@f&#ﬁﬁ
%L% Y CTO¥RICLY, IThETHER
BRI LU T @ & 9 D3 b o o ENVE IR A
DR THEIC 2o 7z, ZWIHERERIE (mult-
planar reconstruction : MPR) ’3:../\7"2?7@5!{4\
@ﬁﬂ@iu%;~f,fﬁ#ﬁﬁawnwuﬁﬂ4&$?'
BEAOBHEHDH HIHESHI®RID, 71
?‘“: “?}*éctxﬁd figge” LwvoTY, 7’7"3'?—:‘5‘0)
REHASIRACH H, WEHERE L TRV LVE
BT ORI B & E 2%,

e

oo, hEEEEORTFBRESPIE, EEW
it AN E S f EFEDET, FREBIPERE
T3, HE, ¥HEOEHLOWEEREPHES

RSB H DA, BE {J}OD B St
B - HEEHESRGELR I P TEIA
B, WNRGCIR# f[;\n e R Hi5HE,
i, ELIBIE EIES O STREE NS
7o®, I~BERILERILE M£D/L?%m@
FIRETH 5,

7272, E/NE RO BRBE IR L R E
Bl & it 2 ZBUICENN T, BBRIEH OS5
HEFEAGESBEE IS, HEIEOHFLBENIC
i, MRIHOGRHEHGSER TS 2Y, NEEH
ZEEIENICRT AT 7 I EFMIE, FHNCLEE
TR % gusher (BERZOMN) a2 i E 2
FEELCHESERE NS, £ CICHEEEDR
Bz 7 7 2 HIEHEED gucher faEE-F e LT
Rl TR o RWITRTH 5,

BRYEIE DG, ﬁmﬂ’c."“" BRI EED
A PSP EEWE 2 RR 5 CTRFR L L T
BETH 5, 0.5 mm i TIRE T fissula
ante fenestram Jﬂ.‘fﬁi}?:} !@1%3 L7 MiiK - Tk
EAT RS L EOSER THERE T Y, BEKF
AR RS L }'ﬁ‘i-iqi = (EE R

) MBI L R TRAMEN~REIEE RT3
M ETEEE” <L, KSR T 7 IBEED
o TEk h HEWIEDMERES] (far-advanced oto-
sclerosis) & # Z 5TV 5, IWE@??%% &
LTHbOEbR TS H @@T& TRER
BETH 5B,

ﬁ
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FANEREDIRA > &
. BEREREHR (FEFR)

L) ?uéi-?'& W THERIBIC Ao THAENS Z
EBG D o7, EETRITERERA Y —=
YIDERICE D BEIAFERShSHLEML oD
H5, 7, HDEH @"%L' e H R RO BE
T, PEHEAKBBRLETHESERE T2 LA

5, AIEDE /Eﬁfr'*:ezsu%{f'c R, EM\%I%
TR IiH 2 2 & Tl L O

s h, BEBBICHEALEETRIZL u%ii-}-
EBPHLDTHEENLETH S,

REEXZDUEPFHOBNTH L L, MF
EHBEEDEFEPE s R WIRETEFHHEIT
ORTEIZHEE L v, T i 2, SRR
JEREMEREE D, PHANEHEORBE, AEERYD
REBE pofiEofEa, 2 FR 0B
B, BEEEOEMRCZRE L TRET S, @
;’i*im@i%{v.?iiﬁﬁ% i WEPKELOT, &

R SHIIEREMZ SO ERSLETH
5, ZORET %‘F"T%xfﬁ:& DIEEMEIE N
FUFRAERFTH FMICB AU 28650 H 5, Bl

BEFETHAUIREISEE SRS 08, EEINRED
%1%)5@4—?41 3Pl (L LIRFEEE THOTHRE

» BHI T 7 L E RSB UL ORI

HZBREOBITOMESTMLLETH YD, 10K
I’“' ETHRDOPR—ENEEbND, R {ffi%“:?-*tft“‘*
e 7 7 L BEEE THEE D DRI

LY, EEofigllz “4?§?§%ﬂjaa'i£7b>@
Wi, HfERRATORSEESATYL, 77346
Ffl vuiéﬁmi‘” = DN DRI R
THREIKRE Y, B i'fi:@ig} DEHTHIE D FEA
FioiBECTh 3, FHUHHCRERESEICHE

A Uinohs, HEp W@K":)ﬁd*’(ﬁ%‘?filém

HEMRIEEREEBRIB TRELRA Y vy ML D
MmoTHB,

2. EE{bE

SR A BNS R L T2 1000 Hz DR B EE D
20 dB EEHL KT é*i TEOBEET D, FHICHE
B BECBL TEYEIZHERTHET S
75, BEBEOE( Lo THAMERESHU S
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L%, REBROBEIGMEHERRETH 22,
SEOBEICERENS 2 GEICRENB LV E
WED SRR S, SHEOFMNIS 0w TR
FoBP BB OFREIE U THAR 1 ELEHnd
Bo REWODBEZFIIAIMOFMSHET 2208, i
SR L O BEEMIC LRI b REL
mhéﬁﬁﬁﬁﬁﬁoﬂWﬂWﬂl Sl lrPETR
I T B FHTOMIG I 4 OB CHEM IR
PO THET 5, WHNZAEE T3RET
HNFFHOMETH 5,

“w@@mr VRO IRAHEIEAII S L TR

RS & B TEER R R RO EE DR D
Hm *H 5, FEFHAHECHNSRERYRTE
FEDSH DHEE, ERIEED S FHETHD
DEBITH 325, BUEHEOENKEWE 22X
EIERE & b JE BRI o i R S i il =
NTOAAEEERSH DT, Z0O LX) BiliciE®
ke 7 7 LEFMERA L O L) EEICHTNT
%, BIEEICNT 2 RHHESEEETCH I RE
T, FRICHHUOSERABE ISR TE R WHAD T
7IEFEMERRTH 5, M-I O HEEES

&

u

(%

FHoBWT, BEEMED 45 dB PRAThiLE, HE
DAL B HAESE (Baha) OMIR»H B &

LIERIBH L TR A BESH B,

M E b SEREA A TN BRI EE e (SRR
THEEMI 90 dB BAE) (0T 5RO F S T
FIALABEOMISEHNTE I iR sh, I0
L, T 7 BRI N 2 EREAT
ORERFE L ATHEIC X D b7 6 SN B
T BT 2 03505 %, AR ORER
@ﬁ&ﬁﬂ@ﬁ%&kl%ﬁ&ﬁﬁ%%f%é

, — 7 TR B SO MERRIRZE I & O BRI
ﬂm#%t%?h%%&&ofﬁﬁ,ﬁmT&
WAREGE AN X ) BIERE D 0 ALAREREDES
LI EHBETREREETHBY, Licho

DFEE-F4y A hl
HICANTHEIZ
TR - /-

T, T7TIEFNERTEE, 2
PRSI SB S e o 145
HAPIZ EWI b, ERICE -
B E 3,

bbb

BRETRIERDEETRN FAgHR, 77
SEEMN BT BFHOBCHEICW5 70
R EEFEZF PO 72, B il
DR LAl D STHRST 2 B S 7272 & 720, SEET
i, EEEEMOAEIGE L LT, Baha R ALYR
Ea&AI%ﬁ%@ﬁfvayucwfg%%«
DISRRMESBRIEIC > TE 72, 58, BEAKR
15(162 J.’. &ﬁii i ‘; 0ﬁ£ﬁ5ﬁ‘§~—§§ é’. %.) ﬂ{%/\/‘f, {l‘(‘a
TN OMSRENETETEHMC 22 Z L 5F
MEns, BREEHNZESLEELT, bitb
NE SHIERIE OB o T ¥ 2 Bl 2 197 %7
27-0DEES, INFETLEICEELEZ 3,
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PIEZ5IB % B 5 AN TP B R B O

FEGHZRR, IIWFEE, AR F OESPT, UFXETF BREEE, BEEE
MRTLEREE > & — ol Bk e B S It

BE YHCATHEFRMNZITo /NERFFEFILIH % Sennaroglu 58I & 5 FHFEO
BMEATWEMfHE~y 7, WD EMBRATAEERRRE, AiRORTHERSCSES
FEORAE, BEHRELOBEZFML, COSEEREOBERNZLEMEIZOVTRE L 2.
ANEFEOWIRIE 2 #15% common cavity (CC), 2143 incomplete partition type I (IP-
I), 5 #1727 incomplete partition type II (IP-1I), 1 #5127 cochleovestibular hypoplasia & coch-
lear nerve deficiency D& H:F (CVH/CND), 1HI2SWNEEk%EE CND O&HBITH -
7zo IFIFSBIZBVWTATIHNETEREZRLIOIIEE L YV RELEFELZLEL L,
EROMFZ 295 CC L IP-1 046 2 FIEMHE T HIULE, SHERZIREFT
Ho W 2HERRTELDEDNH o7z IP-IUSHIET R TOREHE THEREINE
IFCEE/ATA TR -EF2HEHAL Tz, CND 55 2 BIILM# b B U
FREORBEIABRTHESHEOMRHAELEL Uiz, IP-1 & IP-I %8519 % Sennaroglu
DL MRIIZ X 5 M4-HiE o 37l 0 BRR B B FER S o

—%—7—F—

MRATWRE, AEHE, SBEBIOE SHeE

U &I

MAROATHE IR, BROBESCHARORZI
KELZBERPRIZL, ZOEFHEIICDONTEL D
HEVERNADP L 2 ERTWEYY, AEOALHNE
1, E9, RAOSHESRRES»OREI N
A, 19984 ICHE S 7 HAH RIRER221 X 5
TATHNESRZEE] T/RE~OBEFHE SR,
HNEFEAOWTH LT LOIERIIEL e S
n7¥, Ei, EEOEEZHOELT, XM
TRBEHEOTH T RE L 72 0 NERESHESOA
ITHEREDEAREINTNEY,

ek, WEHFEACHT 2 ATHEREOHRED
% < I Jackler & Luxford 59 O NWE & © 453
(Jackler 778) 2o THMEI SN TE 7/ LA L,
20024E, Sennaroglu & Saatci® & Jackler 3B 2 B

7% “incomplete partition” DHIZ2 DD R B
BARHrELXRML, #hoz, BRIROBIELE
TS AS 72\ incomplete partition type 1 (IP-I)

&, BKMEERCREH 548, 5 2 [\l L TR
MERLIRIZAMHE LT 5 incomplete partition type
I (IP-II) (257 B % P8 L 7~ (Sennaroglu 4738,

1)o #0t, WEZEE% Sennaroglu B2t -
THEL, MNRATHNEOREEZBRE LAHRE b
BRonb L3 Tho7208, RIEZMROERITG &
WEZ RV, T, CTRIZWERHOBZH 21T
T72<, MR X % W4 34 0 B S fa 48
ShTwa"Y, &H, 4 ISR TATHEFR %
1o 7z/hRNEHEH % Sennaroglu (ZHE - TH3E
L. MRIC X 24D BRIZE KL T
HBROR LR v 7R BB & OBE % 5§
BT, INLOTEEORKIZLEIION
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‘a)Jackler&SennarogluD IR 5 D ELEL

Jacklers (1987)

Sennaroglu (2002)

Michel deformity
Cochlear aplasia
Common cavity

Cochlear hypoplasia

Incomplete partition

/
T~

Normal

b) Z DDA BRI

Michel deformity
Cochlear aplasia

Common cavity

Incomplete partition type I

(IP- 1 ;TR0 Ba4EL)

Cochleovestibular hypoplasia

Incomplete partition type I :

(P-I: BERIEREIBE#A HHH, F2

ElR&IAREEAEIKISE )

Normal

BIBEZFHZ : Michel. common cavity. $ERZAL. {EMERL. IR

FRESW BB ERA X

NEER 2 BB IR, K

HIREKE LB /NEDB R HERHDNELES
1 Sennaroglu ME 2 E58

THREH L7220 THET 5,
HRROTFE

MEW M ERY v & — 2w R b B B ©
2004411 H A 5201048 6 A £ TIZ ATNEFMH 44T
5 7218 KTHO/NBEFSIEI O 9 b, M OBEE
CT RO MRI THEH 2 WIZNEBHHIHD Sh
TIEPIEISPICH o720 ZD I LUTFOEETRT
IZOWTHREPTEETH - 2116 (BB 64, B
58)) #&EONHEE Lz,

MEHEEBIE 1) AESEORESHE 2) FiE
WG, 3) WHTOBEEES & MBEsssE EE, 4)
BAATIWESEE vy 70ORE (BHEEEK ~v
TING A= LERLAIV), 5) WHEALNEER
Bl 6) SBEWIULE 7) SHERE 8 BHEW
WE, 9) HHSEATA7, O9HETH 5, K
B0 453812200248 12 Sennaroglu b 258 & L 7>
SEICE TV TTo 7, T2 RIHIMZ T, MRI
THSMESHB SNV, HEIZET XY H
I K i BN TW B 8E % Glastonbury b D
W EY I # U T “cochlear nerve deficiency”

(CND) & L7z

EE AL, MERERSSE6 T ANED
6PITIE 67-SEHERDHEFH R TY-89 DHRHE
EE, EHICTCDICL B A Y~ % —H» 5 65dBSPL
TERUFMA L 7z, REET CD IC X 5 EEIEIUR
EVFRETH 72 4117 AT O 5 FCidiisEH
Pk I L7z A2 )= COBERLTTY-89 ®
WIRFEEEY, % 65dBA DWETER LEHMAE L 72
EEARITR KRB ERE LAV CEHMEL 72, 7
DB, MEFZEOERITZERE L TEFERETHT
o e AR I Bk T T AR e A IR T
FEREXFEEMER L7z, FaEHEEOFMIIER
B CHE LR R OREELEE 5 EM LOERK
REBOHHEEEEL2ATHERL, [1: X474
51 o [5: @ THRR] $TO5RBETH
il 720

] *

1) WEHEGEE NTHNEFMEER, A
JIvv, wiEERREAEE EL) ,
1151 DN E Z 54813 common cavity (CC) %452
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®1 WEHHFESE ATWEPRIFEES MEED LV, BERERE

WWE - 45780k | HFAE - 458
SEF W E DWEAFTE DS FHREEE WHHERED L~ IR F A
(dB HL) (dB HL)
1 common cavity (CC) 2E1HA 115.0 60.0
2 common cavity (CC) 234 H 103.5 87.5
3 incomplete partition type I (IP-I) 6104 B 112.5 53.8
4 incomplete partition type I (IP-I) 2T A 97.5 65.0
5 incomplete partition type II (IP-II) 3148 117.5 66.3
6 incomplete partition type I (IP-ID) 2H7THA 90.0 56.3
7 incomplete partition type II (IP-II) 20 A 1125 78.9
3 incomplete partition type II (IP-II) 234 93.4 60.0
9 incomplete partition type II (IP-II) 164 A8 92.5 62.5
o | e s OO s an |
VEEE
1 cochlear ni’ve d:)ijikciper/lcy (CND) S®2AA 934 663
T = AR 36.6+19.0%H  102.5%10.4dB HL 67.7+11.0dB HL

B, 1IP-1A°2%0, IP-11 #°5 %1, cochleovestibular hy-
poplasia (CVH) & cochlear nerve deficiency
(CND) O&PBIA 16, NEHFEZELLRVHRE
ERFE & CND OEHHFIN 1 HITH - 720
ATHEOFHEHEEIZ 1R 6 B2 5 6 104
Altb7z ) Fi5T36.6x19.07 B (FH=iZ#E
E) ThHolzo WHED 452 X AMMHEFYS
BES3 L~V 102, 5 10. 4dB, Ml B OWTES:
3G B IZ 39 67. 7+ 11. 0dB TH - /26

2) HRATHNERE L HHEEERE fHa-F
1Lk - NV RIBEBH LAV, EEMEISOEE
(%2)
ALREBEIEF a7 L THET, 20l
Cl24M: 2%, CI24R (ST): 3%, CI24R (CS) :
4%], CI24RE (CA): 2HITH o 720 HHBEMEK
&, 128 THh o 7ER 2 DA D1081&TT2R (£
BAB) Tholz

I — FbEL 118146 ACE B2 $-H L7
BESAM RN SNAEWREIET /97 A —
Y D1DOTHAHNABIIONTIE, MHREHET
BB 20us TEERIELNH OXILBIF 3 HIOHK
T, o 8FITIE37us L EICEREL < v 72 1ERK

Lize ¥72, BEPICTYy 7THRELEBETHOE
FELRVIR2OMBY THbH. BFOT LIVIEE
BABEONIEABRLNV, CLVIERRES
K SHhWBABRL ANV TH B, CC O 2
T3V AE 100psec, T LNIV167~197, CLN
N204~218 L FFICRELBHEZE L2, T OEH
2TIHCLALEE2 ICRR L REEN T2
& ERIBCCHEEARRIEAEED 5N C LIV OHIER
POHBEERVEEETLFAFIv LI VDTY
TERERTAHZEIIRETH o7 Y DI0BITIX
ATHEERHES, BTSSR 5~
v TYERAOE L b o 72 :

3) MAEEMER, MEATLNEREEEE WE
EETRIURER (R3)
MEEBERIZEITAPLIR0ONAT, A
THHEEAHMZLIEL VAL 3E6 VA THo
720 MiE AL H ZEFRAE LT 38. 4+ 3. 8dB T,
AR RS FIRE (67. 7= 11. 0dB) 1ZEE~TH 30
dB IR L7ze EREEEUEERIE, CC2HIm ) BIER
1 TIZHEFEL00%, HEHIS0% & BIFTH o 7248,
CCOER2TIIHEEOBERRTH o 120 IP-12
BD S BIEF) 3 ITHEFESS%, HEH40% EARRTH
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F2 HRATHEES SHEER EHI— MMk - SV RBEBR LAV, BRI O F &

. BEATHERS, | BAT— FUE/ OV AR | ATHEEEHEEO
= BRI T/C VL AR D A
ACE / 37usec
1 cc CI24M / 22 L
161~164 / 207~216
ACE / 100usec
2 cC CI24R (ST) / 12 HY
167~197 / 204~218
ACE / 37usec
3 IP-1 CI24R (CS) / 22 L
169~172 / 210~214
ACE / 37usec
4 IP-1 CI24R (ST) / 22 L
154~160 / 204~210
ACE / 37usec
5 IP-1I CI24M / 22 L
; 176~188 / 219~225
ACE / 25usec
6 IP-11 CI24R (CS) / 22 — L
147~171 / 210~219
ACE / 37usec
7 IP-11 CI24R (CS) / 22 L
155~168 / 202~215
ACE / 25usec
8 IP-II CI24RE (CA) / 22 L
132~142 / 194~215
ACE / 25usec
9 IP-11 CI24RE (CA) / 22 : %L
161~166 / 216~221
ACE / 37usec
10 CVH CI24R (ST) / 22 ZL
/CND 148~153 / 195~197
WAl ACE / 50usec
pp | PR iR (cs) /22 L
/CND 178~180 / 222~225

o7, FEF 4 ITEEIN% & BRIFTH o7z 1P
S5HNTEFIHEE HEHE BB LETH o7
CVH/CND %1 i3 B EE10%, HEEHE0%, WHEEH
%2/CND B b BL3E50%, BEEH 0% THY CND #
1S FIORGEIIARR TH o 720 ,

4) FHRKAFEEREORSE, HEHRE i
EREEAT4 T (k&4)

PR K RFEEARANC L B 1B DR O - BEib
FIRDFSERRBIIEFIBL L E EEBNTH o 70
S5 HSEBOSERERE A L, EEEDE
DEIP-72CCHIER L, IP-1DEM3, 4 dHE
LTwW7=2%, CC DR 2 TIEHIEAE (ETL
TWize THIIFEEFRHICEMIZ VD DDOFHMK
RFEREDO THREEE TH 5805 1 2188

Lo/l &i2& b, IP-ISHTIEEN, #itk
DFSERBUIATBNT T2, LdE LEEBITE
L Tw 7z, CVH/CND DEFI10E FEER%AE/CND
DFEFILFREIZVIRETH o 720 .
FEFEEREIZ CCOERM 1, 2 & CVH/CND
DEFIL0D 3 FliEE LW BFLREPIHERENS
SEfiid, 5EARRT, IP-IOEM3, 4NEE
$ez2/CND OFEMILO 3FTIEHEFHMEI 2 $721E3 TH
o7z IP-IESHIEF (L hb2s] OFMEL I
721k (K2 b VEEND A | OFFE2 L RIFT
Holre BEWHEEIIBWTS IP-IIRBIFT, £
DIBOBEE ORICRE ZENR O N,
FERFHEEAT 1 T, EEEBURER SER
BEARFTHo 72 IP-IOSHEH, CCOERL,
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R3 RAEMER, ATHEEARE FHEDULE

gy i} . oy ,
2 5% | : WEATHELRRE T
e | mEa | ey | WEATIWESRR (B HL) | AR
574 A HigE . 100%
1 ce (346 %R) 3.0 B - 80%
4704 A .
2 CC (1429 % F) 33.8 BE. 0%
970 7 1 R 55%
| (2452 F) 3.8 B 40%
4 P-1 (;Lil;j;g) 33.3 Bk 100%
564 H HEE . 100%
5| M (2455 7) 3.0 B 85%
SkIlA B HEE . 100%
P- 36. - §
6 | I (3447 H) 3 B - 100%
3H1 A o
7 IP-1I (141 % A) 37.5 HEE . 80%
%57 A o
8 IP-II (f;iiﬁ) 35.0 HEE: 100%
=3 % .
9 IP-II (?i;ﬁg) 45.0 HiEh - 90%
10 CVH SE8HH 0.0 HEE: 10%
JCND (3425 % f) : LR 0%
1 WH &Lz 684 H 58,8 HZE . 50%
/CND (34267 F) o W 0%

T3y + (S 38, 4= 11. 0B HL

IP-I DEEFI 4 DEFTHICBCTHADOFIEY 2%
Alb—%Nva3az=sr—vav (TC) IKbo
THBEELLTRE - FFE2ERTAL510hs
Tzo =7, MRS COIREICL VY - FEE
Ko TC 2 L Tz CC DIES) 2 & CVH/CND
DREFIOTFEFEIRE, L EE - ERCOFER
EE IHEEE R LR EFEREXTEERD
TCREELIBEZHEL T 5, IP-IDEF3 &
WEESRZE/CND O 2 BLITHTRT - B E2BLTTC
AL TW5S,

% £

2004411 A 2 520104 6 B L TO 547 7 A IS
UM TAEAIHNEF Rz BT L7281BlD Y 5, W
EHRpIIIsHITaAn18. 5% 1AL L, LR

IS E DB NHEFROHEILH20% &) ZhET

DOM|E LIZTITABOECREEETH o0 &
#%, NINEFKZZT5/0NEEEHIEERNOEM
HWATHEFH 2 2REHFREMNIS LI
Wz 5EFHEEIN, e OFHORIIIE Uiz
RIEETHOBRPBRABRZIIRDL EE R 5,
AFFHIEROFERATTRRER~ v T1ER oM
R L LT, Buchman 5™ i2#7#228%0 3 61 (11%)
WCHEEMRREE RO L, FORFRITERFR
CCIf, FHEEPR 1Y, PHELER LT
#Holzo 72, Papsin 6%, WE? idas L7 HH
DT CCILBERLIGE, T2 EREeB571
DAV ANEEMIMEL Y bIEL BETLLEND
DR SN2y 7T A FIv 7 Ly DIk {HE
BEGY v 7HERGERECH - 72 L B|E LTV 5,
SEOMETD CC1LH (EF2) L) ICERE
AT 2 A= A%k FEAE B - BAEKH12
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R4 REWRERNGE BEVRE EREHSEATAT
HIH K SR ,
SEV | WESE | el - an | frssm - e | Aipes . ite | REERE | E0EREEA T4 7
HR (DQME) | i (DQfE) | 4 (DQME)
1 cc 109 53 96 4 TC—TEH - &
2 cc 94 69 35 5 TC—TC
3 IP-1 109 75 80 3 TC—TC
4 IP-1 100 50 85 2 TC—HEH - H
5 IP-II 108 64 102 1 TC—HEE - B
6 IP-11 109 57 101 1 TC—HEE - &
7 P11 90 61 8] 2 TC—IEHE - &7
8 IP-II 110 59 100 1 TC—IE - &5
9. -1 104 70 89 2 TC-HEH - B
10 /CC\S; 85 57 55 5 TC—TC
ik
11 Eﬁf@;ﬁf“ﬁ 99 59 69 3 - TC~TC

REBEEEOFMRE=1: L4005 2: BrbpbhviEirds 3: MEEFFZEZHoTwhiEbr s
4 BAbhbEVDHE 5 &L THIR

TC: b= Wwa3a=fs—ar

CARERLON, WEREEMENEIR O 54 F 3
I VY IR CEBHEORE Wy T2 bED
BB EWHIRD o7z Z OO 1060 T ILHTHEE R
BHBERD 5NT, BASNTXTOERIE
FATRECTH o 7225, fERShiz<y TERET L TH
% & CC2I, 1P-1241, IP-I12 41, CVH/CND #I,
WH &7 /CND B0 8 FIT78)V A WE % 37usec BL
LPICERELTBYBEBELYVRELENELZLELL
Tz, —RIVMNED ATHER CREROK/IO
EEZBEESEELENS VY, FCHNESESO
<y TERICELTEERE B -OICBE IR
ELBEMEIVELLHEAFSZN EICHETA
VBB H 5,

Jackler 574RIC X B/NENEHER O AN LHE
DEERERZFNMERED Y b, ATHEERABEIT
TRTD S A 7OWNEF] THER RIFIRINT
Wb bO0, BEERILIFESEDHKE D incom-
plete partition TEIFY?, CC, hypoplastic cochlear
i3 incomplete partition & § 3 KRRV THBH LD
HEIS Vo T2 CND FlORBEFHEIUREITED T
By ZEHHEEINR TS,

41K 4 & Jackler 7038 C incomplete partition &
LTHR—IIZAEE N TE /P & IP- & 2 Sen-
naroglu 77 4EIZHE - TIEFI L, MEOFFRNSE
FREORME, RERBREOREERF L. 0
FES, IP-115 B0 O 55 F TR I U3 TR BRI
ATHEFMz T URERIFEZ L ONAAEH
o2 w/hRoRE (IMEH : HEEFH90. 4=
6.2%, HEFHIEHE5.4+£9.9%) LIZIZH L THo
7oo E7oINH5HEEEFRRERCETERRELEE
BIZITHELRHFTH o7z IPILIZMA 2 in-
complete partition % 7/~ L enlarged vestibular aque-
duct & dilated vestibule Z 4B & §51H W 5 clas-
sical Mondini ZFHICHHE L, I o ATHEH#
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Postoperative results of cochlear implanta-
tion in children with inner ear malforma-

tions
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We evaluated the postoperative results in terms
of the audiological charasteritics, speech discrimina-
tion, language development and speech intelligibility
in 11 children with inner ear malformations who un-
derwent cochlear implantation surgery. Two of the
11 patients had common cavity deformity (CC), two
had incomplete partition type I (IP-I), five had in-
complete partition type II (IP-1I), one had cochleo—
vestibular hypoplasia with cochlear nerve deficiency
(CVH/CND), and one had internal auditory canal
stenosis and cochlear nerve deficiency.

Aided thresholds with cochlear implants were
33.3dB~45.0dB. Among the four patients with CC
and IP-I, two showed good postoperative results
and used auditory verbal communication. The
speech perception and production performances of
the remaining two patients were poor and they used
total communication. All of the five patients with
IP-1I showed good improvement of all the parame-
ters and used auditory—only approach. The two pa-
tients with CND exhibited the pooresf performances
in all postoperative evaluations, using sign language
to develop their language skills. Sennaroglu’s clas-
sification and evaluation of the cochlear nerve by
MRI are useful for selecting the appropriate surgical
and postoperative rehabilitation methods for pediat-
ric patients with inner ear malformations scheduled

for cochlear implantation.
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Cochlear implantation in children with congenital cytomegalovirus
infection accompanied by psycho-neurological disorders

HIROSHI YAMAZAKI»*, RINKO YAMAMOTO?!, SABURO MOROTO!,
TOMOKO YAMAZAKI', KEIZO FUJIWARA!, MASAKO NAKAI?, JUICHI ITO? &
YASUSHI NAITO*

! Department of Orolaryngology, Kobe City Medical Center General Hospital, 2Shiga Medical Center for Children, >Kyoto
University and *Institute of Biomedical Research and Innovation, Japan

Abstract

Conclusion: Cochlear implantation was effective for deaf children with congenital cytomegalovirus (CMV) infection, but their
cochlear implant (CI) outcomes were often impaired, depending on the types of CMV-associated psycho-neurological
disorders. Evaluation of cognitive development and autistic tendency of implantees might be useful to predict their CI
outcomes. Objectives: To reveal the influence of CMV-associated psycho-neurological disorders on CI outcomes. Merhods:
This was a retrospective evaluation of 11 implantees with congenital CMV infection (CMV-CIs) and 14 implantees with
autosomal recessive hearing loss (genetic-Cls). Resulrs: Nine of 11 CMV-Cls suffered from psycho-neurological disorders; one
from attention deficit hyperactivity disorder, two from pervasive developmental disorder, and six from mental retardation.
Aided hearing thresholds with Cls in the two groups did not differ, but two autistic and two mentally retarded CMV-
ClIs showed significantly low scores in speech discrimination tests. Language-Social (L-S) developmental quotients (DQs)
evaluated by the Kyoto Scale of Psychological development were improved after the implantation in both groups, but the
postoperative increase of 1-S DQs was significantly smaller in the CMV-Cls than that of genetic-Cls. Interestingly, the
postoperative 1-S and Cognitive-Adaptive (C-A) DQs showed statistically significant correlation in all cases except for two
autistic CMV-CIs whose IL-S DQs were much lower than those expected from their C-A DQs.

Keywords: Cochlear implant, pervasive developmental disorder, PDD, autistic, language development, cognitive development

jaundice, petechiae, microcephaly, seizures, and
abnormal neurologic findings (symptomatic congen-
ital CMV infection). The rest are asymptomatic at

Introduction

Congenital cytomegalovirus (CMYV) infection is a

leading cause of developmental disability and hearing
loss in children [1] and affects 0.6-0.7 of liveborn
babies in the industrialized countries [2]. CMV,
belonging to the herpes virus family, is widely distrib-
uted and usually innocuous in immunocompetent
adults, but the primary infection or reinfection in
pregnant women leads to congenital CMYV infection
of the infants. Approximately 10% of infants with
congenital CMV infection exhibit clinically apparent
signs at birth, such as growth retardation, prematu-
rity, hepatomegaly, splenomegaly, thrombocytopenia,

birth (asymptomatic congenital CMYV infection), but
are at risk of CMV-associated disorders later in life.
In all, 60-90% of those with symptomatic congenital
CMYV infection and 10-15% of those with asym-
ptomatic infection develop long-term neurological
sequelae including neurodevelopmental disorders
and/or sensorineural hearing loss [3].

Hearing loss, which is a common manifestation of
congenital CMV infection, is often late-onset and
progressive within the first 6 years of life in children
[3]. CMV-associated hearing loss is reported to

Correspondence: Yasushi Naito MD PhD, Department of Otolaryngology, Kobe City Medical Center General Hospital, 2-1-1 Minatojima Minamimachi Chuo-
ku, Kobe City 650-0047, Japan. Tel: +81 78 302 4321. Fax: +81 78 302 2487. E-mail: naito@kcho.jp

(Received 4 Ocrober 2011; accepted 11 December 2011)

ISSN 0001-6489 print/ISSN 1651-2251 online © 2012 Informa Healthcare

DOI: 10.3109/00016489.2011.653442




account for 15-20% of congenital and late-onset
deafness and CMV is a main cause of nongenetic
hearing loss [1]. In nonsyndromic genetic hearing
loss, the disorders are usually limited within the inner
ears, but congenital CMYV infection leads to neuro-
developmental disorders including mental retardation
(MR), pervasive developmental disorder (PDD),
attention deficit hyperactivity disorder (ADHD),
and motor dysfunction in addition to hearing loss.
Cochlear implants (Cls) bypass the damaged hair
cells in the inner ears, but cannot compensate the
disorders of the central nervous system. Until now,
the influence of CMV-associated neurodevelop-
mental disorders on CI outcomes has not been
revealed well. Therefore, we examined implanted
children with congenital CMYV infection to address
this question.

Material and methods

A total of 150 children who were implanted at Kobe
City Medical Center or Kyoto University from
2004 to 2010 and received language rehabilitation
at Kobe City Medical Center or Shiga Medical Center
for Children were included in this study. Among
them, 11 children were diagnosed with congenital
CMYV infection by the detection of CMV-DNA
from their blood or urine at birth or from their dried
umbilical cords using a polymerase chain reaction
(PCR)-based assay [4]. We retrospectively examined
these 11 implanted children with congenital CMV
infection (CMV-CIs: CMV-1 to -11) and compared
their CI outcomes with those of 14 implanted children
with genetic hearing loss (genetic-Cls). In this study,
we defined ‘genetic-CI’ by autosomal recessive inher-
itance, i.e. having parents with normal hearing as well
as at least one brother or sister with hearing loss. The
mean ages at implantation of CMV-ClIs and genetic-
CIs were 37.5 and 28.2 months, respectively, and the
mean durations of deafness were 29.8 and
27.4 months, respectively. As shown below, 3 of
11 CMV-CIs had late-onset deafness and, therefore,
the mean age at implantation of CMV-ClIs was higher
than that of genetic-Cls, but the mean durations of
deafness were comparable between the two groups. In
our study, only one genetic-CI was diagnosed with
compound heterozygotes for GJB2 mutations using
the invader assay technique [5], but the remaining
genetic-Cls did not receive any genetic tests. All
children underwent implantdtion with Nuclear
devices (Cochlear Corporation).

We evaluated the CI outcomes of CMV-Cls and
genetic-Cls by testing four different aspects of the
auditory perceptual ability: (1) hearing threshold, (2)
closed-set infant word discrimination, (3) open-set
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monosyllabic word discrimination, and (4) language
development evaluated by Kyoto Scale of Psycholo-
gical Development (K-test). Each aspect is thought to
reflect a different level of the auditory perceptual
ability. Speech discrimination tests were performed
in a sound-controlled room with live voice or
recorded stimuli presented at 70 dB SPL. In the
evaluation of language development, we used the
K-test, which is one of the most widely used
standardized developmental tests in Japan [6]. In
the K-test, three categories of a child’s development
including Postural-Motor (P-M; fine and gross motor
functions), Cognitive-Adaptive (C-A; non-verbal rea-
soning or visuospatial perceptions), and Language-
Social (L-S; interpersonal relationships, socializations,
and verbal abilities) are assessed separately [6]. In the
evaluation, we used a developmental quotient (DQ),
which is determined as a percentage of the develop-
mental age divided by the chronological age. In the
K-test, developmental delay is defined by DQ below
80. We analyzed data for speech discrimination,
language development and communication mode of
CMV-4 at 11 months after the implantation and those
of CMV-1 to CMV-9 except for CMV-4 at 2-3 years
after the surgery.

The use of human subjects in this study was
approved by the Research Ethics Committee of the
Kobe City Medical Center General Hospital. The
statistical analysis of difference in hearing thresholds
and postoperative increase of L-S DQs (postoperative
minus preoperative L-S DQs) between CMV-ClIs and
genetic-Cls was performed using the Mann-
Whitney U test. Statistical analysis of difference in
preoperative and postoperative L-S DQs and corre-
lation between the 1-S DQ and the C-A DQ in each
implantee were performed using the Wilcoxon
signed-ranks test and the Spearman rank correlation
coefficient, respectively. A p value < 0.05 was con-
sidered significant.

Results
Details of CMV-CIs

Severe hearing loss of CMV-1, -3, and -4 was late-
onset, while the others were deaf at birth. *Their
neurodevelopmental disorders, including psycho-
neurological disorders and motor disorders, were
assessed by pediatric neurologists. Eight CMV-
CIs were delayed in motor development, which will
not be discussed in this paper. CMV-1 and -2 were
not diagnosed as having any psycho-neurological
disorders, CMV-3 was diagnosed with ADHD,
CMV-8 and CMV-9 were autistic and diagnosed
with PDD. The remaining six CMV-Cls were
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Table I. Details of CMV-ClIs.

CMV-associated
neurodevelopmental disorders -

Onset of severe Age at implantation Duration of Communication
Subject no. HL. (months) (months) follow-up (months) Psycho-neurological Others mode
CMV-1 33 38 ocC
CMV-2 0 25 36 Motor ocC
CMV-3 32 64 56 ADHD oC
CMV-4 48 63 11 MR Motor oC
CMV-5 0 53 55 MR Motor TC
CMV-6 0 43 36 MR oC
CMV-T 0 28 28 MR Motor TC
CMV-8 0 28 37 PDD Motor SL
CMV-9 0 38 24 PDD Motor SL
CMV-10 0 15 10 MR Motor not determined
CMV-11 0 23 10 MR Motor not determined

Severe hearing loss of CMV-1, -3, and -4 was late-onset, while the others were deaf at birth. CMV-associated neurodevelopmental disorders
were divided into psycho-neurological disorders and others including motor dysfunctions. Communication mode with CI of CMV-10 and -11
were not determined because they had used CI for less than one year and they were too young for accurate evaluation. ADHD, attention deficit
hyperactivity disorder; Motor, motor dysfunctions; MR, mental retardation; OC, oral communication; PDD, pervasive developmental

disorder; SL, sign language; TC, total communication.

mentally retarded (Table I). The psycho-neurological
disorders including ADHD, MR, and PDD accoun-
ted for over 80% in CMV-Cls, but were not identified
in genetic-CIs. The incidence of neurodevelop-
mental disorders was significantly higher in the
congenital CMV-infected children than the controls
(Table II).

CI outcomes in CMV-CIs and genetic-Cls

Both CMV-CIs and genetic-Cls showed 30-40 dB of
aided hearing thresholds with Cls and their hearing
thresholds did not differ at tested frequencies, includ-
ing 250, 500, 1000, 2000, and 4000 Hz (p > 0.05)
(Figure 1).

In the speech discrimination and language devel-
opment tests, we examined 9 of 11 CMV-CIs. Two
subjects, CMV-10 and CMV-11, were under 3 years

Table II. The proporton of each psycho-neurological disorder (%)
in CMV-CIs and genetic-Cls.

Psycho-neurological disorder

Group ADHD MR PDD None Total
CMV-CI (n=11) 9.1 54.5 18.2 18.2 100.0
Genetic-CI (z = 14) 0.0 0.0 0.0 100.0 100.0

ADHD, attention deficit hyperactivity disorder; CMV-CI, cochlear
implanted children with congenital CMV infection; genetc-CI,
cochlear implanted children with genetic hearing loss; MR, mental
retardation; PDD, pervasive developmental disorder.

old and too young for accurate speech discrimination
examinations. Among the nine CMV-Cls, two autis-
tic CMV-CIs (CMV-PDDs) showed significantly

—&— CMV-Cls ~->-- Genetic-Cls
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Figure 1. Aided hearing thresholds with cochlear implants (Cls) in
CMV-CIs and genetic-CIs. Hearing thresholds of pure tone sounds
were comparable between the two groups at all tested frequencies,
250, 500, 1000, 2000, and 4000 Hz (p > 0.05). CMV-CI, cochlear
implanted children with congenital CMV infection; genetic-CI,
cochlear implanted children with genetic hearing loss.




lower scores in both the closed-set infant word and
open-set monosyllabic word discrimination tests than
genetic-Cls. In addition to them, two of four mentally
retarded CMV-ClIs (CMV-MRs) showed low scores,
50 and chance level, only in the monosyllabic word
discrimination test. The scores of the remaining
CMV-CIs were comparable to those of genetic-
CIs (Figure 2).

Figure 3 shows the preoperative and postoperative
L-S DQs of CMV-CIs and genetic-Cls. The duration
of CI usage of CMV-4 who had perilingual deafness
was 11 months at the time of testing, while the others
were examined at 2 or 3 years after the surgery. The
L-S DQs of both groups improved significantly after
implantation (p < 0.05 and p < 0.01, respectively), but
the increase of L-S DQ was significantly smaller in the
CMYV group than the genetic group (» < 0.05).

Correlation between C-A DQs and L-S DQs

In Figure 4, each implantee is plotted based on their
C-A DQ and L-S DQ in the K-test. Figure 4A and B
show data before and after the implantation, respec-
tively. The CMV-CIs with ADHD (CMV-ADHD),
CMV-MRs, CMV-PDDs, CMV without these
psycho-neurological disorders (CMV-others), and
genetic-Cls are represented by different markers.
Before the operation, I1-S DQs varied widely, even
if the C-A DQs were similar. After the implantation,
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however, the correlation between L-S and C-A DQs
of both CMV-ClIs and genetic Cls became clearer and
statistically significant (p < 0.01).

Types of communication mode

A choice of communication mode is also important
for children to achieve their best language perfor-
mance [7]. As shown in Table I, both the autistic
CMV-CIs used sign language, three of four CMV-
MRs chose total communication, and the remaining
implantees with higher I-S DQ could communicate
orally.

Discussion

In this study, we examined 11 CMV-CIs and inves~
tigated (1) details of CMV-associated psycho-neuro-
logical disorders, (2) varying outcomes of CI between
CMV-CIs and genetic-Cls, and (3) how to predict CI
outcomes of CMV-Cls.

The percentage of congenital CMV infection
among all implantees was only 7.3% (11 of 150) in
our study and smaller than 15-20%, which was
reported in prévious studies [1]. Since newborn
screening of congenital CMV infection is not yet
common in Japan, it is possible that we overlooked
some congenitally CMV-infected children, especially

B Monosyllabic words
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Figure 2. Scores (correct %) in speech discrimination tests using infant words (A) and monosyllabic words (B) in CMV-CIs (cochlear
implanted children with congenital CMYV infection) and genetic-CIs (cochlear implanted children with genetic hearing loss). The correct
percentage of each CMV-CI and the mean score of 14 genetic-Cls are shown. The percentage of correct answers by chance is represented as
‘chance level.” CMV-associated psycho-neurological disorders are described below the subject’s numbers. The correct percentages of autistic
CMV-CIs (CMV-8 and CMV-9) were extremely low, equal to or below 30 in infant word discrimination and chance level in monosyllabic word
discrimination. CMV-6 and CMV-7 showed low correct percentages in monosyllabic word discrimination, 50 and chance level, respectively,
but in infant word discrimination they performed as accurately as genetic-Cls. ADHD, attention deficit hyperactivity disorder; MR, mental

retardation; PDD, pervasive developmental disorder.
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Figure 3. Changes of Language-Social (I-S) developmental quotients (DQs) in the K-test after cochlear implantation in CMV-ClIs (cochlear
implanred children with congenital CMV infection) and genetic-Cls (cochlear implanted children with genetic hearing loss). The preoperative
(pre-OP) and postoperative (post-OP) L-S DQs in the K-test of 9 CMV-CIs and 14 genetic-Cls are plotted. L-S DQs showed statistically
significant increase in both CMV-CIs and genetic-Cls (p < 0.05 and < 0.01, respectively), but the amount of increase in L-S DQs was significantly
smaller in CMV-CIs than that of genetic-Cls (p < 0.05). Moreover, postoperative L-S DQs of all genetic-Cls exceeded 80 after the implantation,
but all CMV-CIs except for two without any. CMV-associated psycho-neurological disorders showed postoperative 1-S DQs below 80.

those whose only CMV-associated manifestation was
hearing loss.

A considerable proportion of CMV-ClIs suffered
from psycho-neurological disorders, while none of
the genetic-Cls had any neurodevelopmental disor-
ders. It is well known that congenital CMV infection
leads to MR [8], but its causal relationship to ADHD
and PDD has not been proven. The cause of autism
has not been fully revealed, but genetic factors are
proven to play an important role in the development
of this disorder [9]. Other than genetic factors,
environmental factors including congenital viral
infection are thought to contribute to the etiology
of autistic disorders in some cases and several reports
showed that congenital CMV infection is sometimes
associated with autistic disorder [10,11]. Therefore,
it is possible that congenital CMYV infection might
have played a role in the development of autism in
our two cases.

CMV-associated psycho-neurological disorders of
CMV-CIs consisted of ADHD, MR, and PDD, all of
which are known to lead to language impairment even
in children with normal hearing [12-14}. Since the
pathophysiology of each of these psycho-neurological

disorders is different, we hypothesized that auditory
perception with CIs might be impaired at different
levels in the auditory processing pathway. To address
this problem, we evaluated CI outcomes of CMV-
CIs and genetic-CJs by four examinations, each of
which is thought to assess a different level of the
auditory perceptual ability. Table III summarizes
the CI outcomes of the present subjects. The subtypes
of the psycho-neurological disorders appeared to
determine which levels of auditory perceptual ability
were affected. Hearing thresholds, which show the
most fundamental auditory perceptual ability, were
almost the same in both CMV-CIs and genetic-Cls,
but language development and monosyllabic word
discrimination, which reflect higher levels of auditory
processing, were impaired in CMV-CIs with MR. In
autistic CMV-ClIs, who showed the most devastating
results, all three abilities other than hearing threshold
were severely affected. These results supported our
hypothesis. .

As shown in Figure 3, cochlear implantation was
effective in improving language development in both
CMV-CIs and genetic-Cls, but congenital CMV
infection impaired the rate of improvement. It was
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Figure 4. Correlation between Language-Social (I-S) and Cognitive-Adaptive (C-A) developmental quotents (DQs) in CMV-CIs (cochlear
implanted children with congenital CMV infection) and genetic-Cls (cochlear implanted children with genetic hearing loss). Each implantee is
plotted according to its L-S and C-A DQ before the surgery (A) and after the implantaton (B). CMV-ADHD, CMV-MRs, CMV-PDDs,
CMV-others (CMV-CIs without any psycho-neurological disorders), and genetic-Cls are represented by different markers on these scatter
graphs. The dotted line in each graph means that L-S DQ is equal to C-A DQ. After the implantation, all except for two CMV-PDDs were
plotted just beneath the dotted line, indicating that their I-S DQs and C-A DQs were significantly correlated, but language development of
CMV-PDDs was retarded more severely than their cognitive development. ADHD, attention deficit hyperactivity disorder; MR, mental

retardation; PDD, pervasive developmental disorder.

noteworthy that the developmental ages of two
CMV-PDDs increased after the implantation, but
their postoperative 1-S DQs did not improve and
never exceeded 40, indicating that their language
development remained severely retarded even after
the implantation. The CMV-CIs other than autistic
children showed remarkable increase of L-S DQs
after the implantation, but postoperative 1-S DQs
of CMV-ADHD and CMV-MRs were still below 80,
indicating that their language development had not
caught up to the age equivalent values for normal
hearing. On the other hand, the L-S DQs of all
genetic-Cls significantly improved to reach more
than 80, within normal range. These data suggest
that congenital CMYV infection affected the language
development and the severity of impairment was
determined by the types of psycho-neurological dis-
orders. Moreover, with respect to the communication
modes, all genetic-ClIs could communicate well orally
after the implantation; but two CMV-PDDs and three
CMV-MRs needed sign language and total commu-
nication, respectively, due to their insufficient audi-
tory perceptual ability.

As shown above, the CI performance widely varied
among CMV-Cls. Therefore, a preoperative predic-
tion for CI outcomes is important for clinicians and
parents to decide the indication for the implantation
as well as to choose the most appropriate commu-
nication mode. To address this problem, we
focused on the cognitive development of implantees.
Our data suggest that evaluation of cognitive

development and autistic tendency is important for
such prediction. The level of cognitive development
might define the upper limit of language develop-
ment and, therefore, appropriate medical interven-
tions including surgery and rehabilitation could
achieve L-S DQ scores nearly reaching those of
C-A DQs. However, if a child is autistic, the final
I1-S DQ would be much lower than C-A DQ
(Figure 5). In general, a younger age at cochlear
implantation results in better language development
[15]. Although the earlier usage of CI might also

‘have resulted in the better language DQs in our

CMV-ClIs, their L-S DQs would not have exceeded
the C-A DQs, due to disorders of their central
nervous system. The timing of surgery for the
CMV-CIs in the present study varied widely, pri-
marily due to late-onset hearing loss [3], as observed
in CMV-3 and CMV-4. The high mean age at which
the operation of CMV-Cls was performed might not
affect the CI outcomes in this study, since the mean
duration of deafness of the CMV-ClIs was much the
same as that of genetic-Cls.

The preoperative evaluation for autistic tendency
was useful to predict CI outcomes, but the discrim-
ination of communication disorders due to autistic
disorders from those induced by deafness is difficult,
especially when a child is under 3 years old. Because
of the lack of a biological marker for autism, clinicians
have to rely on behavioral characteristics to make
a diagnosis, but both hearing loss and autistic dis-
order could lead similar communication difficulties.
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Table III. CI outcomes of CMV-CIs and genetic-Cls.

CMV- CMV- CMV- CMV-
Genetic others ADHD MR PDD
Test (n=14) (n=2) n=1) (n=4) (n=2)
Higher Language Good Good Moderate Moderate
development
Open-set Good Good Good Moderate-
) monosyllabic poor
o :g word
8 f?: discrimination
K
5 o
<38 Closed-set Good Good Good Good
8 infant word :
discrimination
Hearing Good Good Good Good Good
Lower threshold

Auditory perceptual ability of implantees was assessed using four tests that may reflect different levels of ability. In CMV-Cls, the subtypes of
the CMV-associated psycho-neurological disorders seemed to determine the levels of auditory perceptual ability that were affected. ADHD,
attention deficit hyperactivity disorder; CMV-CI, cochlear implanted children with congenital CMV infection; genetic-CI, cochlear implanted
children with genetic hearing loss; MR, mental retardation; PDD, pervasive developmental disorder.

Actually, autistic children with normal hearing are
sometimes misdiagnosed with hearing loss in their
infancy and, conversely, suspicion of autistic tendency
of deaf children sometimes disappears after the long
usage of Cls [16]. For accurate preoperative predic-
tions for CI outcomes, objective and quantitative
examinations for autistic tendency in the infant and
toddler stage are necessary.

There have been several studies reporting the CI
outcomes of implanted children with congenital CMV
infection, but their results were inconsistent. Some
reported that the speech perception or production of
implanted children with congenital CMV infection
was as high as that of control children, while the CI
performance of CMYV groups was poorer than that of
controls in other studies [17-19]. Since our study
revealed that. CI outcomes varied widely depending
on the psycho-neurological disorders, differences in
the proportion and severity of CMV-associated
psycho-neurological disorders among subjects in
each study might explain the inconsistent results.

As shown above, cochlear implantation was effec-
tive for deaf children with congenital CMYV infection,
but their CI outcomes were impaired, depending on
the types of CMV-associated neurodevelopmental
disorders. Each neurological disorder varies widely

in severity and manifestations, but our study design
contained only 11 children with congenital CMV
infection and was not sufficient to normalize the
differences among individuals. Therefore, we need
further examinations to reach definite conclusions.
Nevertheless, in deaf children with multiple handi-
caps including infants with symptomatic congenital
CMV infection, we have to carefully consider the
aims and objectives of implantation, especially how
CI contributes to improvement in a child’s commu-
nication. Even though autistic CMV-CIs could not
understand the meaning of spoken words or sen-
tences, their mothers thought that CI was effective,
because behaviors and family interactions of deaf
children with autistic spectrum disorders were
improved to some extent after the implantation, as
reported previously [20]. In the case of CMV-MR,
they were usually able to communicate with each
other using total communication. In this way, eval-
uation of the cognitive development and autistic
tendency of each CMV-CI might be useful for deter-
mination of an appropriate goal for language reha-
bilitation as well as choice of communication mode,
which is critical to achieve best language outcomes
and improve both children’s and family’s satisfaction
with Cls.
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Figure 5. Prediction for language development of CMV-
ClIs (cochlear implanted children with congenital CMV infection).
The score of Language-Social (I-S) developmental gquotients
(DQs) in the K-test of a CMV-CI without autistic disorder (w/o
AD) might be almost same as, but slightly smaller than that of its
Cognitive-Adaptive (C-A) developmental quotient (DQ). If a child
has autistic disorder (AD), its L-S DQ would be lower than that
expected from its C-A DQ.
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Prosthetic Hearing and Higher Brain Function
Yasushi Naito

Abstract: Auditory signals coded by a hearing prosthesis (hearing aid or cochlear implant)
are non-physiologic and .contain less acoustic mformation. Higher brain function in patients
with sensori-neural hearing loss is reorganized to perceive these degraded signals. Situations
under which accurate auditory perception is difficult bring about intervention of visual
information processing, and successful auditory perception is achieved by integrating
multiple sensory inputs. Conversely, there are situations in which disorders in higher order
brain function affect the efficacy' of prosthetic hearing. Cases with brain injury and
congenital cytomegalovirus infection are presented to demonstrate such situations.
Understanding the relationships between hearing impairment, prosthetic hearing and higher

-brain function is important for:appropriate treatment planning and selection of
communication mode in hearing-impaired patients.

~ Key words: hearing loss, functional brain imaging, cortex, reorganization, language
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