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Purpose: The U.S. Food and Drug Administration indications for cochlear
implantation in children is currently 9 months of age and older for children with
bilateral profound sensorineural hearing loss (SNHL). Studies have shown that
earlier activation of a cochlear implant (CI) can lead to better spoken language
outcomes. As auditory skills are a precursor to the development of spoken lan-
guage, this study was developed to investigate the influence of age at CI acti-
vation on auditory skill acquisition in young children. A secondary aim was to
describe the auditory skills of children implanted prior to 9 months of age as
compared to children with older ages of activation.
Method: Functional Listening Index (FLI) scores obtained during routine clinical
visits were reviewed for 78 pediatric CI recipients with congenital bilateral pro-
found hearing loss who were activated before 2 years of age. A linear mixed-
effects model assessed the effect of age at CI activation on cumulative FLI
scores over time.
Results: There was a significant interaction between age at activation and chro-
nological age at the time of evaluation, indicating that children with earlier
access to sound achieved a greater number of auditory skills than those with
later CI activations when measured at the same chronological age. Children
activated before the age of 9 months approximated scores expected of children
with typical hearing, whereas children activated between 9 and 24 months of
age did not.
Conclusions: Younger age at CI activation is associated with increased audi-
tory skills over time. Children who undergo cochlear implantation and CI activa-
tion before 9 months achieve more auditory skills by 4 years of age than chil-
dren who are activated at later ages. These data suggest that reducing the
approved age at cochlear implantation for children with congenital bilateral pro-
found SNHL may support optimal auditory skill acquisition.
Early identification of hearing loss and appropriate
intervention is critical for spoken language development in
children. The Joint Committee on Infant Hearing (JCIH)
has recommended that children undergo a hearing screen-
ing by 1 month of age, diagnostic evaluation by 3 months
nc.edu. Disclosure:
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of age, and appropriate intervention by 6 months of age.
The most recent JCIH position statement recommends a
shift to a 1–2–3 criteria, for those centers currently meet-
ing 1–3–6 goals (JCIH, 2019). The Food and Drug
Administration (FDA) has approved cochlear implanta-
tion in cases of bilateral profound sensorineural hearing
loss (SNHL), though not until 9 months of age (U.S.
FDA, 2020); putting these children behind the 1–3–6 time-
line. Typically, children with bilateral profound SNHL are
fit with hearing aids; unfortunately, amplification for
022 • Copyright © 2022 American Speech-Language-Hearing Association 3539
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acoustic thresholds exceeding 90 dB HL provide little
improvement in performance. For individuals with profound
SNHL, hearing aids do not compensate for distortions
within the auditory system and are limited in their ability to
provide access to a full range of sounds with sufficient audi-
bility (Lesica, 2018). Thus, acoustic amplification for chil-
dren with bilateral profound SNHL who are pursuing spo-
ken language would not meet the definition of “appropriate
intervention” set forth by the JCIH. Cochlear implantation
is the most effective intervention for the development of lis-
tening and spoken language in children with bilateral pro-
found SNHL (Ching et al., 2017; Chweya et al., 2021;
Dettman et al., 2007, 2021; Geers, 2004, 2006; Karltorp
et al., 2020; Niparko et al., 2010; Sharma et al., 2020).

There is longstanding evidence that a younger age at
implantation is associated with better outcomes for pediat-
ric cochlear implant (CI) recipients, which has triggered
decreasing in the approved age at implantation. In 1997,
researchers investigated speech perception outcomes in
children using early multichannel electrode arrays. They
compared children implanted between 2 and 4 years, 4
and 5 years, 5 and 8 years, and 8+ years of age and found
better open set speech perception for children implanted
before 5 years of age as compared to those implanted
after 5 years (Fryauf-Bertschy et al., 1997). To describe
the benefits of implantation before age 2 years, Waltzman
et al. (2002) studied the surgical and speech perception
outcomes of 11 children implanted between 14 and
23 months of age. They did not find increased surgical risk
and descriptive comparisons to a previous study suggested
that children implanted under age 2 years had better out-
comes than their older counterparts. Downward movement
of the age of implantation has continued, with studies indi-
cating that implantation prior to 12 months of age is
advantageous for language development (Leigh et al., 2013;
Ruben, 2018; Tajudeen et al., 2010; Wie et al., 2020).

Some studies have challenged the “younger is bet-
ter” notion (Holt & Svirsky, 2008), particularly when con-
sidering other factors such as device use, cognition, com-
munication mode, and duration of use (Wie et al., 2007).
Since those earlier years, however, the benefits of early
implantation in young children have been demonstrated
using language assessments, with CI users implanted at
younger ages experiencing better outcomes, even when
controlling for other factors, such as socioeconomic status,
IQ, and maternal sensitivity (Ching et al., 2018; Leigh
et al., 2013, 2016). In 2020, the FDA approved CIs for
children down to 9 months of age (U.S. FDA, 2020); the
first change in pediatric CI age recommendations in nearly
20 years (Park et al., 2021).

While the change in indications for cochlear implan-
tation has moved closer in the direction of meeting JCIH
recommendations there is a question of whether 9 months
is an optimal limit. Delays in expressive spoken language
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have been found to be approximately equal to the length of
auditory deprivation (Leigh et al., 2013, 2016). Early implan-
tation and activation of the CI reduces the length of audi-
tory deprivation and takes advantage of sensitive periods of
auditory neural plasticity (Cardon et al., 2012). To meet
JCIH guidelines for early intervention, cochlear implantation
and subsequent activation of the CI must happen earlier
than 9 months of age. Recent research shows that cochlear
implantation is safe for younger children. Surgical complica-
tions in children under 12 months are no greater than chil-
dren implanted at later ages (Miyamoto et al., 2017; Purcell
et al., 2021; Sbeih et al., 2022). Implantation under 9 months
of age has also been found to carry no age-specific risks
(Deep et al., 2021; Karltorp et al., 2020).

The significant benefits of CI use in the development
of language have been observed for children implanted
under 9 months of age as compared to children implanted
between 9 and 12 months of age (Chweya et al., 2021;
Deep et al., 2021; Hoff et al., 2019; Miyamoto et al.,
2017; Roland et al., 2009). For instance, Chweya et al.
(2021) compared language outcomes between children
implanted before 9 months of age, between 9 and
11 months of age, and between 12 and 36 months of age.
Children who were implanted under 9 months of age had
significantly better receptive and expressive language skills
than those in the 9- to 11-month group (Chweya et al.,
2021). Karltorp et al. (2020) found that children who
received their first CI at 5–8 months of age had similar
expressive and receptive language outcomes on the
Reynell Development Language Scales as children with
typical hearing by 4 years of age. Children who received
their first CI at 9–12 months of age were on average
9 months behind children with typical hearing for expres-
sive and receptive language (Karltorp et al., 2020).
Recently, Dettman et al. (2021) reported findings from a
longitudinal study that evaluated language outcomes in
children who received their CI prior to 9 months of age.
Consistent with Karltorp et al.’s (2020) findings, children
who received their CI prior to 9 months of age scored
within the range of children with typical hearing. The
authors noted a significant effect of the age at CI activa-
tion for language performance. While these studies offer
compelling evidence regarding language and communica-
tion outcomes, little is known about the effects of age at
implantation on early auditory skill development.

Children implanted in infancy are not able to partic-
ipate in speech perception testing for several years after
they receive access to sound, yet they continue to learn
about sound in their environments. Auditory skills are the
precursor to the development of spoken language and
have been shown to predict speech perception and produc-
tion abilities (Tait et al., 2007). Before young children can
participate in speech perception testing, audiologists and
speech-language pathologists (SLPs) can use checklists of
3539–3547 • September 2022



auditory skill development. Current commercially avail-
able instruments used to measure performance with CIs in
the youngest population include the Infant-Toddler Mean-
ingful Auditory Integration Scale (IT-MAIS; Zimmerman-
Phillips et al., 1997), the LittlEARS Auditory Question-
naire (LEAQ; Coninx et al., 2009), and the Auditory
Skills Checklist (ASC; Meinzen-Derr et al., 2007). Track-
ing auditory skill development allows the clinician to mea-
sure how listening skills are progressing prior to the devel-
opment of spoken language, as demonstrated in the Child-
hood Development After Cochlear Implantation study
(Eisenberg et al., 2006). The authors of the Pediatric Mini-
mum Speech Test Battery suggest using the ASC or the
LEAQ; however, they acknowledge that children may
approach ceiling performance on the LEAQ before 2 years
of age (Uhler et al., 2017).

The more recently developed Functional Listening
Index (FLI), developed by The Shepherd Centre, is a 60-
item scale that tracks the development of auditory skills
from birth through 5 years of age for six categories: sound
awareness, associating sound with meaning, comprehend-
ing simple spoken language, comprehending language in
different listening conditions, listening through discourse
and narratives, and advanced open listening set (Davis
et al., 2015). While somewhat hierarchical in nature, skills
in each category overlap in expected time course of devel-
opment. In general, children with typical hearing achieve
sound awareness by 3 months, begin associating sound
with meaning at 4 months, start to understand simple spo-
ken language by 7 months, begin to comprehend language
in different conditions at 10 months, begin to listen
through discourse and narratives at 15 months, and start
to understand advanced open listening sets at 3 years of
age (HearingFirst, 2022). The FLI tracks many of the
same skills as the ASC but moves through more advanced
open set listening skills and may be more sensitive to sub-
tle differences in auditory development than other scales
(Davis et al., 2015; Meinzen-Derr et al., 2007). The FLI is
given over multiple time points, building on previous
scores at every administration. At each visit, the examiner
probes each of the 60 items that have not yet been
achieved. If the child is performing that skill, their current
age is recorded. An age of acquisition is recorded for each
of the 60 items; hence a cumulative score can be calcu-
lated for the age of the child at each test administration
by adding the number of skills that have been achieved by
that test point. The FLI can help clinicians observe prog-
ress in audition before the child has developed spoken lan-
guage skills, allowing for earlier intervention if necessary.
This intervention may consist of CI mapping changes,
changes to speech therapy programs, more frequent audi-
ology visits, or additional referrals (Kosaner et al., 2013).

Few studies have investigated the impact of age at
implantation on the development of auditory skills. Tait
et al. (2007) studied 99 implanted children and found that
auditory skills were best in those implanted between 1 and
2 years of age. Using the IT-MAIS, a study of Mandarin
speaking children found a positive correlation between age
and auditory skills in children implanted between ages 1
and 3 years (Long et al., 2018). McConkey Robbins et al.
(2004) studied 107 children implanted between 1 and
3 years of age, also with the IT-MAIS, and found that
children implanted at younger age acquired auditory skills
more like their peers with typical hearing (McConkey
Robbins et al., 2004). Notably, all the children in that
study underwent cochlear implantation by 12 months of
age or later. One study with a relatively small number of
participants used the LEAQ to compare the auditory skills
of children implanted under 9 months of age to the skills
of children implanted at 9–12 or over 12 months of age.
While the same study found the youngest age group
achieved better language outcomes, they did not see a sig-
nificant difference in auditory skills (Chweya et al., 2021).
There is a need to understand auditory skill development
as a function of age at CI activation with a tool that
assesses as broad a range of skills (Hagr et al., 2015) and
includes children implanted under 9 months of age. The
purpose of this study was to investigate the influence of
age at CI activation on the acquisition of auditory skills.
Of particular interest was the comparison of children acti-
vated before and after 9 months of age. It was hypothe-
sized that age at CI activation would influence the number
of auditory skills a child would be expected to achieve as
they aged. Specifically, we expected to see that children
with congenital bilateral profound SNHL who began to
listen with a CI before 9 months of age would acquire a
greater number of auditory skills at a younger age than
children activated between 9 and 23 months.
Method

This retrospective review was approved by the insti-
tutional review board at the University of North Carolina
at Chapel Hill. A clinical database query included typi-
cally developing children with congenital bilateral pro-
found SNHL who received a CI and had access to sound
by 2 years of age. Participants were excluded if English
was not the primary language of the home. Pure-tone
thresholds were obtained prior to implantation via age-
appropriate behavioral methods (visual reinforcement
audiometry or conditioned play audiometry) using insert
earphones. Participants were implanted at the study site
between January of 2014 and April of 2021. All were
bilateral CI users by the final data collection point. Six-
hundred thirty-two test points were included for 78 chil-
dren activated between 0.6 and 1.9 years of age (M = 1.1
± 0.3 years). The youngest participant was implanted at
Culbertson et al.: Auditory Skills and Early Implantation 3541



7 months and 8 days of age. Participants were tested an
average of 8 times across the study period (SD = ± 2.8).

The clinical protocol at the study site is for SLPs and
audiologists to document patients’ auditory skills using the
FLI during mapping appointments up to 5 years of age.
Responses are based on clinicians’ observations during the
appointment, reports from early interventionists, and
parent/guardian report. Chronological age and cumulative
number of FLI skills are recorded at each visit. There are
opportunities to record FLI data at approximately eight
visits over the first year of CI use and twice a year thereaf-
ter. For this study, clinical data were sparse after the age of
4 years; therefore, the reviewed data were those obtained
between activation and 4 years of age.

Data Analysis

A linear mixed-effects model evaluated the main
effects and associated interactions of age at test interval
and age at activation (AgeCIA) on the cumulative FLI
score using R statistical software (R Core Team, 2022)
with participant as a random factor. Each participant had
multiple points included in the analysis as they were
assessed during follow-up appointments as they aged.
Since a logarithmic relationship was noted, age at test
point was transformed using a log2 transform prior to
analysis (log2Age).
Table 1. Demographic summary of study patients.

Variable
< 9 mo (n = 16)
n (% of group)

9–11 mo
n (% of

Etiology
cCMV 0 (0%) 2 (1
Connexin 26 5 (31%) 6 (3
Malformation 0 (0%) 0 (0
Other genetic 0 (0%) 2 (1
Pendred Syndrome 0 (0%) 0 (0
Prematurity complications 0 (0%) 0 (0
Suspected hereditary 3 (19%) 1 (5
Unknown 8 (50%) 6 (3
Usher’s Syndrome 0 (0%) 1 (5
Waardenburg Syndrome 0 (0%) 1 (5

Manufacturer
Advanced Bionics 1 (6%) 1 (5
MED-EL 12 (75%) 6 (3
Cochlear 3 (19%) 12 (6

Race/ethnicity
African American 3 (19%) 0 (0
Asian 1 (6%) 3 (1
Hispanic 2 (13%) 1 (5
Mixed race 1 (6%) 1 (5
Native American 0 (0%) 1 (5
Other 0 (0%) 0 (0
White 9 (56%) 13 (6

Surgery setting
Simultaneous 13 (81%) 13 (6
Sequential 3 (19%) 6 (3

Note. mo = months; cCMV = congenital cytomegalovirus.
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Results

Descriptive patient data are presented in Table 1,
and a summary of continuous patient factors in Table 2.
Device wear time is described in the table as hearing
hours percentage, as described by Park et al. (2019).

The results of the linear mixed model are presented
in Table 3. There was a significant interaction between
AgeCIA and log2Age on FLI scores, F(1, 540) = 11.63, p
< .001), indicating that age at implantation impacted a
child’s FLI score at each test point. Results suggest that
children who were activated at younger ages achieved
higher cumulative FLI scores as chronological age
increased than those who gained access to sound at older
ages. The model resulted in the equation below:

FLI Score ¼ b0þ b1 AgeCIAð Þ þ b2 log2Ageð Þ
þ b3 log2Age�AgeCIAð Þ (1)

FLI Score ¼ 32:32þ�28:32 AgeCIAð Þ
þ 18:71 log2Ageð Þ
þ 4:70 log2Age�AgeCIAð Þ (2)

Figure 1 plots the FLI scores over time as a func-
tion of age at CI activation in comparison to the expected
trajectory for children with typical hearing reported by
Davis et al. (2015). Data were separated into groups based
(n = 19)
group)

12–17 mo (n = 34)
n (% of group)

18–23 mo (n = 9)
n (% of group)

1%) 4 (12%) 0 (0%)
9%) 5 (15%) 2 (22%)
%) 2 (6%) 0 (0%)
1%) 1 (3%) 0 (0%)
%) 1 (3%) 2 (22%)
%) 1 (3%) 0 (0%)
%) 1 (3%) 1 (11%)
2%) 16 (47%) 3 (33%)
%) 0 (0%) 0 (0%)
%) 3 (9%) 0 (0%)

%) 2 (6%) 0 (0%)
2%) 13 (38%) 2 (22%)
3%) 19 (56%) 7 (78%)

%) 8 (24%) 2 (22%)
6%) 0 (0%) 0 (0%)
%) 4 (12%) 3 (33%)
%) 4 (12%) 1 (11%)
%) 1 (3%) 0 (0%)
%) 1 (3%) 0 (0%)
8%) 16 (47%) 3 (33%)

8%) 8 (24%) 2 (23%)
2%) 26 (76%) 7 (77%)
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Table 2. Continuous demographic factors of the study patients.

Variable < 9 mo 9–11 mo 12–17 mo 18–23 mo

Age at first implant activation (Y)
M (± SD) 0.75 (± 0.05) 0.93 (± 0.06) 1.16 (± 0.11) 1.89 (± 0.09)
Min 0.65 0.84 1.00 1.52
Max 0.83 0.98 1.38 2.00

Interdevice interval (Y)
M (± SD) 0.05 (± 0.11) 0.12 (± 0.18) 9.69 (± 0.92) 0.66 (± 0.50)
Min 0.00 0.00 0.00 0.00
Max 0.28 0.52 1.53 1.30

Hearing hours percentage (%)
M (± SD) 54.84 (± 25.96) 59.92 (± 24.78) 66.18 (± 25.30) 72.67 (± 22.55)
Min 0.00 0.00 0.00 16.89
Max 107.73 103.56 114.51 105.76

Age at test point (Y)
M (± SD) 1.28 (± 0.68) 1.69 (± 0.79) 1.97 (± 0.77) 2.61 (± 0.70)
Min 0.65 0.84 1.06 1.78
Max 3.95 3.98 3.99 4.00

Average number of test points (Y)
M (± SD) 6.31 (± 2.57) 8.84 (± 2.92) 8.65 (± 2.55) 7.67 (± 1.89)
Min 3 3 3 4
Max 12 16 13 10

Note. mo = months; Y = years; SD = standard deviation.

Figure 1. Regression curves for Functional Listening Index (FLI)
scores by age at testing grouped by age at cochlear implant activa-
tion as defined in the legend. Shaded regions represent the 95%
confidence interval. The typical hearing trajectory is based on clini-
cal knowledge of auditory skill development (Davis et al., 2015).
on age at activation (i.e., < 9 months, 9–11 months, 12–
17 months, and 18–23 months), with 16, 19, 34, and nine
patients, respectively. This grouping aligns with changes in
candidacy criteria over time (Park et al., 2021). We were
unable to statistically compare groups due to the large dif-
ference in numbers of patients; however, visualization of
the data suggests that children implanted before 9 months
of age approximate the auditory skills of children with
typical hearing by 2 years of age, whereas children
implanted at older ages remained delayed compared to
children with typical hearing.

The model equation was used to estimate the
expected cumulative FLI score based on age at CI activa-
tion and chronological age at each test point. Table 4 lists
the predicted FLI scores and number of expected skills for
the age at CI activation groups at different chronological
ages. These findings suggest that children activated at a
younger age accumulate more FLI skills over time as
compared to children whose CI is activated at an older
age. Table 5 shows the clinical correlate of the predicted
FLI score (Davis et al., 2015).
Table 3. Results of the linear mixed-effects model.

Variable Estimate SE T value p value

(Intercept) 32.32 2.32 13.93 < .001
AgeCIA −28.32 2.20 −12.86 < .001
log2Age 18.71 1.46 12.80 < .001
AgeCIA*log2Age 4.70 1.38 3.41 < .001

Note. AgeCIA = age at cochlear implant activation; log2Age =
log2 transformed age at test; SE = standard error.
Discussion

The results of this study indicate that earlier age of
CI activation is associated with accumulation of a greater
quantity of auditory skills at a younger chronological age.
Children implanted and activated before 9 months of age
experienced a rapid growth of auditory skills that reached
the expected performance of children with typical hearing
by 2 years of age. Children implanted at 9 months and
older also experienced an improvement in auditory skills,
Culbertson et al.: Auditory Skills and Early Implantation 3543



Table 4. Predicted Functional Listening Index (FLI) scores for the age at cochlear implant activation groups at different chronological ages.

Group
Age 1 Y

[log2Age = 0]
Age 2 Y

[log2Age = 1]
Age 3 Y

[log2Age = 1.58]
Age 4 Y

[log2Age = 2]

AgeCIA = 7 M 16 (26) 37 (38) 49 (47) 58 (54)
AgeCIA = 10 M 8 (26) 31 (38) 44 (47) 54 (54)
AgeCIA = 13 M 26 (38) 39 (47) 49 (54)
AgeCIA = 16 M 19 (38) 34 (47) 44 (54)
AgeCIA = 19 M 14 (38) 29 (47) 40 (54)
AgeCIA = 22 M 8 (38) 24 (47) 35 (54)

Note. The expected number of FLI skills based on typical development is presented in parentheses. Y = years; log2Age = log2 transformed
age at test; AgeCIA = age at cochlear implant activation; M = months.
though average performance did not converge with children
with typical hearing. For example, the model shows that a
child who begins listening with a CI by 7 months of age is
predicted to have a FLI score of 16 by 12 months of age.
Clinically, that would correlate to consistently responding to
their name in quiet (see Tables 4 and 5). A child who
undergoes implantation at the FDA-approved criterion (i.e.,
9 months) and is activated at 10 months of age is predicted to
have a FLI score of 8 by 12 months of age. This child would
just be beginning to react to music, not yet attaching meaning
to sound as the child activated at 7 months of age does.

Auditory skill acquisition also appears to stagnate
for children activated at 12 months of age or later. For
example, a child activated by 10 months of age is pre-
dicted to have accumulated eight skills within the 2 months
they have access to sound. The same can be said for a
child activated at 22 months of age. However, after an
additional year of use, the child activated at 10 months of
age would be predicted to have accumulated 23 additional
skills while the child activated at 22 months would only
have accumulated 16 more skills over the same period.
Table 5. Typical clinical correlates of the skills represented by the predict

Group
Age 1 Y

[log2Age = 0]
Age 2 Y

[log2Age = 1]

AgeCIA = 7 M Responds to name
in quiet

Selects two items through
listening alone

A

AgeCIA = 10 M Responds to music Responds appropriately
to everyday requests
without context

A

AgeCIA = 13 M Selects one item through
listening alone

D

AgeCIA = 16 M Recognizes names of
immediate family
members

Id

AgeCIA = 19 M Discriminates between
angry and friendly
tones

Im

AgeCIA = 22 M Responds to music R

Note. Y = years; log2Age = log2 transformed age at test; AgeCIA = age a

3544 Journal of Speech, Language, and Hearing Research • Vol. 65 •
Clinically speaking, this would mean that the child acti-
vated by 10 months would be able to respond appropri-
ately to everyday requests without context after 14 months
of listening, while the child activated later would have
only recently begun responding to their name in the pres-
ence of background noise after the same period of CI use.
As this study included data up until 4 years of age, it is
possible that children in the older age groups eventually
reach the auditory skill achievements of typical hearing
children beyond the age of 4 years. Dunn et al. (2014)
found that the impact of age at implantation diminishes
over time with respect to higher order language skills, and
it is possible that the same happens for auditory skills.
The long-term impacts of age at implantation on auditory
skills have not yet been investigated.

Mixed outcomes have been reported from the few
studies that have investigated the development of auditory
skills in children undergoing implantation as infants. Simi-
lar to findings in this study, Waltzman and Roland (2005)
found a younger age of implantation resulted in better
auditory outcomes. The authors used the IT-MAIS to
ed Functional Listening Index scores in Table 4 (Davis et al., 2015).

Age 3 Y
[log2Age = 1.58]

Age 4 Y
[log2Age = 2]

ccurately repeats highly
predictable sentences

Repeats a 6–10 word sentence
from a digital voice—unfamiliar
topic and vocabulary

nswers simple questions
about a known topic

Has 2–3 appropriate conversational
turns with a familiar speaker

emonstrates “overhearing” Accurately repeats highly predictable
sentences

entifies familiar songs
from a digital signal

Answers simple questions about a
known topic

itates words heard Selects 3 items through listening
alone

esponds to name in
background noise

Imitates 2-word utterances

t cochlear implant activation; M = months.
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assess auditory skills in children who were implanted
before 12 months of age. Of the 18 participants, three
received their CI prior to 9 months of age, with the youn-
gest implanted at 6 months of age. Although some
improvement in scores was attributed to maturational
effects, significant improvements were made in all catego-
ries at by 6-month postactivation visit and were main-
tained at the 12-month visit (Waltzman & Roland, 2005).
Chweya et al. (2021) did not find implantation under
9 months of age to be associated with a greater benefit to
auditory skill acquisition, as the LEAQ showed no signifi-
cant differences in auditory skills as compared to older
age groups (Chweya et al., 2021). This may be reflective
of the limitations of the questionnaire regarding children
reaching ceiling effects early (Uhler et al., 2017).

Outcomes for children implanted in infancy are typi-
cally reported based on language development; however,
auditory development forms the basis for spoken commu-
nication. Standardized language measures generally do not
address a young child’s responses to sounds and pho-
nemes. With the exception of a few items in the Preschool
Language Scales–Fifth Edition, no language measures
address a child’s responses to sounds in their environment
(Zimmerman et al., 2011). These are foundational skills
achieved before children develop comprehension or use of
actual vocabulary and language. There are no current lan-
guage measures that assess responses to Ling Six sounds,
whispered sounds, suprasegmental information (e.g.,
Learning to Listen Sounds, songs/nursery rhymes, tone of
voice), sound/object associations, localization, responses to
speech in noise, or other related auditory skills; question-
naires and checklists are generally used. As younger chil-
dren are implanted, it is important to have developmen-
tally appropriate measures in place. The inclusion of audi-
tory skill development measures can allow for assessment
of progress in younger CI recipients. Tracking auditory
skills can also be a useful counseling tool for parents.
Acknowledging progress in their child’s listening abilities
is a powerful counseling tool to motivate parents prior to
hearing their child’s first words. The results of this study
can be used to support parental consideration of early
implantation, showing that even before the age of 2 years,
earlier implantation results in better development of audi-
tion; the building blocks for spoken language.

This was a clinically focused, small study that did
have limitations. There are several factors aside from age
at implantation that are known to influence outcomes and
were not considered here. Further research in this area
may compare broader family demographic data such as
maternal education, socioeconomic status, enrollment in
early intervention, and linguistic environment to determine
impacts on auditory skill acquisition (Arjmandi et al.,
2021; Ching, 2015; Geers & Brenner, 2003). The FLI has
been updated by The Shepherd Centre since this study
was initiated (Davis et al., 2022), and validation of the
new measure is ongoing (ClinicalTrials.gov, 2021; The
Shepherd Centre, 2018). The version used in this study is
not standardized or normed. Additionally, we were not
able to directly compare group outcomes statistically.
Controlled studies with more subjects will contribute to
establishing normative results to accurately compare audi-
tory skill growth.

Current FDA indications require children with pro-
found hearing loss to wait longer than JCIH recommenda-
tion of 6 months for appropriate intervention. Previous
studies have clearly established that CI use is the most ben-
eficial treatment toward the goal of listening and spoken
language for children with bilateral profound hearing loss
(Ching et al., 2017, 2018; Colletti et al., 2011; Dettman
et al., 2007; Hayes et al., 2009; Leigh et al., 2013;
Miyamoto et al., 2008; Niparko et al., 2010; Sharma et al.,
2020). The present data indicate that earlier age at implan-
tation provides benefit regarding auditory skill develop-
ment in children with congenital bilateral profound SNHL.
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