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ABSTRACT

People with single-sided deafness (SSD) encounter hearing
problems particularly related to speech perception in noise.
Among the different treatment options, only the cochlear
implant (CI) allows for a (re)habilitation of binaural
hearing. Various studies with SSD CI users have shown
binaural benefits of Cl in speech intelligibility in noise
(SIN) for near target talkers including the summation effect,
and benefits of the application of remote microphone
technology in SIN for distant talkers both on group level.

The aim of this paper is to evaluate the relations between
the speech intelligibility in quiet (SIQ) with the CI only and
the benefit of a Cl in SIN for near talkers on the one hand,
and the benefit of remote microphone technology in SIN for
distant talkers on the other hand, in adult SSD CI users. The
analysis revealed that the SIQ with the CI only was
positively correlated with the benefit of remote microphone
technology in SIN for distant talkers, while it was not
correlated with the benefit of a Cl in SIN for near talkers.

Keywords: cochlear implant, remote microphone, speech
intelligibility, summation effect

1. INTRODUCTION

People with single-sided deafness (SSD) have difficulty
understanding speech in challenging listening situations,
particularly in noisy environments [1,2]. According to [3],
SSD is defined as having a four-frequency (0.5, 1.0, 2.0,
and 4.0 kHz) pure-tone threshold average (4PTA) of at least
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70 dB HL, i.e. a severe to profound hearing loss in the
poorer ear, a 4PTA of at most 30 dB HL, i.e. normal or
nearly-normal hearing (NH) in the better ear, and an
interaural threshold gap of at least 40 dB HL. Treatment
options for SSD include conventional contralateral routing
of signal hearing aid, bone conduction device, and cochlear
implant (CI). However, (re)habilitation of hearing in the
poorer ear and restoration of binaural hearing can only be
achieved with a CI.

Several studies have shown CI treatment of people with
SSD to enable significant improvements of speech
intelligibility in noise (SIN) when binaurally listening with
the NH ear and the CI compared to monaural listening with
the NH ear only. These studies investigated SIN for near
target talkers, i.e. talker-to-listener distances of at most 1.5
meters, and revealed various binaural effects with CI,
particularly head shadow and summation [4-7]. For bilateral
Cl users, the summation effect, which is assessed for frontal
presentation of target speech in quiet or collocated noise,
has been shown to relate negatively to the interaural
asymmetry in SIN, i.e. the difference in monaural SIN
between the better and poorer CI [8,9]. In SSD CI users, the
summation effect may also be negatively related to the
interaural asymmetry in monaural speech intelligibility (SI),
i.e. the difference in Sl between the NH ear and the CI, and
positively related to the SI with the CI only. The first aim of
this paper is to evaluate the relation between the binaural
summation effect for speech in noise and the monaural
speech performance in quiet with the CI in SSD CI users.

S| for distant talkers in multi-source noise environments
with medium and higher noise levels such as frontal
teaching in a noisy classroom is poor in unilateral, bimodal
and bilateral CI users, and is significantly improved by the
application of remote microphones (RMs) [10,11]. RMs
pick-up the target speech with a high signal to noise ratio
(SNR) and transmit it wirelessly to a receiver connected to
or built in a hearing device, e.g. Cl sound processor or
hearing aid (HA). RMs have also been shown to improve
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SIN for distant talkers in multi-source classroom noise in
SSD CI users, when used with the CI, NH ear or bilaterally
[12]. In SSD CI users, the benefit of RMs, when used with
the CI, in SIN may be positively related to the SIQ or SIN
with the CI only, respectively. The second aim of this paper
is to investigate this relation with regard to the monaural
speech performance in quiet with the CI.

2. BENEFIT OF A COCHLEAR IMPLANT

2.1 Methods

To assess the relation between the summation effect with a
Cl for speech in noise and the monaural speech
performance in quiet with the CI, the SIN data of the twelve
adult subjects with SSD who participated in a prospective
hearing device comparison study at our department and
received a cochlear implant during this study [7] were
analyzed. In this study, the summation effect was calculated
as the difference in speech reception threshold (SRT)
between listening in unaided condition preoperatively and
binaural listening with the NH ear and Cl at six months post
activation, and this summation effect is referred to in the
present paper. The SRTs were measured for presentation of
sentences of the Oldenburg sentence test (OLSA, German
matrix test) in collocated speech-shaped noise at 65 dB SPL
from a frontal speaker one meter apart from the participants.
The Freiburg monosyllabic word recognition score (WRS)
in quiet obtained with the CI only at six months post
activation within clinical routine was used to describe the
monaural SIQ with the CI. To analyze the relation between
the summation effect and the monaural SIQ with the ClI, the
Spearman’s rank correlation coefficient is calculated.

2.2 Results

The twelve SSD CI participants showed median SRTS in
speech-shaped noise of -4.7 dB SNR (-6.2 dB SNR - 3.1
dB SNR) preoperatively unaided and -5.8 dB SNR (-8.2 dB
SNR - -4.7 dB SNR) binaural at six months post activation
resulting in a significant median summation effect of 1.4 dB
(0.2 dB — 2.8 dB; p = 0.013) [7]. At six months with CI,
their median monaural WRSs were 100% (90% — 100%)
with the NH ear and 25% (0% — 40%) with the CI resulting
in a median interaural difference in monaural WRS of
72.5% (60% — 90%). Figure 1 presents a scatterplot of the
individual summation effects wversus the individual
monaural WRSs with the Cl. Between these measures,
there was no significant correlation (p = 0.615).
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Figure 1. Scatterplot of summation effect versus
monaural word recognition score (WRS) with CI.

2.3 Discussion

Contrary to our expectation, there was no significant
correlation between the binaural summation effect with the
ClI for speech in noise and the monaural SIQ with the CI in
the twelve SSD CI participants. The missing correlation
might be due to the application of a speech in quiet instead
of a speech in noise measure to assess the monaural speech
performance with the CI, and/or the small sample size and
thus low statistical analysis power. Therefore, future studies
should include more SSD CI users and use speech in noise
measures for both the summation effect and the monaural
speech performance to investigate the relation between
these measures.

3. BENEFIT OF AREMOTE MICROPHONE

3.1 Methods

The relation between the benefit of a RM in speech
performance in noise and speech performance in quiet with
the CI is assessed using the SIQ and SIN data of the eleven
adult SSD CI users who participated in a prospective
remote microphone technology study at our department
[12]. In this study, the participants had a CI experience of
ten to 122 months at the time of testing. For monaural
listening with the NH ear as well as binaural listening with
the NH ear and the CI (condition NH+CI), and, amongst
other RM conditions, for binaural listening with the NH ear
and the CI with a RM (transmitter Roger Pen, receiver
Roger X; Phonak AG, Stifa, Switzerland) connected with
the CI (NH+CI/RM), the speech recognition score (SRS)
for presentation of OLSA sentences from a loudspeaker 5.5
meters in front of the participants in a multi-source
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classroom noise established by Schafer and Thibodeau [13]
was measured. At the position of the participants, the
speech level was 60.3 dB(A) and the noise level was 65
dB(A) yielding an SNR of -4.7 dB.

For each participant, the benefit of the RM used with the
Cl, is calculated as the difference in speech recognition
score (SRS) between the NH+CI/RM and NH+CI listening
conditions. The present paper refers to this RM benefit and
to the Freiburg monosyllabic WRS with the CI only
obtained at the time of testing in this study, and the
Spearman’s rank correlation coefficient is calculated to
analyze the relation between these measures.

3.2 Results

In multi-source classroom noise, the eleven SSD CI
participants yielded median SRSs of 16.0% (0.7% — 39.3%)
with the NH ear, 18.0% (4.0% — 36.7%) in the NH+CI
condition, and 87.3% (27.3% — 95.3%) in the NH+CI/RM
condition. Compared to binaural listening with the NH ear
and Cl, binaural listening and using a RM with the CI
enabled a significant median improvement in SRS, i.e. a
significant median benefit of the RM of 57.3% (16.0% —
91.3%). At the time of testing, the participants’ median
monaural WRS with the Cl was 55% (50% — 95%). A
scatterplot of the individual benefits of the RM used with
the CI versus the individual monaural WRSs with the CI is
illustrated in Figure 2. The rank correlation analysis
revealed a significant positive correlation between these
measures (rho = 0.5456, p = 0.082).
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Figure 2. Scatterplot of benefit of a remote
microphone (RM) used with ClI in speech recognition
score (SRS) versus monaural word recognition score
(WRS) with CI.
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3.3 Discussion

According to our expectation, there was a significant
positive correlation between the benefit of the remote
microphone (transmitter Roger Pen, receiver Roger X) used
with the CI in SIN for a frontal talker in a multi-source
noise classroom environment and the SIQ with the CI only
in the eleven SSD CI participants. This result suggests that
SSD CI users showing a good monaural SIQ with the CI
should use RMs with the receiver attached to their CI, while
SSD CI users with poor SIQ with the CI only should use
RMs with the receiver Roger Focus attached to their NH
ear, to obtain a considerable improvement in speech
performance for distant talkers in multisource-noise
environments. The benefit of the RM in SIN assessed in the
eleven SSD CI users in the remote microphone technology
study [12] is due to the improvement of the SNR of the
target speech at the listener’s position, which is based on
both overcoming the spatial decay of target speech-level
over the distance between the talker and the listener and the
application of an adaptive beamformer in the RM
transmitter. However, the contributions of both effects were
not investigated separately in this study, and thus cannot be
disentangled.
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