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Objective: Bilateral cochlear implantation (Cl) is not routinely recommended in patients of advanced age due to concerns regarding
cost-effectiveness and the medical risks of multiple operations in this population. This study seeks to evaluate outcomes of bilateral
Cl in post-lingually deafened adults over 65 years old.

Study design: Retrospective cohort study.

Setting: Tertiary referral center.

Patients: Thirty-five post-lingually deafened adults over 65 years at the time of second implantation (CI2) and 11 post-lingually
deafened adults over 65 years at the time of simultaneous implantation

Interventions: Bilateral cochlear implantation.

Main outcome measures: Bilateral CNC word scores at 1 year postoperatively.

Results: Bilateral CNC scores were significantly improved compared with preoperative scores 1 year postoperatively in both
sequentially implanted patients (d=9.2%, P <0.001) and simultaneously implanted patients (d =44%, P=0.028). No significant
correlations were observed between changes in bilateral CNC word scores at 1 year and age at the time of Cl1 (r=0.095, P =0.665),
age at the time of ClI2 (r=0.034, P=0.879), or length of time between implantations (r=0.164, P=0.453) in sequentially implanted
patients, nor was age at implantation correlated with changes in bilateral CNC scores at 1 year in simultaneously implanted patients

different at 1 year (d=4.5%, P=0.8905).

implantations.

(r=0.548, P=0.452). Finally, bilateral CNC scores of sequentially and simultaneously implanted patients were not found to be

Conclusions: Patients older than 65 years who underwent both sequential and simultaneous bilateral cochlear implantation
showed similar and significant improvements in speech perception scores compared with preoperative scores. These outcomes
were not correlated with age at the time of implantation or time between implantations in the case of sequentially implanted patients.
This suggests that significant benefit can be seen even with advanced age at the time of implantation and longer time between
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Introduction

Hearing loss is a significant health issue among older adults, with
rates of hearing loss in adults over the age of 60 estimated to be
around 73%.%1 In older adult patients who do not receive
adequate benefit from hearing aids, cochlear implantation (CI)
has been shown to improve auditory detection, speech recogni-
tion, and quality of life.>=! The significant burden of hearing loss
in this population has wide-reaching consequences beyond just
hearing ability. Untreated hearing loss in older adults may be
related to the risk of cognitive decline and dementia, although this
is an ongoing area of research.l®! Hearing loss in adults over
65 years old has also been shown to be associated with higher
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rates of social isolation and depression as well as decreased levels
of self-esteem.[”]

Although some studies have found that older adults make
smaller gains in speech recognition post-CI than younger adults,
speech scores and hearing-related quality of life are still sig-
nificantly improved in the older implanted population.!'®-12!
Other studies have found no significant differences between
outcomes in adults of advanced age and other age groups after
implantation.!>*! Studies have also failed to find increased
rates of surgical complications or device failures in older adult CI
recipients compared with younger adult CI recipients.[!51¢]

Recently, bilateral implantations have become more
common.'”! Bilateral CIs allow individuals with profound
bilateral hearing loss to access binaural hearing, which is crucial
for sound localization and hearing in acoustically difficult con-
ditions, such as ambient noise and competing speech.™®! Sturm
et al.l””! found significant improvements in speech recognition
scores in adults who received sequential bilateral CIs compared
with preoperative scores tested in the bimodal condition. In
addition, a study by Sivonen et al.?% looking at outcomes of
sequential bilateral CIs in adults younger than 65 years found
bilateral speech perception in quiet to be significantly improved
compared with use of the first implanted CI alone. Similarly,
simultaneous bilateral implantation in a group of both younger
and older adults was shown to result in significantly improved

© 2025, Otology & Neurotology, Inc. All rights reserved.



Hatley et al. Otology & Neurotology (2026)

speech perception at 6 months, with bilateral speech perception in
quiet being significantly better than unilateral speech perception
with either CI alone.'8! Although the cost of bilateral cochlear
implantation is a relevant clinical factor in some health systems
globally, bilateral cochlear implantation in the United States is
typically covered by insurance provided that a patient meets
clinical candidacy requirements.

Despite the advantages bilateral CIs confer to users with
bilateral hearing loss, the majority of bilateral CI surgeries are
performed on children, whereas ~40% are done in adults.!”!
Reasons that older adults are bilaterally implanted less frequently
than younger patients include concerns over the higher rate of
medical comorbidities in older patients and the risks of 2
operations under general anesthesia.”*"»*?! Another reason for this
disparity is the concern that older adults will not experience as
much benefit from implantation due to age-related decline of
cortical plasticity and auditory processing skills and, therefore,
that bilateral implantation may have a less favorable risk-benefit
ratio in this population.!'®!! Tn addition, some older adults note
that residual acoustic hearing in the nonimplanted ear provides
improved sound quality, prosody perception, or speech under-
standing in noise, causing them to delay or decline bilateral
implantation for fear of losing this residual hearing.>>*%

This study builds upon previous literature exploring the
auditory outcomes and safety of bilateral Cls in adults older than
65 years.”>*”1 A prior study by Smeal et al.”’! looking at the
outcomes of sequential bilateral Cls in older adults was limited by
a small sample size (n=12) and speech discrimination scores
being taken at only one timepoint. This study will have a larger
sample size and use audiologic testing data, including CNC word
scores, from multiple timepoints postoperatively to most accu-
rately characterize outcomes in this population.?®! Another prior
study of simultaneous bilateral CIs in adults by Litovsky et al.l*®!
compared speech perception scores between groups at 1, 3, and
6 months. Our study will look at speech discrimination scores
longitudinally with data at 3 months, 1 year, and several years
after the 2™ CI (post-CI2) or simultaneous implantation to
determine both early outcomes and the stability of these out-
comes. The main outcome measure in this study is speech dis-
crimination scores 1 year after bilateral implantation.

Materials and methods

Demographics

On approval by the institutional review board, (IRB #i23-01017),
a single-center retrospective chart review was completed at a
tertiary medical center with a dedicated cochlear implantation
center. Adults who received bilateral CIs between 9/1/2014 and
10/31/2019, were 65 years of age or older at the time of the
second implantation or simultaneous implantation, and had
speech perception scores for at least one timepoint preoperatively
and postoperatively were included in this study. Each patient had
been individually evaluated for CI candidacy and medically
cleared for surgery before each operation. In addition, patients
were appropriately informed of all potential complications rela-
ted to implantation, including bleeding, infection, and post-
operative vestibular disturbances. Non-native English speakers
were excluded. Forty-six patients meeting inclusion criteria had
relevant data collected from their charts in our institution’s
electronic medical record.
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Variables of interest
Demographic characteristics collected included age at the time of
implantation, sex, time between implants in sequentially
implanted patients, duration and etiology of deafness, pre-
operative speech testing performance, and the presence of medi-
cal comorbidities. The primary outcome was the bilateral CNC
word score at 1 year postoperatively.?®! For sequentially
implanted patients, this was 1 year post-CI2, whereas for simul-
taneously implanted patients, this was 1 year after both implan-
tations. Speech scores at one year were chosen as the primary
outcome as prior studies have shown that adults typically reach a
stable and significant level of improvement during the first year.?!
Data from the other postoperative timepoints, including
3 months and the most recent appointment after 1 year, are also
reported to provide context and evidence of stability in speech
perception improvement. When available, speech perception data
were collected for each ear individually, with the contralateral ear
plugged and muffed, as well as bilaterally. In sequentially
implanted patients, pre-CI2 scores were performed unilaterally
with CI1 alone, then a hearing aid (HA) alone, if used, and were
performed bilaterally with CI1 + HA, if used. Preoperative scores
for simultaneously implanted patients were performed for each
ear individually in the best-aided condition (ie, with HA alone)
and bilaterally in the best-aided condition (ie, HA + HA). All
preoperative and postoperative testing presented in this study for
all patients was done in quiet in the best-aided condition.
Pre-CI1 bilateral CNC scores were used as the baseline for
sequentially implanted patients when outcomes in these patients were
compared with those of simultaneously implanted patients in a
separate analysis. For pre-CI1 scores, testing was performed with
HAs in both unilateral and bilateral conditions. Secondary outcomes
included length of follow-up, surgical complications, and most recent
data logging information. Complications identified were not
mutually exclusive, therefore, multiple complications could be iden-
tified in a single patient if reported during the postoperative period.

Statistical analysis

Categorical data were analyzed with percentages, and continuous
data were analyzed using the mean, SD, and range. The rela-
tionships between speech perception outcomes and demographic
data, including time between implants, duration of deafness, and
preoperative speech recognition data, were analyzed with simple
linear regression. Speech data from multiple timepoints post-
operatively were compared using 1-way mixed-effect ANOVA
testing with post hoc comparisons using Tukey test. Speech data
from patient subgroups were compared with one another using 2-
way mixed-effect ANOVA testing with appropriate post hoc
comparisons. Mixed-effect ANOVAs were used due to missing
data at some postoperative timepoints.

Results

Demographics

A total of 46 patients aged 65 years and older at the time of second
implantation or simultaneous implantation were included in this
study. The study population was 37% male, and 23.9% (n=11) of
patients underwent both implantations simultaneously, whereas
76.1% (n=35) of patients received bilateral implants sequentially.
Among sequentially implanted patients, the average age at first
implantation was 67.0 years (range: 47 to 91 vy), the average
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age at second implantation was 73.8 years (range: 65 to 96 y), and
the average time between implantations was 6.8 years (range: 0.5
to 19 y). Simultaneously implanted patients were an average of
73.5 years old (range: 66 to 9 y) at the time of implantation. These
patients were followed postoperatively for a mean time of 4.2 years
(range: 3 mo to 9 y). These and other demographic data on the
patients included in this study are reported in Table 1.

Improvements in bilateral speech perception scores

Before implantation, acoustic hearing was tested using insert
earphones or circumaural headphones. The mean pure tone
average (PTA) of aided thresholds at 500, 1000, and 2000 Hz in
the ear to be implanted was 70.1 dB HL (range: 30 to 113 dB) in
sequentially implanted patients. Simultaneously implanted
patients had a mean PTA of aided thresholds of 62.0 dB HL
(range: 35 to 92 dB) in the better hearing ear and 74.1 dB HL
(range: 40 to 103.3 dB) in the poorer hearing ear.

The mean aided pre-CI2 bilateral CNC score in sequentially
implanted patients was 63.3% (range: 0 to 86%). Bilateral CNC
word scores were recorded at 3 months, 1 year, and the most
recent follow-up appointment thereafter (mean: 5.0 y post-CI2,
range: 1.3 to 9.0 y). Among sequentially implanted patients, the
mean bilateral CNC score was 70.7% (range: 36% to 90%) at
3 months, 72.9% (range: 46% to 96%) at 1 year, and 77.1%
(range: 38% to 90%) at the most recent follow-up appointment.
Figure 1 demonstrates changes in individual CNC scores across
each timepoint, with simultaneously implanted subjects exclu-
ded. Changes in scores are shown from pre-CI2 to 3 months post-
CI2 (range: -18% to 46 %), 3 months to 1 year post-CI2 (range:
-8% to 12%), and 1 year post-CI2 to the most recent
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appointment (range: -30% to 41%).

On 1-way mixed-effect ANOVA testing, the fixed effect of
timepoint was statistically significant [F (2.37, 57.61)=9.638,
P <0.001], indicating a significant difference in bilateral speech
recognition scores across the 4 timepoints for sequentially
implanted patients. Through post hoc comparisons using Tukey
test, bilateral CNC scores were found to be significantly higher at
3 months (mean difference: 7.4%, q=4.974, P=0.001), 1 year
(mean difference: 9.2%, q=35.110, P=0.001), and the most
recent (mean difference 12.7%, q=15.563, P<0.001) follow-up
appointment compared with pre-CI2 scores (Fig. 2). There was
not a significant increase in bilateral CNC scores from 3 months
to 1 year post-CI2 nor was a significant difference seen from
1 year to the most recent follow-up appointment post-CI2 (Fig. 2).

Impact of age at implantation

Performance on speech perception testing was analyzed at each
timepoint postoperatively in the bilateral condition. Data from
patients implanted simultaneously were analyzed separately from
those of patients implanted sequentially. In sequentially implan-
ted patients, a significant correlation was not detected between
age at first implantation and change in bilateral speech perception
scores at 3 months (r=0.132, P=0.520), 1 year (r=0.093,
P=0.665), or the most recent follow-up appointment (r=0.230,
P=0.280) post-CI2, as shown in Figure 3A. The same was found
to be true for age at second implantation, showing no significant
correlation with the change from preoperative speech dis-
crimination scores at 3 months (r=0.006, P=0.978), 1 year
(r=0.034, P=0.879), or most recent follow-up appointment
(r=0.142, P=0.507), as shown in Figure 3B.

Demographics of study participants

Characteristic

Study Participants (N = 46)

Sex, Male, n (%) 17 (37.0)
Timing of bilateral implantation
Sequential, n (%) 35 (76.1)
Simultaneous, n (%) 11 (23.9)
Age, mean (range)
At CI1, sequential bilateral only 67.0 (47-91y)
At CI2, sequential bilateral only 73.8 (65-96 y)
At Cl, simultaneous bilateral only 73.5 (66-79y)
Time between implants, mean (range) sequential bilateral only 6.8 (0.5-19y)
Etiology, n Unknown Otosclerosis Infectious Noise Exposure Genetic/ Syndromic Other
29 3 4 2 4 4
Pre-Cl2 CNC Scores, Mean (Range) 1st Cl Ear 2nd ClI Ear Bilateral

Sequential Bilateral Only
61.1% (0-86%)

Pre-Cl CNC Scores, Mean (Range)
Simultaneous Bilateral Only

1.8% (0-12%)
Implant Manufacturer, (n)

Prior Hearing Aid Use, n (%)
Follow-Up Time, Mean (Range)

Poorer Hearing Ear

10.9% (0-46%) 63.3% (0-86%)

Better Hearing Ear Bilateral

o

7.2% (
Cl1: cochlear
Cl2: cochlear

-26%) 9.0% (0-32%)
8); advanced bionics (5); Med-EL (3)
39); advanced bionics (5); Med-EL (2)
41 (89.1%)
422y (3 mo-9y)

DD

Table 1 lists the mean age and age range at Cl1, CI2, and simultangous implantation as well as the mean time and range between implantations for sequentially implanted patients. Table 1 also reports the etiology
of hearing loss, whether implants were placed simultaneously or sequentially, implant manufacturer, hearing aid use before bilateral implantation, and mean follow-up duration for the study population. The mean
unilateral and bilateral preoperative CNC word scores for both sequentially and simultaneously implanted patients are also reported in Table 1.
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Figure 1. Individual changes in CNC scores postoperatively. These figures demonstrate changes in individual CNC scores of sequentially implanted patients across
each timepoint in histogram format. Changes are shown from pre-CI2 to 3 months (range: —18% to 46%), 3 months to 1 year post-CI2 (range: —8% to 12%), and

1 year to the most recent appointment post-Cl2 (range: —30% to 41%).

In simultaneously implanted patients (n=11), the correlation
between age at simultaneous implantation and change in bilateral
CNC scores was also analyzed. Similar to the results from
sequentially implanted patients, a significant correlation was not
detected between age at implantation and changes from pre-
operative bilateral CNC scores at 3 months (r=0.150,
P=0.748), 1 year (r=0.548, P=0.452), or most recent
appointment thereafter (r=0.327, P=0.673).

The impact of time between implantations

Performance on speech perception testing was also analyzed to
determine the impact of the time interval between implantations
on audiologic outcomes. Patients implanted simultaneously were
not included in these analyses. Shown in Figure 4, there was no
significant correlation detected between the length of time
between implantations and the change from preoperative bilat-
eral CNC word scores at 3 months (r=0.240, P=0.237), 1 year
(r=0.164, P=0.453), or most recent follow-up appointment
(r=0.235, P=0.268).

Impact of undergoing simultaneous versus sequential
implantations

Preoperatively, simultaneously implanted patients had mean
unilateral CNC word scores of 7.2% (range: 0% to 26 %) in the
better hearing ear and 1.8% (range: 0% to 12%) in the poorer

Pre- and Post-ClI2 CNC Scores

100+
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- B 3 months
X 754
= B3 1 year
< B Most Recent
S 504
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0

L] L L
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Figure 2. CNC scores in the first, second, and bilaterally implanted ears pre-Cl2
and post-Cl2. This figure demonstrates statistically significant improvements in
bilateral and CI2 scores from pre-Cl2 to scores at 3 months, 1 year, and the
most recent follow-up appointment in sequentially implanted patients. The
mean time to most recent follow-up appointment after Cl2 was 5.0 years
(range: 1.3t09.0y).
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hearing ear and had a mean bilateral CNC word score of 9.0%
(range: 0% to 32%). Postoperatively, the mean bilateral CNC
word scores in this group were 56.9% (range: 0% to 96%) at
3 months post-implantation, 77.6% (range: 70% to 96%) at
1 year post-implantation, and 77.2% (range: 72% to 84%) at the
most recent follow-up appointment. On 1-way ANOVA testing,
simultaneously implanted patients were shown to significantly
improve from preoperative testing [F (1.240, 6.613)=28.31]. On
post hoc comparisons with Tukey test, scores were significantly
improved at 3 months (mean difference=44%, q=35.614,
P=0.028), 1 year (mean difference=61.25%, q=10.17,
P=0.017), and at the most recent appointment (mean differ-
ence=60.5%, q=12.23, P=0.010), but did not change sig-
nificantly between postoperative timepoints.

A 2-way mixed-effect ANOVA analysis was performed to
analyze the effect of bilateral implantation and the timing of these
implantations (simultaneous vs. sequential implantations) on
bilateral CNC scores. In this analysis, baseline bilateral scores
were those performed in the best-aided condition before any
cochlear implantation (ie, HA + HA) for both sequentially and
simultaneously implanted patients, as this allows for the most
appropriate comparison between the 2 groups, shown in
Figure 5. As in other analyses, postoperative scores were recorded
at 3 months, 1 year, and the most recent appointment after
bilateral implantation for both groups, also shown in Figure §.

As expected, bilateral CNC scores of those implanted
sequentially and simultaneously were both found to improve
significantly compared with scores before any CI [F (2.705,
58.60)=100.5, P<0.001]. Two-way mixed ANOVA also
showed that patients implanted sequentially had significantly
different speech perception scores from those implanted simul-
taneously for at least one studied time point [F (1, 42)=15.321,
P=0.026].

Through post hoc comparisons using Sidak test, the mean
pre-implantation bilateral CNC score of simultaneously
implanted patients (mean: 9.0%, range: 0% to 32%) was
shown to be significantly lower than that of sequentially
implanted patients (mean: 33.3%, range: 18% to 48%)
(t=11.92, P=0.003). However, there were no significant
differences found in bilateral CNC scores between these 2
groups at any time postoperatively.

Therefore, although these 2 groups had significantly different
pre-implantation bilateral CNC scores, there was not a significant
mean difference in postoperative speech perception scores
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Figure 3. Change in bilateral CNC scores as a function of age at first and second implantation. These figures demonstrate the absence of a significant correlation
between patient age at both CI1 (shown in A) and CI2 (shown in B) and the change from preoperative bilateral CNC scores at 3 months, 1 year, or the most recent

follow-up appointment post-2" Cl (from left to right).

between the 2 groups at 3 months (mean difference=13.9%,
t=1.316, P=0.630), 1 year (mean difference =4.5%, t=0.853,
P=0.891), or the most recent follow-up appointment (mean
difference =1.47%, t=0.424, P=0.989) after bilateral
implantation.

Comorbidities and postoperative complications

Six patients (12.5%) in this cohort experienced mild post-
operative symptoms of dizziness, imbalance, or vertigo, with one
of these patients having undergone simultaneous implantation
and the other 5 having undergone sequential implantations.
These postoperative vestibular symptoms resolved without
intervention within 1 month postoperatively.

Patients had a variety of comorbidities before surgery, the most
common of which were hypertension (n =29) and hyperlipidemia
(n=28). Two-way mixed-effects ANOVA tests were performed
to compare speech perception outcomes between patients with
and without each comorbidity across all studied timepoints. In
these analyses, none of the comorbidities present in our cohort
were found to significantly impact postoperative speech
perception scores at any time point, including hypertension
[F (1, 54)=3.352, P=0.072] and hyperlipidemia [F (1,
43)=0.008, P=0.927]. Although cognitive impairment is an
important comorbidity in this population, formal assessment of
cognitive function was not routinely done at postoperative
appointments. Therefore, available data did not allow for an
analysis of the impact of cognitive impairment on postoperative
speech perception outcomes.
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Discussion

Many prior studies have shown the efficacy and safety of uni-
lateral CIs in the older adult population; however, our study seeks
to build on the relatively smaller body of evidence regarding the
use of bilateral Cls in adults over the age of 65. Our results show
that sequential bilateral implantation provides additional speech
benefit over unilateral implantation, typically with hearing aid
use, in this population. Simultaneous bilateral implantation is
also shown to significantly improve bilateral speech perception.
Our findings that adults over the age of 65 benefit significantly
after bilateral CI are concordant with the well-known benefits of
binaural input on auditory perception. Prior studies have shown
that bilateral CIs can significantly improve overall hearing ability,
especially when the nonimplanted ear has little residual hearing.
An important consideration in the older adult population is the
potential for deterioration in speech perception over time after
cochlear implantation. Figure 1 shows the changes in bilateral
CNC scores across each timepoint. These figures show that
decline at any time point was relatively uncommon, with just 3
patients exhibiting decline from 1 year postoperatively to the
most recent appointment. These figures, along with the statistical
analyses of mean differences across the 3 timepoints post-
operatively, demonstrate that the trend among this group of
patients was stable or improved hearing between postoperative
timepoints. However, these results do not allow conclusions to be
drawn on how long-term performance may change with advan-
cing age, given that this cohort was followed for a mean of
4.2 years. In addition, an important caveat to these observations
is that it is possible that patients who do not perform as well with
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Figure 4. Change in bilateral CNC Scores as a function of time between implantations. These figures demonstrate the absence of a significant linear correlation
between the time from CI1 to CI2 and the change from preoperative bilateral CNC scores at 3 months, 1 year, and the most recent follow-up appointment post-2"°

Cl (from left to right).

their cochlear implant(s) may not return to care as frequently or
atall, potentially leading to a bias in observing positive outcomes.

The relatively scarce literature on bilateral CIs in older adults
has shown that this population can benefit significantly from
bilateral implantation. In one study by Smeal et al.,*>! 30% of
older adults with sequentially implanted bilateral CIs were shown
to have significantly improved AZBio scores in noise in the
bilateral condition compared with the better hearing ear alone. It
remains uncertain whether they may benefit to the same degree as
younger adults, who have been more consistently shown to have
significantly better hearing outcomes after bilateral implantation
compared with unilateral implantation and bimodal
listening,[1%20-28:2]

For example, Sturm et al."! found that adult patients tested in
the bimodal condition before CI2 saw a mean improvement of
15.3 percentage points on bilateral CNC word identification
testing at 1 year post-CI2. In addition, Ramsden et al.?®! found an
average binaural improvement of 12.6 percentage points when
comparing CNC scores at 1 year post-CI2 compared with CI1
alone. Similarly, our study found that older adults had an average
improvement in bilateral CNC scores of 9.2 percentage points
1 year post-CI2 and 12.7 percentage points at the most recent
postoperative appointment. In addition, as shown in Figure 3,
neither age at the first nor age at the second implantation was
shown to be correlated with improvements in bilateral speech

Pre-Cl1 and Post-Cl2 Bilateral CNC Scores for
Simultaneously and Sequentially Implanted Patients

100+

754 é -
50+
25+ B
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B Most Recent Post-CI2

Bilateral CNC Scores

Simultaneous (n=11) Sequential

Figure 5. Impact of simultaneous versus sequential Cl on post-CI2 speech
perception. This figure demonstrates bilateral CNC scores pre-Cl1 and at
3 months, 1 year, and the most recent follow-up post-ClI2 for patients who
underwent simultaneous and sequential bilateral implantations. No significant
difference in postoperative scores was found at any timepoint between
simultaneously and sequentially implanted patients. Pre-Cl1 scores were used
as the baseline in this analysis rather than pre-CI2 scores to ensure that the
preoperative scores between the groups were comparable.
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perception after sequential implantation. Likewise, age at
implantation was not shown to be correlated with postoperative
improvements in simultaneously implanted patients either.
Importantly, in accordance with common clinical practice,
sequentially implanted patients at our institution were typically
first implanted in the ear with poorer hearing to maximize the
bilateral auditory benefit to the patient from bimodal listening.
Therefore, improvements in hearing are likely to be smaller after
the second implantation, unless significant deterioration in the
contralateral ear has occurred. Despite this, as we have shown
above, many patients still had significant improvements in
bilateral speech perception.

Our findings agree with these prior studies, showing clinically
significant increases in bilateral CNC word scores at 3 months,
1 year, and the most recent follow-up appointment after both
simultaneous and sequential bilateral implantation. In addition,
average CNC scores were similar from 3 months to 1 year and
1 year to the most recent follow-up appointment. This indicates
that though most of the hearing benefit is observed within
3 months after bilateral implantation, this positive impact on
hearing ability did not typically diminish over the first several
years after bilateral implantation.

The improvement in bilateral speech perception scores is likely
to lead to improved binaural auditory skills, such as hearing in
background noise and competing speech. In fact, hearing in more
challenging listening environments, such as in group conversa-
tions and loud public places, was among the primary reasons
given by the older adults in this study, and many other older
adults, for wanting a 2" CL.®" Sound localization is an especially
important aspect of auditory performance in environments where
multiple individuals are speaking.®*' Sound localization cues a
listener to look at whoever is speaking, providing additional
visual speech information, and aids listeners in distinguishing
between multiple speakers.*?! Sound localization also affords
individuals greater comfort and safety in physical situations, such
as identifying the source of sirens and other alarms.! Bilaterally
implanted patients have been shown to possess significantly
better sound localization skills in the bilateral condition than
when using either CI alone.*334 Although we did not collect data
for sound localization or speech understanding in background
noise, many of the patients in this study have reported improved
ability to understand speech in social situations at follow-up
appointments. Other reasons for desiring a 2" CI included
declining hearing in the second ear, insufficient benefit from a
hearing aid, and the desire for a “backup” device in the event that
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their first implant ever has a mechanical problem, such as battery
depletion or malfunctioning of the internal or external
components.!! These are all also reasons why individuals who
are revealed to be CI candidates bilaterally at pre-implantation
testing may opt to undergo simultaneous bilateral implantation.

Although there are many benefits to bilateral cochlear
implantation, there are also several reasons that patients may fear
or not want a 2" CI. In a qualitative study of adult perspectives
on bilateral implantation conducted in Ontario, Canada, older
adults reported fearing the risks associated with a second surgery,
the potential loss of residual hearing, and being too old to benefit
from an additional CLB! In addition, some patients may have
had negative experiences with their first CI, including failure to
meet preoperative expectations and postoperative vestibular
issues, leading to reluctance to receive a 2"¢ CI. However, many
studies have shown cochlear implantation to be a safe and
effective surgery in older adults. In our study, 12.5% of patients
had some degree of new, temporary vertigo or unsteadiness after
surgery, which is lower or similar to rates reported in other
studies.[333¢! Others reported a high level of satisfaction with one
CI and did not feel they needed a 24 CLBY Notably, a study by
Gifford et al. reported that patients who endorsed needing a 2"
CI were highly likely to actually be candidates for a 2"¢ CI,
whereas those who reported not needing a 2°¢ CI were fairly
unlikely to be candidates for another implant.’®”

We did not find a significant correlation between changes in
speech perception scores and age at implantation in sequentially
or simultaneously implanted patients, indicating that older adult
patients have the potential to see significant improvement in
hearing and speech discrimination from bilateral implantation
regardless of their age. This is a promising result for older patients
who may worry that their age will prevent them from seeing
benefit from a 2™ CI. These results may also help inform provi-
ders when trying to discern whether a patient may be a good
candidate for a 2" CI. Our results suggest that determination of
candidacy for bilateral implantation should focus on patient-
specific risk factors and hearing ability, rather than their age or, in
the case of sequentially implanted patients, time since their first
implantation.

Of particular importance in the older adult community is the
presence of comorbidities and their potential impact on outcomes.
A study by Dang et al.*® looked at outcomes in patients with no
comorbidities compared with those with “severe” comorbidities
and found significantly worse audiologic outcomes in the group
with these comorbidities. Another study by Lee et al.!®”! found
that patients with escalating co-morbid status, meaning more
numerous and severe comorbidities, had significantly worse
outcomes, but no one risk factor was associated with significantly
different outcomes. In contrast, studies by Favaretto et al.**! and
Tang et al.*Y did not find any significant correlation between
speech outcomes and comorbidity indices in older patients.

Our findings that no sole comorbidity was associated with
poorer speech scores 1 year postoperatively are in accordance
with the majority of the literature.’**! Furthermore, the
comorbidities in this study group were generally not severe. It is
our institution’s experience that older adult patients seeking
cochlear implantation, an elective surgical intervention requiring
frequent follow-up, do not typically have severe comorbidities or
require significant assistance in daily living, which may explain
any discrepancy between the results of our study and other
findings in the literature.3%37
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One characteristic that has been proposed to be a mediating
factor in speech performance after cochlear implantation is the
use of hearing aids before implantation. In this study, only §
patients did not use hearing aids before CI, and therefore, an
analysis of the impact of hearing aid use on speech outcomes was
not feasible. Some studies have suggested that auditory depriva-
tion may cause changes in neural structures involved in auditory
processing and thereby lead to worse CI outcomes.***] Future
studies should be undertaken to examine the impact of the
bimodal condition on outcomes of bilateral cochlear implanta-
tion in this population.

Performing simultaneous bilateral implantations is a more
recent development in CI and is also more often done in children.
This is partially due to concern for longer surgeries putting older
patients at greater risk of complications from surgery and anes-
thesia. In contrast, simultaneous implantation may be advanta-
geous in the older patient population, by limiting the number of
operations under general anesthesia. Eleven patients in this study
underwent simultaneous implantation and 35 patients had
sequential operations. Though pre-CI1 scores were found to be
significantly different between patients implanted sequentially
versus simultaneously, this is unsurprising as patients implanted
simultaneously likely had little residual hearing in both ears
preoperatively to meet CI candidacy requirements bilaterally.
Likewise, patients who underwent sequential implantations were
more likely to have residual hearing in the nonimplanted ear at
the time of their pre-implantation audiologic testing. The most
notable result from this comparison is that no significant differ-
ences in bilateral speech perception scores were found between
these 2 groups at 3 months, 1 year, or the most recent follow-up
appointment after bilateral implantation.

Conclusions

In an older adult patient population, both sequential and simul-
taneous bilateral cochlear implantation were found to provide
significant improvement from preoperative binaural speech per-
ception. Improvements in speech perception were not found to be
correlated with age at the time of implantation or, in the case of
sequentially implanted patients, length of the interval between
implantations. In addition, patients who were implanted
sequentially were found to achieve similar postoperative speech
perception scores to those implanted simultaneously. Therefore,
patients over the age of 65 should be evaluated for bilateral
implant candidacy based on patient-specific history and hearing
performance rather than age alone.
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