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Takle 1. Gene-specific primers for PCR of rat transient receptor po-
tential cation channel superfamily V type 1 (TRPV1) and -2 micro-
globulin (B2m) :

TRPV1 (accession no. NM_031982)
Forward primer 5'-ACTCCTGACGGCAAGGATGAC-3'
Reverse primer 5'-~ACCCACATTGGTGTTCCAGGTAG-3’
Estimated size 81 bp

B2m (accession no. NM_012512)
Forward primer 5'-CCTGGCTCACACACTGAATTCACAC-3'
Reverse primer 5'-AACCGGATCTGGAGTTAAACTGGTC-3'
Estimated size 163 bp

0.8 wl of each gene-specific primer (5 uM), 6.8 ul of dH20, 0.4 pl
of 50x ROX Reference Dye and 2 pl of cDNA (250 ng) in a final
volume of 20 pl. The conditions used were 95 °C for 10 s, 40 cycles
at 95 °C for 5 s and 60 °C for 30 s, 95 °C for 15 s, 60 °C for 1 min and
95 °C for 15 s. The amplification plots from fluorescent emission data
collected during PCR were constructed using the ABI7900 model
software (Applied Biosystems).

The number of PCR cycles was recorded until the fluores-
cence intensity exceeded the pre-determined threshold. The
quantification of the initial amounts of template molecules relied
on this number of PCR cycles, which is termed the cycle threshold
(CT). The dCT represents the CT of the target gene normalized to
the rat endogenous B2m (dCT=CT,4ger-CTgom)- Relative quan-
tification of the mRNA levels of target genes (=fold range) was
calculated using the 27997 method, where ddCT=(CT,sger
CTaamA=(CTarget—CT2m)B (Schmittgen et al., 2000). For exam-
ple, changes in gene expression of TRPV1 among groups CONT,
SA2H, SA12H, SA24H and SA7T2H (GROUP,) within each region
were quantified as the fold range: 2797 (ddCT=(CTrrpyvi—

CTBZm)GROUPx_(CTTRPV1—CTBZm)CONT)'
Protein examination

TRPV1 protein levels were assayed using standard western blot-
ting techniques (Kitahara et al., 2005a,b). Briefly, tissues of each
region (SG, DCN, BRCx) were obtained from a saline i.p. injection
control group, a 2 h post-salicylate i.p. injection group and a 24 h
post-salicylate injection group (n=8 in each group) through the
same procedure for real-time PCR in the present study. Then, the
tissues were added to lysis buffer (1% NP-40, 150 mM NaCl, 1
mM EDTA, 10 mM PBS (pH 7.4), 0.25 mM DTT, 1 mM phenyl-
methylsulfonyl fluaride, 10 pg/mi aprotinin, 10 pg/ml leupeptin)
and homogenized gently on ice using a Polytron tissue homoge-
nizer (Brinkmann Instruments, Westbury, NY, USA). The samples
wera boiled for 1 min, transferred to clean Eppendorf tubes on ice
and centrifuged at 10,000 g for 30 min, Supernatant was trans-
ferred to clean tubes, and protein concentration was determined
using a protein assay kit (Pierce, Rockford, IL, USA). The protein
extracts (20 pg for each lane) were subjected to 12% SDS-
polyacrylamide gel electrophoresis and transferred to nitrocellu-
lose filters (Amersham Biosciences, Piscataway, NJ, USA) at 500
mA for 1 h. The filters were pre-blocked in 0.1 M PBS containing
0.2% Tween 20 and 5% non-fat dried milk for 3 h at room tem-
perature (RT), probed overnight with TRPY1 primary antibody
(anti-rabbit polyclonal; diluted 1:1000; Alpha Diagnostic Interna-
tional, San Antonio, TX, USA) and then washed with Blotto solu-
tion (50 mM Tris (pH 7.4), 0.9% NaCl, 0.5% Tween 20) for 1 h.
Filters were_then incubated with HRP-conjugated secondary an-
tibody (Dako, Carpenteria, CA, USA) for 1 h and washed with
Blotto solution for 1 h. Protein bands were visualized using Su-
persignal Ultra chemiluminescence substrate (Pierce), assessed
on ECL film (Amersham Biosciences) and quantified by laser
densitometry (Quantity One Software, Bio-Rad Lab, Hercules, CA,
USA). The density of staining with anti-g actin monoclonal anti-

body (Oncogene Research Products, Boston, MA, USA: diluted
1:500) was used to normalize the TRPV1 densitometric determi-
nation of each sample.

Tissue preparation procedures for immunohistochemistry
have already been described in our previous papers (Kitahara
et al., 2005a,b). Temporal bones were obtained from two adult
male rats from each of a saline i.p. injection cantrol group and
a 2 h post-salicylate i.p. injection group. The animals were
euthanized with sodium pentobarbital (100 mg/kg i.p.) and per-
fused transcardially with 0.1 M PBS, followed by paraformalde-
hyde-lysine-periodate fixative. Temporal bones were post-fixed in
4% paraformaldehyde for 24 h at RT, decalcified in 10% formic
acid, neutralized overnight in 5% sodium sulfate, infiltrated with
OCT compound and sectioned on a cryostat at 5 um in a plane that
produces mid-modiolar sections. The sections were thaw mounted
on slides. The 5 um cryostat sections were incubated sequentially in
the following solutions at RT: 0.1% TritonX-100 and 2% bovine
serum albumin (BSA) in 0.1 M PBS for 2 h; antisera against TRPV1
(anti-rabbit polyclonal; diluted 1:1000; Alpha Diagnostic Intemational)
in the above solution for 48 h; 0.1 M PBS for 15 min; bictinylated goat
anti-rabbit 1gG (diluted 1:250; Vector Laboratories, Burlingame, CA,
USA) in 2% BSA in 0.1 M PBS for 24 h; 0.1 M PBS for 15 min;
Vectastain ABC reagent (Vector Laboratories) for 1 h; 0.1 M PBS for
15 min; 5 mg/ml diaminobenzidine tetrahydrochloride (DAB)/0.01%
H,0, in 0.05 M Tris buffer for 5 min. Sections were then examined
under a light microscope. For negative controls, primary antibodies
were either pre-absorbed with each control peptide (1:50) or the
primary antibody was omitted.

Antagonist treatment

To elucidate the direct involvement of TRPV1 in the mechanism of
tinnitus generation, a specific antagonist of TRPV1, capsazepine
(Sigma) and its vehicle, 50% dimetyl sulfoxide (DMSQ) (Sigma)
were used. Group | was a saline+DMSO group, group Il was a
salicylate+DMSO group, group Il was a salicylate +capsazepine
group and group IV was a saline+capsazepine group. DMSO or
capsazepine was administrated 0.5 h after the first injection of
saline or salicylate. Effects of capsazepine within the dose range
of 0~10 mg/kg (De Schepper et al., 2008) were evaluated behav-
iorally by counting false positive responses (cf. 2.1 in Experimen-
tal Procedures) and morphologically by real-ime PCR (cf. 2.3 in
Experimental Procedures).

Statistical analysis

In the present paper, the statistical significance of changes among
groups was analyzed using one-way ANOVA with Bonferroni t-test
except for capsazepine treatment. Two-way ANOVA with Bonfer-
roni t-test was used to test the hypotheses that salicylate effect is
blocked by capsazepine. All the data were presented as
mean=SE and P-values under 0.05 were considered significant
(SPSS Inc., Chicago, IL, USA).

RESULTS
Behavioral assessment

In pilot experiments, animals were divided into four groups
(n=6 in each group) according to conditioned stimuli of 4,
10, 16 or 40 kHz (60 dB SPL), and false positive responses
were measured on the third day after salicylate injection.
Each number of false positive responses was 0.6x0.4 (4
kHz), 2.8+0.8 (10 kHz), 4.2+0.9 (16 kHz), or 0.60.4 (40
kHz) and increased significantly when the conditioned
stimulus was 16 kHz (* P=0.004) (Fig. 2A). Then, animals
were also divided into three groups (n=6 in each group)
according to conditioned stimuli of 20, 60 or 80 dB SPL (16



1326 K. Kizawa et al. / Neuroscience 165 (2010) 1323-1332

A .. B .
: i
5 - 5
E : ;‘_E *
8 4 & 4 {
i < !
§ 2 g 2 ‘7
1 : 1 ;
0 @ ] - é] o b . . | . - —
4kHz 10kHz 16kHz 40kHz 20dB 60dB  80dB
00
C % |
80
» 70 |
8 60
8 s
-d ]
S 40 |
30 |
20 ¢ |
10 - l
0 - 5 [ ;
200B 60dB  80dB

Fig. 2. The most appropriate kHz and dB sound pressure level (SPL) for the conditioning stimulus in the rat salicylate-induced tinnitus model. (A)
Animals were divided into four groups (n=6 in each group) according to conditioning stimuli of 4, 10, 16 or 40 kHz (60 dB SPL). The number of false
positives were measured on the third day after salicylate injection and increased significantly when the conditioning stimulus was 16 kHz (* P<0.005).
(B) Animals were divided into three groups (n==6 in each group) according to conditioning stimuli of 20, 60 or 80 dB SPL (16 kHz). The number of false
positives between these groups on the third day after salicylate injection increased significantly when the conditioning stimulus was at 60 dB SPL
(* P<0.05). (C) The percentage of correct responses (score %) to sound of 20, 60 or 80 dB SPL (16 kHz) (active avoidance score). There were no

significant differences between all three groups.

kHz) and false positive responses were measured as experiments, a 16 kHz and 60 dB SPL pure tone sound
above. Each number of false positive responses was was adopted as the most appropriate conditioned stimulus
1.3+0.5 (20 dB SPL), 4.2+0.9 (60 dB SPL), or 1.0%+0.2 for the present Wistar rat study.
{80 dB SPL) and increased significantly when the condi- Animals in the control group showed no significant
tioned stimulus was 60 dB SPL (* P=0.013) (Fig. 2B). The change either in the active avoidance score (Fig. 3A) orin
active avoidance score showed no significant change the false positive responses (Fig. 3B) from day O to day 4.
among all these groups, though (Fig. 2C). From these The active avoidance scores of control and experimental
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Fig. 3. The active avoidance score (A) and false positive responses (B) in salicylate-treated rats. (A) The percentage of correct responses to sound
(active avoidance score %) measured before (day 0), during (day 1-3), and after injections of saline or salicylate (400 mg/kg I.p.) (day 4). The active
avoidance score % remained stable (=80%) in both groups during the experimental period. (B) The number of abnormal responses during silent
periods (false positives). Injections of salicylate significantly increased the number of false positives on the third day (day 3) (* P<0.005), A complete

recovery was seen when the treatment was stopped on the fourth day (day 4).
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animals remained stable (=80%) during the whole period
of saline and salicylate administration. This suggests that
salicylate application did not cause any obvious functional
damage to cochlear endo-organs. False positive re-
sponses increased gradually after salicylate treatment with
a maximum at day 3 (day 1: 0.2+0.2, day 2: 1.7+0.7, day
3:4.2+0.9, day 4: 0.5+0.3, * P=0.002) and returned to the
control value at day 4. This suggests that salicylate
treatment caused a phantom sound sensation or “tinni-
tus” in rats, with a maximum at day 3 that endured for
one day at maost.

ABR assessment

We examined if the salicylate induced the inner ear dysfunc-
tion by means of ABR. We used the lll wave in the measure-
ment of ABR threshold, because this was most detectable at
lower-intensity stimuli reference. No remarkable differences
were observed between mean ABR threshold of control and
salicylate-treated rats (data not shown). This suggests that
salicylate treatment did not cause any obvious functional
damage to cochlear endo-organs.

Morphological assessment

Neither hair cells nor SG cells showed any remarkable
changes between control and salicylate-treated rats (data not
shown). This suggests that salicylate treatment did not cause
any obvious morphological damage to cochlear endo-organs.

Expression of TRPV1 in the auditory pathway
and BRCx

TRPV1 mRNA levels in the SG were significantly upregu-
lated 2 h (2.39+0.18 fold: * P=0.0005), returned to control
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levels 12 h (0.81+0.02 fold: P=0.105), significantly sup-
pressed 24 h (0.35+0.03 fold: ** P=0.0002) and returned
to control levels 72 h post-treatment (0.91+0.05 fold:
P=0.130) (Fig. 4A). TRPV1 mRNA levels in the DCN were
significantly suppressed 2 h (0.53+0.03 fold: * P=0.0001)
and 12 h (0.64+0.03 fold: * P=0.0001) post-treatment,
respectively and returned to control levels 24 h post-treat-
ment (1.01=0.05 fold: P=0.810) (Fig. 4B). TRPV1 mRNA
levels in the BRCx did not show any significant change
after salicylate treatment (Fig. 4C).

TRPV1 protein levels in the inner ear

Fig. 5 illustrates western blot results for TRPV1 and the
relative protein levels (TRPV1/actin in CONT=1) in the rat
8G, DCN and BRCx. Similar to the results for mRNA
levels, TRPV1 protein levels in the SG were significantly
increased 2 h after salicylate treatment (2.94+0.72: * P=
0.022) and returned to control levels 24 h after salicylate
treatment (0.89+0.65: P=0.068) (Fig. 5A). In spite of a
slight reduction 2 h after salicylate treatment (0.61+0.48:
* P=0.044), TRPV1 protein levels in the DCN were signif-
icantly increased 24 h after salicylate treatment (1.56+
0.60: ** P=0.038) (Fig. 5C). TRPV1 protein levels in the
BRCx did not show any significant change after salicylate

~ treatment (Fig. 5D).
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TRPV1 immunoreactivity in the salicylate-treated
group was clearly enhanced in almost all SG cells com-
pared with that in the saline-control group (Fig. 5B). The
dense immunoreactivity extended beyond the perinuclear
region and into the somata of ganglion cells. All TRPV1 °
immunoreactivity was eliminated by pre-absorption with an
excess of blocking peptide (data not shown).
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Fig. 4. Salicylate-induced changes in transient receptor potential cation channel superfamily V-1 (TRPV1) mRN/\ levels in the rat spiral ganglion (SG)
(A), dorsal cochlear nucleus (DCN) (B) and brain cortex (BRCx) (C). (A) TRPV1 mRNA levels in SG were significantly upregulated 2 h (* P<0.001),
returned to control levels 12 h, significantly suppressed 24 h (** P<0.0005) and returned to control levels 72 h post-treatment. (B) TRPV1 mRNA levels
in the DCN were significantly suppressed at the 2 and 12 h post-treatment (* P<0.0005) and had returned to control levels 24 h post-treatment. (C)
TRPV1 mRNA levels in the BRCx did not show any significant change after salicylate treatment.
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Fig. 5. Western blot analysis (A, C, D) and immunohistochemistry (B) of salicylate-induced changes in TRPV1 protein levels in the rat SG, DCN and
BRCx. (A) TRPV1 protein levels in SG were significantly increased 2 h after salicylate treatment (SA2H) (* P<0.05) and had returned to control levels
(CONT) 24 h after salicylate treatment (SA24H). (B) TRPV1-like immunoreactivity (LIR) in the salicylate-ireated group (SA2H) was clearly enhanced
in almost all SG cells compared with that in the saline-control group (CONT). (C) In spite of a slight reduction 2 h after salicylate treatment (SA2H)
(* P<0.05), TRPV1 protein levels in the DCN were significantly increased 24 h after salicylate treatment (SA24H) (** P<0.05). {D) TRPV1 protein
levels in the BRCx did not show any significant change after salicylate treatment.

Effect of TRPV1 antagonist

Behavioral assessment showed that false positive re-
sponses were increased 2 h post-treatment in group Il
(salicylate+DMSO) (3.7+1.2 responses) compared with
control group | and that this increase was significantly
suppressed in group I (salicylate+capsazepine)
(0.8£0.5 responses, * P=0.015) (Fig. 6A). Examination

of TRPV1 mRNA levels in the SG showed that mRNA
was upregulated 2 h post-treatment in group |l
(salicylate+DMSO) (3.38+1.13 fold) compared with the
control group | and that this upregulation was signifi-
cantly suppressed in group lll (salicylate+capsazepine)
(0.85+0.07 fold, * P=0.020) (Fig. 6B). Capsazepine
suppressed the salicylate-induced molecular changes in the
SG in a dose dependent manner (Fig. 6C).
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Fig. 6. Capsazepine (CPZ) blocked both the salicylate-induced increase of false positives and upregulation of TRPV{ mRNA in the rat SG. Dimethyl
sulfoxide (DMSO) or CPZ (10 mg/kg 1.p.) was administrated 0.5 h after the first injection of saline or salicylate. (A) False positives were increased 2 h
post-treatment in group Il (salicylate+DMSO) and this increase was significantly suppressed in group lll (salicylate+CPZ) (* P<0.05). (B) TRPV1
mRNA was upregulated in the SG 2 h post-treatment in group If (salicylate+DMSO) and this upregulation was significantly suppressed in group 1]}
(salicylate+CPZ) (* P<0.05). (C) CPZ (0-10 mg/kg) suppressed the salicylate-induced upregulation of TRPV1 mRNA in the SGin a dose dependent

manner (* P<0,05).

DISCUSSION

One of the reasons why it is still so hard for clinicians to
cure intractable tinnitus is that appropriate animal mod-
els of tinnitus have not yet been established. To over-
come this deficiency, we present here an animal behav-
ioral model of tinnitus. Validating a behavioral procedure
in animals to assess the presence of tinnitus is an
unusual and difficult task to which many research
groups have devoted many years. Among these groups,
Jastreboff and Sasaki (1994) proposed an animal model
based on an active avoidance paradigm; animals were
conditioned by electrical footshock to drink water when
hearing a sound. Recently, Guitton et al. (2003) demon-
strated an animal model involving escape to a climbing
pole to avoid electrical footshock when hearing a sound.
In the present study, we further developed Guitton's
model with modifications. of a much easier active avoid-
ance task of escaping to the next room instead. Adult or
even aged animals were able to quickly step over the
wall to move to the other side of the box. The condition-
ing box should also be set in a soundproof room, be-

cause it was important for animals to clearly hear both
the conditioned sound and salicylate-induced phantom
sound.

Previous studies in tinnitus kHz have revealed that
salicylate induces an acute, relatively high frequency and
transient type of tinnitus. It ranges from 10 to 16 kHz
(Bauer et al., 1999; Guitton et al., 2003; Zheng et al., 2006;
Yang et al., 2007). In the present study, false positive
responses increased significantly when the conditioned
stimulus was 16 kHz compared with 4, 10 and 40 kHz.
Previous studies in tinnitus dB SPL have also shown that
salicylate caused tinnitus of around 60 dB SPL (Bauer et
al., 1999; Guitton et al., 2003; Riittiger et al., 2003; Zheng
et al., 2006; Yang et al., 2007). In the present study, false
positive responses also increased significantly when the
conditioned stimulus was 60 dB SPL compared with 20 dB
SPL and 80 dB SPL. Judging from these pilot experi--
ments, together with previous papers, 16 kHz and 60 dB
SPL pure tone sound was the most similar to the sound
of 400 mg/kg salicylate-induced tinnitus in the present
Wistar rat study.
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Another reason why it is still so hard for clinicians to
cure intractable tinnitus is that the molecular mechanism of
tinnitus generation in the auditory pathway has not yet
been clarified. We therefore aimed to establish such a
molecular marker. The history of TRP channels in hearing
and balance is characterized at great length by the hunt for
the elusive transduction channel of sensory hair cells.
Such pursuit has not resulted in unequivocal identification
of the transduction channel, but nevertheless revealed a
number of candidates, such as TRPV4, TRPN1, TRPAT,
and TRPML3. Based on mutations in the corresponding
mouse genes, TRPV4 (Tabuchi et al., 2005; Cuajungco et
al., 2007) and TRPML3 (van Aken et al., 2008) are possi-
ble candidates for human hearing, and potentially also
balance disorders. In the present study, we focused espe-
cially on TRPV1, a member of the non-specific cation ion
channel receptor family, which responds to various kinds
of hoxious pain, such as capsaicin, inflammation, heat, low
pH and hypo-osmolarity (Caterina et al., 1997, Benham et
al., 2003), because it is expressed in the mouse inner ear
ganglia and is upregulated by noxious challenges of kana-
mycin (Kitahara et al., 2005a). Interestingly, tinnitus is the
sensation of a sound in the ear without an external source,
similar to phantom pain (Bartels et al., 2007).

In the present study, TRPV1 mRNA levels in the SG
were significantly upregulated 2 h post-treatment, signifi-
cantly downregulated 12-24 h post-treatment and had
returned to control levels by 72 h post-treatment. The
reasons of discrepancy in these molecular results of
mRNA and protein level could be explained by the time lag
between mRNA and protein synthesis and/or different sen-
sitivity in mRNA and protein experiments. According to the
animal behavioral model of tinnitus, salicylate-induced tin-
nitus was maximal 2 h post-injection and had disap-
peared by 24 h post-injection. Furthermore, capsaz-
epine, a TRPV1 antagonist, demonstrated a significant
suppression of false positive response increase and of
TRPV1 mRNA upregulation in the SG. Taken together,
these data suggest that tinnitus in salicylate-treated ani-
mals could be caused through the activation of the noci-
ceptive receptor, TRPV1 in the SG. Therefore, we hypoth-
esize that tinnitus is a type of phantom pain sensation in
the inner ear (Bartels et al., 2007). The mechanism of
TRPV1 regulation in the SG has not been clarified yet.
However, TRPV1 is auto-regulated via neurotrophic factors in
damaged dorsal root ganglia (Acheson et al., 1995; Anand et
al., 2006; Szallasi et al., 2006). In the present study, the
blockade of salicylate-induced TRPV1 upregulation in the SG
by capsazepine suggests that TRPV1 was also auto-regu-
lated via neurotrophic factors in the salicylate-treated SG
(Hansen et al.,, 2001; Zha et al., 2001; Shepherd et al., 2005;
Kitahara et al., 2006). Known TRPV1 antagonists (capsaz-
epine, BCTC and thio-BCTC) were also able to block the
response of TRPM8 (Behrendt et al., 2004), which shares
many functional and pharmacological properties with TRPV1
(Weil et al., 2005). Although TRPM8 has never been reported
to be located in the inner ear, the possible role of TRPM8 in
hearing and/or tinnitus should be discussed after further stud-
ies of TRPMS in the inner ear.

The following mechanisms of salicylate-induced TRPV1
activation and tinnitus generation are suggested: TRPV1
and 5-lipoxygenase are co-expressed by SG cells in the
inner ear (Balaban et al., 2003). Salicylate, an active com-
ponent of aspirin, inhibits cyclo-oxygenase activity (Christie et
al., 1998) and this cyclo-oxygenase inhibition leads to an
excess of intracellular arachidonic acid, which is metabo-
lized by 5-lipoxygenase pathways (Fosslien, 1998). These
findings suggest that the resultant increase in arachidonic
acid products, such as hydroperoxyeicosatetraenoic acid
and hydroxyeicosatetraenoic acid, has the potential to de-
polarize SG cells by activation of TRPV1 (Hwang et al.,
2000). This may either lower their threshold for spike gen-
eration or increase their sensitivity to suprathreshold acti-
vation and mimic the discharge pattern during low level
natural stimulation. Actually, a couple of physiological
studies of TRPV1 in the cochlea were reported. Zheng et
al. revealed that activation of TRPV1 increases the thresh-
old of the cochlear action potential, but decreases both
cochlear microphonic and electrically-evoked otoacoustic
emissions (Zheng et al., 2003). Zhou et al. demonstrated
that perfusion with capsaicin alone produced a dose-de-
pendent increase of the 900 Hz peak ratio (power normal-
ized re the overall spectrum) of the ensemble background
activity (Zhou et al., 2006). The capsaicin effect was atten-
uated during concurrent perfusion with capsazepine. These
findings are consistent with the hypothesis that TRPV1 acti-
vation increases background activity of SG cells and sup-
port a role of TRPV1 in gating spontaneous and evoked
auditory nerve excitability.

In contrast, the peak TRPV1 protein levels in the DCN
were delayed relative to the peak levels in SG cells. This
delay might indicate the mechanism for the alteration from
peripheral tinnitus to central tinnitus and/or the mechanism
of chronic tinnitus. There is an interesting case of a patient
with intractable chronic tinnitus, who underwent temporal
bone removal surgery, however, this treatment failed to
cure the tinnitus (House, 1964). It is extremely difficult to
identify the site of chronic tinnitus, because it may alternate,
between the periphery and the CNS, like phantom pain
sensation. Further studies addressing the mechanisms of
central tinnitus and/or chronic tinnitus are needed.

According to the morphological data, salicylate treatment
caused no obvious morphological damage to cachlear hair
cells or SG cells. Furthermore, from the behavioral study, the
active avoidance score remained stable during the whole
period of salicylate injections. Together with the ABR data,
this suggests that salicylate application caused no obvious
functional damage to the auditory system. However, Guitton
et al. (2005) reported that administering salicylate led to
transient hearing loss by means of compound action potential
(CAP) threshold shifts, directional preponderance of ofo-
acoustic emission (DPOAE) recordings and score measure-
ments. This hearing loss was evaluated around 40 dB SPL at
16 kHz (Cazals, 2000; Guitton et al., 2005) and might not be
comparable to the results in the present study, which used 60
dB SPL and 16 kHz sound stimuli.
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CONCLUSION

In conclusion, we developed a rat behavioral model of
salicylate-induced tinnitus and identified a molecular
marker of salicylate-induced tinnitus in the rat auditory
pathway. These findings could make “phantom tinnitus”
clearly observable and easily accessible. We believe that
these findings are important for understanding the mech-
anism of tinnitus generation and for elucidating de novo
treatments for intractable tinnitus.

Acknowledgments—The authors wish to thank Professor Carey
Balaban (Departments of Otolaryngology & Neurobiology, Univer-
sity of Pittsburgh, School of Medicine) and Associate Professor
Hiroshi Hibino (Department of Pharmacology, Osaka University,
School of Medicine) for helpful advice concerning experiments.
We also thank Dr. Yasusuke Yamagiwa (a registered stafistician,
certificate number: 0540072) for helpful advice on statistical anal-
ysis. This study was supported, in part, by a Health Science
Research grant for Specific Disease from the Ministry of Health,
Labour and Welfare, Japan (2007-2009).

REFERENCES

Acheson A, Conover JC, Fandl JP, DeChiara TM, Russell M, Thadani
A, Squinto SP, Yancopoulos GD, Lindsay RM (1995) A BDNF
autocrine loop in adult sensory neurons prevents cell death. Nature
374:450—-453.

Anand U, Otto RW, Casula MA, Day NC, Davis JB, Bountra C, Birch
R, Anand P (2006) The effect of neurotrophic factors on morphal-
ogy, TRPV1 expression and capsaicin responses of cultured hu-
man DRG sensory neurons. Neurosci Lett 399:51-56.

Balaban CD, Zhou J, Li HS (2003) Type 1 vanilloid receptor expression by
mammalian inner ear ganglion cells. Hear Res 175:165-170.

Bartels H, Staal MJ, Albers FWJ (2007) Tinnitus and neural plasticity
of the brain. Otol Neurotol 28:178-184.

Bauer CA, Brozoski TJ, Rojas R, Boley J, Wyder M (1999) Behavioral
model of chronic tinnitus in rats, Otolaryngol Head Neck Surg
121:457-462.

Behrendt HJ, Germann T, Gillen C, Hatt H, Jostock R (2004) Charac-
terization of the mouse cold-menthol receptor TRPM8 and vanilloid
receptor type-1 VR1 using a fluorometric imaging plate reader
(FLIPR) assay. Br J Pharmacol 141:737-745.

Benham CD, Gunthorpe MJ, Davis JB (2003) TRPV channels as
temperature sensors. Cell Calcium 33:479-487.

Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD
(1997) The capsaicin receptor: a heat-activated ion channel in the
pain pathway. Nature 389:816-824.

Cazals Y (2000) Auditory sensori-neural alterations induced by salic-
ylate. Prog Neurobiol 62:583-631.

Christie MJ, Vaughan CW, Ingram SL (1998) Opioids, NSAIDs and
S-lipoxygenase inhibitors act synergistically in brain via arachidonic
acid metabolism. Inflamm Res 48:1—4.

Cuajungco MP, Grimm C, Heller S (2007) TRP channels as candi-
dates for hearing and balance abnormalities in vertebrates. Bio-
chim Biophys Acta 1772(8):1022-1027.

De Schepper HU, De Man JG, Ruyssers NE, Deiteren A, Van Nas-
sauw L, Timmermans JP, Martinet W, Herman AG, Pelckmans PA,
De Winter BY (2008) TRPV1 receptor signaling mediates afferent
nerve sensitization during colitis-induced motility disorders in rats.
Am J Physiol Gastrointest Liver Physiol 294:245-253,

Eggermont JJ, Roberts LE (2004) The neuroscience of tinnitus.
Trends Neurosci 27:676-682.

Fosslien E (1998) Adverse effects of nonsteroidal anti-inflammatory
drugs on the gastrointestinal system. Ann Clin Lab Sci 28:67—81.

Guitton MJ, Caston J, Ruel J, Johnson RM, Pujol R, Puel JL (2003)
Salicylate induces tinnitus through activation of cochlear NMDA
receptors. J Neurosci 23:3944-3952.

Guitton MJ, Pujol R, Puel JL (2005) m-Chlorophenylpiperazine exac-
erbates perception of salicylate-induced tinnitus in rats. Eur J Neu-
rosci 22:2675-2678,

‘Hansen MR, Zha XM, Bok J, Green SH (2001) Multiple distinct signal

pathways, including an autocrine neurotrophic mechanism, con-
tribute to the survival-promoting effect of depolarization on spiral
ganglion neurons in vitro. J Neurosci 21:2256—-2267.

Heller AJ (2003) Classification and epidermology of tinnitus. Otolaryn-
gol Clin North Am 36:239-248,

House WF (1964) Transtemporal bone microsurgical removal of acoustic
neurinomas: report of cases. Arch Otolaryngol 80:617—667.

Hwang SW, Cho H, Kwak J, Lee SY, Kang CJ (2000) Direct
activation of capsaicin receptors by products of lipoxygenases:
endogenous capsaicin-like substances. Proc Natl Acad Sci U §
A 97:6155-6160. )

Im GJ, Jung HH, Chae SW, Cho WS, Kim SJ (2007) Differential gene
'expression profiles in salicylate ototoxicity of the mouse.. Acta
Otolaryngol 127:459-469.

Jastreboff PJ, Sasaki CT (1986) Salicylate-induced changes in spon-
taneous activity of single units in the inferior colliculus of the guinea
pig. J Acoust Soc Am 80:1384-1391.

Jastreboff PJ, Sasaki CT (1994) An animal model of tinnitus: a decade
of development. Am J Otol 15:19-27.

Kitahara T, Li HS, Balaban CD (2005a) Changes in transient receptor
potential cation channel superfamily V (TRPV) mRNA expression
in the mouse inner ear ganglia after kanamycin challenge. Hear
Res 201:132-144,

Kitahara T, Li HS, Balaban CD (2005b) Regulation of mitochondrial
uncoupling proteins in mouse inner ear ganglion cells in re-
sponse 1o systemic kanamycin challenge. Neuroscience
135:639-653.

Kitahara T, Kizawa K, Horii A, Kubo T, Balaban CD (2006) Changes in
TRPV1 expression in the rat auditory pathway after salicylate
challenge. In: Abstracts of the 36th Annual Meeting Society for
Neuroscience. Programi#/Poster# 45.12/E38.

Paxinos G, Watson C (1988) The rat brain in stereotaxic coordinates.
New York: Academic Press,

Ruttiger L, Ciuffani J, Zenner HP, Knipper M (2003) A behavioral
paradigm to judge acute sodium salicylate-induced sound experi-
ence in rats: a new approach for an animal model on tinnitus. Hear
Res 180:39-50.

Schmittgen TD, Zakrajsek BA, Mills AG, Gorn V, Singer MJ, Reed MW
(2000) Quantitative reverse transcription-polymerase chain reac-
tion to study mRNA decay: comparison of endpoint and real-time
methods, Anal Biochem 285:194-204,

Shepherd RK, Coco A, Epp SB, Crook JM (2005) Chronic depolariza-
tion enhances the trophic effects of brain-derived neurotrophic
factor in rescuing auditory neurons following a sensorineural hear-
ing loss. J Comp Neurol 486:145-158.

Szallasi A, Cruz F, Geppetti P (2006) TRPV1: a therapeutic target for
novel analgesic drugs? Trends Mol Med 12:545-554,

Tabuchi K, Suzuki M, Mizuno A, Hara A (2005) Hearing impairment in
TRPV4 knockout mice. Neurosci Lett 382:304-308.

van Aken AFJ, Atiba-Davis M, Marcotti W, Goodyear RJ, Bryant JE,
Richardson GP, Noben-Trauth K, Kros CJ (2008) TRPML3 muta-
tions cause impaired mechano-electrical transduction and depo-
larization by an inward-rectifier cation current in auditory hair cells
of varitint-waddler mice. J Physiol 586:5403-5418.

Weil A, Moore SE, Waite NJ, Randall A, Gunthorpe MJ (2005) Con-
servation of functional and pharmacological properties in the dis-
tantly related temperature sensors TRPV1 and TRPM8. Mol Phar-
macol 68:518-527.



1332 K. Kizawa et al. / Neuroscience 165 (2010) 1323-1332

Yang G, Lobarians E, Zhang L, Turner J, Stolzberg D, Salvi R, Sun W vanilloids and expression of TRPV1 in the organ of corti.
(2007) Salicylate induced tinnitus: behavioral measures and neural J Neurophysiol 90(1):444—-455,
activity in auditory cortex of awake rats. Hear Res 226:244—253. Zheng Y, Lee HS, Smith PF, Darlington CL (2006) Neuronal nitric
Zha XM, Bisop JF, Hansen MR, Victoria L, Abbas PJ, Mouradian MM, oxide synthase expression in the cochlear nucleus in a salicylate
Green SH (2001) BDNF synthesis in spiral ganglion neurons is model of tinnitus. Brain Res 1123:201—206.
constitutive and CREB-dependent, Hear Res 156:53-~68. Zhou J, Balaban CD, Durrant JD (2008) Effect of intracochlear perfu-
Zheng J, Dai C, Steyger PS, Kim Y, Vass Z, Ren T, Nuttall AL (2003) sion of vanilloids on cachlear neural activity in the guinea pig. Hear
Vanilloid receptors in hearing: altered cochlear sensitivity by Res 218:43-49,

(Accepted 19 November 2009)
(Available online 1 December 2009)



HEBE 53:6;400~407, 2010

OB

NEANTHRERERO G RESE

F—7—F ARATRE, AMAAIAEF, NM47Y vy FALIAE

I. MREATHEEERORRK

1) ATHEFRHOHE
EHEo#E (2001 £E) 12X sL, BERENA
KHBITHHEE - ERREEERIE B A T346,000
A, DR (18R TI520 A ThHoTzk s
%o TOW, BATIETAE 90dB DL b F K MR %
BT2HEBEEIHHELL LD b D2%159,000 A
(46%), /MRTHWMH 10008 DA E D& EHE 2 A
THHEREE2BHELUDLEDD DHT7,200 X (474
%) EGHHDTWIz, NERLHEMEOREZERL T
LEEREHEICH LU TR 2 EERIZRL,
HEBEHOATI T2 HEMREIEO Do
770 1980 SEMED SEAFE E N2 ATHEFEMN (Coch-
lear Implantation ; CI) D& AIX, ZEFTOEE
EERIEIC N T A EBEOMSERARMICEZLS S
WCEGHREROERITE 2o,
HARENTALHNEFHDO TREGEG & %>
72®ix 1994 &, ARFICK T HANTHEFMHIR
BRBASE ZoDOP1997ETHY, KA, HRE
Ble HICZF DD PMBINER ICEML, KETI
£ 500 FIO ATHEFMBHITIhTWwaS (X
1o

2) MEATIABEFHROLEEEEERE
R ATHABEFEHOEHEAE (52%, 2007
£ 3H) BARBITHY, Z9 LIABATIHEE
FEOFRICLY, ZRER (MABRERTER o
CEFITRTEAZITRBICATAEFRER 2T, B
Rl (BEROBE, 5~6Lshs) 2025
HCHEETRBCBRES 2 AND I LS, SEH
NEBERRERDOEEZEDAL LT, B, MEBL
UHEABISRDOEBRIATRTHS Z L RS

IR R AR E RIEWRR

—10 (400) —

NTE, EBIZ, NERATAEEF O EH
BA. (CAEP : Cortical Auditory Evoked Response)
WX BBITD S, FREOBEIEOMEITICHEY,
CAEPIZBIT 2 PI BRI R AICHEML, i, F
HEFERDT 3 5K 6 » ARKW@O/NRBPITIE, Filgb
T23~6 4 ACPILERSEFENRLFAEOH
BICEBT 52 &R &N, BER 2 &GP RAE
ABECEELREBELLZL2RBRLTY
Y, '
BERICBITADRATHEFEMOLZFIL, NTH
EREEICELICESVTETEY, 200748 H
BET37% FTLER LA, 72, MEME, ER
ABHE L BESIEERE L OME#EIZ X ) [H4RHEE
AN =V T OVATFAPBEET S LR
D, EROFHER120F5ADH BD 0.1~02% (¥
2,000 \) & N2 RG] & HARIZER L,
6 v AU EORMBESREAMNREOFELHIALAL
T, LERENIH L TR ATHEER% =4
THEIEDPWEEE o T& 7, ZNICEELT, H
KEBEGERFAYVED S [NTHEREGEE]| ©

'91 ‘g2 ‘93 B4 '35 Y96 ¥ 98 ‘8% L0 ‘Y ‘02 ‘03 4 05 s W7

1 EAOATAEERHROMEE
RG] - ANRBIE b icFlEiEEmL, ElosR
BIFHOBE S 50% 1TV T 5,



MREATHAEEROFRREE

250l =

200¢1

Agsof]

100K}

50

0591 '3 '95 'o7 '99 ‘o '03 '05 '07
b3
B2 ENOANRATPIEFHHER O FEEER
FHRERIIETERICHY, 0~25%, 2~4RDIE
BEEENEL WML TE W5,

2006 fE 1 ARE T, ARALAEFMN O L E
w2 o [1&e6» Al ICBI&TiFoh,
BHL~L bR [Wf100dB BLE] A6 [F
il 90dB B k] WBE & iz, EBRIZ, 4RO
ATHEFROLEIZEL LFL (H2), Hic,
FATRTFIGERIZ 2007 F4 AR T3 7R T
Tl MASERSTHET WESEATSER
EFRTSTEVERICH LTI, & )BREICAT
NEE#LEAL LTV LW FEETH S,

I. MNEATHEERHEOTRES

1) NEAINHERD EBM

KBKE (AR REIR) TRIYVINEICAIRH
EFMmAaEBEIh, 20103 K FEFSEBRK
FARE) FTIZAS3BIONTIHEFEMIETIN
770 2005 4EH 5 2010 £ F COATAEFME (K
BAZ - E#A%) OEBERA L, FHOFHR
i 30 BRI L 1ZI2—ETh DA, MRFILEA
Bl H SR AT 2008 4E LA RE I MEE L, ARBIASENRE
N63%, 57%, 53% LEAFIZ EHB XH 2%k
T&7: (M3). FHEREEAZ V-2V IIRED
BBICLY), BEEERORNZS - RUBK O
AFADHELShI=2 b, ¥, AIHEERICH
TLHSM BRI WL SN, ARENHT B FEE
BOFEIE B SN2 LFRELERTH
%o 2009 EEOEMICBITAPRATIHERERD
HEIZ# 55%, 3B TOALTAEFROLELH
30% FTEALTVWE (A7 VTH), —HT, H
KON TAE ORBIG M B 2 FRERMD 1
By AUEEHEShTVWAEHELHY, 3R
TOFBATHEFERD S b 1% 6 » AREOFMH

HRE 53:6

RETT R

i
s

2005 2006 2007 2008 2009 2010

S

Son
o
i

3 KEAZ - E8AFICBITE ATHEFWHRH
FMEBUIEM 0PIRI R L RZEL TW5BAS, 2008 £ L,
R /ANRBIDSRAREZ LRl T2,

Bol®Eid, HEKBEOREL COREZMBEHICK
HEFEEDTH 10% BIZEET>THD, BT
D16 » BT TOFMEUDFLEH 50~60% &
THLEREXERTLH L, RN BEEEEOYE
ZEEL/ANRATIHNEER O EBM OMELHFKD
% (-

ARATHEERD EBM O % B LAY
MAIIERTH WL 0P ETHTH S, EHER
FHRAREREENAFE [\TARZEH L%
KRR NRAOEE - SEREDOREIC
B35 ¥F v 20N (2008~2010 4E ) | (BF
RARE - BEAZE LEZRER) CFELISM

BRETWZEE, FHRERSANFFEOFEFA

THEFROREICHELS 2 HARTF L 25 THEHE
2, MBEOHEEIRICBI2O0F0EREMELHREL
o MBOIMATEIIOVTIX, FRINMICLS
SEENCAEBFNEOEH 2R EIRESINT
B, BNTHLRROFMEZLT > LERD S,
BRKTiE, TTIREROATIARE LYY —Ick 53t
RBFEINED SN, T/, MNEATHREFICHET %58
XD systematic review b BEAIZITThITwa, &
DERICIE, EREROBIRFELC DRIV
DY DT DOERETF— 5 ZEB/THLVHERD
HaH, LY)RWATHBEEEOHEY, =mEHERE
® QOL [ iz 13 B EHf - HFE 0 BB R
LoTna,

2) AIANEFEHALFHR
ALAFIRBR I TR BRI L ATE&E0—2
Lo THBETIEZL, BEREER O QLM
toionBOBEE LT, BNTOFRBIIE

— (401) 11—



HE 53:6

B D AH DHEE

+ H* B =

A - 4.2%

A
250 °

| DR 7.8%

et e it e ety

|
§
H

200
150
100

50

aduly

Juvenile

BHEDAR T TOHM
i

WA 855 % A
INEB 3304 R

B4 ATATOEEDARFH
ANRBITE, BEOALAOFEFR L, FEDHALE COHMELE,

M50 plZMABETERERLAL. /Y75 V 1D
BHAAILER 1 HOAT, 5505 HENE LY
T, AV —F70tyH—%a— FLEOEIC
BET, 475 v beTaty b —EoEiEE
BORBLTENES, KEAOEFIIEAEIIRE
MELTW SR D, LELRED, E2H%
BEHRA Y777 bOBEMZMESICLY, AT
REOEEDALFHICE 26 S FET 57,
KR A S BT 1991~2009 412 A THE £
B AT S 7B 298 SEBU, ANE 152 SEB (&5t 450
SEBI) O, EZ TR E LA E OB 2
BmEIC LY, \THEEEZMHE L% Ao
ENCH R BER BEORAT S, HDE, #
HOWFIH 7= 2 BEEBOALT I LIk
SEBIE, BEA 12 S0 (4.2%), /MR 11581 (7.8%)
Chole MEFHH & FHRDALFH £ TOHIM
(sfif) 13, RABITIE 855 » A, /NEFITIE 33
2 Bk, ARBITIEE Y S CEHRDAMMICE
BERARLNSE (H4)o BROAAEF o H
Be LT, [RRICATHEZERLTLELH
;i&(&okaWBwb@6rmmmﬁMmJ
BEED 74% LB S H -T2 i, MRETIE
91% (10/114EHl) 2% device failure 25T A &
DBHTH Y, MEHITHA Y75V b OREI
MLTESICHa2EERE HEIFLETHHL
E2bhTe ZRUSMOEHEE LT, AW (Hig

—12 (402) —

) - SV EE - RERORYE, ARNEROBHCE
BB REE, EEEESC L 2 EEDABERH
Roht. ChoDERE, Bkd o nEEDAR
FHICET AME L BIZAREONETH o757,
ATHEBB LM L%, FROWARICH-
REELEEORAL LLERNTE, EEOBFHRAL
B2 REEIE 2 C, B ALOEACERICLE
BOWBADNTECH o, T2, BEDARFEZT
DR OFETIE, FFEMATOREL TR
TOMFEREEL KB LT, BPRHNEIIZEHIEN:
B2 R BN SHE G, BEDAAEHD
Tott - AWML R GRETE L hole 4V
TS b Tty F— L BICBHOATHEY A
FANBBRENZZLDERO—DEE L LN,
QERMBCHONTHNEERSEE L2SE, ALK
EY 27 A0BRIBLT, MRAITIE—EDMIZ
B L A REOFEEDALFHRE S22 LHTF
MEhD,

3) ¢%A1m3¥m§4>idb—b$
Bk, ATHEFRRH 10 £ L EAER L7
RGO BSREFRE S ND K IRY, Bl
ERICAZL, EEBEHRE AR, BB
LEBALERLTWLEE (£ 771V — )
i 70~80% Bith L T, KENEET BEHH
10%, EEOBMICHBT 2 EH D BR%EET
DLWV, ZHEDERD 70~80% XOEEIZ X



MEATHEERONRESZ HE 53:6
RS
2000
TR .
Wil @ s 2
A RN 1)) 8 ¥ 8 32 8 3
. N ¢ & 5% g B
BN 2 S §§ 8 °
10 e a
w 6 RO ATAEF
50 » FMoAL 75 PAR
40 : 5&
T EEREER
o B B B § s
§ 0% 8 32 8 §
O ? g,‘g !:} %
ff AL}§ L -

B5 MRATHEEMREMNOL 77— bR
6 BEBICATHEFEM 2T SNEADA Y TIV VUDL V577 L— bR, A VTS5

FTLYEVERICD 2,

SERERE L, 40~70% BEHHLELVDE
HRNEAEL, BETOAWD 60~70% DIEHT
TETH 2, HRORELEETIRLEEL
HAFVFFREDERMTH S Z L IZERD S OHEE
DTHLHY, FRICKLT, BEENSIC L 2HE0
BB OWHERNIEHMIc bl o TSR, F
WEH, Hie 148, ﬁ&aﬁatwﬁ?aa i3
PERS % AR5 AR (AR R R LB AR S s
KIEAZEI BT 6 Bk TATNERR % 47
S, RPERI CREBENITETH -7 B
Ble RCHazE, TBPERICAZE LS DI 38
Bl, £ 57— RII38% ThHH, BRROF—
FrWET s LEEICEEoT WS ([M5), 727
L. ShdEMOKREME, 1990 FERBED S
2000 4EFCHTH 12 51) T Nucleus 22 % ClarionS %0
WBGIARO A4 ¥ 75 v+ #B0RATNERNTH
D,$ﬁﬁ$%6ﬁﬁtm&Tét#&UEwoz
BHRICHEAL V79 VICX A NTHERFE2ST
TEBIAER N 2 W 2 BB TOFMIE, X DK
@?—5Lﬁ9<%®t%ﬁén5o

4) 12 » ARBOEKBIHT 5 ATNEEH
Bk T, bl b LMBATHEFROES L &
ZFMEEERD, BRI SEER (F1V62
B RE1R) WRESATWAE b, BE
T2 12 » ARBOALHEERBERAICITDRT

VWa, HRECRZ L, 3EUTOHRATIANES
TAEBIDN, 6 5 ARBOEBNII%, 12 » Bk
DEFTH10% 2 5HTWE (a2 L 7H). 12
# RGO FAEFA OB HE Sh, Fhoni
XD systematic review d HTW B9, HEIZ L 5
&, 22 ARBOALAFFEHRORBIZIBOTE
e 8h, WHiEoIT-MAISZIC Xk 2 BEMITE) - 36
ERE, MUSSEIC X A2 SRRRHRREFOFEIC
BWC, EFBENROEBICHYTAHUERET
Vo 2L, BERND, EEHOATHERED
DEEMES 2 F BT S 3 BEEOB VHRE
BLENWT Ehb, sz/xmuﬁoﬁwﬁ%u

L AHT, éﬁ%kﬁﬁ@ﬁ?%ﬁ%ﬂw FHiy
BEERS & AR L OB S RE T b+
FRPBOATHBLON, 127 ARBOATN
BICH¥ % By 230 2 T3 124 Lid o B
BT D,

—HC, EROIEERYD%  RBAREROFEN
AH4HLshs 12 » ARiEOANTHESHTI,
SEOBIMIZ X 52 MEET, #HOEHKR,
HEER OMIBIC X 2 WA, Bh %P EEEN
B OB ARIEN, BB O QRN A HI% D
BRI EBATEY, MNEREZEM LT 55
BEHER O T T, AIWE?ﬁk+ﬁ&ﬁﬁ%ﬁ?
BB LEMY, BECER L o7 kTR

— (403) 13—



HERE 53:6

NEFHTH L, HHEEICDRELED R E
AR 2 ETIC, BREACOE RO R
ARBICHELT, BEBTOATNE TN Z BT
THI LW, EAEYE MERR, BEA%OLH
EOREICDOLRY, BRRIMIPRATHEE
BORBZEOEDLILIZORNEBIEZFIIHL
THLDEND 5,

5) A TREER

EHBEAZF BT 2MEESRL, BET 0L
HEESHICL, AR, FOREORE (R
B) CERLZREERLCWAILFMON T
%, MEEHREORIII, %ﬂ%&H%d%sz
MEOHIL ST, h%u%w%ﬁ¢ihbwaﬁﬁ
HROME - 28 - P OLE GRS LT
B, SNHIZH 10dBHET HL V9. BKTIE,
COTEBEHEOFRELE LT, MUATHESR
WOBAF»R Y UHASHBED, 7L THOR
ET, RA - AREADET, HERHIC 12500
A HVORMATAREAESBY, ZOWO
8,000 ABLEIMNEBITH 5o £fEL L TR, BA
BlO# 7%, NRBIOK 13% % WM ATHNEFEM
REDBA, BDLOHEFE VDI N VT, K
ABID# 15%, /NEFIOK 40% AT R FRH & 2
5> TVE, —HT, EROTHFHENLED TS
T, AR, MRHIL DI 2% BB E> TV A,
20084 1 ARETORKNOALTICL 2L, HRD
WA A A E R 8,000 A0 B, B AHIA 38
%, MNRBIA62% ELEDOTEY, BETEIHIK
NEBIOWER LR L, R ALHH FHO 70~80
% A/NRBITH 2,

AR (%K) T3, TTLﬁMWE#B*E
«wW%@%muﬁiéhTWétb FEF T
HNBRFMCTHN, EOERTHNFNEZIT
b —EOTEBEEOREIPETE B, —F, /b
B O—@ A\ THESEFTIE, FHREAONEDSOH
EEBIIE S N B2, MEBEHROBEICLEL
éﬂbh%ﬂ&@ﬁﬁ%mﬁ BAR A2 % $ERE
LTLE ) Thetessdh ), FRFEHCHIERFR
Thh, ﬁﬁ%kﬁ4ﬁifkﬁﬂklﬂ§%ﬁ%
=TH B AEND LY, EERICIE, BEoTEE
B2 A CHET D L b END 20, BOKTIES
# £ Tl TR T E 4 567 £ 15 S BIB# 50
%% -cHML, TAEBERD L 3%y AMAT
DEBERIR I TVE, BB - DRFIE D

—14 (404) —

t H# B %

, AATHEFHOES T, #ETCOSHE
ﬁﬂﬁkﬁhi&ﬁ#ﬁbh,itﬁﬁ@ﬁ% —
FRHIE B LU CTHESELY, QUL AELK
B35, RHICHBIATINE 2 17 S - ERT
X, 0 80% pEEMERICERL, £EIOFE
ICXBAFERTV, 0% PEHOHRENTE L &
39,

—AT, MAATAEFMoOMER L LT, &
BEOFH (EHRFHOBE) b LIIERHEOF
i (AFEROBHE) SLEL LY, BERE
FEA TV MEADTDICNEERETE W
k, EREROBERLSEEMOZIVEORRE
- DEMENESTSC L, € LT ERE
DETIC & ) iR OEEEEIFET 5 THELIS
HILERBTFLNE, ATHNEFERFICEHRL
LEMCE Y, WS X ORENSELEEL RS
&, BESEN% BLA A HBIECHER % BR L 72 £ T,
FEAATHEFHOEAHNENCTHEEICEDON
HREBHEWI TV,

6) NATUyFAINE

ATHAEFRHER - BAShALY, KTHR~
Eiﬁwéﬁﬂﬁkbt%ﬁwmﬁﬁmnﬁ%#¥
RIS L ST, RAET 5 MR BAIR 5 = &

SSEEBEEUASA RE & 7t o 72 (Electric Stimulation ;
ES)o 2005 fEPLRE, BRoK TR~ hEE I R
AT BEBICET 2 ANTREEROBBRA TG &
N, BEBRIATNET, PEFRIRERICLD
IR CTEEEN 2T 720, N1 7Yy FAIHE
(HybridCI), d L < i Combined Electro~Acoustic
Stimulation (EAS) & BHZh 222, I Bk T,
EEROWH 4L ER 258 (Partial Deaf
ness ; PD) W% 2 ALIWEF4# (PDCI b L {13
mmdeMMmmuﬂx)«®é6&5ﬁm@%
KBRE SN TV D, N4 7Y v FATHEFHT
i, BT RIS R 5w, /7}#—_
/JU—kﬂéhb%%&$m¥ﬁ#z¥f
%mTﬁ_¢&Lt¢%%%#6®§ﬁﬁk %é
VIR E M B TOBERHAOVFRAIAGER & h
5, BMEBORESEE X, BREkrNEowE T
FOWE T COSHENEOYEIRE ShDE—T
T, 10~20% DEHITHER D L BT
FOMBNESEE S, ALREZHIE, 0F
FABOBREROWENETE T HLEE2
AL, X512, 2704 FHIPLHRERERT (NT-



MNEATHEERONERE

HR 53:6

Eooterinaly

TIKI implant

< ESPri 30 Sound Processer £2,
= Battery Claegor 7 Comteglig

Mececphone

tplant Hlectronics
~ Signal Processing
Pl <+ St Cantrol

Irplant od .

» AE—=F Ty YA TSNS —{k
» A YT — AL T BEOGER MR BE
H6 2EbHAARATHE TIKI DR

F—AF5Y TCHRESALTIKI TR, BEEALTERE24 2705V TR, BEDL V7T
VERBLTYDABMT, AT 7 —VThEANTEE 22,

3) OB ETASNEEORELEDTY
29, BRI, BETERSEEEROFHMR
FPATHEEBCEEICEAShE Z LT, WER
HOBED BT BRI EZ SND S & AR
shzd,

7) RRBAIRE
BEOATIHEY AT A, V7 bBIUN=F
ZOMED S, SBRELEIBEERT VWL
REEVAZV, 72 21E, ATHECHEIY 555
DAY 21— FNTORBHEEIIDOWTIE, §TIC
INETIHMEIZBENRE N, ZTORESTHE
BRI TRIBAY TS LT & 720 WGBS X
iR BEMNL Y47 (RFREER) O ATHE
BHEOBAL RSN, avVa—yo/ R &
fBlt, Wy — 7ML ED SN, SEHAABA
THETIKIORS (M6 bEHEL, ATAEE
FITIDECELBEL, TORBHED LV BRIF
THRELRDIDILZoTWL ZLHRTFHRENSE, Z0D
BEERO DI, ARATRE RS OBENEE

ZIEMECERE L, ADRENCH L TR O AR RIS

EAHELL, RAEC, NIRS 2 L2k 2EEF#HO
AR T B S 3 S MR OREY T4
74— FnNy 7 88430, MEATHEERD
EBM %M+ 2 2 L FEEL 25,

. Systematic review & 2/NEATREERED
EBM

Cochrane Library 3 X UF Cochrane Database of
Systematic Reviews H112, BERTI/PIRAIAR
FHRICETAMEREEL RV, —7F, PubMed &
FRECL VB ShIH/mLEHANT, MEATAE
FM7 D EBM % & U 7 systematic reviews 12 {2
PHEET 5, Bond 5 ATHNEHIZHET 5 1,580
DFMILA 5, ¥E D NHS Center for Review and Dis-
semination DFFHHHE £ 725 D & L TR
15mD/MRATARTFMICHT 2mX 2 LT
systematic review 2172 72, 15 @, Wh W % ran-
domized control trial (RCT) (A4 E N5 b Did%
<, 10 #& A% pre/post-design (PP), 3 ##4F cross—sec-
tional design (XS), %1 2 #& i prospective cohort
study (PC) DWRTH o7 UTIKZDEE LW
v T

1) AIAEF#HE b—2a3a=F—>3
> (F5 - 788 o®

prospective Z2TFFE 68 (3XCTPP, &Y > 7N
HAS3ER) ML, MEEHLAN, FEHEENR
LHEHEDCTERE SHRMOFLHEBIZOW
T. NIABEFMECHREMEMICEREZLE, W&
BEmEZERAL:. LideETro 2@ (RPN
B2 HER) T, FMEHER L SRR & DA

— (405) 15—



HE 53:6

(EEFEMTOFHI & BEFRHH) bR LI

2) ATHETH & RREOLE

9#m (PP4 48, PC3 4@, XS2 &, #Y >~ 7V E 605
ER) 2HBL, ATHEERBECOBEHLALOD
e (PC1#&), 64 3% (PP, PC, XS & 1)
KBV T ATHEFHBCORI L0 EERSH
FEEURE DS, RV 34 (PP1#E, PC2#R) l2Bw
TRBCOSEBENEOYBER 2R L, S5
EHRIZOWTHE, LEBIRPO3H (PP, PC, XS
£ 18, BY 7102 ER) wTFhTd, AT
NEFFBECIVENLSHEMEHR L.

3) ESEREETHE |

MRANTHEFH OB L ER, 4F, BE
EDEPSHRE LS MEMML, 403EMDOAL
WEFAEE Z & 2,000 AOEERERICO VT
EHRNE %2 R L7 Barton 5 OBRICL Y, —
HEADATHEFMIC costeffective 2 & HA R %
FER L7,

Bond & @ systematic review 1 ® 15 #i O f& L 12
onTh, WRFFA ¥ LD 8 F €T 2 HEFEE
L, EBM OBA»SRVTFR L FEET CORMN
FMICE T o, MERL LTI, OFFA MRIC
WRIRBINT, HRPLTF—5 2 HHT HLE
Fbb, OHEORRHIE L ERENTEY, O
B R T RCOFMEIR LR CE TR TVERY,
DRATHESHERE I blind 1225 TV 2V, OF
WEFAERY, KBS, BV NAVETHBSY I E
b5 B PDEENATS, @©F v IVEDD RV
DEEEMN R FATT X 2V, OBRETMICEL
T, BALAVOE, Mo RERE BT
E0REE ) F{AMTEL Y, ®QOL HF,
BLUHEERITO VW TOFMAR 5B 0 KD
WENTWE, I5WERPRICER 2 BEICTA
DVHEET S L0D, =0 systematic review (&%
TN 1,058 5B 12, BHETOMRATHET
HoO EBMIHEBL, 4#BONEATHERERED )
I OWT—EDORBEEZE X TWDS LM TE
%o

B T/ANBA T AE R % 8255 5 ik o 7 —
¥ % B LA REBE LTS, BEO EBM O
KRTRTh S, BKPHORFOTVFY ARE
UL, EEEROBE, MAATATERO
AT DUT b HE B 1 B BHIIASE SV TV B,

—16 (406) —

T 4 B x

.

RIRRFEOBRFIER, BRIV —TDAY v 7,
ERBERTOBRIFICREBRLET TS,

1)

2)

3)

5)

6)

7)

9)

x [N

Dorman MF, Sharma A, Gilley P, Martin K, Ro-
land P : Central auditory development : Evidence
from CAEP measurements in children fit with
cochlear implants. J Commun Disorders 40 :
284-294, 2007.

Wil : EHEREMAEREREENRER
[AIHE 2% LR R B RS HERE N R
DM - SEEHOREIETLIEF Y AD
TiEIZ (2008~2010 £EE) | 2009 FREMEE, 2009.
Petersen B, Mortensen MV, Gjedde A, Vuust P :
Reestablishing speecﬁ understanding through
musical ear training after cochlear implantation.
Ann NY Acad Séi 1169 : 437-440, 2009.

Chen JK, Chuang AY, McMahon C, Hsich JC,
Tung TH, et al : Music training improves pitch
perception in pre]inguféllly deafened children with
cochlear implants. Pediatrics 125 @ e793-800,
2010.

Brown KD, Connell SS Balkany TJ, Eshraghi
AE, Telischi FF, et al : Incidence and indications
for revision cochlear implant surgery in adults
and children. Laryngoscope 119 : 152-157, .2009.
Trotter MI, Backhouse S, Wagstaff S, Hollow R,
Briggs RJ : Claésiﬁcétfon of cochlear implant fail-
urc and cxplantation : thc Meclbournc cxperi-
ence, 1982-2006.
105-110, 2009.
Zeitler DM, Bundenz CL, Roland Jr JT : Revision
cochlear implantation. Curr Opin Otolaryngol
Head Neck Surg 17 : 334338, 2009.

Doi K, Osaki Y, Kawashima T, Ohata K, Yoshi-
nami T, et al : Incidence of Revision Cochlear
Implantation in Both ’Chil'dren and Adults. AP-
SCI2009 Proceeding, Medimond, Italy, 2010,
111-115. ‘

Beadle EA, McKinley DJ, Nikolopoulos TP,
Brough J, O’Donoghic GM, ct al :
functional outcomes 4nd academic—occupational

Cochlear Implants Int 10 :

Long—icrm

status in impiarited children after 10 to 14 years
of cochlear implant use. Otol Neurotol 26 :

1152-1160, 2005.



10)

11)

12)

13)

14)

15)

16

MRATIHEERONREL

Uziel AS, Sillon M, Vieu A, Artieres F, Piron JP,
et al : Ten—year follow—up of a consecutive series
of children with multichannel cochlear implants.
Otol Neurotol 28 : 615-628, 2007.

Waltzman SB, Roland Jr JT : Cochlear implanta-
tion in children younger than 12 months. ] Pedi-
atrics 116 : e487-e493, 2005. .
Dettman SJ, Pinder D, Briggs RJ, Dowell RC,
Leigh JR : Communication development in chil-
dren who receive the cochlear implant younger
than 12 months : risk versus benefits. Ear Hear
28 (Suppl) : 11S-18S, 2007.

Vlastarakos PV, Proikas K, Papacharalampous G,
Exadaktylou I, Mochloulis G, ct al : Cochlcar im-
plantation under the first year of age~The out-
comes. A critical systematic review and meta—
analysis. Int | Pediatric Otorhinolaryngol 74 :
119-126, 2010.

Vlastarakos PV, Candiloros D, Paracharalampous
G, Tavoulari E, Kampessis G, ct al : Diagnostic
challenges and safety considerations in cochlear
implantation under the age of 12 months. Int J
Pediatric Otorhinolaryngol 74 : 127-132, 2010.
McJunkin J, Jeyakumar A : Complications in pe-
diatric cochlear implants. Am J Otolaryngol
Head Neck Med Surg 31 @ 110-113, 2010.

Scherf FW, van Deun L, van Wieringen A, Wout-
ers J, Desloovere C, et al : Functional outcome
of sequential bilateral cochlear implantation in
young children : 36 months postoperative results.
Int J Pediatric Otorhinolaryngol 73 : 723-730,

17)

18)

19)

20)

21)

22)

3)

24)

HE 53:6

2009.

Basura GJ, Eapen R, Buchman CA : Bilateral
cochlear implantation : Current concepts, indica-
tions, and results. Laryngoscope 119 : 2395—
2401, 2009.

Petrs BR, Wyss ], Manruque M : Worldwide
trends in bilateral cochlear implantation. Laryn-
goscope 120 : S17-544, 2010.

Gricco—Calub TM, lLitovsky RY : Sound localiza-
tion skills in children who use bilateral cochlear
implants and in children with normal acoustic

_hearing. Ear Hear 31 : 645-656, 2010.

Krause E, Louza JP, Wechtenbruch J, Giirkov
R : Influence of cochlear implantation on periph-
eral vestibular receptor function. Otolaryngol
Head Neck Surg 142 : 809-813, 2010.

Biichner A, Schiissler M, Battmer RD, Stover T,
Lesinski=Schiedat A, et al : Impact of low—fre-
quency hearing. Audiol Neurotol 14 (Suppl) : 8~
13, 2009.

Ganz BJ, Hansen MR, Turner CW, Oleson JJ, Re-
iss LA, et al : Hybrid 10 clinical trial. Audiol
Neurotol 14 (Suppl) : 32-38, 2009.

Staecker H, Jolly C, Garnham C : Cochlear im-
plantation : an opportunity for drug development.
Drug Discovery Today 15 @ 314-321, 2010.

Bond M, Elston J, Mealing S, Anderson R, We-
iner G, et al : Effectiveness of multi-channel uni-
lateral cochlear implants for profoundly deaf chil-
dren : a systematic review. Clinical Otolaryngol
34 1 199-211, 2009.

— (407) 17—



@ Key Words @ ATAEH, &fE AhEAFii@—

JOHNS Easa Az aar mRamansibe

51 Qan-21 IR

ANITHEPERIzL ERBH LV

MZABDTLEYID?

BRI E="

Kozo KUMAKAWA

OCES®

FEDBORADICHIEFHEBOPREMRBEIIT > EWNVEITSNEZTLLOIN? EBIEEHS
ATIHNEHEFEBTITHS, PREVENZEEEHD, ERHbHDHET,

ATHEE, BHHSLONEIEDAEND AV TSV RNEDE, R4 7, RAE=F7OtvY,
REIANHSBRIEALRENSRBRD £T, AAEBO—ENENIBER, BREMOEXS
ZETHEBET, LU, BERTERVEEENGEEICE, AARE-AERRTZ LN TER
ER

L, A 2732 hRAhERN, Eﬁ(_zb% '«h B o lBaIcE, FILWEBERT Y TS5y
hkﬂb%z%%?b%bi?o¢W%ﬁm MEb%&bWthkbnmka IRTHY
YaVERETBONTIBBINTWETOT, BNEEIETERDBRSIENTEREA,
AVTISYRNEODDERENSKRELRD, BYOFEMERKOFIBTEHEDAHZ ULRITNIER
hEth, BUET BEHNEEERRREEZ AN, ZOBROBEOETHHEDBZVWDOTT
AR ENICEZANMHLARLCESAVERERES L TVWETOT, BFNICIEENBET

ERR

Oi% O
A7y FATICIZBMRIIBRER, FHHEE
BhoBEcfidns iy, BERNICELR
v, HWELRVRYEZSEHAICRS TR,
LvTI v r oINSl E a7 L THOR
LcH 5L, BARORY - BRSO 25% L

B, NEHEREIKOWE15%, B0 X
Vw77 b 13%, NEEADOBHROEH 8%,

WEOWE - B0 a—1t - A—7vhEb¥E

TT%TH Y, IMBIC X 2BIBOWHRIL 2% IBE
Irdsofe,
FThbbEXNRERIC X 2HHEIRLZ <,

R CHERO EREER-CEBOHLIC & 2R

Ex MBI AHBERERRLARVI EXDY
%, ¥V aviggEo gl X 3 ERORARLE

CRENEC 2AHESREVEEIONTV S
FNL AR L BB 2HEICERT 57

1278

Hiz, 2005427 7> 7 7V T European con-
sensus meeting 2SE0 1, failure DA T I 7 A R
h A~E E4riF 57V, Battmer 513 —1 v
NROER2THEROEHMDOT—FR—RA%2T ¥
Pk DED, A VTV FDTNA R
KPWEL 7=, Zhic ki, 412856 D7
A ADH b, 48818 (379%) MEEEEI L7z L
VW, Fie, BEETSA A DHEER T
Nucleus #8ICIX 1.97%, 7 FANAVA L - N4 A
=7 ZA#BICIE 698%, A P LiBTIid 6.19%
THot-twH?,

bHET @ﬂ{%flﬁﬁmﬁﬁiﬁj i/J\'}Eyb FEA
¥ohb, T, BRATI 13 2R D IE AR D 7T~10
mm {7 & ANBED 3~5 mm IC R TE LI &, 2D
EOENE LI E, SMERETE SN0 -
Twa I ENEREEZONS, YT 400 £
w, AME (NS, (BRSSO THIEICE

JOHNS Vol 26 No.9 2010



20 72) DRATENLBIE LB T Ch o T,
AR=VZDObDMBERTEN:Z Lizhdbo
7o LU, HEZEBIT T2 v h—, 57—,
RE, ~V Ry b L OFRIZAREZL IR D BT 5
NEEMBIEZ TS,

FMiY A FOBIRTH 323, NROBEICIE,
BALD SRIMOERSHETHD, Bk D
MRS 2 (T, AT RESIC R DO ANE 2 Fiff
BIIINETHD, ZOHA, BHEMSIEAINT
W B OB BLISEA T VB EEZ S
h, BREAT2EMIE, HOBBECHERZBL
5bDITET B, £72, HLOEBROEALER
TUHIDEBY L4 Z ANTEE, ABENE-ST

oFLVWEBBEERCHATS,

HIEIFl7 T I3 B IR - BISERG SR % 7 5 & Bllic
fEoC, TNTA YTV FFNA A% 5%EIE
903, BEOWENROFEEMCIE, Lot
Ol & B E RIS 2 2 L AT H
%, BIR - MEEHER D ZRIED TERL, +
SRR LMD B 2 ZARTTFNL AREHY,
RN D BEEAE & — M I I3 ATRT L~ hsifefs
NP, FICHETL <Lz £ THE L 2\ fl
bWMEZINTw9DT, +9% A4 v 7+—4
Frarvery 28 ThoBHERZ2TIRETH
3,

OEEDRI> @
1) ATHEIZEERESECHELIC WL DT
H20, BEFHEHBRTHY, HizEn H 3,
2) MMEIC X BERBEDSITDR GBS, 1ZEA
ENRTRRE B, _
3) AV 7 IV FBIUOTF A 2 DORHIIfERE
RESEHDONRTH 5,

4) TS OBEEE I — IS AR L~
DHERE S LB A, BREOSAETL D b A5 L
BEBHB L, Ao THHIEEIHRTL ~
WM ETHELRCBEbH S LREAT
B<, |

X W

1) European consensus statement on cochlear implant failures and explantations. Otol Neurotol 26 : 1097-1099, 2005.
2) Battmer RD, O’Donoghue GM, Lenarz T : A multicenter study of device failure in European cochlear implant cen-

ters. Ear & Hearing 28 : 95-99, 2007.

3) BBIE= : ALRO ATHE OB & F14if. JOHNS 24(9) : 1428-1434, 2008.
4) Lasig AA, Zwolan TA, Telian SA : Cochlear implant falures and revision. Otol Neurotol 26 : 624-634, 2005.
5) Cote M, Ferron P, Bergeron F, et al : Cochlear reimplantation ; Causes of failure, outcomes, and audiologic perfor-

mance. Laryngoscope 117 : 1225-1235, 2007.

6) Cullen RD, Fayad JN, Luxford WM, et al : Revision cochlear implant surgery in children. Otol Neurotol 29 : 214-220,

2008.

* ROMEIEE SEER - BEE Y & — (T 105-8470 BRER X / P9 2-2-2)

JOHNS Vol 26 No.9 2010 1279



HMEBE F1045

ATHEDAHHE & BFl

ge

% =

(BEOFTREEH AR - RV % —)

[

Tl — 4 TR -

ATAHEEDAZML, EBEZHE - AEFz
BTAEGICTONAZ RS W8, BEERIMN
PEBHER EHIC v, LA, REIZERS
DOBBOBELBEHLARIE L 57D, ZTDORK
%EP'D?CJ;ZEJ\\\ Z)o

1. FARHHELS ZOME

Hansen 50T & 55056 DAHHER & & IR
FOHETIE, HATIE, RILVDIOHDOEW
T25%, MiEAIREG38.9%, FRMEDEEIC
L AREEENS. TR Tholc, PMRETIE, &D
BN DIAIKGT3.8%, KWTHEW2.2%,
MR ME2.2% TH - 7=, Migirov 52 D 2576
DW/ETH, AFTRETHD, BEShHHEE
MEREOR STV, YRHDO4006] O FEN T
b, BHEAERFOET ARG LR OFERICEYE

BICEE> 2 E 2 5 —BERER 2ARD OGN

DART, BEEESSBERL Tz, R
DT LENEREELEHETDH 5,

AR EE R OBEERRE T > BaICHER
MEREEZELLTVOT, MENC CT AF v/
CTERMRORET LES, NEEEDOEMZH O
U DH-> T, T, HPOBEEHEE=X
VU RRATL, MR E COMEMZREL 255
SHIEEL, THICABRAEKE»T ST & TEIR
BeTFHT %5,

o, WBARAORIC, FUVEHRICERSE
P55 ED, BRAEOBHTICN—DY v
A, BVBEIC X ARE AR TRREESD
5O CHHICERT 50

WHTORERERE T, FHRERESTTITE
FELTWEIEY, HBRODEVREE L5,
DHEWITBE B TH LB, WIC, Br ARIC
AT —IUR L ELOBL WEERED W C
TEABH, HINCHE LRBESBHETDH 5,

2. HBDOEHHELTDHR

D &PHE & LT, FDA D20025D#E?
Tid, BAEEA - RERE Y OREBI6K LR

all

Tl — T P T PRl

%<, WCHEREI - BE, 7131 ABEHH
12%, BEROBEI 6%, BEREFBA -V V/NE
DLW LIr-oTEY, DHEI D HRERENE N,
EROWKEL, BRUELNBIZLPEBED4
%\, ALTAFIERES CENCCWLOT
EH 5D, BFHEETHY, HiEIDD5C
L BB Z BHILEDRD 5,
BHFHORA v MIAIEEY - BER%FEEY)
LA LTHLTERL, 2 oBFCEELR%
fERL, T35 ABZLIZEY, 7/35 A LRI
BAEBRIEODIZWI ETHB, ZLTALIKTFHIC
EREMEDDBEFRTT/INA AEEIY,
iz, EEOBSHEERI-TEALHD, B
SRS EEREZ R VB2 2087 2HM
HREBRTIZ W THIB I NS, BREDOEE
Ta4l ATREEAE VIS, SFICEBEE, &
BOTELAEFHESCH L TiFso+57%
AVTs—ALFavty FBBRETH 5,

3. EEE - BFmORESEE

a7 UTHOBE T, 2BDRARGID S5XH
AISrOBHTHEEIN TS, ZOEHEL T
ik, RHROBRY - FEROERBL RS
 , AMEREKOWELSY, BBROAY v/
7 +13%, AEEANOBROBEH 8%, KEOD
W - BEOY a—F - A—TVBEDLETTX
THD, MEIC X AEROWEIL 2% ITBE LD
7%
ThbbEXITERERIC I SRHESRELE <,
KN CTHFOEBERK CEMDHIIC L HES
e, MEIC L AHBRIE DR EHBDY
%, V) aAVHEREOHIC X HHERORALE
CRERRE ATEESREVEZE XL DN TV,
20054E | European consensus meeting 255 4>
h, FNf AREOSE A~E BPRESh: &
1), 4z, Bl & B2ORFI®, BREIF v 7
TIRBEETEVS, AhBz/BRETIERE
Bo - BEOFEH LBEOKE (C), AnE
2 7 MEEC LA RED - LB O LCER



O¥iiEE >3 5h (D) £¥, ThETERAL
TWEBEFITH L Th, »iD kR EELEN
REINTEHD, DBETHESHEDT /NS AHE
DOEBNDI-DICHREEZ S, BBIZFER%
BEEWL oW,

Battmer 6933 —0 v NDOF227HER ORI
DT —ZR—=ZA%E T/ r—rICENED, [V
TS5V DTN ARERERE L os THIC K
hid, £12,856EDF /84 2D > H, 488M@E
(3.79%) BEERRILI-EWD, Tz, £it
TINA ADHERD HE Tld, Nucleus #HELTid
1.97%, 7FXXVAF - N4 3= A8 Tt
6.98%, ATIVHELTII6.19% TH-7-E D,

IMBIT X BEBEBIR ST G, ZEAED
RTCRI 5, UBTi3400808, AEHIERETE
NEBIZLIBARTTHoTce AR—VYZDLHD
BDRERERTEN -3 o7, LEL, BEI%E
W 5Y vy i—, S7E—, fE, "V Ay b
7L ORI FEEERR V@ AR E LBICE L
TW5,

4. BFHOIXREMER

FiHi A FORERTH A5, DMNROBEITII,
BAXDSRHOERABNETHD, BRELED
RIEAET N, TRECARTOANE 2 R
EIONETHB, COHE, BERBFBEAINT
WCE B OB OB BEATWA LEEZD
h, BREATLHIEMEIT, FOBERRSLEEYEZ
50T B, £z, HLWBEROBAERE
THUROBBRT VA AN TEE, BESE- T

1 ATAFE device failure DS¥E & F G

(European Consensus Statement 5))

A Normal functioning device :
S IGAE -

Bl Characteristics decrement : .
BRI RERES A, F v 7 THEDO—H
ETH - BFEKIE
SBHITETL, HANEESNIEFMN

B2 Performance decrement :
B EE IR ER 20, BRIRM B Rt
W R

C  Device failure :
BRI HREEY, D, Frv 7 ThikRE
DIET % ) ~>HEFi
Frv 7 TREEETEVSE, AhEL/CHE
TIRERED D >TOEELY C &k

D Medical reason :
Ay (B, BEARY)RMBIC X5HEFMN
b LANBEZBECLFEAERVNEE>TTO
BEZ D LT 5

E  Lost to follow up :
FLEANLWD, 7xE—T v 7T biNI
BEOT N

BMERE #1045

POFLVWVERTRERLFEATS,
BFMEOBERAET —RAYICI3ATET L ~ULBHE
FIhsh, BESLETLD SALEWEERD
BT E, Ao THMHILV VI E CHEL 2\
bMEZINTWBIDT, +H5EA VT 5—A
F-avev 2B THoEFENRETO>NETH
50
HEAEROBSABIC LY, HUROBRBE
HTERWT & CHERERSET LABEICiIEF
MbEREIND 5, WEEIERERIIZOBE
PoHd, AFU—EERE B CEEMEA
DRIBIRIBRE N B, PRIIFELSTERV, F
TRABNOBEREAR, BBROXA TEEELTH
T CICE U AEAE A ORISR & e ¢ & ix
WHEENERE S, BFMIRERIEE L WeEE 2
bh5,

5. RIRFEKEFOERER

FREBRSHEL B&ICE, R THERHS
WMEETHD, ANE2-BRICHET 5REE
(A¥—FT7Oty¥) b—fkbix- THRFSH
50O TRIEIR R\, '

T/, BEREE L %o oA EB ORI L B
FREAORNETH 5, LrL, BEETEIE
NEBOBELBN—Y 3 VT v TR RBIC &R
TIHHELZNWC & TH5B, 1005 EEDLDTH
BTHHD, RREAEHLLOBRRER/NCT A7
DICh, ERHEERZES T, HERE LER
TRETHBEDRMEOER L VLT MTHMAL,
BEREROHERELITEL T TH RIS
FRIBEFEDO 1AL TH, REONIGEZBEN
LizWEEZ2TW5,

X ik

1) Hansen S, Anthonsen K: Unexpected findings and
surgical complications in 505 consecutive cochlear im-
plantations. Acta Oto-laryngol 130: 540-549, 2010.

2) Migirov L, Dagan E, Kronenberg J: Surgical and
medical complications in different cochlear implant
devices. Acta Oto-laryngologica 129: 741-744. 2009.

3) Tambyraja RR, Gutman MA, Megerian CA: Coc-
hlear implant complications; Utility of federal data-
base in systemic analysis. Arch Otolaryngol Head
Neck Surg 131: 245-250, 2005.

4) BINEZ  AYROATHETOHIS & Fif.
JOHNS 24: 1428-1434, 2008.

5) European consensus statement on cochlear implant
failures and explantations. Otol Neurotol 26: 1097-
1099, 2005. '

6) Battmer RD, Lenarz T: A multicenter study of
device failure in European cochlear implant centers
Ear & Hearing 28: 95-99, 2007.

7) Cullen RD, Fayad JN, Luxford WM, et al : Revision
cochlear implant surgery in children. Otol Neurotol
29: 214-220, 2008.



