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Abstract

Introduction: The aim of this study was to examine how
bimodal stimulation affects quality of life (QOL) during the
postoperative period following cochlear implantation (Cl).
These data could potentially provide evidence to encourage
more bimodal candidates to continue hearing aid (HA) use
after Cl. Methods: In this prospective study, patients completed
preoperative and 1-, 3-, and 6-month post-activation QOL
surveys on listening effort, speech perception, sound quality/
localization, and hearing handicap. Fifteen HA users who were
candidates for contralateral Cl completed the study (mean age
65.6 years). Results: Patients used both devices at a median
rate of 97%, 97%, and 98% of the time at 1, 3, and 6 months,
respectively. On average, patients’ hearing handicap scores
decreased by 16% at 1 month, 36% at 3 months, and 30% at 6
months. Patients’ listening effort scores decreased by a mean
of 10.8% at 1 month, 12.6% at 3 months, and 18.7% at 6
months. Localization significantly improved by 24.3% at
1 month and remained steady. There was no significant im-
provement in sound quality scores. Conclusion: Bimodal lis-

teners should expect QOL to improve, and listening effort and
localization are generally optimized using Cl and HA compared
to Cl alone. Some scores improved at earlier time points than
others, suggesting bimodal auditory skills may develop at

different rates. © 2024 The Author(s).
Published by S. Karger AG, Basel

Plain Language Summary

This study investigated how using both a cochlear implant
(Cl) and a hearing aid (HA) in the other ear, known as bi-
modal stimulation, affects patient’s hearing-related quality
of life after receiving a Cl. We hoped our work could po-
tentially encourage greater HA use among bimodal candi-
dates. Researchers prospectively followed 15 individuals,
with an average age of 65.6 years, and asked them to fill out
surveys before their Cl surgery, and then again 1, 3, and
6 months after they started using both devices. Patients
used both the Cl and HA around 97-98% time. Their ability
to locate where sounds were coming from significantly
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improved by 1 month postop, although sound quality did
not meaningfully change. Patients’ hearing handicap score
substantially decreased by 3 months postop, meaning they
had improved hearing-related quality of life. Their listening
effort scores also significantly decreased by 6 months, and at
that time point, patient survey responses demonstrated a
subjective preference for using both devices rather than
either device alone. Overall, using both a Cl and a HA to-
gether generally improves hearing-related quality of life,
listening effort, and sound localization early in the post-
operative period. Our study suggests that patients should be
encouraged to use their Cl and HA for at least 6 months
postoperatively because over time they may see additional
benefits and improved satisfaction using both devices

compared to their Cl alone. © 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Unilateral cochlear implantation (CI) with contralat-
eral hearing aid (HA) use, also known as bimodal hearing
or stimulation, has become the standard of care in recent
years for individuals with residual hearing in the non-
implanted ear. Specifically, current guidelines recom-
mend a HA in the nonimplanted ear for CI users for
hearing thresholds below 90 dB HL [1]. An extensive
number of studies have demonstrated the advantages of
bimodal hearing based on improved audiometric out-
comes including speech perception scores [2-9].

Despite this evidence, the number of bimodal users is lower
than expected [10] — 36-51% of bimodal candidates use their
CI alone after implantation [11, 12]. In part, this may be
explained by inadequate clinical guidelines for bimodal
hearing candidacy and heterogeneous patient outcomes.
However, a better understanding of the effects of continued
contralateral HA use on quality of life may encourage greater
use among bimodal candidates. A limited number of studies
have focused on the “real-world” benefits of bimodal hearing,
which found improved hearing-related and overall quality of
life as well as stronger environmental sound recognition [2, 8,
10]. Positive effects on quality of life have been shown in
assessing bimodal users between 2 and 5 years after CI [8, 13].
There is a need to examine the prospective effect of bimodal
stimulation on listening effort, speech perception, sound
quality, sound localization, and quality of life during the more
immediate postoperative period when patients may be most
likely to discontinue HA use [12, 14].

Therefore, the aim of this study was to describe the
effect of bimodal hearing on users’ quality of life during
the postoperative period (1, 3, and 6 months post-
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activation) and compare it to preoperative scores. It
was hypothesized that quality of life and hearing-related
disability would improve over time in patients who
continued to use their HA after CI, which may encourage
greater postop HA use in bimodal candidates.

Methods

This was a single-center prospective within-subject control
study at a tertiary medical center. Inclusion criteria were patients
over 18 years old with no cognitive impairments who were
postlingually deaf and used a HA prior to undergoing CI. Patients
were recruited from January 2021 to January 2022. Patients were
no longer sent postoperative surveys if they discontinued HA use
within 6 months after CI. This study was reviewed and approved
by the Institutional Review Board of New York University
Grossman School of Medicine (ID: i20-01789). Written informed
consent was obtained from all subjects.

The primary endpoint was a 46-question survey focused on
listening effort, speech perception, sound quality, sound locali-
zation, and quality of life. These variables aimed to capture the
users’ satisfaction with bimodal stimulation. The survey included
questions from a survey by Fitzpatrick et al. and the Speech,
Spatial, and Qualities of Hearing Scale (SSQ), in combination
with questions designed by the authors [14, 15]. Stacey et al. [16]
previously set a precedent for combining survey questions, and
this was necessary for our study because there is no validated
quality-of-life questionnaire specific to bimodal users that ad-
dresses the particular situation of using two different devices. For
the list of all survey questions, please refer to online supple-
mentary material 1 (for all online suppl. material, see https://doi.
org/10.1159/000539121). The survey was completed prior to
implantation to reflect patients’ baseline as well as at 1, 3, and
6 months post-activation. The survey was emailed to all patients
and completed online or using a paper copy at clinical ap-
pointments. Surveys were inputted into a secure anonymized
database by authors J.A.S. and M.M. Demographic data were
collected from patients’ charts.

Various scores were calculated to summarize patients’ re-
sponses. The Hearing Handicap Questionnaire was used to
measure hearing-related quality of life [15]. The handicap score
was based on the average of the numerical answers on a scale of
0-100 to the 12 survey questions. A listening effort score was the
average of the numerical answers on a scale of 0-100 to survey
questions 8-14. These questions asked patients to rate their effort
in listening in common situations, such as speech in quiet, speech
in noise, and on the telephone. Likewise, a sound quality score was
the average of the numerical responses to questions 26-28 (online
suppl. material 1). Statistical analyses were conducted using one-
way repeated measures analysis of variance (RM ANOVA) tests
(either parametric or nonparametric, depending on the distri-
bution of the data), and a p value <0.05 was considered statistically
significant. When a main effect was found, post hoc paired ¢ tests
with corrections for multiple comparisons were used to further
investigate changes in scores between two time points. Pearson’s
product correlations were used for comparing survey and speech
perception scores. Descriptive statistics were performed to assess
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Table 1. Patient preoperative hearing characteristics

Subject Preop non- Preop non- SDT non- SRT non- Preop PTA (air) Preop AzBio in Postop AzBio in

# implanted WRS implanted implanted  implanted  non-implanted noise (Cl, non- noise (Cl, non-
unaided, % WRS aided, % ear, dBHL ear,dBHL ear, dB HL implanted, implanted,

bilateral), % bimodal), %

1 40 62 50 60 67 67, 63, na 21, 40, 46

2 4 14 80 na 93 DNT, DNT, DNT 42, DNT, 63

3 10 8 45 na 68 na 34, DNT, 41

4 12 60 75 na 78 18, 91, 84 50, na, na

5 na 8 60 na 93 DNT, DNT, DNT 93, DNT, 88

6 28 28 na 65 50 31,10, 33 41,11, 47

7 36 48 na 70 72 31, 40, 36 na

8 32 52 na 70 68 54, 60, 57 63, 48, 63

9 58 56 55 na 68 23, 54, 50 75, 56, 48

10 2 4 85 100 110 504 na

11 88 80 na 35 42 DNT, 91, 94 71, 88, 96

12 60 68 na 60 58 0, 62, 75 38, CNT, CNT

13 69 64 na 70 65 26, 43, 48 51, CNT, 58

14 28 40 na 30 62 23, 20, 36 48, 47, 34

15 22 20 na 80 87 DNT, 11, 14 69, DNT, 67

WRS, word recognition score; SDT, speech detection threshold; SRT, speech reception threshold; PTA, pure tone average; AzBio,

AzBio sentence test.

all other survey responses that were multiple choice and did not
contribute to the listening effort, sound quality, sound localization,
and hearing-related handicap score.

Results

Patient Characteristics

Twenty-one patients were enrolled in the study of
which 18 underwent CI and 15 completed the study. Of
the patients who completed the study, 9 (60%) were men
and the average age at implantation was 65.6 years (SD
22.4). The average preoperative CNC word recognition
score (WRS) in the contralateral HA ear was 44% (SD:
27.7) (Table 1). Two out of 18 patients stopped using their
HA, one immediately postoperatively and the other at 6
months. Other reasons for patient dropout included
geographic relocation, sequential contralateral CI, and
three individuals wanted more time to consider CI and
never underwent the procedure.

Device Logistics

Thirteen patients (86.7%) used two HAs preop and
13 (86.7%) used their HA for more than 10 h a day. All
patients reported planning on using their HA after
CIL. On a scale of never (0) to always (100), patients
reported using both devices at a median score of 97%,
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97%, and 98% of awake time at 1, 3, and 6 months,
respectively. Similarly, the percent of time patients
reported using only one device from never (0) to
always (100) decreased across the 6 months, with a
median rating of only CI 16% of the time and only
HA 4% of the time at 6 months. For HA-only usage,
there was a statistically significant decrease between
1 month (median 11.5% of the time) and 6 months
(one-way RM ANOVA on ranks: X*(2) = 11.40, p =
0.002). One individual required greater than 6 HA
adjustments within 3 months post-activation. How-
ever, by 6 months post-activation, 46% of patients had
no HA adjustments and 46% underwent 1-3 adjust-
ments. Ease of managing the device from complicated
(0) to easy (100) did not meaningfully differ across
postop surveys ranging from an average of 70-74%
from 1 to 6 months (one-way RM ANOVA: (F(14,2) =
0.66, p = 0.53). Overall, patients felt that wearing their
HA with their CI was helpful with a mean score of
72.4% at 1 month and 76.5% at 6 months, a non-
statistically significant difference (p > 0.05). Beyond
3 months postoperatively, subjective hearing in pa-
tients’ non-implanted ear remained the same for at
least 6 (40%) patients, though a considerable per-
centage of patients (31% at 3 months, 45% at 6
months) believed their hearing seemed a little or a lot
worse compared to preoperatively.

Schlacter/Asfour/Morrissette/Shapiro/
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Fig. 1. Listening effort scores at preop and 1, 3, and 6 months post-
activation. *p < 0.05, **p < 0.01, ***p < 0.001.

Listening Effort and Speech Perception

Patients’ listening effort scores ranged from 0% (no
effort) to 100% (maximal effort). Scores steadily de-
creased, from a mean of 77.0% preoperatively to 66.2% at
1 month, 64.4% at 3 months, and 58.3% at 6 months. A
one-way RM ANOVA demonstrated a statistically sig-
nificant effect of time points on effort scores (F(14, 3) =
4.22, p = 0.01). Post hoc tests revealed no significant
difference between pre- and postoperative scores at the 1-
month and 3-month time points (p = 0.12, p = 0.06,
respectively) but a significant difference at 6 months
postoperatively (p = 0.01), suggesting the reduction in
listening effort was not realized immediately (Fig. 1). By
6 months post-activation, 100% of patients agreed con-
versations require the least effort when using their HA
and CI together (rather than one device alone), and 73%
agreed they feel less tired using bimodal hearing com-
pared to CI or HA alone.

Speech perception in a noisy situation was reported as
best in the bimodal condition for 76.9% of patients at 1
and 3 months, and 83.3% at 6 months, compared to using
one device alone. Speech perception in quiet listening
situations was reported to be best in the bimodal con-
dition for 76.9% of patients at 1 month, 84.6% at 3
months, and 100% at 6 months. For telephone use, the
percentage of patients who reported a preference for
bimodal listening increased from 38.4% at 1 and
3 months to 58.3% at 6 months; however, at that time,
25% of patients still preferred the HA alone. In general,

Postoperative Bimodal Hearing QOL

Fig. 2. Sound quality scores at preop and 1, 3, and 6 months post-
activation. *p < 0.05, **p < 0.01, ***p < 0.001.

most patients (71%) agreed speech sounded best using CI
and HA at the 1-month time point, and this increased to
77% at 3 months and 82% at 6 months.

Speech perception was measured clinically at 3 months
post-activation. Word recognition scores in the CI and
bimodal listening conditions significantly increased
compared to preimplantation scores by an average of
43.2% (paired ¢ test: #(13) = —5.6, p < 0.0001) and 26.9%
(1(10) = -2.9, p = 0.02), respectively. There was no sig-
nificant change detected for HA word recognition scores
(t(8) = 1.7, p = 0.1). For sentence recognition in noise,
there was a trend toward improved scores for the CI
condition (24.1%, #(8) = 2.19, p = 0.06), but this did not
reach statistical significance. There was no statistically
significant improvement in the bimodal condition
(#(7) = =1.03, p = 0.3). There were less than 10 partici-
pants with a score in the HA condition at 3 months, so
results could not be reliably compared to preoperative
scores. There were no significant correlations detected
between the absolute listening effort scores and preop-
erative clinical word recognition scores for CNC words or
AzBio sentences in noise (+10 dB signal-to-noise ratios
[SNR]), either in the ear-to-be-implanted, HA ear, or
bilateral HA conditions (p > 0.05). There was a trend
toward a relation between improvement in listening effort
and improvement in word recognition score, for both the
CIside (r = 0.55, p = 0.06) and the bimodal condition (r =
0.62, p = 0.07); no other statistically significant correla-
tions were detected (p > 0.5).
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Fig. 3. Localization scores at preop and 1, 3, and 6 months post-
activation. *p < 0.05, **p < 0.01, ***p < 0.001.

Sound Quality and Localization

Average sound quality scores were stable from the
preoperative to the one- and 3-month time points
(means: 42.3%, 42.6%, and 45.3%), then increased at
6 months to 56.2%. A one-way RM ANOVA did not
find a significant effect of time point on the sound
quality score (F(14, 3) = 1.34, p = 0.28), suggesting that
adding electric listening did not significantly affect
perceived sound quality (Fig. 2). Despite the differing
acoustic and electric signals, patients appeared to
quickly adapt to bimodal listening. At all post-
activation time points, a majority of patients agreed
that sounds coming from their CI and HA appeared to
fuse together. At 1 month, patients rated their HA and
CI on similarity of sound quality, with 0% being very
similar and 100% being very different, as 79.8%. At 6
months, the average score was similar (73.1%). The
extent to which an HA interfered with CI sound
quality from not at all (0) to a lot (100) decreased from
an average of 18% at 1 month post-activation to 13% at
6 months.

Sound quality also affects the music listening experi-
ence, and at 1 month, 64% of patients stated that music
sounded best with CI and HA. This decreased to 45% at 6
months, and at that time, 55% of patients reported no
difference between CI and HA, HA alone, or CI alone.

In terms of localization, there was a statistically sig-

Fig. 4. Hearing-related handicap scores at preop and 1, 3, and
6 months post-activation. *p < 0.05, **p < 0.01, ***p < 0.001.

operatively), as early as 1 month post-activation (Fig. 3).
A one-way RM ANOVA showed a significant effect of
time period (F(14, 3) = 6.92, p < 0.001). Post hoc ¢ tests
with correction for multiple comparisons revealed a
significant difference between preoperative and 1-month,
3-month, and 6-month scores (p < 0.02), but no sig-
nificant difference between any of the postoperative time
points (p > 0.5). This suggests that after an initial im-
provement (24.3% compared to the preoperative time
point), scores were stable out to 6 months.

When utilizing both devices, a similar proportion of
patients reported hearing a sound from in front of
them either in the middle of their head (1 month: 46%,
3 months: 42%, 6 months: 30%) or closer to the ear
with the implant (1 month: 38%, 3 months: 33%, 6
months: 50%). In the bimodal hearing state, 80% of
patients believed a sound was louder in the CI ear at 6
months, compared to 46% at 3 months and 62% at 1
month.

Hearing-Related Quality of Life

On average, patients’ hearing-related handicap score
decreased at each time point (i.e., QOL improved), from
73.6% preoperatively to 60.1%, 52.3%, and 46.7% at 1, 3,
and 6 months postoperatively, respectively (Fig. 4). This
change was statistically significant (one-way RM AN-
OVA showed a main effect of time point: (F(14, 3) = 6.12,

nificant improvement in how patients rated the utility of p = 0.002)). Post hoc t tests corrected for multiple

their devices (two HAs preoperatively, CI + HA post-
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preop and 1-month scores (p = 0.11), with a significant
decrease in preoperative scores seen from the 3-month
time point onwards (p < 0.006).

Discussion

This study aimed to determine the effect of bimodal
hearing on the immediate postoperative listening expe-
rience and quality of life. Compared to prior to im-
plantation, patients experienced improved listening ef-
fort, sound localization, and hearing-related quality of life
when using a contralateral HA with their CI within
6 months postoperatively.

Patient listening effort significantly decreased at
6 months compared to preop while subjective speech
perception remained high post-CI. Prior studies have
demonstrated contradictory results regarding bimodal
stimulation’s effect on listening effort compared to CI
alone, which may change based on the speech reception
threshold [9, 17]. Noble et al. [17] determined no sig-
nificant difference in the listening effort component of the
SSQ comparing users with unilateral CI to CI with
contralateral HA at approximately 2 years post-CI. De-
vocht et al. [9] measured listening effort at over 1 year
post-CI using a validated test involving the Dutch Matrix
corpus at different SNR using stationary and fluctuating
background noise, which demonstrated further decline in
listening effort for bimodal users compared to CI alone at
higher SNRs. Our study provides preliminary evidence
that on a day-to-day basis, patients report the least fatigue
and concentration using bimodal hearing compared to a
CI alone as early as 1-6 months post-activation. This is
based on patient’s subjective survey responses in which
the options were “hearing aid alone,” “cochlear implant
alone,” “both devices,” and “no difference.” Notably, this
decreased listening effort is supported by the trend to-
ward an association between improvement in listening
effort and improvement in word recognition score seen
for both the CI side and bimodal condition. The high and
stable post-CI subjective and objective speech perception
scores align with prior studies [13, 18]. No change in HA
ear scores or self-reported HA ear thresholds was seen for
most patients, which serves as an important control for
these findings. Prior comparison of CI alone to bimodal
users found no difference in patient-reported speech
perception, and we are limited in our ability to isolate the
specific effect of contralateral HA use on speech per-
ception in our patient cohort [8].

There was no significant change in sound quality over
the 6 months post-activation. This finding is surprising

Postoperative Bimodal Hearing QOL

given prior evidence that patients subjectively prefer the
sound quality in the bimodal condition compared to CI or
HA alone [8, 19]. However, two of the three questions
comprising the sound quality scored were related to the
ability to recognize familiar music as well as the clarity
and naturalness of music. By 6 months, over half of the
patients reported no difference in how music sounded
whether listening using CI alone, HA alone, or using both
devices. Thus, the relatively constant postop sound
quality score might be explained by the unclear benefit
that bimodal listening adds to listening to music, which
was similarly seen in a previous retrospective SSQ-based
study comparing CI to bimodal users [8]. Regardless,
patients reported that sounds from their CI and HA fused
together quickly with no difference in sound fusion be-
tween one and 6 months. In comparison, there was an
immediate and significant improvement in self-reported
sound localization by 1 month. This emphasizes that the
known sound localization benefit from bimodal stimu-
lation [7, 20] seems to occur very early postoperatively
and remains stable.

Patients’ hearing-related handicap score decreased at
each survey interval, with a significant decrease (e.g.,
improved QOL) seen by 3 months post-activation. This
complements existing literature that has demonstrated
improved quality of life with bimodal stimulation at
12 months compared to preimplantation using the Nij-
megen Cochlear Implant Questionnaire (NCIQ) and
Health-Utility Index Questionnaire Mark 3 (HUI3) [7].

Based on subjective survey responses, patients had no
difficulty managing and wearing both devices, and HA-
only use significantly decreased over time. While our
objectives did not include determining reasons for dis-
continuation, our results suggest other reasons may lead
to discontinued HA use in potential bimodal users.
Previous studies found patients’ reasons for dis-
continuing a contralateral HA to include no perceived
additional benefit from the HA or HA interference with
CI [12]. This lack of overall additional benefit is evi-
denced by another study that demonstrated by 12 months
post-CI, QOL per the NCIQ is not significantly different
between bimodal listeners and those who use CI alone [2].
Nevertheless, we found patients on average report low
levels of HA interference with CI sound quality at
1 month post-activation, which further decreased at 6
months, and most patients found CI and HA to provide
additional benefit over CI alone for speech perception in
noisy and quiet situations.

Ultimately, HA fitting may play a key role in opti-
mizing the overall benefit of bimodal stimulation [21].
Almost half the patients in this study reported no HA
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adjustments post-CI, though it is possible that their
audiologist recommended adjusting their HA and they
did not follow up. Of note, some patients see a separate
audiologist for their HA and some switch to having their
HA managed by their CI audiologist. The latter is likely
more beneficial due to the two devices getting pro-
grammed together, which may promote continued HA
use. HA retention post-CI also appears to be related to the
amount of residual hearing in the contralateral ear [11],
and we indeed found the 1 patient in our cohort who
stopped using their HA immediately postop had a 0%
CNC unaided WRS in the non-implanted ear.

Study limitations include a small sample size, the number
of patients lost to follow-up, and the length of follow-up.
Additionally, the authors determined a Cl-alone control
group was not feasible or ethical based on the substantial
evidence demonstrating improved outcomes using CI and
HA compared to CI alone [22-29]. Due to the survey’s
scope, we lack quantitative data comparing HA use pre- and
postoperatively. Further research with a larger sample size is
necessary to better understand the causes of discontinued
HA use in bimodal candidates to enhance current clinician
guidelines and improve patient counseling.

In conclusion, postoperative benefits of bimodal stimu-
lation increased over a 6-month period. Though individual
differences exist, our study provides preliminary evidence
that sound localization, hearing-related quality of life, and
listening effort significantly improve by 1, 3, and 6 months
postop, respectively. Clinicians may consider informing
patients that those who continue using their HA after im-
plantation should expect their QOL to improve and that
listening effort and sound quality are generally optimized
using CI and HA compared to CI alone.
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