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Table I. Clinical features of subjects in study.

Case no. Gender Age (EAS) Onset (age) Progressiveness Inheritance Responsible gene Implant Insertion
mode depth (mm)
1 F 59 Late (43) + Sporadic N/I PULSAR FLEXeas 24
2 F 71 Late (30) + AD N/1 PULSAR FLEXeas 24
3 F 45 Late (25-30) + Sporadic N/I PULSAR FLEXeas 24
4 F 38 Late (34) + Sporadic N/I PULSAR FLEXeas 24
5 F 46 Late (30) + AD N/ PULSAR FLEXeas 24
6 M 29 Late (10) + AD NI PULSAR FLEXeas 24
7 M 39 Late (20) + AD N/1 PULSAR FLEXeas 24
8 F 35 Late (25) + Sporadic N/I PULSAR FLEXeas 24
9 M 52 Late (25) + Mitochondrial Mt 15554>G PULSAR FLEXeas 24
10 F 51 Late (30) + AD N/I PULSAR FLEXeas 24
11 M 39 Late (6) + Sporadic N/I PULSAR FLEXeas 24
12 F 45 Late (25) + Sporadic N/I PULSAR FLEXeas 24
13 F 38 Late (10) + AR N/I PULSAR FLEXeas 24
14 F 60 Late (40) + AD N/ Combi 40+ standard 31.5
15 M 68 Late (50) + Sporadic N/I PULSAR FLEXsoft 31.5
16 M 12 Early (3)* + AR CDH23 PULSAR FLEXsoft 31.5
17 M 12 Early (1 year + AR CDH23 PULSAR FLEXsoft 31.5
8 months)*
18 M 1 Early (0)" NA Sporadic CDH23 PULSAR FLEXsoft 31.5

N/I, not identified within four genes.
*Most probably congenital.
"Newborn hearing screening.

the 1555 mitochondrial mutation was performed.
Detailed methods are described elsewhere [3-6].

Results

All three early-onset patients had CDH23 mutations
(case nos 16, 17, and 18; Figures 1,2,3). One post-
lingual patient had the 1555 A>G mitochondrial
mutation (case no. 9; Figure 4). Hearing in the low
frequencies after cochlear implantation was well
preserved in all 18 cases including these 4 cases.

Case nos 16 and 17 (Figures 1 and 2)

The patients were 12-year-old twins, had the same
mutations in the CDH23 gene, and showed similar
audiograms and a slowly progressive nature con-
firmed by serial audiograms. Both had some residual
hearing in the lower frequencies and used hearing
aids, but due to the progression of their hearing
loss, they received cochlear implants (Nucleus
CI24M device, with complete insertion of a straight
array through cochleostomy) for the left ear at the age
of 5 (no. 16) and 6 (no. 17). In one of the twins
(no. 16) residual hearing was successfully preserved
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(Figure 1D), but the other (no. 17) lost his air-
conduction thresholds after cochlear implantation
even though the bone-conduction threshold remained
stable (Figure 2D). Their audiological performance
was good with the cochlear implantation (electric
stimulation only). They wanted to have cochlear
implants on the other sides, considering their residual
hearing and the progressive nature of the hearing
loss, and we decided to use a longer atraumatic
electrode (MEDEL PULSAR CI100/FLEXsoft elec-
trode) to cover the low frequencies (Figure 1A, B, C;
Figure 2A, B, C). Hearing was well preserved
6 months postoperatively (Figures 1D and 2D).
Both had compound heterozygous mutations
(p.P240L/p.R301Q), and their parents were found
to be carriers for these mutations (Figure 2E). After
identfication of the CDH23 mutations, they were
referred for ophthalmologic examination including
electroretinography (ERG) and visual field analysis.
Both had normal ERG response and no visual field
deficits, confirming the nonsyndromic phenotype
(DFNBI12). Furthermore, they did not have any ves-
tibular problems and showed normal responses in
caloric testing. Their hearing thresholds improved
to 30 dB and 35 dB (nos 16 and 17, respectively)
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Figure 1. Case no. 16. (A) Endoscopic view of round window insertion, (B) montage CT image, (C) imaging with putative location of
electrode and the referential tonotoic map, (D) preoperative and postoperative audiograms. The image of human cochlea neural tissues stained
by osmium tetroxide used in Figures 1,2,3,4 was kindly provided by Dr C.G. Wright, USWT, Dallas, USA (red, mm from round window;
black, corresponding frequency). (E) Pedigree and the mutations found in the CDH23 gene.

(average for all frequencies from 125 to 8000 Hz)
1 year after cochlear implantation. Their word rec-
ognition scores in quiet improved from 64% to 76%
(no. 16) and from 60% to 76% (no. 17) at 1 year
postoperatively.

Case no. 18 (Figure 3)

This case was a l-year-old boy with the CDH23
mutations. Auditory steady-state response (ASSR)
evaluated at the age of 4 and 7 months showed
some residual hearing at 500 Hz in the right ear
(Figure 3D). He first received a left cochlear implant
(MEDEL PULSAR CI100/standard electrode) at the
age of 9 months. The parents wanted him to use a
cochlear implant on the right side as well, and we
decided to use a more atraumatic electrode (MEDEL
PULSAR CI100/FLEXsoft electrode) because of the
possible residual hearing in the low frequencies
(Figure 3A, B, C). The second cochlear implant sur-
gery was performed at the age of 12 months. Residual
hearing measured by conditioned orientation reflex
(COR) audiometry [7] was well preserved 1 year after
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cochlear implantation (Figure 3D). This patient had
compound heterozygous mutations (p.[D1216A;
V1807M]/p.Q1716P) and the parents were found to
be carriers for these mutations (Figure 3E). Although
the patient was too young to undergo ophthalmologic
examination, he did not have any problems in vision or
any vestibular problems, and there is no indicative
evidence for Usher syndrome at this time.

In this very young case, auditory behavioral develop-
ment was assessed by using the LitttEARS® Auditory
Questionnaire, which has been designed for children
under the age of 2 years [8,9]. The development
curve showed a rapid increase in auditory behavior
and reached the score seen in normally developed
children (c 3F).

Case no. 9 (Figure 4)

This case was a 52-year-old male with the 1555A>G
mitochondrial mutation. He noticed hearing loss
around age 38 and used hearing aids, but his hearing
loss was slowly progressive as evaluated by serial audio-~
grams. Duetoresidual hearingin the lower frequencies,
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Figure 2. Case no. 17. (A) Endoscopic view of round window insertion, (B) montage CT image, (C) imaging with putative location of
electrode and the referential tonotoic map, (D) preoperative and postoperative audiograms. (E) Pedigree and the mutations found in the
CDH?23 gene.

an atraumatic electrode (MEDEL PULSAR CI100/ mutations and the 1555A>G mitochondrial mutation

FLEXeas electrode) was chosen (Figure 4A, B, C). were in fact found among our series of EAS patients.
Residual hearing was well preserved at 2 months post- Our previous study indicated that the CDH23
operatively (Figure 4D). His parents had hearing loss, mutations were frequently found in patients with
and the pedigree was consistent with mitochondrial recessive inheritance and the presence of residual
inheritance (as well as autosomal dominant inheri- hearing is one particular phenotypic feature of the
tance) (Figure 4E). Genetic screening detected the patients with CDH23 mutations [5], and actually all of
1555 mitochondrial mutation in the patient and his the early-onset patients had the mutations in this
mother. He had no history of exposure to amino- gene.

glycoside antibiotics. No vestibular symptoms were The CDH23 gene encodes cadherin 23, a protein
noted, and no abnormal findings were seen in vesti- thought to be a molecule that forms the lateral links
bular testing including caloric response and vestibular between the stereocilia of hair cells [10]. One remark-
evoked myogenic potential (VEMP). His hearing ableresultin this studyis thatfunction of the lateral links
threshold improved to 30 dB (average for all frequen- remained stable even after deep insertion of the elec-
cies from 125 to 8000 Hz) 2 months after cochlear trode of the cochlear implant. Such functional preser-
implantation. Due to an insufficient follow-up vation enabled hearing preservation even in the
period, his speech recognition score has not yet been presence of an electrode covering the corresponding
evaluated. frequency region.

As suggested by genotype—phenotype correlation
study, USH1D, which has a more severe phenotype
including severe to profound hearing loss, vestibular
As predicted from our previous study [1] using patients dysfunction, and retinitis pigmentosa, is usually asso-
who fulfilled the criteria for EAS, the CDH23 ciated with nonsense, splicing-site, and frameshift

Discussion
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Figure 3. Case no. 18. (A) Endoscopic view of round window insertion, (B) montage CT image, (C) imaging with putative location of
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(E) Pedigree and the mutations found in the CDHZ23 gene. (F) Auditory behavioral development assessed by LittEARS® Auditory
Questionnaire. The development curve shows rapid improvement in auditory behavior reaching the curve of normally developed children.

mutations. In contrast, DFNB12, which has a milder family no. 3 [5]) are consistent with the general
phenotype, is associated with missense mutations genotype—phenotype correlation rule.

[11,12]. The mutations found in the present three In Usher type I patients, known to have the same
cases (we previously reported case nos 16 and 17 as etiology, improvement in sound detection as well as

il
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electrode and the referential tonotoic map, (D) preoperative and postoperative audiograms. (E) Pedigree and the subjects with the

mitochondrial 1555 mutations.

speech perception was seen in all patients, especially
younger ones [13]. The present study clearly indicates
that patients with the CDH23 mutations are good
candidates for EAS. The previous report together
with the present cases indicates that progressiveness
of hearing loss is a characteristic feature of the patients
with this mutation [5,12]. Therefore, deep insertion
with longer electrodes is recommended to prevent
future deterioration. Successful hearing preservation
and prediction of future hearing level by genetic
diagnosis may facilitate decision making for early
intervention.

It is interesting that GJ¥B2, the most prevalent
causative gene among the prelingual patients, was
not found in the present series of patients. This is
probably due to their more or less flat audiograms [1]
and therefore they may be good candidates for con-
ventional cochlear implantation.

In very young children, pure tone audiograms are
not available. Acoustic brainstem response (ABR) is
usually used to evaluate their hearing, but it is difficult
to measure residual hearing in the low frequencies.
Recently, acoustic steady-state response (ASSR) has
been clinically available to measure hearing levels of
500 Hz or 250 Hz, but sometimes the low frequency
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part is not reliable or convincing [14]. In addition to
such hearing testing, genetic testing is useful to predict
the residual hearing at low frequencies. Especially for
cases with CDH23 mutations, predicted audiograms
can be obtained for the very young patients. Based on
this concept, together with consideration of their
expected long life (which includes a risk of progres-
sion), we chose a longer atraumatic electrode
(MEDEL PULSAR CI100/FLEXsoft electrode) for
three patients with CDH23 mutations.

It is known that patients with the 1555A>G mito-
chondrial mutation are susceptible to aminoglycoside
antibiotics [15]. The 1555A>G mutation is one of the
most important mutations among the hearing loss
population in Japan, and approximately 3% of
patients with sensorineural hearing loss possess this
mutation [16]. Their hearing loss is known to be
slowly progressive [6,17]. This mutation is an impor-
tant cause in the post-lingual cochlear implant
patients, found in 10% of them [16]. It has been
reported that a patient with cochlear implantation
showed excellent auditory performance [18], indicat-
ing that cochlear implantation is a valuable choice of
therapy for patients with profound hearing loss caused
by this mutation. This mutation was also found in
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patients without any aminoglycoside exposure and
their hearing loss was usually milder than those
with aminoglycoside exposure [19]. Environmental
causative factors other than aminoglycoside antibio-
tics — such as noise or mechanical stress — have been
speculated, although not confirmed. The present
study provided an important clinical experience that
EAS could be safely performed even if the patients
have this mutation and therefore possible association
of susceptibility for any mechanical stress.

For outcome of EAS, together with successful
hearing preservation, all four patients obtained
25-35 dB in average hearing threshold after implan-
tation. Since EAS was implanted as a second cochlear
implant for three cases with CDHZ23 mutations, it is
difficult to evaluate the independent benefit of EAS.
However, improvement of word recognition scores
after EAS was observed in case nos 16 and 17,
indicating that additive benefit was clearly obtained
even after a rather long period following the first
implants (at 7 years and 6 years, respectively). For
case no. 18, although it is also difficult to evaluate
the independent benefit of EAS because of the very
young age, the auditory behavioral development as
assessed by the LittlEARS® Auditory Questionnaire
was significantly improved after two consecutive
implantations. Since the CDH23 mutation will be
potentially found in rather young candidates, this
genetic marker could be available for the existence
of residual hearing. For those patients, it is strongly
suggested that the surgeon keep in mind the option of
performing atraumatic surgery.

In the present series, there are many families with
autosomal dominant hearing loss (6 of 18), suggesting
that many other genes responsible for dominant
hearing loss may be involved. It is also important to
note that all of the patients showed progressive hearing
loss. We are currently searching for the responsible
genes for the patients with high frequency hearing loss.

In conclusion, the CDH23 mutations and the
1555A>G mitochondrial mutation were identified
among our series of EAS patients, confirming that
these genes were important in high frequency hearing
loss. Successful hearing preservation in these patients
as well as good outcomes of EAS indicated that those
with these mutations are good candidates for EAS. The
present study indicates that genetic testing provides
useful information regarding residual hearing and
consequent therapeutic options.
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Our Experience with EAS (Electric Acoustic Stimulation) in Japan

- —Atraumatic Surgery, Hearing Preservation, Outcome, and Genetic Background of the Patients—

Shin-ichi Usami
(Shinshu University School of Medicine)

Advances in developing new atraumatic concepts of electrode design as well as in the surgical
technique have enabled hearing preservation after cochlear implantation surgery, and EAS (electric acous-
tic stimulation) accompanied with hearing preservation is a new trend for patients with residual hearing
at the lower frequencies. Combined post-operative imaging with the referential tonotopic map clearly
indicated that hearing preservation can be achieved even in the presence of a long electrode covering
the residual hearing region. Achievement of atraumaticity of round window insertion in the present cases
has been confirmed from the viewpoint of minimal drilling time as well as preserved vestibular function.
Post-operative evaluation after full insertion of the electrodes showed hearing at low frequencies was
well preserved in all 16 cases (16 ears) who were followed up for more than one month. As for outcome
of EAS, together with successful hearing preservation, all patients obtained 25-40dB in their average
hearing threshold after implantation. The word recognition score significantly improved post-operatively.
With regard to the genetic background of the patients, CDH23 mutations and the 1555A>G mitochondrial
mutation were identified among our series of EAS patients, confirming that these genes were the impor-
tant genes responsible for high frequency involved hearing loss. Successful hearing preservation as well
as good outcomes from EAS in these patients indicated that those with this combination of mutations
are good candidates for EAS.

Keywords : EAS (electric acoustic stimulation), atraumatic surgery, hearing preservation, CDH23, gene,
mitochondria

eI

FEARD D VITIER O B B3 2 HEEREIX
KEFRICEFENEZH T2 DOOEEROERENRED
HTEL, FEROT v T4 IBLWEDIEE
DELFHED RO/ LNRNEENE ., —F, EFH
DOEABBIEL TWBD RO N THEOHERIZY
TIELT, ARRBEES2po . EE, BEEN
DB HEFTWITHFENH T, BEMEOETHITETH
BTHEEXEVADL (BEENEABATAE (electric
acoustic stimulation : EAS) | ¥ &h, ALHEOHE

SRR ERETA b0 LTHERASRTWS (& 1,
2). ERIEIABRBHBERATLIILICEY, dEdl
ONEHE EEROCIRBICLZFEAN) kbhd
LEZ LN TWES, 1999 £E von [berg BY HMESFERIT
BEENEFETAREABROE G2 S MERE
LT, BERTEEEc, BERIATHETH
EWMBNWHW D EAS ZERRANICIEA L#EE L, Thid
BEOFORMIZ L ZEH L, ATAEIIC L Y EHRI
ANT-BZRIEIC L 5 BRPATERE PR TRIEWEETH
ST L EMHTERIELEEDLD CHEINRBRETHS.

BN FH REER

55



4 FhHE K —

FO%, BEOUE, AV—F7oty Vo, B
CRMEORET D i, Bk % O IR RPTIE A3
Hohiz, FOFR, BEI—o v ATREEFOHMMES
ADOLNTCE ~— 2 #WBL, HERED D WITHIE
OB gL 2T DHMERE OBRBEL L THILLDD
»Y, KE FDA THLHEBRRPED LN TS, BHA
T 2010 4E 8 A IZEAEHHEH b RFRNDERAL
NEFAN PEEERE (F 3HEERR & UK
%0, BKWIESRB I TNS.
BEERTEDLNAEZEASOHERE LTI, I—ay
NEERAINTWDHEEES LICTROBEREEH T
bhtnd (H1, 1), FESHEEIRD kY, §
FPNTITE B IZEIEDIEABThbh T L Ebh 3.
Wi CIIBR A (201148 H) £TIZ 184119 ¥
(O bREERKIF) ORBREER, FMED, EHMRE
BAEDY, RiEERERE?, 38X OMTHREEIGEY ~9, HAFEI
B 2H8MEY ~ 9, BEOBREBRERD k&zonT
Rt 2ERTERLZY, AFETIZFNS OFEHD S5 5
Il ofe LR DSODRA > b &b TRz fe o,

(1) {EBBERETEZLIck VBEEHORENT
EThHB.

(2) BRERA LM THEEROTHIEITELN
5.

(3) RBEMIMNEREDCREDTLOIZLEETH
3.

(4) EAS BAEXTEZEZRNTHHMATH B.

5) BEOREINERPHLNC R TEE.

EREFIHICKLIELREF
EAS 3~ OEMIEA LI NREL WS HKTZA

Frequency (Hz)
2000 4,000 8,000

=

Hearing Level (dB)

1 EAS OIS L2 B EHE

56

FREKR 132

FA SRR L 2R i & i AU RIREIR OBEL S 3%
5. WHBHE#ENE LEATHEEMOREZL
Ea— LB LT, 24% 08RE Tl EL
L, B%DOBETRLWABEL L LRESRTNDY.
ATHEBBRF AL ZHEMETIBEIL T, EENR
BRI, JEMY A N A Vi X BIBFERESE, &L
ERORBEMEOERRZENBEFEL THWEEEXLNT
W5, T4, NEIIHT DMEZE/NRICT DIz
ToXoTRBREINTER.

1) BRoO%KER

AR, IR EHI K C LB L, EENLE
RS EROERB T 5B 22T 58 E
BRRESRTWEY, =FAEfVEY2IL—Yar
EERCITWEARIEE I N 2 E ek ERBICH L
THRBRIEZEBREINTWD Z LG S TR o,
B & W BT Mg~ D REB DI T & HSFE
HENTHDW,

2) EREEM

FHEZAL CTHOEFENZETEOOBREF N O
RAPLENTHD., BEBAOT n—F L LTI
VIR A (M4 OFBER HIBR LIRS ic 7 o —
F9 3 cochleostomy 75 DEREFFA B —RNTH -T2
2, i, EABPLO7 Tu—FI X3 EHRFEANL
VIRBETHY, BERNIELVEVHEECRETES
Z L BB INT AR o T E DY, 3K cochleostomy 7> &
DOBHHAOBEICO W HERRY EEBORHBEEL
e Eh, soft surgery SHER SN TE LW, Ll
BIFABEBOME I ONT, CT ZHWWT retrospective
[CRRGIE L 72 P e i L hiE, BESEER Cidie <, B
BECIRA SRz, BB WIREEES S ISR B X1
ERIZBA SR TS HIBAHE SR TNEY. Zok)
BREBEBICBLARO L BB LENOBFITARETD

#1 EAS OIS (FEER

FIE & b LUF 04t 2 e TR E MR &
1) MEREA
- 125Hz, 250Hz, 500 Hz OH¥IEE IS 65 dB LAK
* 2000 Hz OHEETEHRIEA 80 dB L E
- 4000 Hz, 8000 Hz O#EFEHBIEA* 85dB LAk
L, ERLICART B D 5% 10 frhs 10 dB LI OIRT
ANBBERIING LTS,

2) HREHBERTIEBOTHR T TOES LS 65dBSPL
TEO%RFETHBZ L.



HRERER #132

5. EEORBHTEAS #HME LEATHEOFEMEEO
EBIZONWTLE 2—3NTn38, FHE7 fu—F
REBFMESNEASINTLLENREENSHZEL T

BERNEAEATIANE (EAS)

WA Z EREREINTNS®, Cochleostomy 7 7 1o —F
TEWREREZH T THWBERLH LY, WTFhoT
To—FTHBREENCEFITIERBREFETS Z

1SERIOTHE S (dB) Case 1 Case2
125 = 500 J000 2000 4000 00O RE T ) 08 1000 XA 4000 B00 125 %0 B0 100 X0 AR B0
L @ s
n R w
- ‘-«N\\ A
BESN IS . =,
= \“\ o \“ N ::\\ ——snANR
- AN N S NN
T S
0o ze 1o -
Case 3 Case 4 Case 5
2 3 W w0 o e o m oxe we wm om el R o W 0 N aw mX
L] L °
. REN .
RESN RENS . '
REX TR TR
NS IR - L\
- {[|=""
. 0 o
Case 6 Case 7 Case 8
135 250 0 1000 2002 4000 830 15 %@ 500 1000 2000 4000 3000 125 0 500 1000 200 4000 BOOC
o © o
NN SISO NEERNN
TN TORY TN
NN " NEN - N
— R
uo wn 24
Case 9 Case 10 Case 11
125 250 00 1000 2000 4000 BOGO 125 250 SO0 1006 2000 4000 K000 s IS X0 1003 000 4000 HWC
Q a0 a
e NEN s
NENERN A o N
LN A\ AN
.
™ 100 ™
Case 12 Case 13 Case 14
08 20 %0 1000 000 4000 800 135 250 00 1000 000 X0 2000 0% 250 S0 X6 2000 000 B0
o o B
u ko) 0
IS
NER\N NN .
© R"\ » \.}"\: » A
100 ‘:~ > e —\“; 00 \l‘
120 = 120
Case 15 Case 16

2 ATAEFRMRIROENENL O3 L0 3EIH)
(4% 61 AT, MESE, W1~ 65 AV, #%6» AL ETEHORE)

EEWOBFENIHED L<RehTns,

57



6 FhE B — HHEIR  fii132

D Froquency (Ha) Froquoncy (Ha)
x 125 250 S0 1000 2,000 W 4000 125 250 S0 1000 2000 4000 3.000
- ! }
0 !
- ® . -
§ 2l 0 s o
| i i ]
E w|— \4— tr— E wl|—— \\t — |
n \‘ », 5o \ +
= e ..- 5 » v
% et %0}
s | x X
' R e I - e—1
120 -
Before surgery 7 months after surgery
d

D Frequency (1t Froquency (Hz)
ay 135 250 500 1000 2,000 4000 K000 20 124 250 500 1,000 2,000 4,000 “E
-0 T
0 o
10 10
P .
8 M g »
3 @ | 2 :
& 5 i 4_ § o - f
g B \é‘u I %‘ il ] 1]
= 10 < B .
%0 f— - 0
100 f s . = 100
1o —te 1 oftf—ffy
- n | = 1
Before surgery 7 months after surgery

B3 LRffiAZEE (@:24mm, b:31l.5mm) &ML COk2 X v3lH)
24mm (@) HBHWFE 3L 5mm (h) OB XDOEM% full insertion L7eHE THAS OB A RETE, BHOEELTY
Bk BT IS AT 5 (EHAMREA(EaRETH D).

ERLETH B, LI ENIEZFOHEE L <113 114~ 128 dB SPL &

Blirb b o i Tk S IR ICfiA TE 5 F Eh, MM EREZTOI AL ACELTHS
AT A, SFEMED Y A7 B X URIEEREER Ol TEBHESN TS, bhbh? FIENET 7 o—
5H, NIHNHETFMZTRTEMNET /e —FTffo T FREVERETHD Z L 2FEABEOMALRITL,
%, W EEEEIBE OB D L AV B LT EE Il EMAAT 7' 8 —F Tld cochleostomy 7 & O HFGHH A 12 H:

58



HREER fi132

L, B EIBAFERAS 1/5 LL FORBITHR T LT 78
WEO Y Z 78R E 0D S Db & R A EE
THDIEEWLMIC L. il X SIIEMNET
o —F TIHTEEERA L WD Eh b LV ERLE
REEH LD,

3) AFuAf NofEH

DEWTA TS EBOMAE L 22 WEF IO KT A
A LNBEWNRS D Z &, OEBEORENED S
BREFID DD Z &, EREAHALED SFEMEY 1 b
AV OFEENRIDZEBHENEN TS, LicdinsT
WHEFEOTDIEERM A L2 EHENRREL LD
I TRAGER A VTR S SREMEY 1 b A v OFR A5
TEMNEEITR S, BREEENEEOFIZBL TER
FoAf ROWRABENTHD I EPHHRRTLELS
NTELY, FRATHLRETHIVEL2EHRTINEZ
ERge, BE, BEREETTbOhTHhS e ba—-1
TRAFOA FOL45 % 6 B @b sifit s
HET, X9 AZV 8, 8, 4, 4, 2, 2mg) =17 —
NELT, ELERAMERZIEELTES 1 7—Aff>THn
5,

IhSBBOWE, KEBETH, A7aA KoMk
A ORERES LA > TETRY, EAS T
T2 AE O MR RE I L AUE, B REREE T 90 ~
100% & § 2 b D% g TN BN ~20,

BN KRFICBNT2008 411 AR5 2011 4ES A £ TIT
frbh/z EAS E 18 B 19 BEaxtsa & U, itk 1o AL
ERGB LM NIBED T — 2 B H 5 TwD 16 #i 16
HIZ oW T OB NRFEIR OV TR 2T e & 2
A, TRTCOEFCREREHORERTERTH 7Y ()
2).

BiEEA LBFEERIROTENE

AR B LTIk, EAS ORHZE SN BT A X
Y EERO A BESEEIND L HEZ LN TEY, 6 ~
10 mm O WEREH O TEEREEO R (FEiEH) &
BEMATDHEN 2, BOERERTECTHATDIS
ES PRHALSNTE ., bhvbh? i 24mm HBWiE
31. 5mm DE EOTEMA full insertion LA THIEE
OBFRENDBMEFTE, BMOGETEL T 5 HEE
T AT D EHMREERTHD) Te%
HHcL, BELE (B3). ZhETiibibn? 2
WEEA L 7= 18 1 19 F (FLEXeas &M% 13 #il, FLEXsoft &

59

AP NN TANE (EAS) ' 7

insertion 23T ToA3, SEHITHE AR FTE, Bk
FEFALTOEERDORFEZIIRTHLIZ L E2H
MR T & 7o, O ARE I OW T X ZRERTHT
WU AS, Skarzynski 5% & [ ERIC{REZEEME K D 3
SHALBHEREL 2L OWEETT»>TWAD,. EAS
DI D BE LT HOHEE 2T L2450 T
&, RS B, BIEEOENEEA~DL AX 2~
FEZBL, LY ROBBEZRITITATION, 4%
BRROFEL D EEZLND,

EREFHICKL SFESERTE

AT NEEMOBRIZSNAZ LT 5 ODHEBETH
5. kP ATHEOHRIZD L, TIESREOKT
MBI EDFBENRD D T EBPEFEINTE LN, MEICk
BRI D 2 e —RloF Mo O W4T RRE
LR BIRVEADL . L LanbA% N LNE A
REDONMMUFBELCHLZLeELD L, 5%
EHOEFE L DITHIERROBEPERELRDIZEMR
FHE NS, B EHEEIZBI LTI, cochleostomy 7 7 1 —
FEWH T VEMP (vestibular evoked myogenic potential) 35
TOH ey ZRIEBETTABEHOONZ L
no, IEMET 7o —F Ol BiEEEOKR B LU
EFVOY A7 ERRTZEINTHED, bhbhl® b
Fhi 7 70— F ENEERR GO S BE UI#TE,
RIERERETEIAT 70 —FTEBZND OO,
cochleostomy 7 7 & — F4EH] Tix VEMP O SUSHE T A3
HHN (M4, FEEREOERMAL WS b bIETE
T7u—FEENBREERNTHED LA D,

s EREEL HABICH T 5HAK

flir RGeS L OVERAAEICL T, SRR L N
WHESE g A R IR R A RT3 — v R &
Tz EAS ORI TIE, EAS 4011 TOREIL
REASAIRICHUE L TR Y (5o B X238 50% L.
RYEE), FOHGVERTERD ST B3 -0 i X
N, WATRE, Mk, WRERZENEEIET
H Y —BHZ XN CH B 0%, BB OB Lo ki
% Center for Evidence Based Medicine @ grading system
EHWE T Z0 LA TSN THRE LY
Ea—Th, BEERINIZE L TEY O LAT & L
L R2%DOHHIESED SR THEY, iR bl



8 RIS

0.16 4

=~ a4l @ Round window approach
g @ Cochleostomy
L

2 012
H

E

g 0.10 4
b

=

o

=2 0,08
s

g

u

-]

£ 0061
B

E

o

g 0.04 1
g

E

S

o

0.02 4 ‘/ *

-6

- T T J
008 010 012 014 0l6

0 o

] 002 004 006
Corrected amplitude value of CI side (ms”)

4 ANTHE#O VEMP B X CHEIERIFHRE Gk 2 X050

FEURR #1132

60 -
% @ Round window approach
)
o 50 ® Cochleostomy P
2
"
=
o
=
e
°
2
8 304 ® /
g (]
-g *
=5 204
H /S e
= /
i I
g e
E w0l
i //
0+ — v v v - -
0 10 20 30 40 50 60

Maximum slow phase velocity of CI side (deg/sec)

cochleostomy # {4l © VEMP (vestibular evoked myogenic potential) ¢ s T 435328 S L7, BUEIRIFRA 122V Tl cochleostomy

fER, EMERT 7o —FiEf L bRIGIREh TS,

80

aFEANL » At
OHAN3» A

BEANGS R

AS ES EAS | AS ES EAS
R HET

5 67-SEREEMWHE T LT T TORIGE (n=8)
(k6 & v 3Im)
SRS (AS), BEUHIM (ES), B IETHA LA
H (EAS)

BOWERAEIIEANERD DL OO, BB LZEME 62
HzTdEl, & IS R OEIARE CEnL i
AT ZEPREIN TS, F7y 77— MNAKTLR
2R BTN DY,

HE, BATCBI AR ESEEEREBHFITON
TRATLTWB A, HEHITEH, FANSE 64 A THE
Hi T 50% DIEHGE A G T E, HAZEOBERICD KEA
AV bBHDTENHERTETNDY, BIEERBETH
DALz EAS B 8 i W TR L 7255 R T, &%
OREIZFANE 1y A TERSELSETTHE TIRE

o TR (HREER)

m# AN 17 A #% (EAS)
oHFAN3 4 A% (EAS)
| S A6 H1% (EAS)

E(HEET) WRGEETF)

B 6 CI2004 D& BAIAEICHIT D EEAE (n=8)
(it 6 £ v AalH)

40dB SPL ELF & 722 0 73 A2 e M REE %78 72, 67-S 38
R 513 C12004 =HI 7z, R N EHEE T TO AS, ES,
EAS A N4 M- TOREIRGE D#E 5 T, EAS - A3 ES 1%t
L TERTWAERBAR LY (X5, 6). ZoMmix
R FE Y DHESET CEEICRD N, 2B
REL LTy AN, HigfRilcds 3» AR TTT
ICRELUEL TV, EomEEEROMEMNTIZH S
2%, EHEHICEFEE N EGT5 3 HliIconTOELRER
REMAE D BRI T D EASIC L B IEHE DS E R HD H T
BY, EASHLVIBRWHEE T ICHATH D [fEt %
AL TS,



H SR #i132

Frequency (Hz)

125 250 500 1,000 2,000 4,000 8,000

Hearing Level (dB)
3

1o ~J

Mitochondoria 15554>G (n=178)

Frequency (Hz)

125 250 500 1,000 2,000 4,000 8,000

Hearing Level (dB)
3

N
70 \\\
N

\
NN

~J

110

CDH23 (n=8)

BedriE i T A TN E (EAS) 9

Frequency (Hz)

125 250 500 1,000 2,000 4,000 8,000

-20
-10

20

iy
NeZ

2288
|

70—
80 —

Hearing Level (dB)

110
120

SLC2644 (n=61)

Frequency (Hz)

250 500 1,000 2,000 4,000 8,000

10 (

Hearing Level (dB)

7,

110

N

GJB2 (n=200)

7 MREREREETORAE (ERGhEA—UF 758y RT3
I har FY 7H#IE (1555 £8, SLC26A4 85+, CDHZ3#{sT, GJB2 Bz ICEREZF OB EOHPIZ EAS ALNL®
EIEBEREEND., CDHIZIFIEET A TORETRFENZRA®, EASOIWEINILRSEEZ26N5.

BEOHRGHES
EAS Ol 2 7 2 BT A R e RMET T MR E D
WA OSSO P RIS D 03, @ fGRR
DA —CA IS heRTHT L, I TERL L5286
TEFTTHZENOFRRNE L TEIENRTTRESEZ LN
TW5, bbb E N K FEE SRR o §iEE (L F
F—ER—Z (BEF 1520 #) © 55, EAS OEIELE
R TA—UF VS a2 THRE (139 #i) O
KGR L BIZME R ERF LD, ZO/SE, 53%
WEREFESIREER IVEH D 28), 28%MRERE
FEEEEER I har R TEEBEEREZRLTE
D, BH—ORETHR{ELAOREFFBEELTVSZ
EHER SN, HEERIC OV TIRFE A SR

61

R (IRIEHH ate) TIEEEAEEERZEER 3
a3y KU 7E{ZER &R TIEHNT L U CFAE A A MK
WEMASERS BTz, £z &4 T 56% OIERI B EMRMET
BTz, TDHH 21%DEHF TREEZ A RAFE v[
ETHY, P b ABEONRREET-23 EAS OuiG
LB NGERTZENREL MR- (KT, T
b, 2 bz R TRIEF155525 5 (12. 9%) , SLC26A4
BIEF (7.2%), CDHZ23i#tfz+ (4.3%), G/B2&I&T
(2.2%) THD. MTIGEIETIZE0EREDEA—
FTZLERTH, ITNLOBIEFDOS5H CDH23 12T
ETAToORETHREE %229, EAS O XVl
BEEZHBN TS, EAS FMi %17~ 2 18 flo Bz +
Rt ZfTofc b 25, SEE RIS E 3 #ilic CDHZ23



L i

LRERIR 132

pR30IQ /7 wild PP20BL  wild

|

D Frequency (He)

n 1 250 A0 L0 o0 400 kboo
" ]

L
w
p

o
NG
B g a—
o T =

1 L]
w =
o ~| X

0

O

P-R301Q # wild

pP2IOL/pRIVIQ  p.P2A0L/ p.RIOIQ

Before surgery

8 CDHZ3%

SSEE!

Before surgery

&9

WS, FAENEREESE 1Mz ha> N
T AT 1655 AMASEE EhY (K8, 9). 4 fAd
TT EAS T I AF R 103 Fﬁg“iﬂ) it DI
HAED RNV L6 T 6 oM a2 8z X 2 ik
EAS @ X i é‘f&é:&ﬁiﬁﬁn’g’c—**m 8 Eie
CDHZ3 ARG 1 I/NEHITH Y, JBH O

2 months after surgery

62

A

6 months after surgery

S A O BEIREE I 0E 2 EAS (iR 8 L v s

oo 0 o

I hay KD 7 1555 25 % 4 o Mz o325 EAS (k8 L v gl

JHRARIE AN U E T, ASSR 12 & » THFERE f1 73 3?;
HEM ST, Zo X5 NI o BRI h %
ATERRBEFITATT 5 Z L iX 5 %o Ak m-"*'f
ICHRLERIZZR>TL 3 L Bbhd., BAEXLAZHEE
Tt 1T \tﬁ;‘x.’ﬂ:fﬁ'.'&‘-’flﬁéi 1 rts BT B IR ARG L
TNBEM, SRIEEFZEICE 0oL 1

:&



HEMEK ffi132

A5 Z&T, RENCEID RN AEORBRSTEEE 2D
T END.

BEbUI

WMEDATHEDOHEISES (SRMEICh 5 EEE
ERE) OFMOBITS B 2T B BRI 2T
5 Z LR R TER O E T 2 B b b iff
FINTWS. EAS DIEFICH ZBRAFIENRAF (hearing
preservation) OHLAIITEMRE (T & AhiEEimE) &2/
BT BEZHFIZORBY, TRTOATHEICELES%
ZAHFE L TEEIZRSTL B ENTFHRENRS.

1)

2)

3)

4)

2
fusid

6)

)]

8)

9)

10)

11)

BENE
von Ilberg C, Kiefer ], Tillein ], et al. : Electric-acoustic stimu-
lation of the auditory system. New technology for severe hear-
ing loss. ORL J Otorhinolaryngol Relat Spec 61: 334-340,
1999.
Usami S, Moteki H, Suzuki N, et al. : Achievement of hearing
preservation in the presence of an electrode covering the
residual hearing region. Acta Otolaryngol 131: 405-412, 2011.
FlEEE—, ARV, TNRRKT, b B s me
ANLHH (EAS : electric acoustic stimulation) ~FAff#k & B
FHRFRSHIZ DUV T~, Otol Jpn 21: 763-770, 2011.
FlhEd—, T B, SN b BEEDEHBA
LN (EAS : electric acoustic stimulation) Z{#H L fz—1i
Bl ALNE RSB IT 3 BAENIREDORA. Otol Jpn
20: 151-155, 2010.
BN, PHRER, E/IMKTF, fb: BREEITFARA
T.NE (EAS : electric acoustic stimulation) @ REFEHH 3
ERNTRIT B4R, Audiol Jpn 54: 678-685, 2011.
AR, WmREWS L M, b REREEREAL
A H (EAS : electric acoustic stimulation) : #f£RIKGEICE
iF B8af. Otol Jpn 21: 771-776, 2011.
Usami S, Miyagawa M, Suzuki N, et al. : Genetic background of
candidates for EAS (electoric-acosutic stimulation). Audiologi-
cal Medicine 8: 28-32, 2010.
Usami S, Miyagawa M, Nishio SY, et al. : Patients with CDHZ3
mutations and the 1555A>G mitochondrial mutation are good
candidates for electric acoustic stimulation (EAS). Acta Oto-
laryngol 132: 377-384, 2012.
Talbot KN and Hartley DE : Combined electro-acoustic stimu-
lation: a beneficial union? Clin Otolaryngol 33: 536-545, 2008.
Baumgartner WD, Jappel A, Morera C, et al. : Outcomes in
adults implanted with the FLEXsoft electrode. Acta Otolaryn-
gol 1277 579-586, 2007.
Adunka O, Kiefer ], Unkelbach MH, et al. : Development and

63

B AFRE BB A LLNL (EAS)

12)

13)

14)

15)

16)

17)

18)

19)

20

=

21)

22)

23)

1

evaluation of an improved cochlear implant electrode design
for electric acoustic stimulation. Laryngoscope 114: 1237~
1241, 2004.

Skarzynski H, Lorens A, Piotrowska A, et al. : Preservation of
low frequency hearing in partial deafness cochlear implantation
(PDCI) using the round window surgical approach. Acta Oto-
laryngol 127: 41-48, 2007.

Roland PS, Wright CG and Isaacson B : Cochlear implant elec-
trode insertion: the round window revisited. Laryngoscope
117 1397-1402, 2007.

Lehnhardt E and Laszig R : Specific surgical aspects of
cochlear implant soft surgery. Advances in cochlear implants
(ed by Hochmair-Desoyer 1J and Hochmair ES). pp 228-229,
Manz, Vienna, 1994.

Lane JI, Witte R], Driscoll CL, et al. : Scalar localization of the
electrode array after cochlear implantation: clinical experience
using 64-slice multidetector computed tomography. Otol Neu-
rotol 28: 658-662, 2007.

von Ilberg CA, Baumann U, Kiefer ], et al. : Electric-acoustic
stimulation of the auditory system: a review of the first decade.
Audiol Neurootol 16 Suppl 2° 1-30, 2011.

Bruce IA, Bates JE, Melling C, et al. : Hearing preservation via
a cochleostomy approach and deep imsertion of a standard
length cochlear implant electrode. Otol Neurotol 32:. 1444~
1447, 2011.

Stromberg AK, Yin X, Olofsson A, et al. : Evaluation of the
usefulness of a silicone tube connected to a microphone in
monitoring noise levels induced by drlling during mastoidec-
tomy and cochleostomy. Acta Otolaryngol 130: 1163-1168,
2010.

Vivero R}, Joseph DE, Angeli S, et al. : Dexamethasone base
conserves hearing from electrode trauma-induced hearing
loss. Laryngoscope 118: 2028-2035, 2008.

Lee A, Jiang D, McLaren S, et al. : Electric acoustic stimulation
of the auditory system: experience and results of ten patients
using MED-EL’s M and FlexEAS electrodes. Clin Otolaryngol
35: 190-197, 2010.

Adunka OF, Pillsbury HC, Adunka MC, et al. : Is electric
acoustic stimulation better than conventional cochlear implan-
tation for speech perception in quiet? Otol Neurotol 31: 1049-
1054, 2010.

Gstoettner W, Helbig S, Settevendemie C, et al. : A new elec-
trode for residual hearing preservation in cochlear implanta-
tion: first clinical results. Acta Otolaryngol 129: 372-379,
2009.

Helbig S, Van de Heyning P, Kiefer ], et al. : Combined electric
acoustic stimulation with the PULSARCI (100) implant system
using the FLEX (EAS) electrode array. Acta Otolaryngol 131:



-

585-595, 2011.

Gantz BJ and Turner CW : Combining acoustic and electrical
hearing. Laryngoscope 1137 1726-1730, 2003.

Kiefer ], Tillein J, von Ilberg C, et al. : Fundamental aspects
and first clinical results of the alinical application of combined
electric and acoustic stimulation of the auditory system.
Cochlear Implants: an update (ed by Kubo T, Takahashi Y and
Iwaki T). pp 569-576, Kugler Publications, Amsterdam, 2002.
Skarzynski H, Lorens A, Zgoda M, et al. : Atraumatic round
window deep insertion of cachlear electrodes. Acta Otolaryn-
gol 131: 740-749, 2011,

Todt I, Basta D and Ernst A : Does the surgical approach in
cochlear implantation influence the occurrence of postopera-
tive vertigo? Otolaryngol Head Neck Surg 138: 8-12, 2008.
Kiefer J, Pok M, Adunka O, et al. : Combined electric and

acoustic stimulation of the auditory system: results of a clinical

64

30

~

LBLETR #1132

study. Audiol Neurootol 10: 134-144, 2005.

Skarzynski H, Lorens A, Piotrowska A, et al. : Partial deafness
cochlear implantation provides benefit to a new population of
individuals with hearing loss. Acta Otolaryngol 126 934-940,
2006.

Gstoettner WK, van de Heyning P, O’Connor AF, et al. : Elec-
tric acoustic stimulation of the auditory system: results of a
multi-centre investigation. Acta Otolaryngol 128: 968-975,
2008.

Lorens A, Polak M, Piotrowska A, et al. : OQutcomes of treat-
ment of partial deafness with cochlear implantation: a DUET
study. Laryngoscope 118: 288-294, 2008,

DURES RS Tk B
T390-8621 #4 4%Tfijii3-1-1
15 MR 27 0 R o

Shin-ichi Usami

Shinshu University School of Medicine



HMEGE 84(2) 1 91-95, 2012

ET#»3ESWER

FLRBE I IRIC X 2 R GHE BN TN HE O

P RE ) ~ DR

B H s K B R S Y NE I & R i
2R Pl B B & FHEXE
L BUsic IL SREFHE

W, EEHLFEET, SEHEATHNE
TEEIMT 2 BREEMEARALNE (electric
acoustic stimulation : EAS) W85 L, Z0oHFHAE
WKDOWTIHACHIENS &I IKik->THR .

EAS &, BEHIEZET LT 2RO ATAE
CIRELRD, BEENEZ OLIBRETE 2 00E
BhRTH D, LmHELD X DIRFICRED
Y wBEmEACZOY, EHErO7 7u—
F (round window approach : RWA) 2MEZEE TR
EHBOBEZERS Y ENRESNTE
D, REZHENREATREICL T3, LiL,
FMCIIASHAHIBIN, BEEHMKMIC X D PE
NEBEETL2-OMBOENICKEBEEZLEL
%, 2D dBRERINEREATHAEOMEIES
DFEFENELE L BOMIE 1 2 HUE
TIFhb Tk, T EF TCOEEBRFHIFNT
ZATHNEERED, i) S EEFHOERIESH
BIGEIITE 22 ITMRICEL 3 [BEEZEDH
PRIHKEICED S LIdEE~D QOL M ki
DB,

SHEbibiuiFhEOMEOEE RT3
LT, MRRHoKBEEZOWE L BIicHE
HIBEERIC B ST E AL ALEEEER E T,
it 1 > H £ COMMM 2 3R R E L OHED
DRERWE I >V TS L-oTHEL, A&
FEREZ &hE TRTRT 5,

YRR L 72 EAS FHESM 18 flo S & 11
Bl B T L BELEREREM BT L, fho
7 BN REIT L 2o 7,

Tl 5 W THTRT & FRBC L 72TER 1E, e 1
PHOEREHORBEZDZE (250 Hz, 500 Hz
DARE 2 FRECHEE) ooV THIEMGET L 72,

et mRET I3 Wilcoxson DT B & NHATHIE
& HwT,

FMiAE - FLEEHIFR, BEERRETY, F
MZEEZWHETICL, round window approach
(RWA) 1< CIB4BH#& % {7, &HZ MEDEL
FLEX™S% > 2 EHRIE A2 1T - 7o, B AR,
FLAEHIBHE IS L TE T E AV THLR R EE
WET>7, BATIRIGAREREOHIBICEL
THU 2BHEERL, +HickaziREL, &
5mm DEZDIIRICLT7 4 7Y VHITHED T
EELL 7 (B 1a), ZDOBEATHREELRBICHE
B L ASRHIBEICId DA AR, S SICABEEERT
FHE, 747V % LASERERER
L7 (®1b, c),

I #&8

it 1 EBICTENREZEML T ALK
B AT 9 Wl EAEBEERA 2 TOR
Do dz 6 FlizD W, Ml B HMET & ik L
7Ait% 1938, it 1 P HOKREEEZEOELERT
(=2,

* Post-operative hearing effects of mastoid cortex-plasty in EAS patients

* k1 D0 ol
B MR B A 5B B B R £

LTE OTHE, (A Dlh, #e0h 0, ILlE LA®, 13AH LAvL:

* %2 LHEE ILL L EMAFESRIEHEEA TSR
Glifgse) FHEK @ BMAZEREE SWGEEHE (T390-8621 REFFMATIE 3-1-1)

0914-3491"12 ¥ 500 3 X' JCOPY

65

HWEHS s4#%2%5 201242 H 91



B 1 BRATREIVARREMRDOAE

a BT BRI MR
b B ST R AL HIBEER I FEhE

c @ ALEEREIERE (K

i it
% %
B n

A

5 ;BT R

K 2 fifk 1:8H, 1 AOKEEEDOZE( (250 Hz, 500 Hz DK EHZEDF)
a @ FLYETEEER] (n=9)
b : JEFLEEEIEIES (n=6)

fifts 1 BRI OET 2 RO KB E2EIE, Mif
& Pl U RS B TR T 13.6 dB, FEFLEE R
BB T 288dB DA B EEDE A%
&, ik 1 AT, il ol TERFNPR
¥ 3.9dB, 15.0dB D& NTH - 72, fiits 1 H,
it 1 2 H & b AR EKER AT 5 D&
BEEDMAKOBREIRIETH D, Kot 18
BT EBEICAEEEDEKRIIBETH 7 (=
0.027),

PITRFEMA EFZIETT 5,

| FERY |

BE 30, Lk

F5F W

BURIE © 28 MR S MEE 2 EE L T3,
Z DER2 RSB L e, E CHE S
BEE RSN, REE 2 A L 2 0BEST 4y
ni=&, 20104 3 H, URlzZ2Z L7,

TRIRR R« BEOMRAE b, 0 2 T

92 HWEHSH 84 %2 2012452 H

66



-0 : -10 f b
0 ; 0 5
10 : 10 i
o : 20 ;
i mns ; 301 ;
40 T4~ : 0|2 ;
50 “‘ Q % 50 e ~
&0 N 5] 2 P X
80 L NI 4SS I R R
= s 80 W T
90 . H 3 ‘ 90 = \; : :
100 T 100 i
110 e T 110 - ;}Ti :Hl& T_
125 250 500 1000200040008000 125 250 500 1000200040008000
: -20 d
¢ 10 | -20
0 i 0
- | i
%8 C;\ ' 2 30 ] ” L
] i v 40 b i
40 N : 40
28 EN o &0 AN s
i i B ich ich
70 - H&\;;:‘ £ i &0 R
801~ U 90 - SN
S T |
- : it TR O
110 ,\‘:,* Y“?_ ]%8 :

125 250 500 10002000 40008000

125 250 500 1000 2000 4000 8000

® 3 MWEIROBERR, BA% (FEE)

a: fifal, b iz 3 OH,

ARz (K 8a), EFMEIME TIIHTERR
JHN 65dBSPL T 45% £ AR TH o 7=, EEHEHT

R, R R, BIERREIRR LR TH o7, EAS D
IS &AWL, 2011 4E 12 H, AN EAS BHA A

2T L 7%,

TR R - iit2 1 0 H 3SR LS 2%
BHIRITE RO Lo 7208, i 3 HEED S
SR Eb T arEstintsiEo (B

ciflitR 7 HH, d: g 1 A H%E

3b~d), flit: 7 HH CHEEEBHERIZIEHLE %
h, Mitg 1 A THEL Tk, BEHIZMiE 3 H
H-cfiial & e LEE 3 AikE (125 Hz, 250
Hz, 500Hz) T 32 dB D&ERE DK T % 3%
b, fiitt 7 HH TR & s icREE 0Tl 2D
7o (IKF 3 RIEECF CffiaT £ b 43dB {ET).
HERE 71 1000 Hz T 5dB D EAfL % B o 7223,
Z DAt BT & B RBd B o7, T

HUEIHS 84 % 2% 201242 H 93

67



