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Years (actually decades) ago, I found it challenging to work with patients facing rapidly
progressing sensorineural hearing loss. Before the advent of multi-channel cochlear implants (CIs)
in ~1984, these patients had few options for maintaining the ability to communicate in a hearing
world. Auditory training and lip reading strategies provided limited benefit, and patients found it
difficult to learn sign language in older age. Although I have never been directly involved in
cochlear implant fitting, my practice changed dramatically when cochlear implantation became a
viable solution for many patients. My patients with progressive hearing loss no longer dreaded
their audiology appointments but actually anticipated when their hearing losses would progress to
the point of cochlear implant candidacy. I remember, in particular, one patient who was
experiencing progressive vision and hearing loss associated with Usher’s syndrome. The joy that
she communicated to me after being able to hear again through her cochlear implant was a
highlight of my career.

The benefits of CIs can be amazing, even for our elderly patients. In my Introduction to Audiology
class for undergraduates, I briefly introduce hearing aids and CIs, and I try to help them understand
when CIs might be a better solution than hearing aids for severe hearing loss. I remember one final
exam that included a case study question on this topic. The patient was a 55-year-old woman
wearing hearing aids for many years but was no longer receiving adequate benefit because of
decreased hearing thresholds and word recognition scores of ~ 20% in both ears. One of my
students had written that she did not think this woman would benefit from a cochlear implant
because she was “so old.”  Seriously? I happened to be 55 years old when I taught the class, and I
was not amused!

Fortunately, many elderly patients have experienced dramatically improved quality of life, even
after being implanted in their 90s and older. But, during preimplant and postimplant counseling, it
is important to recognize that older patients may not experience outcomes as high as those of
younger cochlear implant recipients. Duration of deafness is the strongest predictor of outcomes,
and older listeners tend to have longer durations of deafness. Aging itself also appears to be a
factor in successful outcomes. Temporal processing, which decreases with age, is a strong factor in
understanding speech in normal-hearing listeners, especially in challenging listening situations
(Gordon-Salant and Fitzgibbons, 1993; Zhou et al., 2019). Aging also affects temporal processing
in older CI listeners. For example, detecting small fluctuations in amplitude modulations is crucial
to understanding speech, and aging reduces the ability to detect amplitude modulations in CI
listeners (Shader et al., 2020).

Xie et al. (2021) used cortical auditory-evoked potentials (CAEPs) to investigate potential neural
sources of speech understanding deficits in older CI listeners. The primary CAEP peaks in adults
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include P1, N1, and P2 (see Figure 1). The latency, or the timing of these peaks, is considered an
objective measure of auditory temporal processing, and previous aging studies have shown age-
related latency delays of cortical peaks, especially N1 and P2 (Roque et al., 2019; Tremblay et al.,
2004). Xie et al. (2021) recorded CAEPs to a 1000-Hz tone and a speech syllable /da/ presented at
interstimulus intervals ranging from 0.5 to 4 s in middle-aged and older listeners with CIs and in
age-matched listeners with normal hearing (NH). They found that older CI listeners had delayed
latencies for the N1 and P2 peaks in responses to the /da/ syllable and delayed latencies for the P2
peak in response to the 1000-Hz tone compared to younger CI listeners (see Figure 2). The NH
older listeners also had prolonged P2 latencies compared to the NH younger listeners replicating
previous studies. In previous studies, a hearing loss confound has limited the interpretation of
aging effects in NH listeners, because older listeners nearly always have worse hearing thresholds
than younger listeners (Anderson and Karawani, 2020). The Xie et al. (2019) study is important
because the cochlear implant bypasses the cochlea; therefore, the results support the idea that
centrally based temporal processing deficits affect the older CI listeners. This reduced temporal
processing may limit the older CI listener’s ability to understand speech, especially in noise or in
other challenging listening situations. It is hoped that in the future, the CAEP can be used as an
additional tool to evaluate temporal processing in CI listeners, so that they can be counseled
regarding appropriate expectations for speech understanding ability.

Figure 1. The cortical auditory-evoked response recorded in an older listener with normal
hearing. The prominent peaks of the response are labeled: P1, N1, and P2. Note that the P1 is
larger in amplitude than would be typically found in a younger listener.
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Figure 2. Average cortical responses recorded to a 1000-Hz tone and a speech syllable /da/ at five
inter-stimulus intervals from 0.5 s to 4 s are displayed in the top panel for young cochlear-implant
(YCI) and older cochlear implant (OCI) listeners and in the bottom panel for young normal-
hearing (YNH) and older normal-hearing (ONH listeners. The shaded regions represent 95%
confidence intervals around the mean. These waveforms show latency delays, especially for the P2
peak, in both groups of NH and CI listeners. Used with permission from Xie et al. J Assoc Res
Otolarngol (2021).
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