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Table 1 Summary of clinical features of 22 patients

Age (years) T PTA Veriigo Thyroid
EVA MD VE HL (dB) Conductive hearing loss Goiter Thyroid function

1 3 R + + SO unknown - - normal
L + + SO unknown

2 14 R + + - 105 + - + normal
L + + - % + '

3 21 R + + + 73 + + + normal
L + + + 91 +

4 21 R + . - 81 + + + normal
L + - - 85 +

5 28 R + + + 96 + + + norrmal
L + + + SO +

6 33 R + + - 101 + + + normal
L + + + 106 +

7 1 R + + - SO unknown - - normal
L + + + SO unknown

8 1 R + - - SO unknown - - ~ normal
L + - - 103 unknown

9 2 R + + - 101 unknown : - - normal
L + + - 100 unknown

10 12 R + - - 95 + - + normal
L + - - 100 +

1 29 R + + + 85 + ) - -
L + + + 1o +

12 0 R + - - 55 unknown + S normal
L + - - 73 unknown

13 3 R + - + 85 unknown + - normal
L + + + 58 +

14 5 R + + + 95 + + - normal
L + + + 93 +

15 5 R + + + 103 ’ + - - normal
L + + + 100 unknown

16 6 R + - - 81 + + - normal
L + - - 91 +

77 R + - - 83 + - - normal
L + - + 81 +

18 14 R + + + 95 + - + normal
L + + + 91 +

19 16 R + - + 91 + - + normal
L - - + 21 -

20 26 R + - - 98 + + - normal
L + - + 103 +

21 5 R + + + 85 + - - normal
L + + - 97 +

22 10 R + - - 53 + - - normal
L N - = 15 -

EVA enlarged vestibular aqueduct, MD Mondini malformation, VE vestibular enlargement, PTA pure tone audiogram, HL heating level, SO scale out, NA no
available data.
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Table 2 Primer sequences used for nested real-time PCR
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Nested PCR assay Sequence PCR product size (bp)
First-step PCR {external prirmer) Exon 14 forward TCTTGGAATGGCCTTGGAAGC 282

Exon 17 reverse TGAAACAGCATCACTTATGATGC
Second-step PCR (internal primer) Exon 15 forward TGAAGAACCTCAAGGAGTGAAG 154

Exon 16 reverse TITCTGTATTITCCTCAGCGCT

reaction volume was adjusted to 20 pl with distilled
H,0. A Light Cycler real-time quantitative PCR system
(Roche, Basel Switzerland) was used for amplification
and detection of the PCR products. A 40 step cycle of
thermal cycler program was performed as follows: de-
naturation at 95°C for 5 min; 40 cycles of 95°C for 10 s,
60°C for 20 s, and 72°C for 40 s; followed by recording
the fluorescence values after each elongation step and
melting curve analysis with denaturation at 95°C for
5 s, annealing at 65°C for 1 min, and redenaturation by
increasing the temperature to 95°C. The second-step
PCR products were separated by 1.5% agarose gel elec-
trophoresis, stained with ethidium bromide, and visual-
ized by UV transillumination. For this analysis, we used
three control subjects with no mutations (wild type),
three patients compound heterozygous for IVS15 + 5G >
A/H723R, and three patients homozygous for IVS15 +
5G > A.

Validation of comparative €T (2722T) method and
calculations for quantifying SLC26A4 mRNA

We used the CT (2724°T) method by assuming approxi-
mately equal amplification efficiencies for both target
and reference genes. This prerequisite was verified by
performing a validation experiment using both SLC26A44
and a housekeeping gene. Calculations were made using
the comparative CT (27*“T) method. GAPDH (glycer-
aldehyde 3-phosphate dehydrogenase), PGK-I (phospho-
glycerate kinase 1), and ACTB (actin beta) were used as
internal reference genes for PCR normalization with re-
gard to the amount of RNA added to the reverse tran-
scription reactions. Normalized results were éxpressed
as the mean ratioc of SLC26A4 mRNA to GAPDH mRNA,
PGK-1 mRNA, and ACTB mRNA. To evaluate relative
transcript levels, the threshold cycle value (Ct} of each
sample was used to calculate and compare the ACt of each
sample to that of the control subject and patients with a
compound heterozygous for IVS15 + 5G > A/H723R, and
a homozygous for IVS15 + 5G > A, AACT was also calcu-
lated to compare the transcript levels in the control sub-
ject, and patients with a compound heterozygous for
1VS15+5G > A/H723R, and a homozygous for IVS15 +
5G > A. The transcript levels were calculated in each
genotype with three subjects and each subject was calcu-
lated in triplicate.

Results

Mutation analysis for SLC26A4

By direct DNA sequence analysis, SLC26A4 mutations
were observed in 21 of 22 patients. Among the 21 pa-
tients with mutations, a compound heterozygous muta-
tion for IVS15+5G > A/H723R was identified in nine
patients (Figure 3C, D), a homozygous mutation for
H723R was identified in five patients (Figure 3E), and a
homozygous substitution of IVS15 + 5G > A was identified
in six patients (Figure 3F). A compound heterozygous
substitutions for IVS15 + 5G > A/T527P was identified in
one subject. We could not identify any SLC2644 muta-
tions in one subject (Table 3). We could not find the sub-
stitution IVS15 + 5G > A in 100 control objects.

Clinical characteristics

Table 1 summarizes the clinical characteristics of all 22
subjects. High-resolution temporal bone CT scans re-
vealed that bilateral EVA was present in 20 patients and
unilateral EVA was present in other two. Mondini dys-
plasia and vestibular enlargement was observed in 17
ears (17/44; 39%) and 22 ears (22/44; 50%), respectively.

Hearing loss grades in the affected ears ranged from
moderate to profound in the patients with EVA (Table 1).
The hearing levels of the two unaffected ears were nor-
mal and mild hearing loss, respectively. Table 4 shows
the hearing level distributions based on genotypes. No
significant differences were expected in the distributions
for hearing level among the five genotype groups due to
the small sample of only 22 patients.

Neck examinations revealed thyroid goiters in 8 of 22
patients. Overall, 0% (0/11) and 73% (8/11) of the pa-
tients younger and older than 10 years of age, respect-
ively, had a thyroid goiter. Their serum FT4 and TSH
levels were within the normal ranges. There is no relation
between occurrence of goiter and mutation genotypes.

SLC26A4 expression in patients with IVS15 + 5G> A
Electrophoretic separation of the real-time PCR products
did not exhibit any bands in patients with the homozygous
substitution for IVS15 + 5G > A (Figure 4C).

Because the SLC26A4 expression levels were not high
in blood samples, we investigated its expression using
nested real-time qPCR for three control subjects, three
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Figure 3 Examples of direct sequence analysis of the SLC26A4 gene. Representative results of H723R and the IVS15 + 5G > A mutation
analysis are shown, Genomic sequences of the SLC2644 gene in normal individuals (A), (B). A compound heterozygous mutation for V515 + 5G >
A/H723R (C), (D). A homozygous mutation for H723R (E). A homozygous substitution of IVS15 + 5G > A (F). The arrows indicate the

patients with the compound heterozygous mutation for
IVS15+5G > A/H723R, and three patients with the
. homozygous substitution for IVS15 + 5G > A, The control
subjects had normal hearing without any malformations
of the inner or middle ear and no family history of hearing
loss. After obtaining a written informed consent, blood
samples were collected from each subject and were
subjected to Real-time PCR with SYBR Green and the
expression level was evaluated using the comparative CT
(2722°T) method. The relative SLC26A4 expression levels
in. the control no.1, control no.2 and control no.3 with no
SLC26A4 mutations were 9089 £441.5 (standard devi-
ation), 2417 £189.5, and 4956 + 2604 respectively. In
patient no.12, patient no.14 and patient no.16 with a com-
pound heterozygous mutation for IVS15 +5G > A/H723R
were 979.5 + 79.12, 2846 + 206.5 and 1183 + 33.93 respect-
ively. In patient no.1, patient no.2 and patient no.4 with a
homozygous substitution for IVS15 +5G > A were 1.96 x
10*+7.66x 107, 576x10°+3.37x10° and 4.35x
10 £8.09x 107 respectively (Figure 5).

Based on the results of both electrophoresis and RT-
nested qPCR, no SLC26A4 expression was observed in pa-
tients with homozygous substitution of IVS15 + 5G > A,

Discussion

Correlations between SLC26A4 genotypes and hearing
phenotypes

Hearing loss in patients with EVA and PS is usually ap-
parent at the pre- or perilingual stage [6,21]. Hearing
loss in EVA and PS is sensorineural with some mixed
hearing loss in the. low-frequency range [22-27]. The
hearing level sometimes deteriorates suddenly and may
be followed by a partial recovery, such as with fluctuat-
ing hearing loss [28,29]. In our study, hearing loss was
detected at the pre- or perilingual stage in all cases ex-
cept for two cases of unilateral EVA. However, in all
cases, hearing levels eventually deteriorated to severe or
profound loss (Table 1) and were permanent with or
without hearing fluctnation or stepwise hearing deterior-
ation. No significant differences were observed in the
hearing levels among the five genotypes (Table 4).

Correlations between SLC26A4 geﬁotypes and thyroid
phenotype

SLC26A4 encodes for the 86 kDa transmembrane pro-
tein pendrin [7,30]. In the thyroid, this protein acts as
co-transporter of chloride and iodine in the thyroid
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Table 3 Distribution of SLC26A4 genotypes of 22 patients

Age at onset  Ageat  Sex Allele 1 Allele 2
of hearing genetic .
loss {years) test (years)

1 0 3 M IVS15+5G > A IVSI5+5G> A
2 2 14 FOIVS15+5G>A IVSIS+5G> A
3 3 21 F o NVS154+5G> A IVS15+5G > A
4 2 22 F o INVS154+5G> A IVS15+5G> A
5 0 23 M IVSIS+5G>A IVS15+5G > A
6 0 29 F o IMSI54+5G>A IVST15+5G> A
7 0 1 F H723R H723R

8 1 1 F + H723R H723R

9 4 2 M H723R H723R

10 0 12 F H723R H723R

" 5 29 M H723R H723R

12 0 o} M IVS154+5G > A H723R

13 2 3 M IMS15+5G>A  H723R

14 0 5 FoVSI5+5G> A H723R

15 1 5 F o IVS15+5G > A H723R

16 0 6 F IVS154+5G > A H723R

17 2 7 FoOVSI5+5G > A H723R

18 2 14 FoIVS154+5G > A H723R

19 7 16 F o OIVSI54+5G> A H723R
20 5 26 M IMS15+5G > A H723R

21 1 5 M H723R T527P
22 7 10 F ND ND

ND not determined.

[31,32]. In PS patients, a mutation in SLC26A4 results in
reduced pendrin-induced chloride and iodide transport
and, ultimately, goiter [33].

Goiter usually develops around the end of the first
decade of life or during young adulthood, although the
time of onset and severity vary considerably among pa-
tients [12,34], and even within families [35]. Despite an
impaired incorporation of iodide, most patients with PS
are clinically and biochemically euthyroid [21,34,36].

Table 4 Clinical features in different genotype groups
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To our knowledge, no previous studies have investi-
gated correlations between SLC26A4 genotypes and the
thyroid phenotype. In the present study, PS was diag-,
nosed in 8 of 11 patients older than 10 years of age, but
not in any of the 11 patients who were younger than
10 years of age. This indicates that it is difficult to diag-
nose PS before the age of 10 years.

Thyroid function was normal in all of the 21 patients
we examined, as demonstrated by their normal serum
concentrations of FT4 and TSH. There were no signifi-
cant differences in serologic thyroid test results and goi-
ter status among patients with homozygous substitution
for IVS15 +5G > A, the H723R homozygous mutation,
or compound heterozygous mutation for IVS15+5G >
A/H723R. Therefore, our results indicate that serologic
testing of FT4 and TSH levels is not useful to distinguish
between individuals with PS or EVA. '

Distributions of SLC26A4 mutations in EVA and PS
patients in Okinawa Islands
It was previously reported that the spectrum of SLC26A44
mutations varied based on ethnic background [35,36].
H723R and IVS7-2A > G are prevalent alleles that ac-
count for the majority of the observed SLC26A4 muta-
tions in East Asian populations [35]. In the Japanese
population, H723R was the most common mutation
[15,36,37]. In Chinese and Taiwanese populations, IVS7-
2A > G was the most common mutation [38-40], whereas
in the Korean population, H723R and IVS7-2A > G were
the most frequent and accounted for 60.2% (47/78) and
30.7% (24/78) of the mutated alleles, respectively [41].
Ancestral differences have been reported between
people from Okinawa Islands and those from the main
islands of Japan based on single-nucleotide polymorph-
ism genotypes [16]. We analyzed SLC26A4 mutations
among 22 patients with EVA or PS from 21 unrelated
families. H723R have been reported as the most com-
mon mutation found in the main islands of Japan. As
with H723R mutation, IVS15 + 5G > A substitution was

Genotype Hearing level T Vertigo
Normal Mild Moderate Severe Profound MD VE

VS15+5 G > A homozygous (n =6} 0 0 0 3 9 6/12 6/12 4/6-
H723R homozygous (n=5) 0 0 0 1 9 4/10 3/10 0/5
VS154+5 G > A/H723R (n=9) 0 1 2 4 11 5/18 11/18 4/9
IVS15+5G > /TS27P (n=1) 0 0 0 1 1 2/2 1/2 01

No mutation (n=1) 1 0 1 0 0 0/2 0/2 on
Subtotal 1 1 3 9 30 17/44 21/44 - 8/22

Total 44

Normal: <20 dB; Mild: 21-40 dB; Moderate: 41-70 dB; Severe: 71-980 dB; Profound: >91 dB.
MD Mondini malformation, VE Vestibular enlargement, CT computed tomography.
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Figure 4 Expression of the SLC26A4 gene in patients with PS or
EVA. The expected RT-nested PCR amplification product of SLC26A4
was 154 base pairs (bp) in length. Agarose gel electrophoresis shows
the 154 bp band for the control subject {A) and the patient with
IVS15 +5G > A/H723R compound heterozygous mutation (B);
however, there was no band for the patient with IVS15+5G > A

homozygous substitution (C).

also identified most frequently in 15 of 22 of our
Okinawa patients. The substitution of IVS15+5G > A
in one allele have been reported only 10 cases in Asian
populations [36,42-45]. Thus, IVS15+4+5G > A was the
characteristic SLC26A44 gene mutation among patients
in Okinawa Islands, indicating a difference in the
spectrum of SLC26A4 mutations among patients in
Okinawa Islands compared with patients in other
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Figure 5 Relative expression of the SLC26A4 gene in control
subjects and in patients with a homozygous mutation of IVS15+
5G > A or compound heterozygous mutation of V515 +5G >
A/H723R. The ratio of SLC26A4 mRNA to GAPDH mRNA is shown in
three control subjects (A, B, C), three patients with compound
heterozygous mutation of IVS15+5G > A/H723R (D, E, F), and three
patients with IVS15+5G > A homozygous substitution (G, H, I). No
expression of SLC26A4 was observed in the three patients with the
IVS15+ 5G > A homozygous substitution (G, H, I). All experiments
were done in tripricate.
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populations. These results suggest that this SLC2644

"mutation may have originated from a common ancestor.

Pathogenic effect of IVS15 + 5G > A substitution

The heterozygous substitution of IVS15+5G > A has
been assumed to cause aberrant splicing [36,42-45].
However, Yang et al. [42] could not find any abnormal
RT-PCR products related to the size for SLC26A4 se-
quence analysis in patients with splice mutation. Because
its pathogenicity was only implicated on the basis of un-
common polymorphisms, the pathogenic potential of
IVS15 + 5G > A still remains unknown.

Substitutions near the canonical splice sites are diffi-
cult to classify as pathogenic or non-disease causing.
Because such substitutions affect proper RNA splicing
but some substitutions do not cause any effect [46-48].
Thus, it is important to determine the pathogenic effect
of a particular substitution near the donor site by
mRNA analysis [48]. We investigated SLC26A44 expres-
sion in patients with compound heterozygous mutation
for IVS15+5G > A/H723R and homozygous substitu-
tion for IVS15+5G > A by RT-PCR and RT-real time
PCR by targeting genes around these mutations. No ab-
errant PCR products were detected in the patient with
heterozygous substitution of IVS15 + 5G > A (Figure 4B),
which suggests that IVS15 + 5G > A does not cause ab-
errant splicing, as also argued by Yang et al. However, in
patients with the homozygous substitution of IVS15 +
5G-> A, SLC26A4 was not expressed, as shown in
Figure 4. In addition, for patients with the heterozygous
substitution, SLC26A4 expression was reduced from the
normal control level. These findings suggest that IVS15 +
5G > A disrupts pre-mRNA splicing and causes the loss of
SLC26A4 expression. The patients in Yang et al. [42] were
heterozyote so that Yang et al. [42] most likely amplified
the non-mutated allele. Taken together, our results
indicate that the substitution of IVS15 +5G > A is a loss-
of-function mutation caused by a loss of SLC26A4
expression. :

Conclusions

We found no correlations between the type of SLC26A4
mutation and hearing levels or the thyroid phenotype.
Moreover, thyroid testing using sérum FT4 and TSH
levels was not useful for distinguishing between individ-
uals with PS and EVA.

The substitution of IVS15+5G > A in the SLC2644
was unique and the most common in PS and EVA pa-
tients from Okinawa Islands. This supports that the
spectrum of SLC2644 mutations differs by geographic
area in East Asia. Our qPCR results for SLC26A4 indi-
cate that the substitution of IVS15 + 5G > A should be a
pathogenic mutation that leads to a loss of SLC2644 ex-
pression and results in a phenotype of PS and EVA.
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Abstract
Background/Purpose: Previous FDG-PET studies have indicated neuroplasticity in the adult
auditory cortex in cases of postlingual deafness. In the mature brain, auditory deprivation
decreased neuronal activity in primary auditory and auditory-related cortices. In order to re-
evaluate these issues, we used statistical analytic software, namely a three-dimensional ste-
reotaxic region of interest template (3DSRT), in addition to statistical parametric mapping
(SPM; Institute of Neurology, University College of London, UK). Materials and Methods:
18F-FDG brain PET scans were performed on 7 postlingually deaf patients and 10 healthy vol-
unteers. Significant increases and decreases of regional cerebral glucose metabolism in the
patient group were estimated by comparing their PET images with those of healthy volunteers
using SPM analysis and 3DSRT. Results: SPM revealed that the glucose metabolism of the deaf
patients. was lower in the right superior temporal gyrus, both middle temporal gyri, left infe-
rior temporal gyrus, right inferior lobulus parietalis, right posterior cingulate gyrus, and left
insular cortex than that of the control subjects. 3DSRT data also revealed significantly de-
creased glucose metabolism in both primary auditory cortices of the postlingually deaf pa-
tients. Conclusion: SPM and 3DSRT analyses indicated that glucose metabolism decreased in
the primary auditory cortex of the postlingually deaf patients. The previous results of PET
studies were confirmed, and our method involving 3DSRT has proved to be useful.
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Introduction

Previous FDG-PET studies have indicated neuroplasticity in the adult auditory cortex in
cases of postlingual deafness. In the early 1990s, this phenomenon was discussed based on
visual findings. In PET images, different colors indicate different rates of glucose metabolism.
That is, red indicates a high rate, yellow a moderate, and blue a low rate [1]. Patient and
normal control groups were compared in this way. Then, in the 2000s, a similar comparison
was performed using voxel-based analysis software such as statistical parametric mapping
(SPM; Institute of Neurology, University College of London, UK) [2]. SPM has been widely used
for the objective analysis of brain images. This software package compares the differences
between two anatomically standardized groups with the linear model at each voxel. However,
it is sometimes not possible to detect slight differences because of technical issues. In the
mature brain, auditory deprivation decreases neuronal activity transiently in the primary
auditory and auditory-related cortices. In order to reevaluate these issues, we used a further
statistical analytic software, namely a three-dimensional stereotaxic region of interest {ROI)
template (3DSRT) [3], in addition to SPM. 3DSRT is fully automated ROI-based analysis
" software for the brain. It was established to perform ROI analysis of the brain with improved
objectivity and excellent reproducibility [4-7].

Materials and Methods

In a resting state (eyes closed, ears unoccluded, dark and quiet environment), 185-MBq 8F-FDG (the
dose was adjusted according to the body weight of each subject} brain PET scans were performed on 7 post-
lingually deaf patients and 10 healthy volunteers using the Biegraph 16 PET scanner (Siemens). Seven
patients (2 men, 5 women; mean age, 55.7 + 8.7 years) underwent FDG-PET scans at Miyazaki University
Hospital between July 2012 and August 2013. The duration of deafness ranged from 1 to 30 years (mean
duration, 13.4 £ 10.8). The clinical features of the patients are listed in table 1. They had neither cerebral
disease nor visual disturbance. Ten age-matched healthy volunteers {2 men, 8 women; mean age, 57.9 + 16.2
years) served as control subjects. Exclusion criteria for the control subjects included a history of any neuro-
logical, psychiatric or significant medical illness, or a history of drug abuse. All patients and control subjects
were right-handed. Detailed explanations of the procedure, risk, and purpose of the FDG-PET study were
provided to them. The present work was approved by the Ethics Committee of Miyazaki University School of
Medicine, and written consent was obtained from each participant.

Significant increases and decreases of regional cerebral glucose metabolism in the patient group were
estimated by comparing their FDG-PET images with those of the healthy volunteers using SPM analysis.

We also compared the glucose metabolism of auditory cortices with that of visual cortices using 3DSRT.
Because all patients and control subjects had neither cerebral disease nor visual disturbances, we adopted
the primary visual cortex as a reference. 3DSRT applies constant ROIs on anatomically standardized images
and enables image analysis of miscellaneous radioactive tracers (*?Tc-ECD, 123-IMP, [1*0]-H,0, and 8F-
FDG) with excellent reproducibility and objectivity. The analytical process of this method is as follows: (1)
anatomical standardization using the SPM algorithm; {2) analysis using 318 constant ROIs divided into 12
groups (segments) on each hemisphere; (3] calculation of the area-weighted average for each of the respective
24 segments based on the value in each RO, and (4) display of the results followed by saving of the respective
values of the 636 ROls (both hemispheres] in the CSV file format. For 3DSRT analysis, 318 constant ROIs on
each brain hemisphere were prepared. The constant ROIs were determined on the T1-weighted magnetic
resonance images (MRI) anatomically standardized by SPM and classified into 12 segments according to
their arterial supply. 3DSRT allows for quantitative analysis, in contrast to SPM, which involves statistical
analysis.
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Table 1. Clinical features of deaf

patients Patient Age,f o Sex  Cause of deafness ' Duratipn‘ of
No. C.years S , deafhness, years
1 50 E Unknown 1
2 52 F Unknown 24
3 63 F Unknown 1
4 49 F Head injury 30
5 47 M Otosclerosis 13
6 72 M Unknown 5
7 57 F Unknown 20

Table 2. Significantly decreased glucose metabolism {deaf versus normal}

Region L Coordinates* - Analysis -
x oy oz o p

Right middle temporal gyrus 43.6 -12.1 -8.6 3.67 0.001
Right inferior lobulus parietalis 23.8 -38.9 40.0 3.61 0.002
Right superior temporal gyrus 39.6 -2.2 -5.4 3.44 0.002
Right posterior cingulate gyrus 23.8 ~-39.1 37.0 3.61 0.003
Right posterior cingulate gyrus 23.8 -23.4 38.0 341 0.035
Left middle temporal gyrus ~41.6 -25.5 -43 3.35 0.008
Left inferior temporal gyrus -35.6 -3.0 -20.1 3.29 0.009
Left insular cortex -39.6 3.8 -2.03  3.09 0.011

*International Consortium on Brain Mapping coordinates for the location where the significant difference
between conditions was centered.
** 7 values refer to the comparison of normalized glucose metabolism between the deaf and the normal

group.

Results

When we compared the ®F-FDG brain PET images of the postlingually deaf patients with
those of the healthy control subjects (fig. 1) by using the SPM method, the glucose metabolism
of the deaf patients was lower in the right superior temporal gyrus, both middle temporal
gyri, left inferior temporal gyrus, right inferior lobulus parietalis, right posterior cingulate
gyrus, and left insular cortex (table 2). The 3DSRT data also revealed significantly decreased
glucose metabolism in both primary auditory cortices of the postlingually deaf patients. We
found a 13% decrease in the right hemisphere and a 16% decrease in the left hemisphere

(fig. 2).

Discussion

Generally, cortical glucose metabolism in the sensory system characteristically decreases
with sensory deficits, owing to the absence of central sensory input. The same pattern has
been observed in the auditory system [8].

In the early 1990s, glucose metabolism in the auditory cortices was compared by PET on
a visual basis. In PET images, different colors indicate different rates of glucose metabolism.
That is, red indicates a high rate, yellow a moderate, and blue a low rate [1]. Since the early
2000s, SPM has been used for these studies [2]. Voxel-based analysis software such as SPM
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Color version available on

Fig. 1. Brain areas with significantly decreased glucose metabolism
in the postlingually deaf patients (p < 0.01, uncorrected). Metabolism
was decreased in the right superior temporal gyrus, inferior lobulus
parietalis, posterior cingulate gyrus, and in both middle temporal
gyri, the left inferior temporal gyrus as well as the insular cortex.
a 3D volume-rendering image. b Axial image. € Maximum intensity
projection.
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Fig. 2. 3DSRT data revealed sig- 021 021
nificantly decreased glucose me- 8 T 1 0 T 1
tabolism in both primary auditory Patients Control Patients Control
cortices of the postlingually deaf Right auditory/visual cortices Left auditory/visual cortices
patients.

has been widely used for the objective analysis of brain images with various imaging drugs.
There are several reports about changes in the glucose uptake in the auditory cortex observed
by FDG-PET.

[n prelingually deaf children, the hypometabolic area of the auditory cortex was widest
initially, but decreased as the duration of deafness increased. After 20 years of deafness,
cortical glucose metabolism did not differ from that of normal controls [9]. This finding was
supported by animal studies. In neonatal deafened rats, the same pattern was observed [10].
In addition, Lee et al. [9] found a positive correlation between the hearing performance of
prelingually deafened children after cochlear implantation and the extent of the preoperative
hypometabolic area in the auditory cortex. Glucose metabolism in the temporal lobe of deaf
children increases with age, and the hearing outcomes deteriorate accordingly. We consider
that this phenomenon involves the cross-modal plasticity of the brain. Because of the long-
term absence of auditory input in congenitally deaf children, the auditory cortex is gradually
displaced for another sensory center. Therefore, as the child grows older and the duration of
deafness increases, the hearing-capability score with a cochlear implant gets worse. An
FDG-PET study before cochlear implantation can predict the prognosis for prelingually deaf
children. :

Indeed, there are some reports of visual language activation studies by FDG-PET
describing that the auditory association area of a deaf child develops to process visual aspects
of language if it does not receive sufficient auditory signals in the developmental period. In
addition, this cross-modal plasticity is suppressed and replaced by normal development if the
child uses a hearing prosthesis such as a hearing aid or a cochlear implant to increase his or
her spoken language skills [11, 12].

This fact was confirmed by other methods such as magnetoencephalography or func-
tional MRI. Levéanen et al. {13] reported that vibrotactile stimuli, applied on the palm and
fingers of a congenitally deaf adult, activated his/her auditory cortices. The recorded magne-
toencephalography signals also indicated that the auditory cortices could discriminate
between the applied 180- and 250-Hz vibration frequencies. Similar to the visual language
activation study by FDG-PET, these findings suggest that human cortical areas, normally
subserving hearing, may process vibrotactile information in the congenitally deaf because of
the lack of auditory signals. Sadato et al. [14] used functional MRI to study prelingually deaf
signers, hearing non-signers, and hearing signers. The visually presented tasks included
mouth-movementmatching, random-dotmotionmatching, and sign-related motion matching.
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During the mouth-movement matching tasks, the deaf subjects showed more prominent acti-
vation of the left planum temporale than the hearing individuals. During dot-motion matching,
the deaf showed greater activation in the right planum temporale. These findings suggest that
cross-modal plasticity is induced by auditory deprivation independent of the lexical processes
or visual phonetics, and this plasticity is mediated in part by the neural substrates of audio-
visual cross-modal integration.

These facts constitute evidence that the operation of a cochlear implant for prelingually
deaf children should be started as early as possible.

First, however, it has to be determined whether there really is a positive correlation
between the degree of hypometabolism and a good cochlear implant outcome in postlingually
deaf patients. If such a correlation is confirmed, an FDG-PET study before cochlear implan-
tation can predict the prognosis not only for prelingually deaf children but also for postlin-
gually deaf patients.

[nitially, we estimated the auditory cortical glucose metabolism of the postlingually deaf
patients at our hospital, using SPM analysis. The result was the same as reported by previous
studies, namely low glucose metabolism in the auditory-related cortices of the postlingually
deaf patients.

Incidentally, in postlingual human deafness, metabolism in the auditory cortex was
significantly decreased after long-term deafness [2]. Ito et al. [1] described that the glucose
metabolic rate in the auditory cortex of patients who have been deaf for a short period is
nearly normal or slightly decreased. On the other hand, patients who have been deaf for along
time show decreased activity in the auditory cortex. If the period of deafness islong, e.g., over
10 years, the primary auditory cortex as well as the secondary associated cortex will exhibit
a low glucose metabolic rate [1]. Similarly, in postlingual human deafness, glucose metab-

olism in the auditory cortex was found to be significantly decreased after 8 years of deafness

[2]. We assume that the ability for cross-modal plasticity declines with age.

However, it has been reported that in adult deaf animals, metabolism in the audltory
cortex returns. In adult deafened cats, glucose metabolism was significantly reduced bilat-
erally in the primary auditory cortex and the temporal auditory fields 4 months after the
induction of deafness. Eventually, after 33 months, these changes disappeared [15]. Cross-
modal plasticity of adult animals may differ from that of humans. Alternatively, this difference
may result from the use of statistical tools such as SPM.

SPM is a program developed for the analysis of functional images of the human brain.
Caution is advised in the use and selection of controls when utilizing SPM [16}, and also when
considering the results of reports because there are some previous FDG-PET studies that
compared the brains of prelingually deafened children with those of a control group of
normal-hearing adults by a t test in the basic model of SPM [9, 11]. Analysis should be
performed under age-matched conditions, and sufficient numbers of control subjects. are
needed to ensure the validity of the obtained results. In addition, when controls are selected,
only subjectsjudged to be healthy after a careful neurological examination should be included.
Occasionally, there are some regions showing a decrease of regional cerebral glucose metab-
olism in SPM analysis that is not statistically significant, while other regions show only a
minor difference that becomes significant, however.

Our method involving 3DSRT aimed to overcome these faults of SPM. SPM was effective
for the statistical analysis of regional cerebral bloed flow (rCBF) changes, but a lack of suit-
ability for the quantification of rCBF values was noted owing to the positioning or selection
of the ROJ, an essential step for the quantification of brain images. As long as ROIs were
manually selected, the obtained results fluctuated considerably with subtle changes in their
positioning, and it was possible to overlook important information in an area in which ROl
had not been set. Caution should also be taken with regard to SPM in that it is impossible to
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evaluate the rCBF when the blood flow of the whole brain is decreased. In cases with a high-
blood-flow area, the normal-blood-flow area will be considered to exhibit a low blood flow,
leading to erroneocus results.

To perform ROI analysis of the brain with improved objectivity and excellent reproduc-
ibility, 3DSRT, which is fully automated ROI-based analysis software for the brain, was estab-
lished [3]. In quantifying rCBF or cerebral glucose metabolism, the radiological activity count
cannot be adapted directly from 3DSRT. Among other things, this limitation is due to differ-
ences in blood volume or in radioisotope {RI} doses between individuals. However, in quan-
tifying rCBF by using SPECT, simple procedures such as the Patlak plot method are available
[17], allowing for direct rCBF comparison between individuals. For measuring brain glucose
metabolism using FDG-PET, however, the procedure is complicated and invasive. Therefore,
we used the RI count ratio as a reference region in the semi-quantitative method. Thereby,
we set the primary visual cortex as the reference region and compared the RI count ratios of
the primary auditory cortex and the primary visual cortex between the cases. None of the
patients and control subjects had a cerebral disease or visual disturbances. Using the newly
developed method, we could compare the cerebral glucose metabolism between the patients
statistically. In addition, the previous results of FDG-PET study were confirmed.

Setting the primary visual cortex as the reference region and comparing the RI count
ratios of the primary auditory cortex and the primary visual cortex from 3D5RT between the
patient and control groups has proved to be a useful method. In contrast to SPM, which
involves statistical analysis, our method allows for quantitative analysis and indicates the
ratio of difference. Our data showed that glucose metabolism decreased in the primary
auditory cortex of the postlingually deaf patients, with a duration of deafness in patients
ranging from 1 to 30 years.

Additional effort is necessary to overcome the weaknesses of SPM. SPM requires spatial
normalization to align all images to a standard anatomic model (the template), but this may
lead to image distortion and arfifacts, especially in cases of marked brain abnormalities.
Person et al. [18] aimed to assess a block-matching normalization algorithm in which most
transformations are not directly computed on the overall brain volume but through small
blocks, a principle that is likely to minimize artifacts.

Conclusion

The two statistical tools indicated that glucose metabolism decreased in the primary
auditory cortex of the postlingually deaf patients. Our results show the same pattern as
described in previous reports. Our method invelving 3DSRT has proved to be useful as it
enabled us to perform quantitative analysis and can indicate the ratio of difference.

Functional brain imaging is an indirect assessment that evaluates the cortical activity by
rCBF or metabolic changes. Moreover, the assessment requires reasonable number of control
subjects. In view of the obtained results, we should keep this in mind at all times.

For determining whether an FDG-PET study before cochlear implantation will contribute
to predict prognosis, high numbers of study participants, individual comparison of patients
and. controls, and detailed evaluation of the correlation between the degree of auditory
cortical hypometabolism and a good cochlear implant outcome are needed.
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Evaluation of the clinical anatomy of the round window membrane using cone-beam computed
tomography (CBCT)

Takahiro Nakashima *, Tetsuya Tono ", Takumi Okuda *, Keiji Matsuda **, Minoru Takaki *,
Tamon Hayashi *, Yutaka Hanamure *
* Department of Otolaryngology-Head and Neck Surgery, Kagoshima City Hospital
o Department of Otolaryngology-Head and Neck Surgery, University of Miyazaki

Understanding the clinical anatomy of the round window membrane (RWM) is important in the era of
implantable hearing devices. Cone-beam computed tomography (CBCT) is used for the evaluation of the tem-
poral bone. The quality of the image obtained by CBCT is almost equal to that of high resolution computed
tbmography. The purpose of this study was to confirm the efficacy of CBCT for the measurement and evalu-
ation of the round window membrane. ‘

Fifty ears from 37 patients that underwent CBCT in Kagoshima City Hospital, which had well pneuma-
tized mesotympanum, were selected. The width of the RWM was measured in an axial view. Angle A and B
were defined in order to evaluate the surgical approach to the round window niche (RWN) and RWM. A tan-
gent to the facial canal through the roof of RWN, a line through the floor of RWN and the base of suprameatal
spine, and a tangent to the RWM were defined to be lines a, b, and ¢, respectively. The acute angle between
line a and line b was angle A, and that between line b and line ¢ was angle B. _

The diameter of the RWM, angle A, and angle B were approximately 1.55 mm, 25.7 degrees, and 31.5
degrees, respectively. A statistical analysis showed that none of these data had any correlation with the age
or gender.

These-data were consistent with that reported in the literature, in which the distance was measured by
histological procedures. The figure showed that angle A indicated the range for the opening the facial recess
by a posterior tympanotomy and angle B indicated the range of the direction to the RWM. The data indicat-
ed that the direction from which the surgeon could completely identify the RWN and RWM was relatively
limited and the RWM could not be observed from an oblique direction. Preoperative CBCT provided the sur-
geon with useful information for ear surgery, especially for placing a cochlear implant.
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