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Analysis of characteristics of group with large benefit among
the patients using bimodal stimulation
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Multiple disabilities
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Electrode design
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e AN HE7 frolatdl o =S Ao vehgth. (P =0.009)
AEAZ O Fugd E0AS Fldly] i, F o wAy) FE A Fu4
¥ JYoxE wae] B A3k, 500Hz, 1000Hz oA F2l3 2po]S w T},
H3) BA7) A8 o P e} viwa Bk v 2501z, 500Hz ) A7}

K-SSQ12 HEF =9} AR} Alo]o] &7 A]

K-SQ12 AE&Hget a8 HH s vA7] 28 Ay F2 yiyo] A
J7] 28 A 2500z, 500Hz, 1kHz oA freolat &< A
, (3 3) HA7] #§ Fo|= 250Hz, 500Hz oA f<]ak A

)
X
il
s
1%
ol
ol

2
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s

s

B Age] g} HiFT ke AAHA)

BA7] g e a3 A EZ SRT 443} speech discrimination g2 479
ojg&sk3lth. SRT @k = Frell felgk AolE HeolA gkort bimodal
stimulation ©]59o] & oA aided speech discrimination Zto] #<&tA =
A S8 AY. (P =0.003) K-SSQ12 4~ %3+ aided speech discrimination %k
I Frogh o] AHdAE WESIY. (3 4, /<0.001, Pearson correlation
coefficient=-0.596) A9 SRT @ F= Folgh AHRaAA7E vehubA] &%k
o}, (P =0.537)

AFHSE FF o) AX L ol Ausb AX ge AS uHiSe] wY
% Aggos F7149 o5 dn drkn gaE BAE Jgort, AF
Shout Hgq el ABT oA AL B ol AX AL At
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ok Abeldl s A BAY] 2E IR #o3k zlolE HolA &%
Th (P=0.638) L A]7]17}F postlingual BAtERE mp= BAE Boks u F+ A
BA7] 2 3 Sl K-SSQ12 A7 F o 52 e BAA
T FAHeE FYeAE &tk (P~0.07,  Pearson  correlation

coefficient=0.270)

o] 7]g ® &uk]E

HA71E A SukE Wo] 71¥o] 20 o] fxfe A FAEG o, o5 &
oA 16 W, o]5o] Zh el A 4 Ho]ot ot Atole] fo]gk ko] AT
(P =0.394) Mondini 7]&eo] 9 o= 7} @ vu&S A6, AR EFH
gx=o0] 79 vestibular anomaly 2%, €217 A &A]o] 2o w eI,
o] T 49 AP 7Y TFveR Hud AR gE F99 7]Fo] FRiy

4 v
o Agieh.

¥2,
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X 2. Characteristics of study patients (n = 49)

Bimodal benefit Bimodal benefit

(+) (n=36) (=) (n=13)  P-value
A, "@/o 17/19 10/3 0.067
Prelingual/postlingual 18/18 9/4 0.241
FEIA vol (A 12.9 (1.5-42.8) 13.4 (1.1-45.3) 0.917
Ao 2 71 (h) 76.1 (21-130) 88.0 (17-203)  0.429
e A BA7] AL 71 OFd)  69.5 (3-396) 70.3 (3-300) 0.960
A5 7 AE A, de/d= 3/33 3/10 <0.05
ol 714, /A= 20/16 9/4 0.395
K-SSQ12 <= (SD) 27.1 (6.27) 12.1 (9.1D) <0.001
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20

40

60

80 ::::::::::::::;--‘__

100

120
250Hz 500Hz 1kHz 2kHz 4kHz 8kHz
——Benefit (-) 73.46 85.38 93.46 96.62 98.46 103.08
—Benefit (+)| 67.64 75.83 85.97 90.69 100.14 101.01

1% 3 Mean unaided threshold in the nonimplanted ear by each frequencies.

(* indicates statistically significant differences)
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20

40

80

100

120
250Hz 500Hz 1kHz 2kHz 4kHz 8kHz
——Benefit (-) 55.77 53.08 51.92 66.15 76.15 85.38
——Benefit (+)| 42.78 41.67 45.69 56.25 79.58 84.86

1% 4 Mean aided threshold in the nonimplanted ear by each frequencies.

(* indicates statistically significant differences)
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ol
=

o} K-SSQ12 AEH4 7Fe] g E

Pearson “#A14~ P-value
Unaided hearing threshold
250Hz -0.400 0.004
500Hz -0.518 <0.001
1000Hz -0.433 0.002
2000Hz -0.275 0.056
4000Hz -0.173 0.235
8000Hz -0.342 0.160
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¥ 4. BH7] ZFE F FE JHAA, functional gain k3 K-SSQ12 A
ES

Pearson ‘3344 P-value
Aided hearing threshold
250Hz -0.297 0.038
500Hz -0.323 0.024
1000Hz -0.252 0.080
2000Hz -0.260 0.071
4000Hz -0.151 0.300
8000Hz -0.192 0.187
Aided SRT 0.090 0.537
Aided discrimination 0.596 <0.001
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Introduction : Although cochlear implantation plays a major role in the
rehabilitation of the hearing by showing a great improvement 1in the
perception of speech and language understanding, the effects of implanted
device 1n the noisy environment have been reported to be limited. As a
result, there are many patients who continue to use hearing aids in the
opposite ear after successful cochlear implantation. They report that they
benefit from sound discrimination in the noisy environment and sound
discrimination. This 1s thought to be the effect of binaural hearing.
There are two methods of performing binaural hearing in patients who have
underwent unilateral cochlear implantation; bilateral cochlear
implantation or bimodal stimulation. (using hearing aids in the opposite
ear) According to the results of previous studies on the effects of
binaural hearing, removal of head shadow effect, binaural squelch effect
and binaural summation effect are known to help improve the perception of
sound 1n noise environment. And it has been reported that there is a gain
in various aspects such as improvement of sound localization & sound
quality. There are many cases of residual hearing of low frequency among
the patients who area candidate to cochlear implantation and as the high
performing hearing aids developed, interest in bimodal stimulation after
unilateral cochlear implantation 1s increasing. The purpose of this study
was to evaluate the effectiveness of bimodal stimulation in patients who
underwent wunilateral cochlear 1mplantation, and to 1nvestigate the
characteristics of patients with large effect group.

Materials & Methods : We enrolled the patients who underwent unilateral
cochlear implantation from January 2000 to January 2016 and who were using
hearing aids in opposite ear for more than one year. We reviewed gender,
age at the time of surgery, age at onset of hearing loss, cochlear implant
and hearing aid devices, presence of residual hearing, presence of inner

ear anomaly. We wused the arithmetic mean of the hearing thresholds
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measured at 250Hz, 500Hz, and 1000Hz for residual hearing. Patients with a
hearing threshold below 90 dB below 1000 Hz were defined as having
residual hearing. The benefits of wearing hearing aids in the opposite ear
were assessed through questionnaires. Twelve items in the Korean version
of The Speech, Spatial and Qualities of Hearing scale (K-SSQ) were used.
Based on the questionnaire score of 24, the characteristics of each group
were analyzed by dividing them into large benefit of bimodal stimulation
group and no benefit group.

Results : A total of 49 patients were enrolled in this study. There were
27 male and 22 female patients. The mean age at operation was 6.7 years
(range 1.1 to 45.3 years). In 36 patients (73.5%), additional benefit was
shown by wearing a hearing aid on the opposite ear. When bimodal
stimulation was performed, the monosyllabic word recognition rate
increased significantly 8.4% on average. Patients with residual hearing
were identified in 43 patients (87.8%), and the proportion of patients
with residual hearing was significantly higher in group with a large
benefit of bimodal stimulation. There was no significant difference in age
at operation, duration of cochlear implantation, duration of hearing aid
preoperatively, duration of hearing loss, and presence of inner ear
anomaly. The questionnaire scores showed a significant correlation with
the low-frequency hearing threshold before wearing the hearing aid, and a
significant correlation was found between the threshold at 250 Hz and 500
Hz and the questionnaire score after wearing the hearing aid. There was
also a significant correlation between the discrimination score and the
questionnaire score after wearing the hearing aid. In postlingual deaf
patients, the longer the period of wearing the hearing aid, the higher the
questionnalre score was.

Conclusion : Bimodal stimulation was more effective than unilateral
cochlear 1implantation alone. The questionnaire scores on the effect of

bimodal stimulation showed a significant correlation with residual hearing
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in the low frequency, low frequency hearing threshold after wearing the
hearing aid, and discrimination score after wearing the hearing aid. In
patients who have undergone unilateral cochlear implantation, 1t 1s
helpful to use hearing aids on the opposite ear first, and to check their
effectiveness through audiometry and questionnaires. In addition, 1in
patients who have been wearing hearing aids in the contralateral ear
before the cochlear implantation, 1f the hearing aid has effectiveness
such as increasing the discrimination score, it 1s expected to be large
benefit in the case of bimodal stimulation. Therefore, it would be helpful
to try the hearing aids on both sides before the cochlear implant and to

know the effect in advance.
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