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Observation of Cortical Activity During Speech Stimulation in
Prelingually Deafened Adults With Cochlear Implantation by
Positron Emission Tomography—Computed Tomography

Haruo Yoshida, MD; Yukihiko Kanda, MD; Haruo Takahashi, MD;
Izumi Miyamoto, PhD; Kenya Chiba, MD

Objectives: We evaluated the cortical activity of 2 successful prelingually deafened adult cochlear implant (CI) users
who have been trained by auditory-verbal/oral communication since childhood.

Methods: Changes in regional cerebral blood flow were measured by positron emission tomography using '8F-fluorode-
oxyglucose while the subjects were receiving auditory language stimuli by listening to a story. Ten normal-hearing vol-
unteers were observed as age-matched control subjects.

Results: In both cases, the auditory-related regions, when compared to same regions in the control subjects, showed hy-
permetabolism in the left dorsolateral prefrontal cortex and the left precentral gyrus — similar to that in successful CI
users who are prelingually deafened children or postlingually deafened adults. Both subjects had the ability to activate
these areas, and this ability might be one of the reasons that accounts for such exceptionally good performance in older
prelingually deaf CI users. As for the visual-related regions, hypometabolism was observed in Brodmann areas 18 and
19, and this finding might be related to the intensive auditory-verbal/oral education that the subjects had received since
childhood.

Conclusions: Despite the limits imposed by the small sample size and the spatial resolution of positron emission tomog-
raphy, this study yielded insights into the nature of the brain plasticity in prelingually deafened adults who are successful
CI users.

Key Words: auditory cortex, auditory-verbal/oral education, positron emission tomography, regional cerebral blood flow.

INTRODUCTION

Although cochlear implantation is recognized as
an effective treatment for patients with severe to
profound sensorineural hearing loss (SNHL),!-3 pre-
lingually deaf adolescents and adults have achieved
only limited postimplantation improvement, and
hence have not been considered good candidates for
implantation.*7 In previous reports, age at implanta-
tion and duration of deafness were pointed out as the
most important factors in influencing postimplanta-
tion performance 28 ‘

On the other hand, there has been some literature
reporting good performance in language perception
even in prelingually deaf adults.®-12 We reported that
cochlear implantation can be recommended to some
prelingually deafened adults if they receive good ha-
bilitation with consistent auditory-verbal/oral train-
ing using well-fitted hearing aids (HAs).!3 The clini-

cal reasons for such exceptionally good performanc-
es in these implantees are considered to be related to
the recently improved quality of cochlear implants
(CIs)14-16 and/or use of an aurally based educational
program.® However, there have been few studies on
functional neuroimaging of cortical activity in suc-
cessful prelingually deaf adults with Cls. The aim
of this study was to evaluate the brain metabolic ac-
tivity of prelingually deaf adults who are successful
users of Cls and have been educated with auditory-
verbal/oral communication since early childhood.

MATERIALS AND METHODS

Subjects. The subjects were 2 prelingually deaf-
ened adults who constituted 0.7% of the total of 279
patients who underwent cochlear implantation at
Nagasaki University Hospital from 1997 to 2010.
Details of their clinical information are shown in
Table 1. Both of them showed 90 dB or worse hear-
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TABLE 1. CLINICAL INFORMATION

Subject 1 o Subject 2
Age at CI 34y 29y
Sex Female Male
Implanted ear Left Right
Time since CI 70 mo 24 mo
Age at receipt of HA 18 mo 18 mo
Education Deaf and ordinary Deaf school

school

Cause of deafness Unknown Unknown
Family history of HL Yes (son) Yes (father

and brother)
CI — cochlear implantation; HA — hearing aid; HL — hearing loss.

ing loss on auditory brain stem response testing be-
fore the age of 2 years, and thus received a diagnosis
of severe to profound SNHL. Thus, both diagnoses
were of prelingual deafness rather than progressive
hearing loss.

Subject I received a diagnosis of severe hearing
loss at the age of 1 year, and high-power box HAs
were fitted in both ears at the age of 1/2 years. She
attended an ordinary elementary school in which she
received habilitation by auditory-verbal/oral com-
munication until high school. She underwent co-
chlear implantation at 34 years of age, and positron
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emission tomography (PET) superimposed with
brain computed tomography images (PET-CT) was
performed 70 months later, by which time her ar-
ticulation was slightly distorted but her communica-
tion abilities with the CI were excellent, leading to
improvements in the quality of her life. Her use of
the CI is the longest and most successful among pre-
lingually deafened adult users of Cls in our institute.
The cause of her hearing loss is uncertain, as genetic
testing has not been performed, but her son also has
severe congenital hearing loss (Table 1).

Subject 2 received a diagnosis of severe hearing
loss at the age of 1 year. He used high-power box
HAs in both ears after the age of 1) years, and at-
tended an elementary school for deaf children in
which he received habilitation by auditory-verbal/
oral communication until high school. He under-
went cochlear implantation at 29 years of age, and
underwent our PET-CT study 24 months later, by
which time his communication skills with the CI
were excellent.

Ten right-handed adult volunteers (mean age,
27.1 years; age range, 22 to 34 years; 6 male and 4
female) with normal hearing (pure tone air conduc-
tion thresholds of less than 20 dB hearing level at
0.5, 1.0, and 2.0 kHz) and without any evidence of

Fig 1. Z-score map computed
by iSSP (Interface Stereotactic
Surface Projection) application
(INEUROSTAT+) shows in-
creased !8F-fluorodeoxyglucose
uptake areas examined by posi-
tron emission tomography—com-
puted tomography. A) Subject 1.
B) Subject 2. Cortical activity is
shown as grading image of more-
deviant regions in red (*) and
less-deviant regions in purple (#)
by pixel. R, RT — right; L, LT
— left; LAT — lateral; SUP —
superior; INF — inferior; ANT
— anterior; POST — posterior;
MED — medial; BA — Brod-
mann area; ST — superior tem-
poral gyrus; DPLF — dorsolat-
eral prefrontal cortex; PC — pre-
central gyrus; AC — anterior cin-
gulate gyrus.
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Fig 2. Decreased '8F-fluorodeox-
yglucose uptake areas examined
by positron emission tomogra-
phy—computed tomography. A)
Subject 1. B) Subject 2. BA —
Brodmann area; IF — inferior
frontal gyrus; MO — middle oc-
cipital gyrus; IO — inferior oc-
cipital gyrus; MT — middle tem-
poral gyrus; ST — superior tem-
poral gyrus.
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ear disease, history of noise exposure, previous ear
surgery, or severe head injury were observed as con-
trol subjects who underwent the PET-CT study in
the same manner as the 2 study subjects. All of the
subjects gave written informed consent before par-
ticipating in the study, which was approved by the
ethical committee of our institute (approval number
08043067).

Scans. We injected 4 MBg/kg of 18F-fluorodeoxy-
glucose (8F-FDG) intravenously 72 seconds be-
fore the PET scan of the brain. All of the subjects
were instructed to listen to a 40-minute story that
was read aloud by one speaker located out of sight
of the subjects. Afterward, a video recording of the
session was reviewed to ensure that the participants
had been listening carefully throughout, and sever-
al questions were posed on the contents of the task
story to exclude those subjects from the study who
were unable to correctly answer 70% of the ques-
tions. The 8F-FDG-PET scans were performed
with a Discovery ST PET scanner (GE Medical Sys-
tems, Milwaukee, Wisconsin).

Analysis of Scans. The original '8F-FDG-PET im-
age data were transformed into a binary format and
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then into a stereotactic standard Talairach space by
use of the 3-dimensional Stereotactic Surface Pro-
jection (3D-SSP) application of the INEUROSTAT+
program,!” and the cortical radioactivity of the 2 CI
users was compared with that of the group of nor-
mal-hearing adults. The usefulness of this program
as compared with Statistical Parametric Mapping
(SPM) has been reported.!7-19 Stereotactic coordi-
nates and anatomic regions, including Brodmann
areas (BAs), were automatically computed. The re-
sulting images are shown as a Z-score map, which
was computed by each study subject’s score derived
from the mean score of the standard deviation of the
control subjects, and are shown as graded images
from more-deviant regions in red to less-deviant re-
gions in purple by pixel (Figs 1 and 2).

RESULTS

Table 2 shows the preoperative hearing level, the
aided hearing level with HAs, the preoperative and
postoperative speech discrimination scores, and the
speech perception rates with CIs of the 2 study sub-
jects. Their mean preoperative hearing levels were
greater than 100.0 dB, and their aided hearing levels
were 52.5 dB and 61.3 dB, respectively. After co-
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TABLE 2. AUDIOLOGICAL OUTCOMES
Subject I Subject 2

Before implantation
Mean hearing level right ear
Mean hearing level left ear

1050dB 105.0dB
1050dB 105.0dB

Mean aided hearing level 525dB 61.3dB
SDS (auditory and visual) 43% 23%
SDS (auditory) 10% 0%
After implantation
Mean hearing level with implant 28.7dB  28.8dB
SDS (auditory and visual) 73% 53%
SDS (auditory) 47% 37%
Speech perception rates*® 90% 85%

SDS — speech discrimination score.
*Only open-set sentences without hearing aids.

chlear implantation, their hearing levels improved to
28.7 dB and 28.8 dB, respectively. Their speech dis-
crimination scores, with auditory stimulation only,
also improved, from 10% to 47% and from 0% to
37%, respectively. Their postoperative speech per-
ception rates, which were tested by open-set sen-
tences, were as good as 90% and 85%, respectively.

Regions showing significant increase and de-
crease in 18F-FDG uptake compared to the control
subjects are displayed in Fig 1 and Fig 2, respective-
ly. As for the auditory-related regions, the 3F-FDG
uptake was increased in the left dorsolateral prefron-
tal cortex, the left precentral gyrus, and the superi-
or temporal gyrus (BA22) in both subjects (Fig 1).
Only in subject 2 was hypermetabolism observed
bilaterally in the anterior cingulate gyrus (BA32;
Fig 1B).

On the other hand, hypometabolism was observed
in the left inferior frontal gyrus (BA46) of subject
1 and in the left middle temporal gyrus (BA21) of
subject 2 (Fig 2). As for the visual-related regions,
hypometabolism was observed bilaterally in the oc-
cipital gyrus (BA19 and BA18) in both subjects.

DISCUSSION

~In many of the previous reports about prelin-
gually deafened CI users, the results of deaf chil-
dren were compared with those of adult control sub-
jects.20-24 However, the glucose metabolism in the
brain changes w1th age, and this may have had an
influence on the 1nterpretat10n of brain activity re-
sults 2225 Therefore in this study, we sought to com-
pare prel' ually deafened adults with age-matched
normal- hearing adults in order to avoid age-relat-
ed errors in interpreting the results and identifying
neurophysmloglcal factors that might determine the
outcome of cochlear implantation. The brain meta-
bolic activity of prelingually deaf adult CI users was
evaluated by auditory stimulation only, in order to

avoid visual-related effects such as lipreading.

Both subjects showed hyperactivity in the left
dorsolateral prefrontal cortex. Functionally, the left
dorsolateral prefrontal cortex is generally recog-
nized as participating in higher cognitive functions
such as reasoning, control of attention, and working
memory.2627 In postlingually deafened adult sub-
jects who showed good performance in language
perception with a CI, this area was reported to be
activated while the subjects were listening to voic-
es.28 In prelingually deaf children with a CI, post-
operative speech scores were associated with en-
hanced metabolic activity in this area, and subjects
in whom this region becomes active during sponta-
neous brain activity are believed to have an advan-
tage in acquisition of auditory language.?° The left
precentral gyrus was also hypermetabolic in both of
our subjects. According to the previous report, these
regions are crucial for language processing and are
particularly implicated in processing of speech with
a CI, and deaf subjects who engage these regions
tended to have better performance.?® According to
those results, the ability of our subjects to activate
these areas might have been related to their excep-
tionally good performance with Cls.

The !8F-FDG uptake was increased bilaterally, es-
pecially in the left superior temporal gyrus (BA22),
in both subjects. Lee et al? reported that the age
at implantation was positively correlated with in-
creased activity in the right superior temporal gyrus,
and their results seem compatible with our present
results.

Only in subject 2, hypermetabolism was observed
bilaterally in the anterior cingulate gyrus (BA32),
and this area is believed to be involved in attention
and arousal processes.303! Although both subjects
were successful CI users by the standards of pre-
lingually deafened adults, subject 2, who is a more
recent user of CIs and has less developed speech
perception skills with CIs than does subject 1, often
needs to pay more attention when communicating
with CIs than does subject 1. In other words, subject
1 does not need to make as much of an effort when
communicating with CIs in daily life.

As for the visual-related regions, the integration
of audiovisual inputs in auditory speech perception
was reported to be crucial for successful speech per-
ception in subjects with CIs in a series of neuroim-
aging studies.?8:32 The brain activity of children with
early-onset deafness was greater in the medial visual
cortex and bilateral occipitoparietal junctions after
cochlear implantation, and these findings suggest
that speech learning resulted in a greater demand
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on the visual and visuospatial processing subserved
by the early visual cortex and parietal cortices.3? In
our study, however, hypometabolism was observed
in the visual-related regions of the posterior medi-
al lingual cortex (BA18 and BA19). We speculate
that this result may be related to the fact that both
subjects had received intensive auditory-verbal/oral
education without visual sensation since childhood.
Because communication without visual informa-
tion is a part of the auditory-verbal/oral education, it
may be thought that the auditory center of a subject
who was educated in this manner becomes active
so as to avoid utilizing visual pathways during lis-
tening and that hypometabolism in the visual center
thus develops.

In this study, we used the INEUROSTAT+ program
for anatomic standardization and 3-dimensional Ste-
reotactic Surface Projection (3D-SSP), which can
more correctly translate data from an an atrophied
brain to that of a standard brain'® and complement
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inappropriate anatomic standardization.l” More-
over, Statistical Parametric Mapping (SPM) nor-
malizes the metabolic counts to global counts, and
INEUROSTAT+ can normalize pixel values of an
individual’s image set to the whole brain, the thala-
mus, the pons, the cerebellum, or the sensorimotor
region and select a suitable region as a reference re-
gion for normalization.!?

CONCLUSIONS

Even in prelingually deafened adults, intensive
training by auditory-verbal/oral communication
since childhood may activate the auditory-related
cortices by language stimulation through a CI as
in postlingually deafened successful CI users, and
might result in exceptionally good CI performance,
as in the present 2 subjects. Despite the limits im-
posed by the small sample size and the spatial reso-
lution of PET, this study yields insights into the na-
ture of the brain plasticity in successful adult users
of CIs with prelingual deafness.
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INTRODUCTION

The clinical effects of both unilateral and bilateral cochlear im-
plantation (CI) in children is well established internationally (1-
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15), but there are only a few reported cases of bilateral Cl in Ja-
pan. The number of patients with bilateral CI has gradually in-
creased as patients and/or parents recognize its effectiveness.
The following are some of the bilateral CI cases in children that
we have experienced. This is a review of bilateral CI in 169 pe-
diatric CI users, who received auditory-verbal/oral habilitation
at our clinic.

This study’s aim is to obtain answers to the following ques-
tions. 1) Until what age the second Cl is effective for better lan-
guage perception in various situations? 2) Does the use of a
hearing aid (HA) on the opposite side of first CI affect the re-
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sults after second CI? 3) Is there any critical time span between
the first and second CI for their progress in language perception?
4)What is the advantage of bilateral CI over unilateral CI?

MATERIALS AND METHODS
Subjects
Since we started CI surgery in 1997, out of 169 children under-
going CI rehabilitation in our clinic, 29 children (17%) had bi-
16 1
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-
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lateral CI for at least half a year before May 2011. The age of
the children at the first CI operation ranged from 1 year 4 months
to 15 years 5 months, whereas the age of children at the second
CI operation ranged from 2 year 1 month to 15 years 10 months
(Fig. 1). The most common age for the first CI was 1 or 2 years.
The interval between first and second ClI fitting ranged from 5
months to 10 years 1 month. This can be considered a relatively
wide range, but the most frequent interval between the two Cls
was under 1 year (Fig. 2). The period on non-use of their HA
before the second CI is also valuable: it ranges from 0 month to
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Fig. 1. Age at operation of first cochlear implantation (C1) and second Cl {year).
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Fig. 2. Interval between first and second cochlear implantation (month).
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108 months (9 years). Twelve cases did not remove their HA be-
fore the second CI (Fig. 3). Causes for deafness were described
in Fig. 4. The devices used are described in Fig. 5.

We examined 19 children who acquired language with either
CI or HA using various audiological tests. Children with severe
anomaly or late development were not included. The children
were divided into 2 groups to evaluate the amount of habilita-
tion time after the second CL The first group (group A) consisted
of 11 children who had their second CI for at least a year. The
second group (group B) included 8 children who had their sec-
ond CI between 6 and 12 months.

Methods

We evaluated audiological abilities including 1) wearing thresh-
old (WTH); 2) word recognition score (WRS, TY-89; Japanese-3
syllabic word-CD, at 60 dB sound pressure level [SPL], at 70 dB
SPL); 3) speech discrimination score (SDS, 67-S; Japanese-mono-
syllabic word-CD, at 60 dB SPL, at 70 dB SPL) at 1 m from
front speaker (SP), 1 m from second CI side SP; 4) SDS under
noise (67-S; Japanese-monosyllabic word-CD, S/N ratio=80 dB
SPL/70 dB SPL, 10 dB) at 1 m from front SP; 5) WRS under
noise (TY-89; Japanese-3 syllabic word-CD, S/N ratio=80 dB
SPL/70 dB SPL, 10 dB) at 1 m from front SP (noise: speech
noise). We conducted all tests in a shielded room. Statistical
analysis was done using the Student’s #-test and paired #-test.
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RESULTS

The mean WTH using first CI, second CI, and bilateral CI shows
that all WTH is nearly the same ranging from 25 dB hearing lev-
el (HL) to 35 dB HL (Fig. 6). There were no significant differenc-
es between them. The mean WTH of their HA before he second
CI was from 55 dB HL (for lower frequencies) to 65 dB HL (for
higher frequencies). However, after operation the mean WTH
using second CI ranges from almost 30 dB HL to 35 dB HL.
There were significant difference (P=0.03*) between HA and
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# Cylomegalo virus & Microcephaly
® Narrow internal auditory canal #% Rubella
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Fig. 4. Causes for deafness.
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Fig. 3. Number of months child discontinued hearing aid use before second cochlear implantation.
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Fig. 6. The mean wearing threshold using first cochlear implantation
(CI), second Cl, and bilateral CI.

second CI (Fig. 7).

The mean WRS at 1 m from the front SP at 70 dB SPL is
shown in Fig. 8. The mean score for the second CI in group A
was similar to the mean score for the first CI. The mean score on
the WRS for all cases shows that there were no significant differ-
ences between the results of the first CI and the bilateral CI at
70 dB SPL (P= 0.13).

The mean WRS at 1 m from the front SP at 60 dB SPL is de-
scribed in Fig. 9. The mean score for the second CI in group A
was similar to the mean score for the first CI For all cases, there
were no significant differences between the results of the first CI
and bilateral CI at 60 dB SPL (P=0.05).

The mean SDS at 1 m from the front SP at 70 dB SPL is de-
scribed in Fig. 10. The mean score for the second Cl in group A
was similar to the mean score for the first CL The SDS results
show that there were significant differences between the results
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Fig. 7. The mean wearing threshold of their hearing aid (HA) before
second cochlear implantation (Cl) and second Cl.

of the first CI and the bilateral CI at 70 dB SPL (P=0.02%).

The mean SDS at 1 m from the front SP at 60 dB SPL is de-
scribed in Fig. 11. There were no significant differences between
the results of the first CI and the bilateral CI at 60 dB SPL
(P=0.24).

The mean SDS at 1 m from the second CI side SP at 70 dB
SPL is described in Fig. 12. The mean score for the second CI in
group A was similar to the mean score for the first CL There
were no significant differences between the results of the first CI
and the bilateral CI at 1 m from the second CI side SP on all
cases at 70 dB SPL (P=0.25).

The mean SDS at 1 m from the second CI side SP at 60 dB SPL
is described in Fig. 13. The mean score for second CI in group A
was superior to the mean score for first CL. There were significant
differences between the results of first CI and bilateral Clat 1 m
from second CI side SP on all cases at 60 dB SPL (P=0.02*).
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Fig. 8. Mean word recognition score at 1 m from front speaker at 70
dB SPL (0.13). Cl, cochlear implantation; SPL, sound pressure level.
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Fig. 8. Mean word recognition score at 1 m from front speaker at 60
dB SPL (P=0.05). Cl, cochlear implantation; SPL, sound pressure

level.
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Fig. 10. Mean speech discrimination score at 70 dB SPL (P=0.02*).
Cl, cochlear implantation; SPL, sound pressure level.
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Fig. 11. Mean speech discrimination score at 60 dB SPL (P=0.24). Cl,
cochlear implantation; SPL, sound pressure level.
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Fig. 12. Mean speech discrimination score at 1 m from second co-
chlear implantation (Cl) side speaker at 70 dB SPL (P=0.25). SPL,
sound pressure level.
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Fig. 13. Mean speech discrimination score at 1 m from second co-
chlear implantation (Cl) side speaker at 60 dB SPL (P=0.02"). SPL,
sound pressure level.
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Fig. 14. Mean word recognition score at 1 m from second cochlear
implantation (CI) side speaker at 60 dB SPL (P=0.02*). SPL, sound
pressure level.
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Fig. 15. Mean speech discrimination score at 1 m from front speaker
under the noise (S/N=80/70, +10; P=0.01*). CI, cochlear implantation.

The mean WRS at 1 m from second CI side SP at 60 dB SPL
were described in Fig. 14. The mean score for second CI in group
A was superior to the mean score for first CL. There were signifi-
cant differences between the results of first CI and bilateral CI at
1 m from second CI side SP on all cases at 60 dB SPL (P=0.02*).

The mean SDS at 1 m from front SP under the noise (S/N=
80/70, +10) were described in Fig. 15. The mean score for sec-
ond CI in group A was similar to the one for first CI. There were
significant differences between the results of first CI and bilateral
CI under the noise at 1 m from front SP on all cases (P=0.01*).
The mean WRS at 1 m from front SP under the noise (S/N=80/
70, +10) were described in Fig. 16. The mean score for second
Cl in group A was superior to the mean score for first CL In all

- cases, there were significant differences between the results of
first CI and bilateral CI under the noise at 1 m from front SP
(P=0.002**).

We attempted to determine until what age the second Cl is ef-

fective for better language perception in various situations. We
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Fig. 16. Mean word recognition score at 1 m from front speaker under
the noise (S/N=80/70, +10; (P=0.002**). Cl, cochlear implantation.
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Fig. 17. Comparison of the mean word recognition score (WRS) and
speech discrimination score (SDS), at 70 dB SPL at 1 m from front
speaker, the mean SDS and WRS under the noise (S/N=80/70) on
second cochlear implantation for over and under 9 years old. SPL,
sound pressure level.

compared the results of over 9 years old with the results of un-
der 9 years old, analyzing the mean WRS and SDS at 70 dB SPL
at 1T m from the front SP, the mean SDS and WRS under the
noise (S/N=80/70) on second CI (Fig. 17). The mean SDS under
the noise (S/N=80/70) for the second CI (P=0.04*) shows sig-
nificant differences between the over 9 years old and the under
9 years old.

We compared children that had not used their HA for over 3
years before the second CI with those that had used their HA
within 10 months before the second CI using various speech
understanding tests (Fig. 18). The mean WRS and SDS revealed
better scores for HA usage within 10 months before the second
CI than for those who stopped using their HA 3 years or more
before the second CI. Especially on the WRS and SDS under the
noise, there were significant differences between these two
groups (P=0.01* on SDS and P=0.04* on WRS).
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Fig. 18. Comparison of the mean word recognition score (WRS) and
speech discrimination score (SDS) at 70 dB SPL at 1 m from front
speaker, the mean SOS and WRS under the noise (S/N=80/70) on
second cochlear implantation (Cl) for those that had not used their
hearing aid (HA) for over 3 years before second Cl with those that
had used their HA within 10 months before second Cl. SPL, sound
pressure level.

DISCUSSION

In all children, the WTH using the second CI was almost the
same using the first CI ranging from 25 to 35 dB HL. Also, the
WTH using the second CI recovered compared to the WTH us-
ing HA before their second CI (P=0.03*). A previous report (6)
also describes that aided thresholds give better performance.

At every age, a second CI is very effective. However, the re-
sults of under 9 years old were better than the results of over
9 years old on the mean SDS under noise (S/N=80/70) on the
second CI (P=0.04*). These results may be due to brain plastici-
ty of the children for acquiring speech understanding under the
noise (10, 14).

About use of a HA in their opposite side of first CI, on the
WRS and SDS under the noise, there were significant differenc-
es between the group of over 3 years and the group of under 10
months of HA non user before second CI (P=0.01* on SDS and
P=0.04* on WRS). We recommend wearing hearing aids on the
opposite side after first CL As the Japanese language uses lower
frequencies, a little wearing threshold of usable frequencies re-
mains. Also, the input from the hearing aid is very important. It
is a waste to remove the HA and let the input on the opposite
side of the first CIL

Most of the speech understanding scores (WRS and SDS) for
children who have undergone at least 1 year habilitation after
first CI and now have been fitted with a second CI show similar
results to the first CIL. Though the second CI eventually caught
- up with the first CI, it took nearly over one year.

Binaural hearing using bilateral CI is better than the first CI in
all speech understanding tests. Especially, there were significant
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differences between the results of the first CI and bilateral CI
on: 1) SDS at 70 dB SPL (P=0.02*); 2) SDS at 1 m from second
CI side SP at 60 dB SPL (P=0.02*); 3) WRS at 1 m from second
Cl side SP at 60 dB SPL (P=0.02*); 4) SDS at 1 m from front
SP under the noise (S/N=80/70, +10) (P=0.01*); 5) WRS at 1
m from front SP under the noise (S/N=80/70, +10; P=0.002**).

These results may show important binaural effectiveness such
as binaural summation ( 1, 4, 5) and head shadow effect (2, 3).

Binaural summation (1, 3, 4, 7) and head shadow effect (2-5)
are very likely to be important phenomena providing effective
binaural advantages. Furthermore, binaural squelch (2, 4, 5) and
sound localization (8, 9) are also well known to yield binaural
advantages. In particular, in infancy there are many cases where
the ability of hearing under the noise is very important for
speech/language development.

The improvement of sound localization and hearing under
noise that is provided in binaural hearing shows strong effective-
ness in a typical infant environment and for children in a class-
room setting (14). Bilateral CI is a very useful medical interven-
tion for children with severe-to-profound hearing loss in Japan
and elsewhere.
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INTRODUCTION

A number of cochlear implantation (CI) candidates have ear
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malformations, in particular an abnormal course of the facial
nerve (FN). The course of the FN is very important for CI sur-
gery; the more abnormal the course of the FN, the more difficult
it is to perform CI surgery. However, it is extremely difficult for
surgeons to understand the three-dimensional (3D) course of the
EN prior to surgery through the use of two-dimensional (2D)
computed tomography (CT) images.

In this study, we attempted to reconstruct a 3D image of tem-
poral bone structures using CT imaging for a plan of CI surgery
in a malformed ear and show the 3D images of the two cases.
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