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Language development in the pediatric cochlear implant patient

Robert J. Ruben, MD

Objective: To access the long-term outcomes of children implanted during most sensitive period for language development.
Study design: Literature review.
Method: An initial PubMed search was carried out using the search terms language development and cochlear implant

resulted in 1149 citations. A second search was carried out on the initial citations using the criterion of implantation in the
period of birth to 24 months, which identified 386 articles. These were analyzed to determine those studies in which linguis-
tic outcome was measured at least three or more years following implantation.

Results: Twenty-one reports published from 2004 to 2017 that met the criteria. The range of follow-up was from 3
years to an excess of 10 years. Four 5> 10-year follow-up reports were consistent in showing that the earlier the subject is
implanted the better the outcome. Many, but not all, of these children did obtain age-appropriate language. There were 17
reports with follow-up from 3 to less than 10 years. In 7 of the 11 studies, the children’s expressive language was reported
to have reached an age level of less than 80%. The results for receptive language showed that 4 of the 11 studies found that
the children achieved a receptive language age level of less than 80%. There were 8 studies which documented the effect of
implantation before 12 months of age and between 12 and 24 months of age and they all found that the earlier the implanta-
tion, the better the outcome for language.

Conclusion: The cochlear implant is efficacious in the amelioration of receptive and expressive language deficits in most
congenitally deafened children implanted before the age of one. The language outcomes for those implanted after the age of
one decline as the age of implantation increases.
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INTRODUCTION
Cochlear implantation in children was first reported

in 1983.1–3 These initial reports were utilized to obtain
approval by the Federal Drug Administration in 1989
for children older than 2 years and in 2000 for children
12 months old or older.4 This initial approval was based
upon reported improvement in speech detection and dis-
crimination but not in language. In 1992 at the first
European Symposium on Paediatric Cochlear Implanta-
tion, held at the University of Nottingham, UK5 (Fig. 1),
a paper entitled “The pediatric cochlear implant” was
presented that emphasized that language should be the
outcome measure for pediatric cochlear implantation in
those patients whose language had not yet developed at
the time of implantation, that is those under one year of
age.6 Four years later, there was a follow-up conference

entitled The International Conference on Language
Development in Cochlear Implanted Children, Lyon,
France, 19967 (Fig. 2). There were 67 podium presenta-
tions and 6 posters covering a broad spectrum of issues
of language development including psychophysical mea-
sures, neural functional imaging, and event-related
potentials.

Language as an outcome measure for assessing a
medical/surgical intervention was a new concept8 which
was rapidly assimilated into the care of the prelingually
deafened child. Heretofore, the study of language lay in
the analysis of the characteristics of receptive and
expressive language. The structure of language had
come to be defined in terms of prosody, syntax, and
semantics. The measures of the development of prosody,
syntax, and semantics were now brought to bear to mea-
sure the efficacy of the cochlear implant for the develop-
ment of language. It has now been more than one-third
of a century since cochlear implantation has been
utilized to promote the development of language in the
prelingually deaf child. Several long-term outcome stud-
ies9–12 have looked at not only the effects of the cochlear
implant on language development but also its effects on
broader issues of the quality of life, including educa-
tional, economic, and social attainment.

The objective of this study is the assessment of the
long-term outcomes of children who were implanted
during what is considered the most sensitive period for
language development, the age of 5<24 months, a deter-
mination based on several outcome reports that found
that the language outcomes were poorer for children
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implanted at >24 months than for those implanted
before their second birthday.13–18 These empirical obser-
vations are congruent with other sensitive period stud-
ies.19–23 For the present study, follow-up of three or
more years post implant was determined as the mini-
mum time for evaluation of the outcome measure, based
on findings of the fewest number of years after implant
in an infant 5<24 months of age to achieve approximate
age appropriate language.24,25

METHODS
A PubMed search was carried out using the search terms

language development AND cochlear implant as the initial search

criterion. This resulted in 1149 citations. A second search was car-

ried out on the initial 1149 citations using the additional criterion

of implantation in the period of birth to 24 months, which identi-

fied 386 articles. These 386 articles were then analyzed to deter-

mine those studies in which, in addition to implantation occurring

before 24 months of age, linguistic outcome was measured at least

three or more years following implantation, and that excluded

other morbidities, eg, CMV, Down Syndrome, etc. Twenty-one

reports met these final criteria.9,10,12–18,24–36

RESULTS
There have been 21 reports published from 2004 to

2017 that met the criteria. They represent a heterogeneous
group of articles from 12 different countries. The range of
follow-up was from 3 years to an excess of 10 years. There
was no consistency in the types of instruments that were
used to evaluate various aspects of language. For the pre-
sent study, each language report was characterized as rep-
resenting either expressive or receptive language. The
reports covered cochlear implantation in infants as early
as 1989.9 The type and/or sequence of implantation was
not analyzed in the present study because there was the
use of many different forms of implants, which included

Fig. 2. Program—International Conference on Language Develop-
ment in Cochlear Implanted Children, December 8–9, 1996.

Fig. 1. Programme—The first European Symposium on Paediatric
Cochlear Implantation, September 22–27, 1992.
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devices from single-channel, to multichannel, to bilateral
simultaneous, to sequential bilateral implantation.

The 5> 10-Year Follow-Up Reports
The four 5> 10-year follow-up reports encompassed a

total of 71 subjects (25, 3, 40, and 3 subjects, respectively)
who were implanted at 5<24 months of age.9,10,30,34 These
subjects do not represent all that were implanted at 5<24
months as there were those who were lost to follow-up for
a variety of reasons. The outcomes for these 71 subjects
are shown in Table I.

These four reports of 71 subjects followed for at
least 10 years post-implant are consistent in showing
that the earlier the subject is implanted the better the
outcome. Many, but not all, of these children did obtain
age-appropriate language.

In the Uziel9 report, of the 82 children implanted at
different ages, three were implanted before the age of 24
months and followed for at least 10 years. Of the 82 chil-
dren, there was a complete assessment for all but one
child who moved to a different country. The value of
these data is considerable in reflecting a complete clini-
cal experience, a real-world result, for it assessed the
outcome of an entire population of implanted deaf chil-
dren, with implantation occurring at different ages, with
differing technologies, and included comorbidities. Uziel
et al. found that for expressive language, 54 of 82 chil-
dren (66%) developed connected speech intelligible to the
average listener and that, again for expressive language,
62 (75%) of 82 children scored below the median value of
their hearing peers of equivalent age. Study of the sub-
jects’ receptive language found that words identified cor-
rectly on the Phonetically Balanced Kindergarten (PBK)
Test word test was 72% (SD, 1/-26%; range, 0 to 100%;
median, 82%).

The initial emphasis for the children assessed by
the Uziel study was placed on mainstreaming and on
oral/aural mode of communication: 74% of the children
were placed in a mainstream program, 73% were using
oral communication as the mode of communication, only
21% were enrolled in a school for the deaf, and 5% were

in part-time at a school for the deaf. At the time of the
final evaluation, 79% were using oral communication, 20%
total communication, and 1% sign; 78% were placed in
mainstream, and 22% were attending a school for the deaf.

At the time of the Uziel study, 32 were at junior high
school level, 14 at high school level, and 3 children were
attending elementary schools. Six additional children were
enrolled in a special unit for children with disability where
they received general and professional education. Seven-
teen were in further noncompulsory education, studying a
range of subjects at vocational levels. Six subjects attended
universities. Three were already engaged in a professional
activity.

The 3 to 5<10-Year Follow-Up Reports
There were 17 reports12–18,24,26–29,31–33,35,36 with

follow-up from three to less than 10 years, encompassing
a total of 904 subjects that were implanted at 5<24
months of age. Table II presents the results on the stud-
ies for which the follow-up was less than 10 years.

In 7 of the 11 studies, the children’s expressive lan-
guage was reported to have only reached an age level of
less than 80%. The results for receptive language were
somewhat better in that only four of the 11 studies
found that the children achieved a receptive language
age level of less than 80%. Only one study, it should be
noted, showed both expressive language and receptive
language to reach age level.

There were eight studies10,14–18,29,35 which docu-
mented the effect of implantation before 12 months of
age and between 12 and 24 months of age. All the stud-
ies were consistent in that the earlier the implantation,
the better the outcome for expressive and receptive lan-
guage. The best outcomes were those in the children
implanted before 12 months of age.

DISCUSSION
The analysis of the 21 publications that met the cri-

teria, determined as described above, demonstrates
noticeable consistency in the findings. The best success

TABLE I.
Outcome 71 Subjects at 101 Years Post-Implant—4 Studies.

Study # subjects Expressive Receptive Comment

Ramos34

Spain

25 The subjects implanted at 5<24
months performed significantly better
on all tests than children who were
implanted at an older age. Results
not compared to normal hearing age
matched controls.

Pisoni30

United
States

3 These data show that the processing of
auditory information is less than seen
in normal children at more than 10
years of follow-up.

Colleti10 40 At 10 years all the children implanted
before 12 months of age were at
the normal level. Those implanted
later, between 13 and 35 months,
did not reach age level

At 10 years all the children implanted
before 12 months of age were at
the normal level. Those implanted
later, between 13 and 35 months,
did not reach age level

Uziel9 3 All are oral and in regular schools
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in language acquisition occurs when the patient is
implanted early, and the data suggest that this is opti-
mally before the age of one. This observation recognizes
the importance of the optimal sensitive period for lan-
guage development.

Implantation at a later age does enable the develop-
ment of expressive and receptive skills, although seldom
to age level. The studies in general indicate that even
the children implanted early, although they tend to do
better than those implanted later, do not generally reach
age level, although it can be noted that in the study of
Wie et al,17 the implanted infants did achieve age level
at 48 months. These findings are consistent with the
concept that while there is a sensitive period meaningful
for optimized language acquisition, the possibility of
strengthening the development of language acquisition
still remains after that most sensitive period: the central
nervous system does not “shut down”, so to speak, but
its capacity to adapt to an electrically induced afferent
input remains.

The data indicate that for these implanted children,
receptive language tests better than expressive lan-
guage. Three studies, Niparko et al,25 Uziel et al,9 and
Yoshinaga-Itano et al,24 which are characterized by
excellent assessment of all subjects, demonstrated that
very few of these children achieve age level in either
expressive or receptive competence. It is also noted that
in these and other studies, very few of the children
exceed the average age level of competence of normal-
hearing children. The study of Wie et al17 clearly demon-
strated the advantage of early implantation for receptive
and expressive language. The early implanted (5 to 12
months of age) subjects all obtained normal receptive
and expressive language scores with variance similar to
that of the hearing population at 48 months postimplan-
tation. Those children implanted at 12 to 18 months of
age did not achieve age level receptive or expressive lan-
guage at 48 months postimplantation. Ching’s recent
article is congruent with the above findings. 38

The cochlear implant has created an entirely new
area of medicine. For the first time, the structure and
function of the central nervous system is being deliber-
ately shaped as a medical intervention by the introduc-
tion of electrically induced afferent signals to a central
nervous system that had previously not been stimulated
or had ceased to be stimulated by sound. The cochlear
implant is taking advantage of the capacity of

genetically provided pathways and of the plasticity of
the central nervous system to adapt to this synthetic
stimulation. The substitution of synthetic stimulation is
less than perfect, but is a great step forward in enabling
language development in deaf children.

The observation from the long-term studies of
implantation during the early sensitive period empha-
sizes two major areas that need to be further developed.
The first is that of the afferent electrical stimulation of
this intervention. Over the past three decades, there
have been many improvements in the form, number of
electrodes, and coding of the electrodes implanted. This
work will go forward to find how to optimize the electri-
cal afferent so as to enable the recipient to obtain age-
appropriate language abilities.

The second area requiring our attention is the
exploration of the properties of the plasticity of the cen-
tral nervous system, its characteristics and capacities, so
as to maximize the response of the central nervous sys-
tem, whether implantation occurs before or after 12
months of age.

It is noteworthy that deeper scientific understand-
ing of these two areas will, in all likelihood, illuminate
problems and issues of other implantations of sensory
systems in those who have been deprived of the normal
input. It will also likely be of use or other modes of cen-
tral nervous system interventions.

The optimal care for the deaf child today is depen-
dent on early detection and implantation. Throughout
much of the world, newborn infant screening by physio-
logical means has become routine. The next step should
be the use of genetic screens to determine the possibility
of hearing loss as part of newborn infant screening. The
latter should enable early detection of progressive disor-
ders, and will also serve as a control for the physiologi-
cal testing which has false negatives and false positives.

Medicine functions at three levels care, cure, and
prevention. The cochlear implant today functions in
many ways at all three levels: it cares for the patient, it
does not totally cure patient of hearing loss, and it can
enable language development and, to a greater or lesser
extent, ameliorate language impairment. For the area of
prevention, science turns to the cell biology of the inner
ear and the identification of processes which result in
hearing loss, genetic and otherwise, and the exploration
of interventions to prevent these once they have been
defined.

CONCLUSION
The cochlear implant is efficacious in the amelioration

of receptive and expressive language deficits in most con-
genitally deafened children implanted before the age of
one. The language outcomes for those implanted after the
age of one decline as the age of implantation increases.
The challenge today is to advance the technology of the
implant, and deepen our understanding of how we can
engage with the plasticity of the central nervous system so
as to optimize language development in those who are
hearing impaired.

TABLE II.
Number of Studies Reporting Outcomes from 3 Years to

<10 Years of Follow-Up.

All at
age level

Most* (>80%)
at age level

Some† (<80%)
at age level

None at
age level

Expressive 129 313,14,28 715,17,24–26,32,33

Receptive 129 613,14,17,18,27,28 415,24,25,32

Overall 114 215,32 133

*Either>80% or as the author described the finding.
†Either< 80% or as the author described the finding.
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