1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Otol Neurotol. Author manuscript; available in PMC 2022 October 01.

-, HHS Public Access
«

Published in final edited form as:
Otol Neurotol. 2021 October 01; 42(9): e1234—e1241. doi:10.1097/MAO.0000000000003261.

Influence of Cochlear Implant Use on Perceived Listening Effort
in Adult and Pediatric Cases of Unilateral and Asymmetric
Hearing Loss

Erin M. Lopez, MD1, Margaret T. Dillon, AuD?, Lisa R. Park, AuD1, Meredith A. Rooth, AuD1,
Margaret E. Richter, BA2, Nicholas J. Thompson, MD?!, Brendan P. O’Connell, MD1, Harold
C. Pillsbury, MD?, Kevin D. Brown, MD, PhD?

1.Department of Otolaryngology/Head & Neck Surgery, School of Medicine, University of North
Carolina at Chapel Hill

2.Djvision of Speech and Hearing Sciences, Department of Allied Health Sciences, School of
Medicine, University of North Carolina at Chapel Hill

Abstract

Objective: Assess the influence of cochlear implant (CI) use on the perceived listening effort of
adult and pediatric subjects with unilateral hearing loss (UHL) or asymmetric hearing loss (AHL)

Study Design: Prospective cohort
Setting: Tertiary referral center
Patients: Adults and children with UHL or AHL

Intervention: Cochlear implantation. Subjects received their Cl as part of a clinical trial
assessing the effectiveness of cochlear implantation in cases of UHL and AHL.

Main Outcome Measure(s): Responses to the Listening Effort pragmatic subscale on the
Speech, Spatial, and Qualities of Hearing (SSQ) scale or SSQ for Children with Impaired

Hearing (SSQ-C) were compared over the study period. Subjects or their parents completed

the questionnaires preoperatively and at pre-determined post-activation intervals. For the adult
subjects, responses were compared to word recognition in quiet and sentence recognition in noise.

Results: Forty adult subjects (h=20 UHL, n=20 AHL) and 16 pediatric subjects with UHL
enrolled and underwent cochlear implantation. Subjects in all three groups reported a significant
reduction in perceived listening effort within the initial months of CI use (p<0.001; 77 =0.351).
The perceived benefit was significantly correlated with speech recognition in noise for the adult
subjects with UHL at the 12-month interval (r(20)=.59, p=0.006).

Conclusions: Adult and pediatric Cl recipients with UHL or AHL report a reduction in listening
effort with CI use as compared to their preoperative experiences. Use of the SSQ and SSQ-C
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Listening Effort pragmatic subscale may provide additional information about a Cl recipient’s
experience beyond the abilities measured in the sound booth.

INTRODUCTION

Listening effort, defined as the mental exertion required to attend to and understand an
auditory messagel, is a known handicap for patients with hearing loss and has a significant,
negative impact on quality of life?. Patients with moderate-to-profound unilateral hearing
loss (UHL) and asymmetric hearing loss (AHL) report increased listening effort likely

due to limited access to binaural cues*-2. Binaural input improves speech recognition in
dynamic listening conditions as compared to monaural listening19-12, Cochlear implantation
of the poorer hearing ear and subsequent cochlear implant (CI) use may improve the spatial
hearing abilities of patients with UHL and AHL due to bilateral auditory stimulation.
Listening with a ClI plus the acoustic-hearing ear may reduce perceived listening effort as
compared to preoperative abilities in a monaural listening condition.

Emerging evidence from adult and pediatric Cl recipients with UHL or AHL demonstrate
cochlear implantation to be an effective treatment option on measures of speech recognition,
spatial hearing, and quality of life as compared to an unaided condition or with technologies
that route the signal to the better hearing ear, such as contralateral routing of signal

(CROS) hearing aids (HA), bilateral CROS HAs (Bi-CROS HA), or bone conduction
devices®6:13-20 | jttle is known, however, about the influence of Cl use on listening effort
in subjects with UHL and AHL. One method to measure perceived listening effort before
and after cochlear implantation is with a subjective questionnaire. The Speech, Spatial,

and Qualities of Hearing Scale (SSQ)?!, and The SSQ for Children with Impaired Hearing
(SSQ-C)?2 assess the subject’s perceived abilities in different listening situations. Scoring

is typically calculated as the mean of all responses (total score) and the mean responses

on the three subscales (i.e., Speech Hearing, Spatial Hearing, and Qualities of Hearing).
The SSQ can also be scored as the mean responses on pragmatic subscales, which were
defined and proposed by Gatehouse & Akeroyd!0 to assess perceived binaural hearing
abilities in dynamic listening conditions. For instance, Gatehouse and Akeroyd? reported a
strong correlation between binaural hearing abilities and the benefits of bilateral HA use as
compared to unilateral HA use across all pragmatic subscales, which was most apparent in
challenging listening environments. Listening Effort is one of the pragmatic subscales within
the Qualities of Hearing subscale. Table 1 lists the specific questions from the SSQ and
SSQ-C for the Listening Effort pragmatic subscale19-22,

The SSQ Listening Effort pragmatic subscale may be an effective measure of perceived
abilities over time when listening with a CI plus the contralateral ear as compared to
preoperative abilities in Cl recipients with UHL and AHL. Dwyer et al* reported greater
perceived listening effort using the SSQ pragmatic subscale in adult subjects when listening
in a monaural CI condition as compared to bilateral normal-hearing (NH) subjects. Subjects
reported a significant reduction in perceived listening effort when listening with bilateral Cls
as compared to the monaural CI condition. Similarly, children who met traditional candidacy
criteria have experienced a reduction in listening effort with bilateral Cls as compared

to the monaural listening condition®. Early significant reductions in perceived listening
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effort have been observed in adult ClI recipients with UHL® and AHLS® as compared to
preoperative abilities. Twenty adult Cl recipients with UHL® and twenty adult CI recipients
with AHLS reported a significant reduction in perceived listening effort using the SSQ after
one month of ClI use as compared to preoperative perceptions. Of interest is whether there
are differences in perceived listening effort over time between ClI recipients with UHL

and AHL, considering the hearing loss in the contralateral ear for the AHL recipients,
which may influence initial performance in challenging listening situations. For instance,
the CI recipients with UHL continued to report significant reductions in perceived listening
effort through the 12-month interval® whereas the CI recipients with AHL demonstrated no
difference between the 1-month and 12-month intervals®. For pediatric Cl recipients with
UHL, the influence of CI use on perceived listening effort is unknown. It is hypothesized
that pediatric Cl recipients with UHL will experience significant reductions in perceived
listening effort when listening with the CI plus the acoustic-hearing ear as compared to
preoperative abilities.

The primary aim of the present report was to review the pattern of perceived listening effort
during the first year of Cl use in adult and pediatric subjects with UHL and AHL. Previous
investigations demonstrate that adult CI recipients with UHL experience early, significant
improvements in speech recognition and spatial hearing with the CI alone and with the CI
plus the NH-ear415 which may underlie their perceptions of listening effort. Considering
this, a secondary aim was to review whether reductions in perceived listening effort were
associated with word recognition in quiet with the CI only and sentence recognition in noise
with the CI plus the acoustic-hearing ear during the first year of Cl use.

METHODS

Subjects received a Cl as part of their participation in a clinical trial investigating the
effectiveness of cochlear implantation in either adult or pediatric cases of UHL and AHL.
The study procedures were approved by the study site IRB and the FDA as part of two
Investigational Device Exemptions. Adult subjects provided consent, and pediatric subjects
and/or their parents provided assent or consent to participate in the study procedures.

Adult Cohort

Adult subjects with UHL and AHL presented preoperatively with a pure tone average (PTA;
500, 1000 and 2000 Hz) =70 dB HL and aided CNC word recognition 23 of <60% in the ear
to be implanted. Unaided thresholds in the contralateral ear were <35 dB HL from 125-8000
Hz for the UHL cohort and between 35-55 dB HL (PTA) for the AHL cohort. Subjects were
implanted with the MED-EL Standard electrode array (31 mm) via round window approach
and fit with an ear-level audio processor (MED-EL GmbH, Innsbruck, Austria). Activation
of the CI occurred two to four weeks after cochlear implantation.

Subjects completed the SSQ (version 5.6) and speech recognition assessment (i.e., word
recognition in quiet and sentence recognition in noise) at the preoperative interval and at
1-month, 3-months, 6-months, 9-months, and 12-months post-activation. At the preoperative
interval, subjects responded to the SSQ based on their perceived abilities when listening
with a traditional listening option for UHL or AHL (i.e., unaided, CROS HA, Bi-CROS HA,
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bone-conduction device, conventional HA). At the post-activation intervals, UHL subjects
responded based on their perceived abilities when listening with the CI plus NH-ear and
AHL subjects responded based on their perceived abilities when listening with the CI plus a
HA on the acoustic-hearing ear (bimodal).

Speech recognition assessment was conducted in a sound booth, with recorded materials
presented at 60 dB SPL. Word recognition in quiet was assessed with the CNC words test.
Subjects were seated one meter from the loudspeaker. Subjects listened with a HA in the ear
to be implanted at the preoperative interval and with the CI at the post-activation intervals.
Masking was presented to the contralateral ear via an insert phone and a TDH headphone
placed over the pinna. Sentence recognition in noise was assessed with the AzBio sentence
test in a 10-talker masker24. Subjects were assessed in the unaided condition at the
preoperative interval and with the CI plus the acoustic-hearing ear at the post-activation
intervals. The assessment was conducted with subjects seated in the center of an 180° arc

of loudspeakers, spanning +/-90°. Subjects were approximately one meter away from the
loudspeakers and faced the center speaker at 0° azimuth. Subjects were assessed at either

10, 5, or 0 dB signal-to-noise ratio (SNR). An individual’s SNR was determined at the
preoperative and 1-month intervals based on his or her performance when the target and the
masker were co-located. Speech recognition was assessed initially at 10 dB SNR and the
SNR was decreased in 5 dB steps until the subject scored <50% on a sentence list or reached
0 dB SNR to limit ceiling effects. The present analysis evaluated the sentence recognition

in noise for the subjects who were evaluated at 0 dB SNR. The target was presented

from the center loudspeaker, and the masker was presented 90° to the acoustic-hearing ear
(SoNcontra). This target and masker condition assesses the head shadow effect and was
selected as it may most likely reflect the benefit of bilateral auditory stimulation. For the
word recognition in quiet and sentence recognition in noise measures, subjects were asked to
repeat what they heard and encouraged to guess if unsure. Performance was calculated as the
percent of correctly repeated words.

Pediatric Cohort

Pediatric subjects with UHL presented preoperatively with a PTA =70 dB HL and aided
CNC word recognition of <30% in the ear to be implanted, and a PTA <25 dB HL in the
contralateral ear. Preoperative imaging was used to confirm an anatomically normal cochlea
or no more significant malformation than Mondini malformation, and a present cochlear
nerve. The majority of the pediatric subjects were implanted with the MED-EL Flex28

(28 mm) electrode array (MED-EL GmbH, Innsbruck, Austria). One subject was implanted
with the Flex24 (24 mm) electrode array due to a Mondini malfolrmation. Subjects were
implanted via a cochleostomy or round window approach. Activation of the CI occurred two
to four weeks after cochlear implantation.

The parents of pediatric subjects completed the SSQ-C as a proxy for their child at the
preoperative interval and at 3-months, 6-months, 9-months, and 12-months post-activation.
At the preoperative interval, parents responded based on their perceptions of the child’s
abilities in his or her typical listening condition. One subject used a bone conduction device
and three utilized conventional amplification (i.e., behind-the-ear HA). The remaining
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subjects did not use any treatment. At the post-activation intervals, parents responded based
on their perceptions of the child’s abilities when listening with his or her ClI plus the NH-ear.

Data Analysis

RESULTS

Perceived listening effort was calculated as the mean responses to specific Qualities of
Hearing subscale questions on the SSQ or SSQ-C, as defined in Table 1. Responses

were assessed over the study period with a repeated-measures ANOVA using SPSS (IBM
Corporation, Armonk, NY, version 26), with one model for the adult data and one for

the pediatric data. The model for the adult data included cohort (i.e., UHL or AHL) as a
between-subjects factor to assess potential differences related to the hearing sensitivity in
the acoustic-hearing ear. There were missing data from one pediatric subject at the 6-month
interval and two adult subjects with AHL at the 9-month interval. Also, one adult subject
with AHL was withdrawn from the study after the 6-month interval due to moving out

of state. Missing data were replaced with cohort mean data in the models. Linear Mixed
Models using the R statistical software (R Core Team, 2019) with missing data and a
random intercept for subject confirmed the results obtained with the repeated-measures
ANOVA. Significance was defined as o < 0.05.

For the adult subjects with UHL or AHL, responses on the Listening Effort subscale were
compared to word recognition in quiet and sentence recognition in noise at the preoperative,
1-month, and 12-month intervals with a Bivariate Pearson Correlation using the SPSS
software (version 26). The Bonferroni correction was applied to limit Type 1 error due to
multiple comparisons. A rationalized arcsine transform was applied to percent correct data
to normalize error variance 25 prior to statistical analysis.

Forty adult subjects (h=20 UHL, n=20 AHL) underwent cochlear implantation and
participated in the study procedures. Demographic information is listed in Table 2. For the
adult subjects (23 female), the age at implantation ranged from 23 to 79 years, with a mean
of 60 years for the entire cohort (SD: 14 years). On average, subjects in the AHL cohort
were older at the time of cochlear implantation (mean: 70 years; SD: 7 years) than subjects
in the UHL cohort (mean: 50 years; SD: 11 years). The majority of subjects reported an
unknown etiology of hearing loss (n=31). The remaining cases reported an etiology of
Meniere’s disease (n=6), viral infection (n=1), noise-induced hearing loss (n=1), or trauma
(n=1).

Sixteen pediatric subjects (8 female) underwent cochlear implantation and completed the
reviewed study intervals at the time of analysis. Demographic information is listed in

Table 3. The majority had an unknown etiology of hearing loss (n=9). The remaining

cases reported an etiology of congenital Cytomegalovirus (cCMV) infection (n=2), Mondini
malformation (n=2), Waardenberg syndrome (n=1), other infection (n=1), or trauma (n=1).
Four subjects failed their newborn hearing screening and were subsequently diagnosed with
UHL. For the remaining subjects, three passed a follow-up hearing screening, one was not
screened, and the remainder passed the initial newborn hearing screening (n=8); considering
this, there was not documentation available for the onset of hearing loss for the majority

Otol Neurotol. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lopez etal.

Page 6

of subjects. Seven subjects provided medical records with evidence of sudden (n=2),
progressive (n=3), or congenital (n=2) moderate-to-profound UHL. For the remaining nine
subjects, their parents reported the UHL as sudden (n=4), progressive (n=2), or congenital
(n=3). The age at implantation ranged from 3.7 to 12.7 years, with a mean of 5.9 years (SD:
2.1 years). Fifteen subjects were implanted with the Flex28 electrode array and one subject
with the Flex24 electrode array (PED#3).

Figure 1 plots the responses on the Listening Effort pragmatic subscale for the adult and
pediatric cohorts over the study period. A higher value indicates better perceived abilities,
which reflects a reduction in listening effort. Responses are indicated with open boxes for
adult subjects with UHL, filled boxes for adult subjects with AHL, and diagonal hatching
boxes for pediatric subjects with UHL. All cohorts demonstrated a reduction in perceived
listening effort in the post-activation period as compared to preoperative perceptions.

For the adult subjects, there was a significant difference in the responses provided

across the study period (F(s 190)=22.47, p<0.001, 77 =0.372). There was a non-significant
interaction between cohort and interval (F(s 190)=1.65, p=0.149, 77 =0.042), indicating
similar responses between the UHL and AHL cohorts over time. Review of the simple
effects revealed a significant reduction in perceived listening effort between the preoperative
and 1-month intervals (p<0.001), with non-significant changes between all other adjacent
intervals (p=0.05).

The parent responses for the pediatric subjects also demonstrated a significant difference

in scores on the Listening Effort pragmatic subscale over the study period (F4,60)=8.13,
p<0.001, 7% =0.351). Review of the simple effects revealed that perceived listening effort
did not change significantly between the preoperative and 3-month interval (p=0.173).
There was a significant reduction in perceived listening effort between the preoperative and
6-month intervals (p=0.025).

Responses on the Listening Effort pragmatic subscale at the preoperative, 1-month, and
12-month intervals were compared to the performance on the speech recognition tasks (i.e.,
word recognition in quiet and sentence recognition in noise) for the adult subjects with
UHL or AHL. Figure 2 plots the CNC word scores (top row) and AzBio sentences in
spatially-separated noise scores (bottom row) as a function of perceived listening effort
(perceived benefit) at each interval. Symbols indicate results for adults with UHL (open
circles) and AHL (filled diamonds). Speech recognition scores are reported in RAUs, where
a higher value indicates better performance. Thirty-three adults were evaluated at 0 dB SNR
on the sentence recognition in noise task.

Table 4 lists the results of the comparisons between speech recognition and perceived
listening effort for the adult UHL and AHL cohorts at each interval, with significant
correlations indicated in bold italic. There was a significant correlation between responses
on the Listening Effort pragmatic subscale and sentence recognition in noise for the

UHL cohort at the 12-month interval (r20)=-59, p=0.006). All other comparisons were
non-significant.
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DISCUSSION

Adult and pediatric subjects with UHL or AHL experienced significant reductions in
perceived listening effort with CI use as compared to preoperative abilities. The early
significant reductions in perceived listening effort observed here were maintained over the
12-month post-activation study period. These results indicate that providing bilateral input
with a Cl in cases of UHL and AHL reduces perceived listening effort, even while the
listener is continuing to acclimate to electric stimulation.

A positive correlation between responses on the Listening Effort pragmatic subscale and
speech recognition in noise was observed for the adult subjects with UHL at the 12-month
interval, but not for the subjects with AHL. This discrepancy could be due to differences

in demographics or hearing history between the UHL and AHL cohorts, including the
hearing sensitivity in the acoustic-hearing ear and the age at implantation. First, access to
sound from the NH-ear in the UHL cohort may support more rapid acclimatization in the
combined condition as compared to subjects with AHL listening in a bimodal configuration.
In previously published data, the present UHL cohort experienced significantly improved
sentence recognition in spatially-separated noise after 1 month of CI use, with asymptotic
performance demonstrated after 3 months®. Subjects in the AHL cohort may require
additional time to acclimate to the combination of a Cl and contralateral HA as compared to
Cl recipients with UHL6:19, thus a correlation between performance in noise and perceived
listening effort may not be observed within the initial months of Cl use. Additionally, the
advanced age at implantation of the AHL cohort compared to the UHL cohort (mean AHL.:
70 years; mean UHL.: 50 years) may influence the acclimatization with the CI, and thus the
listening effort needed in challenging listening situations. Advanced age at implantation has
been shown to be associated with poorer speech recognition?6-29, It is possible that the older
adult Cl recipients require additional listening experience before a relationship between
sentence recognition in spatially-separated noise and perceived listening effort is observed.

Neither cohort experienced a significant correlation between word recognition in quiet with
the CI only and perceived listening effort. One interpretation of this result is that the

word recognition with the CI only (a monaural condition) is not strongly associated with
perceived listening difficulties with bilateral input, as measured with the Listening Effort
subscale. Ongoing work is assessing whether performance with the Cl only is associated
with performance on spatial hearing measures for ClI recipients with UHL and AHL.

This finding also highlights the limitation of assessing the benefits associated with CI

use in a monaural listening condition alone. Expanding test batteries to include subjective
questionnaires and the assessment of spatial hearing abilities in the bilateral condition may
provide a fuller representation of CI recipient performance.

Our findings substantiate previous investigations of improved quality of life with ClI use
in adult recipients with UHL and AHL56.13-19 and add to the emerging literature on
the effectiveness of Cl use in pediatric recipients with UHL. Children with UHL are

at risk for increased fatigue compared to their NH peers, despite having a NH-ear”.
This observation has been interpreted as indicating that listening with two ears reduces
listening effort for children in challenging listening situations. For example, traditional
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pediatric Cl recipients demonstrate reductions in listening effort after second CI, with results
comparable to their NH peers8. The present report found pediatric Cl recipients with UHL
experienced significantly reduced perceived listening effort with bilateral input as compared
to preoperative perceptions. Ongoing work is assessing the development of spatial hearing
abilities in this cohort and the potential association with perceived listening effort.

While the present findings support a reduction in perceived listening effort with CI use for
adult and pediatric cases of UHL or AHL, there are limitations that warrant discussion.

The study design used subjective questionnaires to measure the perceived listening effort of
adults with UHL or AHL and children with UHL. Though subjective questionnaires assess
the perception of listening effort, they do not capture the magnitude of the effort needed

for specific tasks. The amount of listening effort expended on a given task is influenced by
the individual’s hearing abilities, available cognitive energy, motivation, and the task itself3C.
Future work should include objective measures to assess listening effort in this patient
population, including assessment of response time3?, pupil dilation32-34, or performance
on dual-task paradigms3538. Also, assessment of the relationship between performance on
objective measures and perceived listening effort may provide additional support of the
utility of subjective questionnaires as part of the preoperative and postoperative test battery
for Cl recipients.

CONCLUSION

Adult and pediatric CI recipients with UHL and AHL experience early, significant
improvements in perceived listening effort as measured with the SSQ or SSQ-C.
Incorporating subjective measures, such as the pragmatic subscales with the SSQ and SSQ-
C, provides additional insight into the benefits of CI use on the quality of life and daily
abilities for patients with UHL and AHL, and provides further evidence of the effectiveness
of cochlear implantation in these patient populations.
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Figure 1:
Responses on the Listening Effort pragmatic subscale over time for adults with UHL,

adults with AHL, and children with UHL. Boxes indicate the distribution of values for
each cohort at each test interval. The horizontal line indicates the median, boxes the 25t
and 75t percentile, and the tails the 10t and 90t percentiles. Subjects responded with
perceived abilities with a traditional listening option for UHL or AHL at the preoperative
interval and with the CI plus the acoustic-hearing ear at the post-activation intervals. A
significant difference in perceived listening effort across the study period was observed for
the adult subjects and the pediatric subjects. For the adult subjects, a significant reduction
in perceived listening effort was observed between the preoperative and 1-month intervals.
For the pediatric subjects, a significant reduction in perceived listening effort was observed
between the preoperative and 6-month intervals.
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Figure 2:

Perceived Benefit

Speech recognition as a function of perceived benefit, shown separately for word recognition
in quiet with the CI alone (top row) and sentence recognition in spatially-separated

noise with the CI and the acoustic-hearing ear (bottom). Subjects are adults with UHL

or AHL who underwent testing at the preoperative, 1-month, and 12-month intervals.

Speech recognition scores are reported in rationalized arcsine units (RAUs). Higher values

indicate greater perceived benefit and better speech recognition. The solid line indicates
significant correlation between sentence recognition in spatially-separated noise (SoNcontra)
and perceived listening effort at the 12-month interval for the UHL cohort.
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Table 1:

Questions from the Qualities of Hearing subscale on the Speech, Spatial, and Qualities of Hearing Scale
(SSQ) and the SSQ for Children with Impaired Hearing (SSQ-C) used to derive the Listening Effort pragmatic
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1duosnuen Joyiny

subscale (Gatehouse & Akeroyd, 2006; Galvin & Noble, 2013).

Question Number | Question
SSQ #14 “Do you have to concentrate very much when listening to someone or something?”
#15 “Do you have to put in a lot of effort to hear what is being said in a conversation with others?”
#18 “Can you easily ignore other sounds when trying to listen to something?”
SSQ-C | #7 “Do you have to try very hard when listening to someone or something?”
#9 “Do you have to try hard to understand what other people are saying?”
#10 “Is it easy for you to ignore other sounds when trying to listen to something?
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Demographic information for the adult subjects with UHL or AHL. Subjects are ordered by age at

implantation within each cohort.

Table 2:

Page 14

Cohort/Subject | Gender Etiology Onset of hearing Preoperative PTA Preoperative Aided Age | SNR
loss CNC
Cl-ear | Contra
UHL1 M Trauma Sudden 110 7 0 22.6 +
UHL2 F Unknown Sudden 82 3 0 28.6 +
UHL3 F Unknown Sudden 83 2 0 335 +
UHL4 M Meniere’s disease Sudden 115 0 0 43.7 +
UHLS F Unknown Sudden 107 2 0 44.2 +
UHL6 F Unknown Gradual 113 10 10 45.0 +
UHL7 F Meniere’s disease Gradual 120 0 46.4 +
UHL8 F Meniere’s disease Gradual 70 7 0 49.9 +
UHL9 F Unknown Sudden 80 8 0 50.3 +
UHL10 F Unknown Sudden 73 22 0 50.4 +
UHL11 M Unknown Sudden 90 15 6 53.2 +
UHL12 M Unknown Sudden 80 8 0 54.1 +
UHL13 F Unknown Sudden 87 15 18 56.0 +
UHL14 F Unknown Gradual 103 12 12 56.6 +
UHL15 F Unknown Sudden 78 12 24 58.1 +
UHL16 M Unknown Sudden 72 3 0 58.3 +
UHL17 F Unknown Gradual 78 3 0 60.6 +
UHL18 M Unknown Sudden 118 12 2 61.7 +
UHL19 M Unknown Sudden 78 13 0 62.6 +
UHL20 M Unknown Sudden 7 2 14 66.0 +
AHL1 M Unknown Sudden 102 40 4 52.1 -
AHL2 M Unknown Sudden 75 43 0 58.0 +
AHL3 M Viral infection Sudden 70 35 0 59.5 -
AHL4 F Unknown Sudden 83 35 12 67.7 +
AHL5 M Unknown Sudden 68 35 12 67.8 +
AHL6 F Unknown Sudden 120 37 14 68.2 +
AHL7 F Unknown Sudden 72 35 18 68.3 +
AHLS8 F Unknown Gradual 90 45 0 70.3 -
AHL9 F Meniere’s disease Gradual 83 37 14 70.5 -
AHL10 F Meniere’s disease Sudden 70 40 0 70.7 +
AHL11 F Unknown Sudden 70 35 24 71.4 +
AHL12 M NIHL Gradual 107 35 0 72.6 +
AHL13 F Unknown Gradual 102 45 2 74.5 -
AHL14 M Meniere’s disease Gradual/Sudden 70 35 0 745 +
AHL15 F Unknown Gradual 95 50 0 75.2 +
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Cohort/Subject | Gender Etiology Onset of hearing Preoperative PTA Preoperative Aided Age | SNR
loss CNC
Cl-ear | Contra
AHL16 M Unknown Sudden 82 35 0 753 +
AHL17 M Unknown Gradual/Sudden 115 42 20 75.7 -
AHL18 F Unknown Sudden 82 35 12 76.7 +
AHL19 M Unknown Sudden 120 42 0 76.8 +
AHL20 F Unknown Gradual 90 37 4 79.1 -

Preoperative PTA reported in dB HL, rounded to nearest whole number. Preoperative aided CNC for the ear-to-be implanted reported in percent

correct. Age at cochlear implantation reported in years.

The signal-to-noise ratio (SNR) column indicates the subjects who were (+) versus who were not (=) assessed at 0 dB SNR on the sentence

recognition in noise task.

NIHL: noise-induced hearing loss; PTA: pure tone average.
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Table 3:
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Demographic information for the pediatric subjects with UHL. Subjects are ordered by age at implantation.

Cohort/Subject | Gender | Etiology Hearing Stability Age
PED1 F Unknown Reported Congenital 3.7
PED2 F cCMV Known Progressive 3.9
PED3 M Mondini malformation Known Congenital 4.0
PED4 F Trauma Known Sudden 4.5
PED5 M Syndromic (Waardenberg) Known Congenital 4.7
PED6 M Unknown Known Progressive 4.8
PED7 M Unknown Reported Sudden 5.4
PED8 M Unknown Known Progressive 55
PED9 F Mondini malformation Reported Congenital 6.1
PED10 F Unknown Reported Progressive | 6.1
PED11 F Unknown Reported Sudden 6.3
PED12 M Infection Known Sudden 6.4
PED13 F Unknown Reported Congenital 6.5
PED14 M Unknown Reported Progressive | 6.5
PED15 F cCMV Reported Sudden 7.0
PED16 M Unknown Reported Sudden 12.7

Age is reported as age at cochlear implantation in years.

cCMV: congenital Cytomegalovirus
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Table 4:

Results of the correlations between perceived listening effort and speech recognition (i.e., word recognition
in quiet with the CI alone and masked sentence recognition with the CI plus acoustic-hearing ear) for adult
subjects with UHL or AHL at the preoperative, 1-month, and 12-month intervals. The Bonferroni corrected p
values are reported, with bold italic indicating significant correlation.

Adultswith UHL Adultswith AHL
Preop 1-mo 12-mo Preop 1-mo 12-mo
Word r=-0.09,p= r=043,p= r=0.32,p= r=0.46,p= r=-0.03,p= r=0.30,p=
Recognition 0.999 0.366 0.984 0.246 0.999 0.999
Masked r=0.07,p= r=047,p= r=059p= r=0.15p= r=-0.50,p= r=049,p=
Sentence 0.999 0.222 0.036 0.999 0.498 0.648
Recognition
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