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Inner Ear Disorders and Mitochondrial DNA Mutation

Tatsuya Yamasoba

(Faculty of Medicine, University of Tokyo)

Mitochondrial DNA lesions are closely associated with sensorineural hearing loss in approximately
70% of the three most common mitochondrial disorders: MELAS, MERRF, and CPEO. After reviewing
mitochondrial DNA and inner ear disorders, we discuss the putative mechanism of deafness. We then de-
tail clinical features associated with 1555 A-to-G substitution in the 12S ribosomal RNA gene, focusing
on the possibility of this gene damaging protein synthesis, since muscular degeneration is observed sim-
ilar to that in other mitochondrial encephalomyopathies. We next describe clinical auditory and vestibular
dysfunction and temporal bone histopathology associated with 3243 A-to-G substitution in transfer RNA
(tRNA)Le2UUR) gene. We also discuss how to prevent deafness progression and the cochlear implantation

role in subjects with mitochondrial DNA lesions.

Keywords : hearing loss, diabetes, aminoglycoside, oxidative stress
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1 Mitochondrial DNA map (MITOMAP (http://www.mitomap.org/MITOMAP) L v 81H)
YR — A RNA, & RNA, #U 7 EBET, BLCRENLREETERLREOMBERL TV,

BN ETChB. I b KUY 7 DNA oEHEEH 2
EhEFUNRVT—THETD L I%BITLEERDH, ¥
DNA TiZH 35 1% UAHERZV. LBOEEN DS
ELEBOBRIZI Fav RYU T RVRETHD R
B, HEEROEENRI b2 KU 7DNADF L DNA
LY 9 EELEN T Lathbind (% DNA ol
EBETFRE>TASYFNE B, I har Ry
7 DNA Gl DNA @ 5 ~ 10 fs 0 & THEERIE
ZoTna ¥ Eh3).

B4 OB, BIoEREERT 5 EERRRN

C HRIHEABEETH B L THDH. —fkic DNA BHER

i, 1) EEREBESR, 2 MABRIBER 3 IR
<y FEER, ) X7 LAF BREBERD 40lck
SAMESNBD, BRI hay Y 7 CREERESE
DHEBIREINTNS,

ES5OFEIII PV FY 7 DNADEOL X TH B,

1 EORIITIZ 1 DUARWAI hay FY 7iRREE
BEEL, 2 b3y U7 LEII 3> KUY 7 DNA
HEHHEH, 1 MlEL7ZY 2 by NY TEEFRE
FEETBZLILRS. V
556 DIFBUIIER DNA L EE DNAMRET D22 T
5% (heteroplasmy &FER) . BERLAZIMaY Y7
DNA ZE7EL Th, ZOHEIT X o THIH OBIERE D%
BEPEDLDZLBHY 55, REMZHI L LT 3243 41
ODEEOHENIBVIIEED I F v FY THEE
(mitochondrial myopathy, encephalopathy, lactic acidosis,

" and stroke-like episodes : MELAS) & 729, {EWEIZIX

BRIR C BRERE T 5RBBERD.
T TRV EBOFMIINRE Okl 428) KL
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2 b RUTPEETFESICHS HEOBH

T hay Y 7TRGEOZKERICIE, MELAS,
MERRF (myoclonus epilepsy associated with ragged-red
fibers) , Kearns-Sayre fEMREEZ: ¥ 0TS R RE
(chronic progressive external ophthalmoplegia : CPEO) 7%
HBW, TNHORETIEHL LIRS, 2o
FPIODHEETERE T OB Y, X1 KEER
ETTRETER LHEEREE LT,

15550 AR TR 7 X / B EHIERIC L 2405

ZEENTTEL, 2BOT I/ EEETTE RS CHE
BEUD. TOBRBFRICIIT I REETIEERMEA
THIERET D O HRLNDY, LDBHEY R—F Y
UIRICBIS T SRR D ME SN TS, 243 (L AER
%, MELAS OIZMICHERA - 85 (MIDD) RZORKRE
L7229 ~9, 7445 MEERBEEORET B LM
& SN 48, palmoplantar keratoderma b X7+ L &h
TW3BY, 7472 HID heteroplasmic insertion-mutation T
1, BRSSO IR (myoclonus <P ataxia
2E) BERTILIREINTHBEOW, 7511 A0 &
EEIZHEUAOH L PR - RERIIZ RS2
LI Tn3 (R LKFRH 7 EBRETHMmMS 18, #
IR 3 Pt bhTn3) 198, EHLEBEERWE
LU7eRHR TR, BEOAICBESPRERIZZ O TNR
ey

T har Py THETFEEORER, RIEAHEH
(ragged-red fiber : RRF) ZBHHREOFH L L THRTHO
{(MELAS, MERRF, CPEO 7 ¥) & protein-coding gene @
ERIL L > THEURRF AR E % &2 3720 HiF72 encepha-
lopathy WK EKEKHEh3. $EIMETHERILADN

F1 HEEIRTI hay R TRESRR LR

SRR SEHEREIN
DelT961Cn  RL ( 7 3/ RS E Rk OS2I 7)
T1095C R=F 2V R

A1555G 2L (73 iR O S TTE)
A3243G MELAS, #iR# (MIDD)

AT7445G palmoplantar keratoderma

7472insC ataxia, myeclonus 72 ¥

T7510C 7L
T7511C Bl

AB344G MERRF
T8356C MERRF
KRR CPEO (KSS)
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REABROEF EHAREERY) KXo TELTY
HT EMREDND, BEMAOERDETALRARN
1555 I SERIZBNW TS, hbhvbh® R cytochrome ¢
oxidase (COX) JEMEART %4 5 moth-eaten 8 & inclusion
body Z&%e I bz FUTHEREE, 2EORRF %,
Santorelli 5% 43 NADH-dehydrogenase & COX DFFEHIET

ERELTWS. FRIC I NAER TS COX FEEE -

THRALND & OMERREINTNBIW,

EPaAVRUTEEFEREEICLIEEORERNG 2KE
1) 1555 frAZR ‘
72 EEAEE LT AN E OS2 E TR

553b0T, REE (LRBFRR) K7 /R

WSz L D BEESV B EAE, TORETR

HEESHERDD, BEFEEIZEHR homoplasmy GE

BEFO 100%PER) ThHB.

Z OREFEE IS HHEORENT, B3R, M,
ELENTE SEEE GEEPZV), #7155,
HDEWEFXDZERER, LEHLND. HHEORE
BT EAERSD LR, —BRIERIEWRE, T
X EESTEERSEOH D DOIZE X v iEE i
BT 5K 21 1555 M AEROREN 2HORRR L
WhERT. RLRRART 7 RSk 5 s
ROHTSEFDBEL TV, 0 2 EFIEERIZT
I B ERR ST R RIGETE O Z R L
N3, '

1555 {7 AR X ZEIEORERFITEN TR .
—fic7 2 RN EEOERBF IR Y RY — Ak
B DEHARMEE L MEEEERMLNTHER, &/
EVETHD. 73 EEERERIYRY —LIFHT
AL TA Yy Uy —RNA OEHEHARED
®, BEHAKRZHEETS, eboIbar FY 7 DNA
15550EE B T XM E A DIMELIE E Tk < REE S e
BbY, 7T HEEREEOY Y —5 RNA ~DOf
B O—2THB. ZOWNMOEREESME IR -
DPEER R XTI LB/ TRY®, 1555 fiH
TEIZEY 128 VRY — A, RNA OFEREDLoTT 2
JEBEEREER ORI RD T LANREINTR
YN bbb Z OERZEA LT p0Hela #lBIZE
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o Tinder,
ol EETE I 7Y ERSE R OEREE. KA TEHRE.
(—ECHR 3 & 03I

WTC, AL 7 h=A YVt T 3RS HENRTETS
LERNWELTNE®,

73 ECRE B ESER CHETES A U B EIE, 1555
PMALEEEMALEEHTCRELZLEZZLNS. EW0W5D
VI, ERERE - PHEENKEEREIHEBA LT
A OSBRSS ILLY, 1555 P AEEEN CIXRT
BE - PHEEBRITITIER N R E, BEHIESHES
2 Z Lt kB, WFORBBEEIRIECK~ 105
Wb, BFEOMEFZPHEMIATIE K, Na¥, Ca2*
REDATVEREDPEAT, TRHIZET S ATP BAEIRR
Fary FYTZTEEINTWS. Z0EHBIFar Y

THEOMEIREILIVEELITVEELbRE.
EBBO I hoY FY TRETFREE (3243 MATEDR
%72 Y) 12X BHEEL T, NEESHEEEMIA0
EHIERTHBOR, I - FREORHESTH-ITE
TeNTND T LB NnHI,

2315550 MBI LR OE BN D T 3 EllE
BB L ESER SIS LEPNDE, KO
RICT X EREAR SR ERIT b b b TR R 4
Tl b 0bRBEETS. Z ORRIETTFETH B2,
HRETPRNOMABNEE L TV BT Z R b0
TW3., bhbhIA ML T h~A VIUHEZEZROA b
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B3 mitochondrial DNA 1555 i 525 8 OFFHTHE

(EE cytochrome c oxidase (COX) #ufs X100, 4‘:’1‘_{: modified Gomori tnchrome (mGT) Hfs X100, F 2 8 ZHBET

SEAAESFT R, A : X8000 (inlet X40000) B: Xx23000)

COX FEMIIAE—IRIETL, moth-eaten appearance, BELUCABOFIELHHESABND, BHBETIEI bar FY TH fzE

ABBEFETS.
(—HBCHR 3 & Y BIHEE)

<A REERI I REE L, TORFEORWEE T
EHEOBERETY, MEIELORNR (COX O BERE
ST % PE 5 moth-eaten 8 & inclusion body Z&¢r 3 b
ay R 7 oOREBER, PEORRF) ZRAHTHWS (F
3)9. Santorelli H? 1% 1555 fif &2 B heteroplasmy T
HBOLHERRICBNWTERKS @ NADH-dehydrogenase
& COX DEREMEMETL TV ERELTRY, T
b OFERIT, 1555 MLRERIT Ko TH L PR IMEHE O
BRERIZHIE L2 &, SR EHBRHTIEI b
aY RY TR - BEEOBREBEL 32 LR L T
W3, ZOREFTIEGREOBENMDZILT, T3
J TR O MIESE U A RS H 5.

2) R43NIEEER

3243 PLAZEB TIX heteroplasmy BEWVWBEITIX

MELAS %4 U, WS A 1013 32 10 5T L g Rs 2 % Te
(maternally-inherited diabetes and deafness : MIDD) & —
BrEZBNTNG.,
HRGERSERETH Y, MUK TR ~EE
EEMHERT (M4). H2< L MYIBIT 58NS
FEMRRLIZPIE L% X B TWAO, LRC ORI T
FTATHARLBETHY, HHREZE L bR
V. ¥ E SR B Y ICRIEE T £

HERLTBEY, BhEoRBERLbORRMoT.

MR B O THHELZEMNTRATEBNT,
WRRERF QTR VI FIRBLOET 42 & 0BRSS
BRETARRERE bR T,
TR A ITETTT 5. SRITOREN % 8 4L
FEZEL 2 = MIDD 7Tl OFEEH OB ER 5 itR T
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1 RIASEET 72 o CHUTH & CHEOE NI Rz,

heteroplasmy BT & BENZEHESE L A ERIH S
8, FO% OHETEOMEST LR S R R o .
723 3 P GBI RGR ICEER RN E L LT 2o
o3, & IKBESRES T0dB ##B X3 L AEE/kOE
BREESENE B oTe. T OB OAKE/IES
IIERFFOH &b SN, BEER>TNEb0bd-o
To. T2 BEERKE IOV TH heteroplasmy BEWIE ¥ BEY
IZFEHE S DR S B2,

AR A RE TR, WHoBETIRERIZ
LAERVWENWIDOBE o, L LRI AE
Bo TV L, RATEFEEEPHS Z & bEHL T
5. BEDOLNDLIRORE TIE, % OERBESHILD

EVWEFHEL, EEEDEVOEED 1FTRADE. B
EHERE TN cHMOREBSETL, ik
EERBZELELbORDTLTHoz. VEMPHRER
FifT LT fEBI T DR TR 2o 2. 723 VEMP
PERIE T H - I ERERASIC X 52 VEMPKRZE
PRALEEL IS, TRTOEFTRESHY, HEEL
BURICEE BRI OW TR R OBENRETH S b E
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I haY RY PREERIES VAL A QIO R E, W
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BWEEI by RY THEBBOEEZE LT EVWIE X
FBDY, TIV~STINAIR Ty —REDEED
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I bar RY 7N AEROBE TR OBRIER b1
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PO TEETH-Te CRREF—%). Z0oZinrbd, 7
Y—STHARIAY DY —2RETE LT, D
EDTHEEROBIETZIH TX 20 TRRVAE
HEShDY, ZOEMIINHL0OBRETHE. 2B
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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; Harvo Takahashi, MD;
fzumi Miyamoto, PhD; Kenya Chiba, MD

Objectives: We evaduated the cortical activity of 2 successful prelingually deafened adult cochiear inplant (CI) users
who have been trained by auditory-verbaVloral communication since childhond.

Metheds: Changes in regional cerebral blood flow were measured by positron emission tomography wsing B flasrode-
payglucose while the subjects were receiving awditory language stimul by Hsiening to a story. Ten normal-heacing vol-
unteers were observed as age-matched control subjeets,

Results: In both eases, the auditory-related regions, when qcﬁ:mgsmvgi o same regions i the control subjects, showed hy-
permetabolism in the left dorsolaterid prefromial cortex and the left precenteal gyrus — stmilar to that in successhul 1
users who are prelingually desfened children or postlingusdly deafened sduits. Both subjects had the ability to activate
these arcas, and this gzbshw might be one of the reasons that accounts for such exceptionally good performuce n older
prelingually deaf Cl 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-verbalioral education that the subjects had received since
chitdhood.

Conclusions: Degpite the Himits imposed by the small sample size and the spatiad reselution of positron emission lonog-
raphy, this study yieided fnsights into the nature of the brain plasticity in prefingually deafoncd sdulis who are suceessful
CLusers.

Key Words: auditory cortex, auditory-verbalioral cducation, positron endasion tomography, regional cezebral blowd fow.

INTRODUCTION cal reasons for such exceptionally good performanc-
ey in these émpizmief“; arc considered to be related to
the recently improved quality of cochlear implants
(Clsg)!+16 {‘i(iz’m‘ use of an aurally based educational
program.? However, there have been few studies on
fupctional neuroimaging of cortical activity in suc-
cessful prelingually s‘ﬁ‘"‘ii adults with Cls. The aim
of this study was to evaluate the brain metaboliv ac-
tivity of prelingually deal adulis who are successful
users of Cls and have been educated with auditory-
verbal/oral communication since early childbood,

Although cochiear implantation is recognized as
an effective reatment for patients with severe to
profound sensotineural hearing loss (SNHL) 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 gut as the
most important factors in influencing postimplanta-
tion performance ¥

On the other hand, there has been some literature MATERIALS AND METHODS
reporting good performance in language perception Subjects. The subjects were 2 prelinguadly deaf-
even in prelingually deaf adults 12 We reported that ened adults who constituted 0.7% of the total of 279
cochlear implantation can be recommoended to some patients who underwent cochlear implantation o
prelingually deafencd adults if they receive good ha- Nagasaki University Hospital from 1997 1o 20(0.
bilitation with consistent auditory-verbal/oral train- Details of their clintcal miormation are shown in
ing using well-fitied hearing aids (HAs).1 The ¢lini- Table 1. Both of them showed 90 dB or worse hear-
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TABLE 1 CLINICAL INFORMATION

Subject 2

Subjeet

Age at C1 iy 29 b4

Sex Pemle Male

fmnplanted ear Left Right

Time since Cl 7 mo 24 mo

Age at receipt of HA 18 mo 18 mo

Edueation Dreaf und ardinary Dieaf school
school

Cause of deafuess Unknown Unknown

Yos {father
amd brother}
CT -~ cochlear hplantation; HA - hearmg aids HL - hewring Joss.

Furnily history of HL Yes {son)

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 1 received a diagposis 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% years. She
attended an ordinary elementary school in which she
received habilitation by auditory-verbalioral com-
munication until high school. She underwent co-
chlear implantation at 34 years of age, and positron

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 abilitics with the CI were excellent, leading to
improvements in the quality of her life. Her use of
the Clis the longest and most successful among pre-
Hngually deafencd adult vsers 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% vews, and at-
tended an elementary school Tor deaf children in
which he received habilitation by auditory-verbalf
oral commumication until high school, He under-
went cochlear implantation at 29 years ol age, and
underwent our PET-CT study 24 months later, by
which time his communication skills with the €I
were excellent,

Ten right-handed adult volunteers {mean age,
27.1 years; age range, 22 to 34 years; 6 mule 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

Pig 1. Zescore mup computed
by iS5P (nmerface Stereotactic
Surface Prajection) application
INBURDSTAD+  shows  in-
eregsed  PR-flnoradenxyelocose
uptake arcas examined by posi-
ron ermission wmogtphy-com-
mted fomography. A} Subject 1.
B) Subiect 2. Cortical activity is
shown o3 grading image of more-
doviapt regions b osed 9 and
fess-deviant reglons in puple (8
by pixel B, BT — vlghty L, LT
~ Jefty LAY - lateraly SUP —
supsrior, INF o inferior; ANT
— atgrior; POST — posterion
MED -~ mediall BA —~ Brod-
wany areal 8T — suparior lene
poral gyrus; DPLF — dorsolut-
eral prefrontal cortex: PC - pre-
contral pyruss AC — antevior cin-
gulate gyrus.

%
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Fig 2. Decreased BF-fluorodeos-
velucose uptake arcas exanined
by positron emission tomogra-
phy-computed fomography. A}
Subject 1. B) Subject 2. BA —
Brodmann areq; IF — inferior
fromtal gyrus: MO — middle oe-
cipital gyrus; 10— inferior oe-
cipital gyruss MT - middle tem-
poral gyn I~ superior tem-
poral gyrus.

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 MBy/kg of BF-fluorodeoxy-
ghicose (BE-FDG) intravenously 72 seconds be-
fore the PET scan of the brain. All of the subjects
were instructed to listen to a 40-minuate 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 BEFDG-PET scans were performed
with a Discovery ST PET scanner (GE Medical Sys-
tems, Milwaukee, Wisconsin).

Analysis of Scans. The original BE-FDG-PET im-
age data were transformed into a binary format and

then into a siereotactic standard Talairach space by
use of the 3-dimensional Stereotactic Surface Pro-
jection (3D-SSP) application of the INBUROSTAT+
program,t? and the cortical radivactivity of the 2 CI
users was compared with that of the group of nor-
mal-hearing adults. The usefulness of this program
ag compared with Statistical Parametric Mapping
(8PM) has been reported,!7? 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 hmages
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 leved, the
aided hearing level with HAs, the preoperative and
postoperative speech discrimination scores, and the
speech perception rates with Cls 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 OUTCOME

sioct 2

Subjecr £ Se

Before buplantation
Mean hearing level right ear
Mean hearing leve! left enr
Mean aided hoaring tevel

RS 4R 103048
S0 4B 2{3‘3 OdB
52548 £.3 {i%ﬁ

SIS (auditory and viseal) 43%

S5 (auditory} W
After nplantation

Mean hewring lovel with implant R7dAB

SDS (auditory and visual)
SDS (auditory)
Specch perception tufes®
808 -« speech diserimination scor.
“Chnly open-set seotenees withoo heaving sids.

chicar 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% t0 47% and from 0% to
37%, respectively, Their postoperative speech per-
ceplion rates, which were tested by open-set sen-
tences, were as gaod as 90% and 85%. respectively.

Regions showing significant increase and de-
crease in BP-FDG uptake compared to the control
subjects are displayed in Fig | and Fig 2, respective-
ly. As for the auditory-related regions, the PF-FDG
uptake was increased in the left dorsolateral prefron-
tal corfex, the left gzcmntmi gyrus, and the superi-
or txmpsml gyrus (BA22) in both subjects (Fig D).
Only in subject 2 was ﬁypcsxmmbcxizsm observed
bilaterally in the anterior cingulate gyrus (BA32:
Fig 1B).

O the other hand, hypometabolism was observed
in the left inferior frontal gyrus (BA46) of subject
I and in the left middie temporal gyrus (BA21) of
subject 2 (Fig 2). As for the visualrelated regions,
1}} pometaboii%m wias (}bﬂ:wvcc bii;ﬁemi‘i‘v i;; tbg ¢~

DISCUSSION

In many of the previous reports about preline
gually deafened CI users, the results of deaf chil-
dren were compared with those of adult control sub-
jecws 2024 However, the glucose metabolism in the
brain changes with age, and this may have had an
inftuence on the interpretation of brain activity re-
sults 2223 Therefore, in this study, we sought to com-
pare prelingually deafened adults with age-matched
normal-hearing adults in order to avoid age-relat-
cd errors in interpreting the rosults and identifying
neurophysiological factors that might determine the
outcome of cochlear implantation. The brain meta-
bolic activity of prelingually deal adult Cl users was
evaluated by auditory stimulation only, i order to

avoid vispal-related effects such us 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 reas aning, control of attention, and waorking
memory, 2547 In posthingually deafened adult sub-

rots who showed good performance in language

perception with a CL, this area was reported w be
activated while the subjects were 1i‘<£mﬁnfr {0 voig-
ex, 2% In prelingually deaf children with a C1, post-
operative speech scores were cm@u‘zmi with en-
hanced metabolic activity in this area, and subjects
in whom this region hecomes active §N{’E£§5I sponta-
neous bruin activity are believed 1o 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
Ii‘%.,f('?ii‘s are erucial i(ii is}?ﬁ*’fld“@ p?"(}(«(’“a%i{}%‘ and are
p ;&mwiai.?} implicated in processing of speech with
a ClI, and deaf subjects who engage these regions
tended 1o have beuter performance.®® According to
those results, the ability of our subjects to activate
these arcas might have been related to their excep-
tionally good performance with Cls.

The F-FDG uptake was increased bilaterally, es-
z\ecia!by 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,

Ouly in subjeet 2, hypermetabolism was observed
bilaterally in the anterior cingulate gyrus (BA32),
and this area is believed to be involved in attention
and arousal processes 03t Although both subjects
were successful C users by the standards of pre-
lingually deafened adults, %ub eot 2, who is a more
recent user of CIs and has im% developed speech
pe rmpizon skills with Cls than does subject 1, often
needs to pay more atfention when cammunicating
with Cly thun dogs subject 1. In other words, subject
1 does not need to make as much of an effort wham
communicating with Cls m daily life.

As for the visnalrelated rogions, the integration
of audiovisual inputs in auditory speech perception
was rep@r&d to be crucial for suceessful speech per-
v:piw;} in subj ects with Cls in a series of neuroim-
aping studies 2822 The bratn activity of children with
early-onset deafness was greater in the medial visual
cortex and biluteral occipitoparietal junctions after
cochlear implamation, 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 coriices.™

*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 seasation since childhoad,
Because communication without viswal informa-
tion is a part of the auditory-verbal/oral education, it
may be thought that the auditory center of a subject
who was edumtxd in this manner becomes aclive
so as to avoid utlizing 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

inappropriate anatomic  standardization.’” More-
over, Statistical Parametric Mapping (SPM) nor-
malizes the metabolic counts to global counts, and
INEUROSTAT+ can normalize pixel values of an
individoal’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 adulis, intensive
training by auditory-verbal/oral  communication
since childhood may activate the auditory-related
cortices by language stimulation through a C1 as
in postlingually deafened successful CY 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 stody vields insights into the na-
tare of the braio [‘}ixi%ﬁ&i?% in &,w:eeuﬁ adult users
of Cls with prelingual deafness.
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Universal Newborn Hearing Screening in Nagasaki Prefecture

—Experience for 4. 5 Years—

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

(Nagasaki University Hospital)

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

New born hearing screening was started on a trial basis in Japan in 1997,
Community-based newborn hearing screening started in Nagasaki prefecture in October 2003. We
investigated 45, 924 infants who underwent universal newhorn hearing screening from October 2003 to

March 2008.
Ninety-four to ninety-six percent of neonates in Nagasaki prefecture were screened in from 2005 to

2008. The referral rate after the screening process was 0. 5-0. 7%. The incidence of hearing loss was
0.15-0. 20%.

We compared the age in lunar months of the screened and non-screened infants at the time of
diagnosis, intervention, fitting of the first hearing aid, and the age of cochlear implantation. The age at
the time of diagnosis (p<0. 0001), intervention (p<0. 0001), fitting of the first hearing aid (p<0. 0001), and
the age at which cochlear implantation was performed (p=0. 0025<0. 01) were significantly lower in the
screened infants.

These results show that universal new born hearing screening is very useful for early detection of,
and intervention for infants with hearing loss.

The integration of medical, educational, and social assistance is very important for infants diagnosed
as having hearing loss after newborn hearing screening.

Keywords : universal newborn hearing screening, hearing aid, cochlear implant
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