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ABSTRACT

Introduction: Cochlear implants (Cls) provide access to sound for children and adults who do not
receive adequate benefit from hearing aids. Age at implantation is known to affect outcomes across the
lifespan.

Areas covered: The effects of age on Cl outcomes are examined for infants, children, adolescents, and
older adults. A variety of outcome measures are considered, including speech perception, language,
cognition, and quality of life measures.

Expert Opinion/Commentary: For those meeting candidacy criteria, Cls are beneficial at any age. In
general, younger age is related to greater benefit when considering pre-lingual deafness. Other factors
such as additional disabilities, may mitigate this effect. Post-lingually deafened adults demonstrate
similar benefit regardless of age, though the oldest individuals (80+) may see smaller degrees of
improvement from preoperative scores. Benefit can be measured in many ways, and the areas of
greatest benefit may vary based on age: young children appear to see the greatest effects of age at
implantation on language measures, whereas scores on cognitive measures appear to be most
impacted for the oldest population. Future research should consider implantation at extreme ages
(5-9 months or > 90 years), unconventional measures of Cl benefit including qualitative assessments,
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and longitudinal designs.

1. Introduction

Since their introduction over 40 years ago, cochlear implants (Cls)
have become a well-accepted treatment for moderately severe-
to-profound sensorineural hearing loss (SNHL) in children and
adults. As of 2019, over 700,000 devices have been implanted
worldwide [1]. In a normal hearing ear, sound is transmitted to
the brain via stimulation of hair cells within the cochlea, which
convert acoustic energy to electrical impulses, which are then
sent up the auditory nerve to the brainstem and eventually the
auditory cortex. SNHL is most commonly (though not always)
caused by damage to hair cells. Although there is promising
research aimed at regenerating hair cells [2], a Cl is currently
the most effective prosthesis for restoring auditory perception
when hearing aids are no longer beneficial. The CI bypasses hair
cells and stimulates the auditory nerve directly via electrical
pulses sent from an electrode placed in the cochlea.

Cls are comprised of an externally worn sound processor and
a surgically implanted internal device. The sound processor con-
sists of a microphone, sound processor, and transmitter with
a magnet. Respectively, these components receive the acoustic
sound, convert it to electrical pulses, and send the signal to the
internal device via a radio frequency link. The internal device
consists of a receiver/stimulator placed in a surgically drilled
bone well on the skull, and an electrode array carefully inserted
into the cochlea. For most sound processing strategies, the signal
is broken up into different frequency bands by the sound pro-
cessor, which are then transmitted to 12 to 22 individual electro-
des on the array, depending on the specific device. Audiologists

attempt to maximize speech perception with Cls using indivi-
dualized programming.

To improve outcomes with Cls and direct innovations in
hardware, software, sound processing strategies, and surgi-
cal techniques, researchers have focused on a wide range of
variables that might influence performance. While Cls were
once indicated only for post-lingually deafened adults, they
are now used in children as young as 5 months and adults
over 85years. As one moves along the spectrum, age may
be associated with either increased or decreased neural
plasticity [3,4] and neural degradation [5], as well as
a varying amount of auditory experience, both factors
known to be crucially important for adapting to the new
auditory signal from a Cl [6-9]. The present review focuses
on the effect of age at implantation on Cl outcomes at
different stages of life.

2. Cochlear implants for infants and young children

It has been well established that children who are born pro-
foundly deaf benefit from Cl, and that the age at which
implantation occurs can have a significant effect on their out-
comes [10-14]. The strength of evidence for early implanta-
tion, along with the implementation of universal newborn
hearing screening, has led to a steady decrease in the average
age at implantation from a range of 4-7 years in the mid-
1990s [15,16] to a range of 1.5 to 2.5 years in recent reports
[17,18]. In 2020, the current minimum age at implantation in
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Article highlights

o For those that meet candidacy criteria, a Cl is beneficial for anyone
over 5 months of age.

o Earlier implantation almost always leads to better outcomes as the
duration of auditory deprivation and neural degradation is shorter.

o Benefit from a Cl can be measured in many ways, including speech
perception, language, quality of life, social or employment measures,
or cognition.

e The way benefit is measured will depend on the age of the person
and their duration of deafness. The influence of age at implantation
on outcomes for special populations, such those with additional
disabilities, residual hearing, or unilateral deafness, may be different
than more typical patterns of hearing loss.

o Future research will expand on additional ways of quantifying Cl
outcomes (including imaging and other objective measures), implan-
tation for the youngest (under 9 months) and oldest (over 90 years)
populations, and longitudinal studies.

the United States, as defined by the Federal Drug
Administration (FDA) was lowered to 9 months. This remains
the current minimum age in 2023.

Auditory stimulation within the first few years of life is
critical for developing the neural pathways of the auditory
system, especially in the auditory cortex [19-21]. Without
early auditory input, other sensory modalities may invade
auditory areas, causing cortical reorganization [22]. This abnor-
mal development may impede future abilities to process audi-
tory information [23]. Evidence for a sensitive period in
cochlear implantation has been shown using cortical auditory-
evoked potentials [23-26], specifically the first positive peak
occurring 100-300 ms after stimulation (P1). Most children
implanted before the age of 3.5years demonstrate P1
responses with latencies and morphology in the normal
range after six months of device use. Approximately 50% of
children implanted between the ages of 3.5 and 7years
achieved P1 latencies in the normal range, but implantation
after the age of 7years resulted in abnormal P1 responses,
even after many years of device usage [23]. Speech and lan-
guage outcomes for congenitally deaf children correlate with
their age at implantation (i.e. younger is better), especially for
children implanted after age 3 [27-29].

There has been much recent focus on children implanted
under the age of 12 months. Cl surgery at this age has been
shown to be safe, with no greater complication rates than
children implanted between 12 and 24 months of age [30-
33]. There were also no differences in complication rates found
between children implanted at 9-11 months of age and those
implanted before 9 months, suggesting safety at even
younger ages [33,34]. Children implanted before 12 months
of age may show superior outcomes as compared to later
implanted children [35]. Hoff et al. [32] found that children
implanted at <12 months achieved significantly earlier open-
set speech recognition for sentences, and were significantly
more likely to be oral communicators than children implanted
between 12 and 36 months of age. Similarly, Chweya et al. [36]
found that children implanted before 9 months of age scored
higher on an open-set word recognition measure (Lexical
Neighborhood Test, LNT) than those implanted between 9
and 12 months of age. Results for other speech perception

tests (Consonant-Nucleus-Consonant Test (CNC), Hearing in
Noise Test for Children (HINT-C), and Pediatric AzBio
Sentences) were statistically significantly different between
children implanted at <12 months of age and 12-36 months
of age. Tajudeen et al. [37] demonstrated an 8.2% advantage
in the LNT score for children implanted before 12 months
compared to those implanted in the second year of life,
though the difference was no longer statistically significant
when children were compared at the same listening age,
rather than chronological age. However, other studies have
found no statistically significant difference in open-set speech
perception scores comparing children implanted before 12
months of age and children implanted between 12 and 24
months of age [33,38-41]. Differing results might be due to
methodological differences across studies. These include the
variety of speech perception tests, and whether other expla-
natory variables, such as duration of device experience, cogni-
tion, and maternal education, have been controlled for.

Speech perception is necessary, but not sufficient for lan-
guage development. Development of other skills, including
word-learning, understanding of syntax, and grammar, is cru-
cially important. Language development may have a different
or overlapping critical period as compared to basic auditory
perception, implying that age at implantation may affect lan-
guage outcomes differently than basic speech perception
measures [38]. Unlike the previously discussed speech percep-
tion studies, outcomes for language assessments clearly favor
implantation under 12months [27,40-45]. For example,
Dettman et al. [40] examined a large group of children (n=
400) and found that children implanted before 12 months
performed significantly better than children implanted
between 12 and 24 months on multiple measures of expres-
sive and receptive language (Preschool Language Scale (PLS),
Clinical Evaluation of Language Fundamentals (CELF)), with
64% obtaining scores in the normal range at school entry.
A prospective study by Ching et al. [46] examined 104 children
with Cls on 20 different language measures, combined to
generate a global composite score. The authors found children
implanted by 6 months of age performed, on average, 21.4%
points better than children implanted by 24 months of age.
Karltorp et al. [33] showed an advantage for implantation
before 12 months on language measures, with faster develop-
ment rates than children implanted between 12 and 29
months. By four years of age, children implanted before 12
months were on par with typically developing peers, whereas
children implanted after 12 months were delayed by 9
months, on average. Other studies have shown an advantage
for vocabulary [14,38,39,47], speech intelligibility [39] and
grammar [48]. Some studies have also shown an advantage
on these measures for children implanted under 9 months of
age compared to those implanted between 9 and 12 months
of age [36,41,46,47].

When children are implanted at a very young age, the
presence of cognitive delay and/or additional disabilities may
not be known yet. Between 20% and 40% of children with
hearing loss have other associated conditions [49,50]. Some
syndromes, such as CHARGE, symptomatic cytomegalovirus,
and those causing cochlear or cochlear nerve malformations,
have been associated with worse outcomes than others such



as Waardenburg, and Ushers [49,51-54]. When implanted,
children with developmental delays may show more modest
and slower rates of gain in speech perception, language, and
quality of life as compared to children without developmental
delays [50,55,56]. Other conditions such as autism, attention-
deficit hyperactivity disorder (ADHD), and learning disabilities
cannot often be diagnosed before 1 year of age, yet research
has shown that children with these conditions may see poorer
outcomes with Cls than typically developing children [50,57].
There is also evidence that additional disabilities may delay
a child’s diagnosis and subsequent implantation [58]. At pre-
sent time, there is a lack of research around how the benefits
of early implantation interact with the potential limitations
caused by additional disabilities.

Even with the focus on implanting the youngest children,
there is substantial evidence demonstrating improved out-
comes for children implanted by 2-3 years of age when com-
pared to older children. These studies report an advantage for
a number of different domains beyond speech perception and
language, including academic achievement [59], reading [60],
peer relationships [61], speech intelligibility [62], and quality of
life [63].

3. Cochlear implants for older children and
adolescents

Despite widespread adoption of newborn hearing screen-
ings and emphasis on early implantation, some pre-lingually
deafened children receive a Cl later in childhood or in
adolescence. Delay in implantation may be due to several
factors, including complex medical conditions, socioeco-
nomic barriers, or family hesitation around implantation
[64] although a portion of late implanted children and
adolescents present with progressive hearing loss and only
become Cl candidates later in childhood [64-67].

Compared to younger prelingually deafened children and
post-lingually deafened adults, pre-lingually deafened but
late-implanted children and adolescents are thought to have
a poorer prognosis for Cl outcomes. Early studies demon-
strated poor outcomes for prelingually deaf adolescents, ran-
ging from sound awareness to closed-set speech
discrimination [68,69], but improvements in technology have
resulted in open-set speech discrimination for many. A recent
metanalysis including both prelingually deafened adolescents
and adults reported an average improvement of 44.6% for
open-set sentence recognition and 37.0% for open-set word
recognition, both in quiet [70]. Measures of language [71,72]
and speech intelligibility [73] also improved significantly fol-
lowing implantation. However, performance on these tasks
was still poorer than prelingually deaf children who were
implanted earlier. Most children were full-time users of their
Cls [74].

Subjective measures of outcome may provide a more com-
plete picture of the benefits of Cl for this population. While no
studies have focused exclusively on late implanted, prelin-
gually deaf, children and adolescents, Caposecco et al. [75],
reported benefit on both hearing-related (International
Outcome Inventory for Cl) and general quality of life ques-
tionnaires (Glasgow Benefit Inventory). The authors also
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included a study-specific questionnaire which found that all
participants were at least somewhat satisfied with their deci-
sion to get a Cl. Additionally, 81% of survey respondents
reported wearing their implant >8 hours a day. Duchesne
et al. [76] included several adolescents in their population.
Using a study-specific questionnaire as well as semi-
structured interviews, the authors found that the majority of
their participants felt the implant was useful and expressed
satisfaction with their decision to receive a Cl. Key areas of
improvement included environmental sound detection, lower
reliance on lip-reading, and higher self-confidence. Like all Cl
users, the degree benefit from the implant is variable for later-
implanted children and adolescents. Several factors appear to
influence performance. Children who used oral communica-
tion (compared to manual or total communication) and had
early and consistent use of amplification were more likely to
have better speech perception scores [29,75,771].

Children with progressive hearing loss represent
a different category of later implanted children and adoles-
cents. These children often benefited from amplification,
providing at least some access to speech perception during
critical periods of development before their hearing loss
progressed and they were considered Cl candidates. These
children typically perform better than children with conge-
nital or prelingual deafness [29]. Zaltz et al. [78] compared
prelingually deafened children implanted early (before 4
years of age) and late (after 6years of age) to children
with progressive hearing loss implanted in late childhood
and adolescence. The children with progressive loss per-
formed no differently than the early implanted group on
tests of word recognition in quiet and sentence recognition
in noise, and significantly better than the late prelingually
deaf but implanted group. Other studies have demonstrated
significant improvements in speech perception for children
with progressive hearing loss following Cl [67,79,80].
Children with progressive hearing loss may also present
for ClI surgery with significant residual hearing in the low
frequencies [81]. Preservation of acoustic hearing may be
possible after implantation, allowing for the use of com-
bined electro-acoustic stimulation (EAS), a configuration
shown to provide improved outcomes over electric-only
stimulation, at least for some measures such as music per-
ception [82-84]. As compared to adults, children are more
likely to have hearing preservation and be able to take
advantage of the potential benefits of EAS [85]. Finally,
children with progressive hearing loss are also more likely
to be oral communicators and have experience with ampli-
fication, making it difficult to disentangle the influence of
these factors on outcomes.

4. Cochlear implants for adults

Adults between the ages of 18 and 60years can generally
be divided into two groups based on the onset of deafness:
prelingual or postlingual. Postlingually deafened adults typi-
cally develop speech and language normally and experience
hearing loss later in life. Adult-onset hearing loss is typically
sensorineural in origin, most commonly progressive and
assumed to be caused by degradation to hair cells within
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the cochlea. Hearing aids are often initially helpful for
improving speech perception. However, if the loss is severe
or worse, hearing aids usually fail to provide adequate
speech understanding, especially in difficult listening situa-
tions. In these situations, a Cl is typically indicated.
Outcomes for postlingual adults with Cls are generally
excellent, especially when the duration of deafness is as
short as possible (see Boisvert et al. [86], Blamey et al.
[87], and Schafer et al. [88], for a review). Outcomes for
prelingually deaf adults are similar to adolescents, as both
groups have experienced sensory deprivation during critical
periods of auditory development. Several studies have
demonstrated an improvement in open-set word under-
standing after Cl, though the degree of improvement varies.
For example, Kraaijenga et al. [89] showed a median
improvement of 17% points on CNC words [90] for the
implanted ear, whereas Cusumano et al. [91] showed an
average improvement of 37% points for the same measure.
The group in Cusumano et al. [91] continued to show
improvement in scores out to five years post-operatively.
Other recent studies measuring open-set consonant-vowel-
consonant (CVC) phoneme recognition in Dutch have
shown mean improvements ranging from 27% to 32%
points [92-94]. A range of mean improvement was also
seen for the Bamford-Kowal-Bench (BKB) Sentence test in
quiet [95], from 4.9% [96] (not statistically significant), to
48% correct after Cl [97-99] (all statistically significant).
Given that median or mean word and sentences scores
across these studies remained below 50% correct after Cl,
it is important to consider other measures of benefit. These
patients show an improvement on validated, hearing-
related, quality of life questionnaires, such as the
Nijmegen Cochlear Implant Questionnaire (NCIQ) [92,93],
the International Outcome Inventory for Cl [75], and the
Abbreviated Profile of Hearing Aid Benefit [100]. Benefit
has also been seen for some subscales in general quality
of life questionnaires, such as emotion and social function-
ing [92,100]. Study-specific questionnaires demonstrate
benefit in self-esteem and confidence. Jeffs et al. [101]
conducted semi-structured interviews with late-implanted
adults, finding that subjects showed a strong motivation
for implantation despite previously refusing. Both positive
and negative observations were made by the subjects with
regards to experiencing new sounds. Olsson et al. [102]
examined retrospective data from 89 working adults before
and after receiving a Cl, at least some were prelingually
deafened. The authors found reduced negative impacts of
hearing loss on work satisfaction and significant improve-
ments in overall job satisfaction. There were no statistically
significant effects on employment status. Overall, subjects
reported that they were happy with their decision to
receive a Cl, a sentiment echoed in other studies
[76,97,99]. Like late-implanted adolescents, experience
with amplification [103], oral communication modes,
higher preoperative speech intelligibility, and better pre-
operative speech recognition scores were correlated with

better audiologic and quality of life outcomes for adults
with prelingual deafness [104].

5. Cochlear implants for older adults and the elderly

Postlingually deafened adults over the age of 60 years repre-
sent a large and growing population of Cl candidates. One in
three people in the US between 65 and 74 years have hearing
loss (defined as when the average threshold across four
speech frequencies (0.5-1-2-4 kHz) is greater than 25 dB HL),
this incidence increases to nearly 50% over the age of 75 years
[105] and the percentage of adults with severe or worse
hearing loss may range from 2% to 12% [106-110]. In addition
to peripheral hearing loss, advanced age has the potential to
affect several domains relevant to performance with a Cl,
including cognition [111], auditory processing [112], and frailty
[113]. Older adults are more likely to spend time in quiet
situations with limited social interaction [114,115], which
may reduce opportunities for auditory exposure and thus
impact performance [116]. Older adults may also have had
long durations of progressive deafness, which has been
shown to be a negative prognostic factor for Cl performance
[87]. Speech perception outcomes for this group are generally
excellent, though improvement compared to pre-operative
scores may occur more slowly than for younger adults [117-
120]. A recent scoping review of adults over 60 years by Kay-
Rivest et al. [121], showed an average improvement of 44.84%
points for monosyllabic words and an average improvement
of 57.1% points for sentences in quiet. Similar results were
found in meta-analyses by Schafer et al. [88] (47.7% improve-
ment for words, 53.4% improvement for sentences) and
Boisvert et al. [86] (48.1% improvement for words, 54.8%
improvement for sentences), though both studies included
adults as young as 18 years. However, several large retrospec-
tive studies have shown a negative correlation between age at
implantation and the degree of improvement, with the most
significant effects seen after 70years of age [87,122-125].
Older age at implantation has been associated with less hear-
ing preservation in some studies, which may limit use of EAS,
a listening configuration that may be beneficial compared to
electric-only stimulation [126-128]. Lazard et al. [129] exam-
ined 699 Cl users over age 70 years and found no statistically
significant effect of age on speech perception scores at 6
months post operatively, but a negative relation between
age and speech perception scores at 2 years post-operatively.
The authors speculated that for some listeners, hearing reha-
bilitation is not enough to counteract ongoing cognitive
decline.

Cognitive status is an important factor for this popula-
tion. Cognitive decline, specifically dementia, has been
linked to hearing loss [130-133], though the direction of
causality is unclear. Preoperative cognitive status may be
predictive of speech perception outcomes, though most
studies find small to moderate effect sizes [134-138].
Babajanian et al. [139] examined a group of older adults
with preexisting cognitive impairment and found they still



demonstrated significant improvement in speech perception
scores post-implantation. Treatment with hearing aids or Cls
has the potential to slow further decline by reducing pro-
cessing demands and listening effort [140]. Several studies
have shown an improvement on a variety of cognitive
measures after implantation. Effects are generally highly
significant, with one study reporting 80% of participants
with 2-3 abnormal cognitive test scores prior to implanta-
tion improved scores (no or 1 abnormal test score) post-Cl
when completing a battery of cognitive tests which evalu-
ated memory, attention, and executive function [141]. Test
batteries with the greatest number of articles include the
Mini-Mental Status Exam (MMSE) [141-143] and the
Repeatable Battery for the Assessment of
Neuropsychological Status for Hearing impaired individuals
(RBANS-H) [136,144]. Other studies showed improvements
on processing speed [145-148], working memory [149],
short and delayed memory [150], attention [137], and global
composite measures of cognition [138]. Sarant et al. [151]
found that improvements in executive function were limited
to non-tertiary educated males. Others found that male sex,
older age and higher depression scores preoperatively
related to less improvement in cognitive function post-
operatively [136,137,150].

Improvements in quality of life have been consistently
demonstrated after Cl [152]. For hearing-related quality of
life, the NCIQ was used most often [141,148,153-157], with
improvements seen in all domains. Other studies have
shown an improvement in sound quality [151,153-
155,158]. Results for general quality of life measures
have been mixed. Some have shown improvements in
social functioning and emotional well-being [148,159,160]
while others have not demonstrated multi-domain
improvement [161,162]. Improvements in mental well-
being are also inconsistent, with some showing an
improvement in depression [163,164] while others have
not [141,154]. Of note, Issing et al. [165] found scores on
a generic quality of life measure (World Health
Organization Quality-of-Life Scale) were not statistically
significant between groups who had been implanted for
1-3years and 7-10years, suggesting the improvements
may be long lasting.

The oldest adults receiving Cls (individuals above 80 years
of age) also see speech perception benefits [166,167], though
Bourn et al. [168] found that these gains were statistically
significantly less than a younger cohort (ages 65-79 years).
Prevalence rates of co-morbidities and frailty also increase
with age, bringing increased concerns regarding the risks of
surgery and general anesthesia. Additionally, a large portion of
older adults have balance problems [169], which may increase
the risk of fall in the post-operative period when dizziness is
more common [170]. Thankfully, surgical or postoperative
complications after Cl surgery appear to be rare (<5%) in this
population [166,167,171] and unaffected by frailty [113,171] or
age [172,173]. Recently, local anesthesia with conscious seda-
tion has gained favor for this population as it may help
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decrease trepidation around surgery, reduce general anesthe-
sia-related risks, decrease surgery time, and increase patient
satisfaction [174-179]. There is no current upper age limit set
by the FDA for ClI candidates.

6. Conclusion

In this review, we have presented current research regard-
ing the effect of age at implantation on Cl outcomes. Cls are
remarkably effective tools for providing access to sound in
moderately severe to profoundly deaf individuals across the
lifespan. For those meeting candidacy criteria, anyone over
5months of age is likely to see at least some degree of
benefit. Recent literature has focused on age at implanta-
tion’s effect on a variety of outcome measures, including
safety and surgical results, speech perception, language,
quality of life, and cognition. This review highlighted recent
research focus areas, including implantation under 12
months of age and the role of cognition in outcomes for
older adults. For children, earlier implantation almost always
leads to better outcomes, highlighting the importance of
shortening the length of auditory deprivation. Older chil-
dren and adults with prelingual deafness still see benefit
from Cls, more often in areas of quality of life and sound
awareness. Cognition is a mitigating factor in older adults
receiving Cls. Other demographic and device-related factors,
such as family support, auditory rehabilitation, and hard-
ware and sound coding limitations also influence outcomes
and the degree to which age predicts outcomes. Emerging
research focuses on novel ways of quantifying Cl outcomes
(including objective measures and the use of Al to analyze
large datasets), implantation for the youngest (under 9
months) and oldest (over 90years) populations, and long-
itudinal studies.

7. Expert opinion

At any age, a Cl is likely to be beneficial for speech under-
standing, provided the patient meets candidacy criteria and
has no contraindications for implantation. Current research
aims to better understand the effects of age on the out-
comes of the youngest and oldest Cl recipients. When con-
sidering pre-lingual deafness, earlier is almost universally
better. Children who are implanted under 12 months of
age consistently demonstrate the best scores on tests of
speech perception, language, academic achievement, and
quality of life. Providing early access to sound allows chil-
dren to potentially develop these skills on par with normal
hearing peers. The benefits of providing a Cl between 9 and
12 months are less clear, though research demonstrates it is
safe to do so. The effects of age at implantation appear to
be weaker for adults and children with post-lingually
acquired deafness, as evidence shows excellent outcomes
across a wide range of ages. The oldest adults (80+ years)
may see less benefit than younger adults, but improvement
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compared to pre-implantation scores challenges traditional
notions around the limits of auditory plasticity.

Age at implantation is only one factor known to influ-
ence outcomes with a Cl. For example, the presence of
additional disabilities (especially for children), cognition,
socioeconomic status, hardware and software limitations,
and the provision of auditory rehabilitation, all influence
each other and the degree to which age explains the var-
iance in outcomes. When considering the effects of age on
Cl outcomes, it is important to consider it in the context of
all other aspects of the individual and the device. Finally,
‘outcomes,” can mean many different things. While tradi-
tionally limited to speech understanding, research today
has expanded to look at a variety of different outcomes,
including language, reading, vocabulary, academic or
employment achievement, quality of life, and social relation-
ships. As shown in this review, at age implantation may be
more influential on some outcome measures than others,
and these differences may change for different ages. For
example, studies showed the youngest children (9-12
months) had better scores on language measures, but not
necessarily better scores on speech perception measures, as
compared to children implanted between 12 and 24
months. The oldest adults may see less benefit for speech
perception or employment opportunities, but great benefit
in quality of life and reduced rates of cognitive decline. We
expect future research to focus on the extreme age, both
young and old. Studies will devise new ways of measuring
benefit, including objective measures to probe the under-
lying mechanisms for the effects of age on outcomes.
Longitudinal studies can provide insight into the rate of
gain and answer questions about long-term effects of age
at implantation. The current review has focused on children
and adults with bilateral, severe-to-profound deafness.
Future research will also focus on the effect of age at
implantation on other populations, such as unilaterally deaf-
ness [180] and patients with significant residual hearing
[181,182]. As our understanding of the effects of age at
implantation on outcomes improve, researchers can
improve outcomes for all ages of Cl recipients.
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