodes were inserted
smoothly through a standard posterior tympanotomy approach in
every case. Here, we describe the procedure used for the mulii-
planar reconstruction in a typical case. Figure 1 shows the pre-
operative images of a 9-year-old girl who had become deaf after
mumps labyrinthitis 6 months earlier, and Figure 2 shows her
images taken before and after insertion of the electrodes.

Axial projections of the temporal bone in both ears were
taken i helical scan modes (0.5 mm slice width, 120 %V, 300 mA,
pitch 3:1) with a multislice CT that has four detector rows
(Toshiba Aquillon 16, New York, NY). The reconstruction spacing
was 0.1 mm. The raw data were transferred to a workstation
(Advantage Workstation version 4.0; GE Medical Systems, Mil-
waukee, WI), where three-dimensional (3D) reconstruction was
performed. As shown in Figure 1, on the axial slice, in which the
center of the mediolus was seen, we set a "basal turn plane” that
was vertical to the modiolus and eontained whole basal turn (Fig.
1A). Then, guidelines were set to pass throngh the modiolus on
this basal turn plane (Fig. 1B). “Cochlear eross planes” (Fig. 2, A
and B) were obtained so that they included both the modiolus and
one of the guidelines. By rotating the guidelines around the axis,
we could observe cochlear eross plane images conseentively,
These reconstructed ecochlear eross plane images contained the
center of the fundus of the mternal auditory meatus (IAM). Eigh-
teen of these images taken every 10 degrees were printed on film.
The presence of stenoeis of intracochlear spaces caused by ossifi-
cation or bony growth was evaluated en the basal turn plane
images and consecutive cochlear eross plane images. As shown in
Figure 1B, the lining of the inner bony wall of the otic capsule
appeared smooth precperatively in these patients on the basal
turn plane images. Consecutive cochlear cross plane images
showed lack of stenosis of the intracechlear spaces (Fig. 2, A and
B). Figure 2, C and D, shows cochlear cross plane images taken
after the insertion of 22 intracochlear electrodes and 2 mechani-
cal support bands of the C1 (Nucleus 24, Cochlear Ltd., Lane
Cove, Australia). The image shown in Figure 2C depicts almest
the same slice as the image shown in Figure 2A, and the image
shown in Figure 2D corresponds with that shown in Figure 2B,
These images clearly show the placement of the electrodes in the
basal turn. These reconstructive procedures were performed co-
operatively by radiologists and otologists, and a series of images
for a subject was obtained in approximately 20 minutes,

Fig. 1. {A) Preoperative axial slice of a 9-year-old girl in which the
center of the modiolus is seen. A basal turn plane that was vertical
to the modiclus and contains the whole basal tum is set. (B) The
reconstructed basal tum plane image. On this image, the bning of
the inner bony wall of the otic capsule is smooth. Guidelines are set
to pass through the axis on this plane. Guideline “A™ and guideline
“B” indicate the cochlear cross planes demonstrated in Figure 2.
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CASE REPORTS

We describe four representative cases showing abnormal
findings with our reconstruction method.

Case 1

In a 62-year-old male with otosclerosis, axial and coronal
HRCT demonstrated the presence of demineralization and de-
struction of the eotic capsule on both sides, typical for the ad-
vanced and active phase of cochlear otosclerosis (Fig. 3A). How-
ever, it was difficult to determine whether there was space for
electrode insertion. The basal turn plane images taken before
surgery demonstrated irregular lining of the inner bony wall of
the otic capsule in the right ear (Fig. 3B), Severe stenosis and lack
of spaces in the lower pertion of the basal turns were evident on
the preoperative cochlear cross plane images {(Fig. 4, A and B).
These images also suggested the patency of mainly the scala
vestibuli, which was located in the upper half of the basal turn.
We explored the promontory in the right ear by the canal wall-up
approach and found that the scala tympani around the round
window niche were virtually occluded with ossified tissues. Using
the transeanal drill-out technigue,” we made a narrow tunnel,
approximately 4 mm long, from the area just supericanterior to
the round window niche to the ascending bend of the basal turn,
where the patent scala vestibuli was exposed and a small amount
of perilymph seepage was observed. Although the cavity of the
scala vestibuli was narrow, 22 intracochlear electrodes and the 3
mechanical support bands of the CI (Nucleus 24) could be
smoothly inserted into the scala vestibuli. The basal turn plane
images (Fig. 3C) and cochlear cross plane images (Fig, 4, C and D)
taken after surgery confirmed that the electrode array was fully
inserted in the scala vestibuli of the basal turn.

Case 2

A 51-year-old male who had become deaf after meningitis
underwent cochlear implantation at our hespital. Preoperative
axial HRCT demonstrated chronic otitis media in the left ear and
suggested a small lesion of ossification and slight stenosis in the
basal turn of the right ear (Fig. 5A). The basal turn plane images
taken before surgery also suggested this stenotic lesion (Fig_ 5B).
By axial and coronal HRCT, it was difficult to ascertain whether
there was sufficient remaining space for electrode insextion. How-
ever, the cochlear cross plane images clearly demonstrated that
the ossification in the basal turn was restricted to the portion
near the modiolus and that there was remaining space outside
the lesion (Fig. 5C). A total of 24 intracochlear electrodes of the CI
(Medel C40+, MED-EL, Innsbruck, Australia) could be smoocthly
inserted into the scala tympani in the right ear through a routine
posterior tympanotomy approach without additional technique.
The cochlear cross plane images taken after surgery (Fig. 5D)
confirmed that the electrode array was inserted in the remaining
space, as observed in the preoperative images.

Case 3

A 16-year-old male visited our hospital complaining of com-
plete deafness. When he was 9 years old, he had become deaf
because meningitis accompanying bilateral acute otitis media. He
underwent cochlear implantation in the right ear at another
university hospital 1 year later. The insertion of 22 intracochlear
electrodes of the CI (Nucleus 22, Cochlear Ltd., Lane Cove, Aus-
tralia) was successful, and he regained hearing. However, his
bearing acuity began to deteriorate at age 15, and he was deaf
again 3 months before his first visit to our hospital. At the first
examination, the electrodes were found exposed in the external
auditory caral. Preoperative axial HRCT demonstrated that the
electrode array was completely drawn out from the cochlea, and
soft tissue density mass was present around the round window
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Fig. 2. Cochlear cross plane images of
the same patient as demonstrated in
Figure 1, taken before and after sur-
gery. (A, B} On the preoperative co-
chlear cross plane mages, note the
patency of the intracochlear space of
the basal, middle, and apical tums. (C,
D) Cochlear cross plane images taken
after the insertion of Nucleus 24 and
their demonstrative schemes. Image C
demonstrates almost the same slice as
image A, and image [ comesponds
with image B. These images clearly
show the position of the electrodes {ar-
rows}, which were placed in the basal
turn {b). The apical turn (2), middie tum
(m), intemal auditory mesttus (1AM}, and
superior semicircular canal {(SSCC) are
showr. .

(Fig. 6A). To examine whether there was space for electrode
reinsertion in the cochlea, we applied our new method of imaging.
The basal turn plane images revealed ossification in the basal
turn, although the lining of the inner bony wall of the otic capsule
appeared emooth, except for the lesion. Severe stenosis and lack
of spaces in the basal turns were evident on the cochlear cross
plane images (Fig. 6C). Before surgery, we explained to the pa-
tient and his family that the reinsertion into the right cochlea
might be impossible, and they consented that an option for the
opposite side should be prepared for. We explored the tympanum
in the right ear through a reutine posterior tympanotomy ap-
proach and removed the electrode array. After removal of scar
tissue in the tympanum, a fenestration into the cochlea was found
at the point anterosuperior to the round window niche. Sear
tissue was nearly totally removed, but because of the ossification
in the intracochlear space, we failed to reinsert a sufficient num-
ber of electrodes. Another cochlea implant (Nucleus 24) was fully
inserted in the left cochlea.

Case 4
A 58-year-old male was referred to our hospital from an-
cther hospital where he underwent cochlear implantation in the

R - - - RN

left ear. He had become deaf because of meningitis 11 months
earlier. According to the surgical record, a fenestration into the
intracochlear space was successful, and perilymph seepage was
observed. However, the operator found difficulty in inserting elec-
trodes. Only seven intracochlear electrodes of the cochlea implant
(Nucleus 24) were inserted. Because satisfactory recognition of
speech was not obtained after the implantation, our method of
cochlear imaging was requested to investigate the location of the
electrodes. A postoperative basal torn plane image revealed that
the tip of the array was not in the patent basal turn. The cochlear
cross plane images suggested the electrodes were Jocated outside
the basal turn (Fig. 7B). 3D images also sugpgested that the tip
had penetrated into the surrounding bony structure (Fig. 7D).

DISCUSSION

Our cases showed that preoperative evaluation of the
intracochlear space with MDCT is useful for predicting
possible problems in electrode insertion and therefore
helps in decision-making in regards to surgical strategies,
especially in cochlear implantation candidates with a high
probability of cochlear stenosis. The smoothness of the

Fig. 3. {A) Conventional axial high-resolution computed tomographic (HRCT) image of a 62-year-old male with otosclerosis (case 1). Note the
demineralization and destruction of the otic capsule, typical for the advanced and active phase of cochlear otosclerosis. (B} Preoperative basal
tum plane image in case 1. Note the pericochlear lucency and regular Sning of the inner bony wall of the otic capsule, Guideline "A” and
guideline "B” indicate the cochlear cross planes demonstrated in Figure 4, (C) Postoperative basal tum plane images taken after the insertion
of Nucleus 24 in case 1. This image clearly demonstrates a fuly inserted electrodes array in the basal tum. Guideline "C" and guideline D"
indicate the cochlear cross planes demonstrated in Figure 4.
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inner wall of the otic capsule in the basal turn could be
easily evaluated on the basal turn plane images. The
cochlear cross plane images allowed evaluation of the pa-
tency of the intracochlear space at the sections vertical to
the direction of insertion of the electrodes. In case 1, axial
and coronal HRCT demonstrated severe demineralization
and destruction of the otic capsule; however, the preoper-
ative cochlear cross plane images demonstrated the area
of patent spaces. This finding helped us to determine the
most suitable surgical approach for such a difficult case.
In case 2, a small lesion of ossification in the basal turn
was suggested by axial HRCT, whereas the preoperative
cochlear cross plane images showed the remaining space
required for insertion of the electrode array. The patency
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Fig. 4. Cochlear cross plane images
taken before and after surgery in case
1. (A, B) Preoperative cochlear cross
plane image demonstrates severe ste-
nosis of the lower portion of the basal
tums (arrowheads). In contrast, note
the patency of the upper portion of the
basal turn {amows). (C, D) Cochlear
cross plane images taken after the in-
sertion of Nucleus 24 and their demon-
strative schemes {C’, D). Image C
demonstrates almost the same slice as
wnage A, and image D corresponds
with image B. These .images clearly
show the position of the electrodes (ar-
rows), which are located in the upper
portion of the basa! turn (b).

of the intracochlear space in the scala tympani was con-
firmed during the surgical procedure without additional
drilling. Furthermore, the basal turn plane image and the
cochlear cross plane image also provided useful informa-
tion on the position of the CI electrodes after surgery. In
case 3, the cochlear cross plane irmages provided excellent
information on patent and ossified areas before reopera-
tion. This information caused us to prepare for cochlea
implantation in the opposite unoperated ear before we
began the operation to remove the dislocated electrode
array. In case 4, the misinsertion of electrodes was clearly
recognized on the cochlear ¢ross plane images and also on
3D images in a patient whose hearing acuity did not fully
improve.

Fig. 5. (A) Axial high-resolution com-
puted tomographic (HRCT) image of a
51-vear-old mate who had become deaf
after meningitis (case 2). Preoperative
HRCT suggested a small lesion of ossi-
fication (arrowhead) and slight stenosis
in the basal tum of the right ear. (B)
Precperative basal tum plane image in
case 2. In this image, the lining of the
inner bony wall of the otic capsule is
smooth except for a small lesion of os-
sification (arrowhead), which is sec-
tioned on the cochlear cross planes (C)
demonstrated in image C. (C) Preoper-
ative cochlear cross plane image and its
demonstrative scherne (C'). Ossification
farowheads) near the modiotus and re-
maining space outside the lesion in the
basal tumn {b) are clearly demonstrated,
{D) Cochlear cross plane image, which
demonstrates aimost the same slice as
image C, was taken after the insertion of
Medel C40+. This image confirms that
the electrode array (arrow) was inserted
in the remaining space identified in the
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Fig. 6. (A) Axial high-resolution computed tomographic (HRCT} image of a 16-year-okd male who had become deaf after meningitis
accompanying bilateral acute otitis media (case 3). Preoperative HRCT demonstrated that the electrode array was completely drawn out from
the cochlea, and soft issue density was shown around the round window (arrowhead). (B} Preoperative basal turn plane image in case 3,
Ossification in the basal tum {arrowhead) was revealed in this image, although the fining of the inner bony wall of the otic capsule appeared
smooth, except for the lesion. Guideline “C” indicates the cochlear cross plane demonstrated in image C. (C) Severe stenosis and lack of
spaces in the basal tum (arrowhead) was evident on the cochlear cross plane images.

HRCT of the temporal bone has been considered use-
ful for preoperative evaluation of eandidates for cochlear
implantation. Abnormal findings such as partial or com-
plete cochlear ossification help to determine the most fa-
vorable side for implantation and allow surgeons to antic-
ipate problems that may be encountered during device
insertion. However, the two-dimensional (2D) axial im-
ages of HRCT cannot completely exclude the possibility of
compromised cochlear patency. Smail areas of essification
or soft-tissue obliteration in the cochlea, which can be an
obstacle to smooth insertion of the electrode, may be
missed.? Jackler et al.’® reported a false-negative rate of
46% in their study vsing 2D axial images. Similarly, Seid-
man et al.»? reported that in 32 cases of children with
postmeningitis hearing loss, 2D scans with both axial and
coronal slices had only a 53% accuracy in detecting intra-
cochlear ossification. The resolution of the inner ear detail
obtained by a CT scanner is limited by the width of slices
and the partial volume effect. When there is a history of

Fig. 7. (A) Postoperative basal tum plane
image of a 58-year-oid male who re-
gained no satisfactory hearing acuity af-
ter cochlear implantation with drilfing
{case 4). This image shows that the
electrode array was penetrating into
the bony wal! (arrowhead) and that the
tip of the array was nct in the patent
basal tum. Guideline “B” indicates the
cochlear cross plane demonstrated in
image B. (B) Cochlear cross plane im-
ages in case 4 and their demonstrative
schemes (B’). These mages clearly
demonstrated that the electrodes (ar-
rows} were located outside the basal
turn (b). (D)} Postoperative three-
dimensional image of case 4. This
image showed that the tip of the elec-
trode array was penetrating into the
surrounding bony structure. A, L, and
) on the drawn cube indicate the an-
terior, lateral, and inferior direction,
respectlively.
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meningitis or otosclerosis in a profoundly deaf person,
these disadvantages are not acceptable.

High-resolution T2-weighted MRI of inner ears also
provides valuable information of intracochlear space.??
However, the assessment of detailed configuration of the
lining of the inner bony wall of the otic capsule is prefer-
able, especially when the additional drilling technique is
expected to be used.

Recent advanced methods for the reconstruction of
3D images allow for significantly better visual recognition
of fine structures in the temporal bone. Himi et al.*® and
Reisser et al.'® have reported that the normal temporal
bone structures are clearly recognized on helical CT im-
ages. Himi et al.'? also obtained precise images of CI
electrode routes similar to our 3D images in case 4 (Fig.
7D) by varying the angles of view. However, with the aid
of an advanced workstation and software equipped with
the recent standard device of MDCT, the combination of
the basal turn plane images and the cochlear cross plane

Karino et al.: Assessment of Patency of Intracochlear Spaces
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images provided additional valuable information to eval-
uate cochlear patency of the intracochlear spaces. The

MDCT protocol used in our study enabled excellent image

quality on any reconstructed planes, and our method re-
quired neither special technical training nor additional
cost for reconstructing the images. MDCT permitted rou-
tine use of very thin slices over large regions in short
scanning time. The quality of MDCT images appeared to
be superior, probably because of less motion artifacts be-
cause of the shorter scanning time. However, it was still
difficult to discriminate between the scala tympani and
the scala vestibuli by preoperative reconstructed images
except in special cases, such as case 1.

CONCLUSION

We describe a new reconstruction methed using
MDCT to assess cochlear patency in cochlear implantation
candidates. The excellent results support the routine use
of reconstructed MDCT images for evaluation of CI
candidates.
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Abstract

We evaluated the cortical activations in postlingually
deaf cochlear implant (C!} users in the early period (0-2
months) of C! usage. The subjects were 8 early Cl users
and 8 normal subjects. With tone burst stimuli {1 kHz)
delivered to the right side, strong and broad activation of
the ipsilateral (right) primary auditory cortex with 2
peaks and weaker activation of the contralateral (left)
temporal lobe were observed in early Cl users, in a clear
contrast with the norrnal subjects in whom activation
was observed in a smal! area of the contralateral {left}
primary cortex. With word stimuli, activation of the supe-
rior frontomedian cortex presumably including the sup-
plementary motor area and the neighboring cingulate
gyri was observed in early Cl users, which was absent in
normal subjects. The activation in the immediate asso-
ciation cortices near the primary area was lower in early
Cl users, while the periphery of the association cortex
seemed to be more mobilized.

Copyright © 2004 S. Karger AG, Basel

Introduction

The cochlear impiant (CI) is an artificial device which
restores audition to profoundly deaf patients by directly
stimulating the cochlear nerves. In CI users, auditory
inputs are resupplied, suddenly at the first switch-on of
the cochlear device, to the aunditory pathways which are
intact but have not been activated for a long period: a can-
didate condition for evaluating brain plasticity in audi-
tion. Positron emission tomography (PET) is a high-reso-
lution imaging method to evaluate quantitatively the local
blood flow which represents local synaptic activity. PET
is the method of choice for studying Cl users, because
implanted patients cannot undergo functional MRI stud-
ies and because the localization power of electro-fmagne-
toencephalography remains far inferior to PET [Giraud et
al,, 2001). Modified patterns of cortical activation have
been reported in CI users with PET studies [Truy et al,
1995; Wong et al., 1999; Giraud et al,, 2000; Naito et al.,
2000]. The results of these studies, however, were not in
perfect agreement, and most of them involved patients
already rchabilitated for a relatively long period after
implantation. Larger plasticity might be expected in an
earlier period, since functional reorganization in the brain
was shown in the early stage of idiopathic sudden sensori-
neural hearing loss, i.e. abrupt deprivation of the neural
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Table 1. Paticnt characteristics .

1 month 80

46/M 43/37 idiopathic (unknown)

58/M 57457 idiopathic (unknown) I week 12

54M 18/18 streptomycin toxicity 2 weeks 14

43/F 39/39 idiopathic (unknown} 2 weeks 22 .
- 45/F 43725 idiopathic {unknown) 1.5 months 46

44/F 40/40 meningitis 2 weeks 64

53/F 5252 olospongiosis 1 month 16

54/M 13/at birth sudden deafness

{cochlear aplasia on the left side) 2 months 6

input, an inverse condition to the present study [Po-Hung
Li et al., 2003). A small difference of cortical activations
according to the length of use has been shown [Nishimura
et al., 2000), but only in the long term (>>1 year of use).
With early CI users, one report [Giraud et al., 2001] dem-
onstrated smaller cross-modal plasticity in visual cortices
in early CI users than in experienced users, and another
[Girand et al., 2001] showed smaller speech-related acti-
vation in the auditory cortex compared to rehabilitated
users. In adult patients with lesions in the auditory cor-
tices, such as due to infarction and epilepsy, possibly sub-
stitutive or compensatory activation of other cortical
regions has been observed [Miura et al., 1998; Heiss et al.,
1999; Warburton et al., 1999]. Brain plasticity in early CI
users, if observed, may also contribute to clarify the mech-
anisms of such a possible substitution.
In the present study, we evaluated cortical activation
"in postlingually deaf patients implanted with CI devices
by means of PET in an early period (0-2 months) of CI
usage, when patterns of brain plasticity might be different
from those already found in the later {(>6-12 months)
-period.

Methods

Subjects

Eight normal male subjects (age 2441 years, average 28.6 years)
and 8 postlingually deaf patients implanted with cochlear implant
devices (CI users: age 4358 years, average 49.6 years), 4 malesand 4
females, took part in the present study. The normal subjects were all
right handed and had normal andition, without any history of psy-
chiatric or neurological disorders. The C1 vsers were also all right
handed, were all implanted on the right side with a Nucleus Spectra
22 device but had variable spezch intelligibility {single word recogni-

PET in Early Cochlear Implant Users

tion score: 6-80%, average 32.5%, without lip-reading) using the
SPEAK strategy implemented in this device, in which natural spec-
tral characteristics are more preserved, at the time ol examination.
They were relatively "naive’ users without much experience and reha-
bilitation with the device (1 week to 2 months after the switch-on of
the device, median 24 days). Table t shows the patient characteris-
tics. This study was performed in accordance with the guidelines of
the Declaration of Helsinki and was approved by the ethical commit-
tee of the university hospital.

Tasks and Stimuli ‘

We used 3 conditions: silence, presentation of a train of 1-kHz
tone bursts and word presentation, Each condition was repeated
twice in a psendo-random manner in which immediate repetition of
the same condition was avoided. During the experiment, the subjects
were instructed to close their eyes and silently listen to the sounds
when the stimuli were presented, without repeating them in mind.
Auditory stimuli were delivered to the right car of the normal sub-
jects via an car phome, and to the right cochlea of ihe CT users via the
C1 devices. The left ears of the normal subjects were plugged with
rubber plugs and covered by hcadphoncs, which attenuated the
ambient noise by more than 35 dB. The intensity of the sound was
adjusted to the so-called comfortable level, the term used in the CI
fitting, in which the subject perccives the sound distinctly but docs
not find it too abrasive (corresponding to 6070 dB} [Okazawa et al.,
1996). The tone burst stimuli consisted of 1-kHz tone bursts lasting
100 ms, rcpeated at a rate of 3 Hz. The word stimuti consisted of a
series of 3-syllabled Japanese nouns presented at a rate of 1 Hz, The
nature of the stimuli had been explained to the subjects, but the stim-
uli themselves were not presented beforehand, nor was the order of
presentation of stimuli. The subjects were asked to report the nature
of stimuli after each PET scanning. All the Cl users as well as the
normal subjects reported the right answers for all stimul:.

PET Acquisition

Regional cerebral blood flow (CBF) was measured using the
Headtome-1V system [lida et al., 1989]. following an intravenous
bolus injection of H,190 {1480 MBq). Detailed procedures o acquire
PET imapes appear elsewhere [Sakurai et al., 1996]. Briefly, the
sound stimuli started 15 s before the scanning began and lasted for
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Fig. 1. Projection images of statistical parametric maps, showing activation with tone burst stimuli in normal subjects
(a}and C?! users (b). The activated areas were thresholded at uncorrected p <0.001, in order to show clearly the steep
activation evoked by this pure-tone-like stimulus. P = Posterior; A = anterior; L =lefi; R = right. For abbreviations of

brain arcas, sce text.

Table 2. Foci of maximal activation by tone burst stimuli within
temporal lobes are shown in the order of Z values calculated by
SPM99

L

Normal subjects Lprm 4.50 {-50,-20,2)
C1 users Rprm} 442 (54,-20,-2)
330 (50, -21,-4)
Rprm2 4.36 {44,-32, 10)

Lprm* 3.84 (-54,-30,12)
Lasc 3.84 (-62,-36,0)

Lprm = Left primary auditory cortex (indicated as Lprm in nor-
mals and Lprm’ in CT users), Rprm = right primary auditory cortex
(Rprm] and Rprm2: anterolateroinferior and posteromediosuperior
portions of the right primary auditory cortex, respectively, in Cl
vsers); Lase = left auditory association cortex. Coordinates (mm) are
shown in the standard stercotaxic space of Talairach. Only the areas
with peak Z values exceeding 3.3 are shown, i.c. p<0.0005.
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60 s, and the scanning lasted for 90 s. Fourteen slices with a pixel size
of 2 x 2 mm were obtained. The center-to-center slice distance was
6.5 mm. The CBF was measured based on Kety’s single-compart-
ment model. To compute the CBF precisely, artenal radioactivity
was monitored with an on-line p+ detector at the rate of 8 mE/min to
provide an arterial time-radioactivity curve. The regional CBF val-
ues were normalized so that the whole CBF was constant (40 ml/
100 g/min).

Data Analyses

Each sct of 14 PET imagcs was lincarly interpolated into 53 slices
{slice distance: 1.6 mm) and then converted to a format compatible
with the SPM99 software (Statistical Parametric Mapping, realized
by the Wellcome Department of Cognitive Neurology, Hammer-
smith Hospital, London, UK} {Friston et al., 1991, 1994, 1995,
Frackowiak et al., 1997], using the Igor Pro software (Wavemetrics
Inc., USA). The standard pre-processings (realignment, normaliza-
tion to the standard stereotaxic space [Talairach and Tournoux,
1988] and smoothing} and the statistical analyses were performed
using SPM99 running on the Matlab 5.2.1 sofiware (Mathworks Inc.,
USA) for the Windows 98 operating system (Microsoft Corp., USA).
The positions of anterior and posierior commissures, necessary for
these analyses, were determined by coregistration of PET images
with MRI images of each subject, except 1 normal subject in whom
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Rprm1 in Cl users

Fig. 2. Activated foci in the primary audito-
1y area with tone burst stimuli. Each focus
(Rprml, Rprm2, and Lprm’ in Cl users and
Lprm in normal subjects) deteymined by
SPMY9 are superimposed on the *canonical’
(typical) MRI images registered in SPM99.

MRI was unavailablc. In this subjeet, the antcrior-posterior commis-
sure line was determined directly from the PET image. Statistical
inference consisted of t tests at each voxel in the brain, which gave p
and Z vatues for each voxel. A smaller p value or larger Z value repre-
sents stronger activation.

Activated brain areas were statistically determined by SPM39,
which is based on statistical parametric maps using the general linear
model. Both in normal subjects and CT users, the two conditions,
silence and stimulation, were compared, and the brain areas acti-
vated by the stimuli were revealed. SPM is a statistical method devel-
oped to avoid the inevitable arbitrariness accompanied by the con-
ventional region of interest method [Friston et al., 1995]. SPM can
extract the essential activation related to a certain condition, elimi-
nating the unimportant or noisy activation caused by individual dit-

PET in Early Cochlear Implant Users

RprmZ in Cl users

ferences eic. We chose this method because of this advantage and
because previous CI PET studics also employed this method, and did
not discuss the activation case by case, which may permit numerous
arbitrary interpretations.

Results

Brain Activation by Tone Burst Stimuli

Tone burst stimuli (table 2) activated a small area in
the left primary auditory cortex (Lprm, trangverse tempo-
ral gyrus) in the temporal lobe of normal subjects (fig. 1a).
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