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Abstract

Background: Both bilateral cochlear implants (CIs) and bimodal (electric plus contralateral acoustic) stimulation can provide 
better speech intelligibility than a single CI. In both cases patients need to combine information from two ears into a single 
percept. In this paper we ask whether the physiological and psychological processes associated with aging alter the ability of 
bilateral and bimodal CI patients to combine information across two ears in the service of speech understanding.

Materials: The subjects were 61 adult, bilateral CI patients and 94 adult, bimodal patients. The test battery was composed of mon-
osyllabic words presented in quiet and the AzBio sentences presented in quiet, at +10 and at +5 dB signal-to-noise ratio (SNR).

Methods: The subjects were tested in standard audiometric sound booths. Speech and noise were always presented from a sin-
gle speaker directly in front of the listener.

Results: Age and bilateral or bimodal benefit were not significantly correlated for any test measure.

Conclusions: Other factors being equal, both bilateral CIs and bimodal CIs can be recommended for elderly patients.
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Background

Both bilateral cochlear implants (CIs) and bimodal (elec-
tric plus acoustic) CIs can provide better speech intelligi-
bility than a single implant [1–5]. The two interventions, 
however, pose different information-extraction and cen-
tral-integration challenges for CI patients. In the case of 
bilateral CIs, signals of the same kind, i.e., electric stimu-
lation, are presented to the two ears. The signals, howev-
er, are not identical. The degree to which the inputs dif-
fer depends, at least, on the depth of electrode insertion, 
the number of activated channels for each ear, and the de-
tails of the ear-specific, input-amplitude to output-ampli-
tude functions. The listener must construct a single per-
cept from different information in the two ears. Bimodal 
stimulation poses a different problem for listeners. In this 
case, the information specified by low-frequency acoustic 
stimulation directed to one ear must be integrated with 
the information specified by wide-band electric stimula-
tion directed to the other ear. Moreover, it is likely that 
the information in the low frequencies, e.g., in the range 
250–750 Hz, is presented to different places in the elec-
trically and acoustically stimulated cochlea.

In this paper we ask whether the changes in the physiolog-
ical and psychological processing of auditory signals as-
sociated with aging [6,7] alter the ability of bilateral and 
bimodal CI patients to combine information across two 
ears in the service of speech understanding. To answer 
this question, we tested 61 bilateral CI patients and 94 bi-
modal CI patients with words in quiet, sentences in quiet, 
and sentences in noise. At issue was whether age was cor-
related with either bilateral benefit (bilateral score minus 
best-ear score) or bimodal benefit (bimodal score minus 
electric-only score).

Material and Methods

Subjects

The subjects were adult bilateral CI patients and bimodal 
CI patients tested at either Arizona State University; Mayo 
Clinic, Rochester; Vanderbilt University, or the University 
of Ottawa. The bilateral sample ranged in age, at time of 
testing, from 19 to 81 years. The majority of patients were 
between 40 and 70 years old. The mean duration of severe 
to profound hearing loss was 11.7 years. The mean dura-
tion of bilateral implant use was 3.8 years. The bimodal 
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sample ranged in age, at time of testing, from 21 to 90 
years. The majority of patients were between 60 and 80 
years old. The mean duration of severe to profound hear-
ing loss was 17.8 years. The mean duration of bimodal use 
(CI plus hearing aid) was 3.4 years.

Testing took place over a number of years. For that rea-
son not all patients were tested with all of the speech ma-
terial: 53 bimodal patients completed all the tests and 26 
bilateral patients completed all of them. The sample siz-
es for bimodal and bilateral patients tested with each type 
of speech material ranged from 94 to 27 and are shown in 
Figures 1 and 2. Patients were selected for testing based 
on their willingness to participate in research and, for 
some, their willingness to travel to Arizona State Univer-
sity for testing.

Speech materials

The test battery was composed of monosyllabic words 
[8] presented in quiet and the AzBio sentences [9] pre-
sented in quiet, at +10 and at +5 dB signal-to-noise ra-
tio (SNR). Most commonly the tests were administered 
on the same day.

Listening environment

The subjects were tested in standard audiometric sound 
booths. Speech and noise were always presented from a sin-
gle speaker directly in front of the listener with the speech 
signal at 60 dB SPL (a small number of patients were test-
ed with speech at 70 dB SPL).

Results

The results for bimodal patients are shown in Figure 1 
where percentage changes in performance, i.e., benefit, 
are plotted as a function of age. Change scores were cal-
culated as bimodal score minus electric-only score. Visu-
al inspection suggests that patients in their 70s derived as 
much bimodal benefit as younger patients for each type of 
test material. Pearson’s correlations showed no significant 
relationship between age and benefit for any test measure 
(r=–0.04 for CNC words; r=–0.01 for AzBio sentences 
in quiet; r=0.11 for AzBio sentences at +10 dB SNR; and 
r=–0.07 for AzBio sentences at +5 db SNR).

The results for bilateral patients are shown in Figure 2 
where benefit is plotted as a function of age. Change scores 
were calculated as bilateral score minus best-ear score. 
Visual inspection suggests that patients in their 70s de-
rived as much bilateral benefit as younger patients. Pear-
son’s correlations showed no significant relationship be-
tween age and benefit for any test measure (r=–0.11 for 
CNC words; r=0.16 for AzBio sentences in quiet; r=0.33 
for AzBio sentences at +10 dB SNR; and r=0.07 for Az-
Bio sentences at +5 db SNR).

Discussion and Conclusions

Aging is accompanied by decreases in function in multiple 
physiological, psychophysical, and psychological domains 
[6,7]. In this paper we have asked whether the accumu-
lated consequences of decrements in these domains alter 
the ability of CI patients to extract and integrate speech-
related information presented to the two ears. The answer 
to the question is relevant to health care systems as it is 
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Figure 1. Bimodal benefit as a function of age.
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likely that there is an upper age limit for the benefit to be 
gained from bilateral and bimodal CIs.

We find that patients in their 70s and 80s can benefit 
from both bimodal and bilateral stimulation. Although 

we do not have equal sample sizes in all age decades, it 
does not appear that 70 and 80 year olds are less like-
ly to benefit than younger patients. Thus, it is reasona-
ble to recommend both bilateral CIs and bimodal CIs to 
elderly patients.
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Figure 2. Bilateral benefit as a function of age.
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