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Abstract Cochlear implantation (CI) is used for rehabili-
tation of children with bilateral severe to profound sen-
sorineural hearing loss. Recently, treatment of such
children has been influenced by diagnostic technological
advances. Infants and toddlers are now increasingly
included for CI. The primary aim of this study was to
determine the effects of ‘age at CI’ on CI outcome. The
primary aim of this study was to determine the effects of
‘age at CI’ on CI outcome. In this prospective study at a
tertiary care centre, we evaluated 50 cochlear implanted
children from October 2011 to March 2013. The case group
consists of 15 (30%) children who underwent CI at more
than 5 years of age and control group consisted of 35
(70%) children who underwent CI at less than or equal to
5 years age. All patients received auditory and speech
rehabilitation and we evaluated their auditory perception
outcomes 1 year post CI, the children were assessed by
categories of auditory performance (CAP) and meaningful
auditory integration scale (MAIS) tests. There were sig-
nificantly improved mean auditory perception outcomes
(increase of 12.29% in CAP, and 14.05% in MALIS scores)
at 1 year post CI in CI recipients of age group ‘5 years or
less’ in comparison to those who underwent CI at ‘more
than 5 years of age’. However, children of ‘more than
5 years’ age at CI, mean CAP and MAIS scores were still
more than 80% of maximum achievable CAP and MAIS
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scores. In this study, CI recipient children who were
implanted at less than or equal to 5 years of age were found
to have significantly improved auditory perception out-
come at 1 year post CI. Hence, it appears preferable to
provide CI early. However, even in children who under-
went CI at more than 5 years of age, there was substantial
improvement in auditory perception outcomes and CI was
still helpful in these children. Hence, knowledge of ‘age at
CI’ can provide reasonable help in predicting the auditory
perception outcome and optimal counselling of families of
CI candidates.

Keywords Cochlear implantation -
Auditory perception outcome -

Age at cochlear implantation -
Categories of auditory performance -
Meaningful auditory integration scale -
Sensorineural hearing loss

Introduction

Over a period of more than 3 decades, cochlear implanta-
tion (CI) is firmly established as safe and effective treat-
ment of choice for children with bilateral severe to
profound sensorineural hearing loss (SNHL) who derive
minimal or no benefit from conventional hearing aid use.
The primary aim of CI is to enable a child to improve
auditory perception and hence spoken language. The
development of functional spoken language would be
considered by most clinicians, teachers and parents to be a
major long-term aim of CI. It is clear however that a
properly functioning cochlear implant does not guarantee
this outcome. The detection and discrimination of sound
does not ensure that a child will be able to adequately
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assemble the complex stream of auditory information in
speech into a meaningful language [1].

On the other hand, it is reasonable to assume that the
auditory perception and comprehension of speech is an
important ingredient in language development hence
measurement of auditory perception will have some rela-
tionship with speech and language abilities. The measure-
ment of auditory perception also provides direct evidence
of the assistance provided by the CI [2]. Hence one of the
most direct way to evaluate the benefit from a CI is by
demonstrating improvement in auditory perception.

The variability in auditory perception outcomes for CI
recipient children has been a subject of various studies. In
the past 25 years, data on the postoperative auditory per-
ception outcomes following CI have identified multiple
variables that can affect post CI performance. On a cellular
level ‘age at CI’ is believed to affect the survival and
function of spiral ganglion cell which in turn influences the
post CI performance. Despite extensive research examining
post CI auditory outcomes, the substantial variation in
postoperative performance still remains incompletely
understood. Hence predictions of post CI auditory benefit
should be individualized to specific patient, surgical or CI
device related variable. Detailed knowledge of such indi-
vidual variables not only improves clinician’s predictive
accuracy but may also reveal factors that can be manipu-
lated to achieve an optimal performance.

In this study, we explore a demographic variable of ‘age
at intervention i.e. CI (in years)’ and its effect on auditory
perception outcomes in CI recipient children at an Indian
tertiary care centre. This may help to explain to a certain
extent the variability in language outcomes with ‘age at CI’
and also determine the ‘age group’ for CI at which children
are more likely to have improved auditory/language
outcomes.

There are multiple studies on various patient, surgical or
CI device related factors affecting auditory perception
outcomes after CI [3, 4]. However adequate Indian data is
not available on effects of ‘age at CI (in years)’ on auditory

Table 1 Categories of auditory performance scale

perception outcomes in CI recipient children. This study
may provide useful information for counselling Indian
families that are considering CI for their child regarding
appropriate age for CI and may also help in predicting the
auditory perception/language outcomes for individual CI
candidates prior to CI surgery.

Materials and Methods
Study Design and Participants

This prospective study was performed on total 50 children
with bilateral severe to profound sensorineural hearing loss
(SNHL) that underwent CI at an Indian tertiary care centre
between October 2011 and March 2013. The children who
were selected included these criteria: (1) bilateral severe to
profound SNHL, (2) onset of hearing loss before 6 months
of age, (3) children undertaking their first CI, (4) the use of
amplification and/or intervention program emphasizing
spoken language, (5) the maximum age was 10 years old,
and (6) undertaking rehabilitation at tertiary care hospital
after their CI. We enrolled all those children who had
undergone CI based on aforementioned selection criteria
and then divided them into two groups (i.e. case and con-
trol groups) based on ‘age at CI’. Every patient was
assessed by a clinical psychologist, a paediatrician, an
audiologist and speech/language therapist.

Intervention

CI is usually performed on children with bilateral severe to
profound SNHL. Hearing skill means ability to understand
voices which are assessed by scores such as categories of
auditory performance (CAP) and meaningful auditory
integration scale (MAIS) (Tables 1, 2) [5, 6]. The bilateral
severe to profound SNHL was confirmed by speech or pure
tone audiometry (unaided/aided hearing thresholds), audi-
tory brainstem response with click and tone burst methods,

Categories Description

Category 0 No awareness of environmental sounds

Category 1 Awareness of environmental sounds

Category 2 Responds to speech sounds (e.g. ‘go’)

Category 3 Identification of environmental sounds

Category 4 Discrimination of some speech sounds without lipreading
Category 5 Understanding of common phrases without lipreading
Category 6 Understanding of conversation without lipreading
Category 7 Can use the telephone with a known speaker
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Table 2 Meaningful auditory integration scale

Categories Description

Category 1 Does the child consistently ask to have the hearing aids/cochlear implant system put on, or put it on himself, without being told?

Category 2 Does the child regularly report and/or appear upset if the hearing aids/cochlear implant system is non-functioning for any reason?

Category 3 Does the child regularly respond to his name in quiet when called auditorially only with no visual clues?

Category 4 Does the child regularly respond to his name in the presence of background noises when called auditorially only, with no visual

clues?

Category 5 Does the child regularly alert to environmental sounds (doorbell, telephone) without being prompted or told to listen?

Category 6 Does the child alert to auditory signals spontaneously when in a new environment (an unfamiliar shop while taking a walk, in
someone else’s home) asking ‘What is that sound’ or indicating ‘I can hear something’?

Category 7 In the classroom, do you think that the child can recognize auditory signals that are part of his school routine, such as bell, whistle?

Category 8 Does the child show the ability to discriminate between two speakers by listening alone (mother v/s father, for example)?

Category 9 Does the child seem to know the difference between speech and non-speech stimuli, when listening alone? For example, if someone
speaks behind him, does he recognize it as speech by saying “What did you say?’ or ‘Did someone say something?’

Category
10

Does the child associate vocal tone (anger, anxiety, excitement) with its meaning, based on listening alone?

MAIS scoring system: Never ‘0’, Rarely ‘1’, Occasionally ‘2°, Frequently ‘3’, Always ‘4’

otoacoustic emissions, auditory steady state responses and
impedance audiometry. All children had the no/minimal
experience of speech detection/perception from properly
fitted high gain hearing aids. All patients received audio-
logical, speech perception, language skills, neurological,
and psychological assessment immediately before CI.
Imaging study consisted of HRCT temporal bones and/or
MRI inner ear, internal acoustic meatus and brain for
finding the central nervous system and temporal bone
abnormalities. Age at CI (in years) was noted. Surgical
approach consisted of cortical mastoidectomy under gen-
eral anaesthesia. By posterior tympanotomy, the middle ear
space was entered. Then, the bone at round window niche
was drilled and round window membrane was perforated to
complete cochleostomy. Finally, CI was secured and
electrode array was inserted into the cochlea. After inser-
tion, correct placement of electrode array was evaluated
intraoperatively by neural response telemetry (NRT)/neural
response imaging (NRI) and postoperatively by X-ray
mastoid (modified Stenver’s view).

Outcome Assessments

Auditory skills defined as the ability of sound under-
standing which is assessed on CAP and MALIS criteria. All
children were examined by questionnaires such as CAP and
MAIS to measure the auditory perception development in
children [5, 6]. Auditory perception in children using
cochlear implants was studied in relation to the patient
variable of ‘age at CI’ (whether 5 years or less/more than
5 years). Children with age at CI being ‘5 years or less’
were placed in a case group and ‘more than 5 years’ in a

control group. CAP and MAIS scores were calculated
before CI and also 1 year after CI.

Scientific and Ethical Considerations

All procedures were approved by children’s parents. This
study was approved by hospital ethics committee.

Statistical Analysis

Relationship of the variable ‘age at CI (in years)’ to
auditory perception outcome (mean CAP and MAIS
scores) were analysed 1 year post implant using Chi square
test, paired test and independent ¢ test.

Results

Total 50 children had undergone CI over a period of
18 months. Out of them, only 15 (30%) underwent CI at
‘more than 5 years’ of age, while 35 children (70%)
underwent CI at the age of ‘5 years or less’. Among chil-
dren with age at CI being more than 5 years, 08 (53.3%)
were male and 07 (46.7%) were female. The mean age of
all participant children was 5.06 years. The mean age of
case group with age at CI being ‘5 years or less’ was
4.4 years and mean age of control group with age at CI
being ‘more than 5 years’ was 6.6 years. Mean CAP and
MAIS scores were calculated for both case and control
groups at 1 year after CI (Tables 3, 4, 5, 6). Maximum
achievable CAP score (CAP,,,,) was 7 and MAIS score
(MAIS,,.x) was 40.
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Table 3 The prevalence of ‘age at CI’ according to gender

Gender Age at CI > 5 years (%) Age at CI < 5 years (%)
Male 8 children (53.3) 15 children (42.9)
Female 7 children (46.7) 20 children (57.1)

Table 4 The prevalence of individual age at CI

Age at CI (years) 1 year 2 year 3 year

4 year

5 year 6 year 7 year 8 year 9 year

Total number of children (%) 0 0 3(6)

14 (28)

18 (36) 9 (18) 4 (8) 1) 1)

Table 5 CAP criteria scores after 1 year post CI in children with age at CI being ‘more than 5 years’ and ‘5 years or less’ respectively

CAP criteria 1 year after CI 1 2 3 4 5 6 7
Age at CI more than 5 years 0 0 0 0 5 (33.3) 10 (66.7) 0
(%)
Age at CI 5 years or less (%) 0 0 0 1(2.9) 0 15 (42.9) 19
(54.3)

CI cochlear implantation, CAP categories of auditory performance

Table 6 MALIS scores after 1 year post CI in children with with age at CI being ‘more than 5 years’ and ‘5 years or less’ respectively

MALIS score 1 year after CI 1-20 21-25 26-30 31-35 36-40
Age at CI more than 5 years (%) 0 0 4 (26.7) 8 (53.3) 3 (20)
Age at CI 5 years or less (%) 0 0 1.9 3 (8.6) 31 (88.6)

CI cochlear implantation, MAIS meaningful auditory integration scale

In this study, for CI recipient children with ‘age at CI’
being ‘5 years or less’, the mean CAP score was 6.49 and
mean MAIS score was 37.26 at 1 year after CI. However,
for children whose ‘age at CI’ was ‘more than 5 years’, the
mean CAP score was 5.67 and mean MAIS score was
32.67 at 1 year after CI (Table 7, Fig. 1). Hence, there

were significantly improved mean auditory perception
outcomes (increase of 12.29% in mean CAP, and 14.05%
in mean MAIS scores) in CI recipients at 1 year after CI
when they were implanted at the age group of ‘5 years or
less’ as compared to those who were implanted at ‘more
than 5 years’ of age.

Table 7 Mean CAP and MAIS scores after 1 year post CI in children with age at CI being ‘5 years or less’ and ‘more than 5 years’ respectively

Number of Mean of CAP scores at 1 year post CI (% of Mean of MAIS scores at 1 year post CI (% of
children CAP,..2) MAIS,1ax)
Age at CI being 5 years or 35 6.49 (92.7) 37.26 (93.2)
less
Age at CI being more than 15 5.67 (81) 32.67 (81.7)

5 years

CI cochlear implantation, CAP categories of auditory performance, MAIS meaningful auditory integration scale, CAP,,,, maximum achievable

CAP score, MAIS,,,, maximum achievable MAIS score
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* CAP: categories of auditory performance,
MAIS: meaningful auditory integration scale.

Fig. 1 Mean CAP and MAIS scores achieved at 1 year after CI in
children and its comparison between age at intervention being 5 years
or less and more than 5 years

Additionally, in this study we have found that in chil-
dren aged ‘more than 5 years’ at CI, mean CAP score was
5.67 (81% of CAP,,.x) and mean MAIS score was 32.67
(81.7% of MAIS,..x) at 1 year after CI. Although this was
lesser when compared to the case group with ‘5 years or
less’ of age at CI having mean CAP score of 6.49 (92.7%
of CAP,,.x) and mean MAIS score was 37.26 (93.2% of
MAIS,..x) but it still showed substantially improved mean
auditory perception outcomes at 1 year after CI (Table 7).

Discussion

This study was performed to evaluate the effect of age at CI
being ‘5 years or less’ and ‘more than 5 years’ on auditory
perception outcomes 1 year after CI in children with
bilateral severe to profound SNHL. The effects of bilateral
severe to profound hearing loss are widely known to be
serious, especially in relation to understanding and using
spoken language.

The primary auditory cortex (PAC) does not develop
entirely normally in the absence of sensory input. There-
fore, CI appears to allow the PAC to achieve an experience
dependent maturation, albeit not as precisely as it would
have occurred in the absence of SNHL. There is also a
positive correlation between speech perception and low
resting activity in PAC prior to CI for the prelingual deaf.
This relationship suggests that although PAC and other
higher order auditory centres are capable of plastic change
as evident in the continued improvement in the auditory
performance with increasing CI experience. Perhaps the
best clinical outcomes for cochlear implant patients may in
fact occur with the more immature auditory cortex [7].

As CI becomes a more common and trusted option for
bilateral severe to profoundly deaf children and their
families, a great deal of research has been dedicated to the
effects of early implantation. ‘Age at CI’ relates to the
survival, physiology and function of spiral ganglion cells.
Positive effects of CI on spiral ganglion cells have been
well shown in animal models. However, a critical period
for the development of human auditory pathway has not
been definitively established, although research in this area
is in progress. Effects of deprivation and plasticity on post
CI performance can be interpreted to a certain extent via
the variable of ‘age at CI’ [8].

Extensive newborn hearing screening has led to an
increase in early diagnosis and larger opportunities for
early CI, including children younger than 1 year. CI in
children younger than 1 year of age has shown both short-
term and long-term safety and efficacy. Using the MAIS
score to evaluate auditory perception, Waltzman and
Roland [9] and Roland Jr. et al. [10] suggested that CI
before 1 year of age may allow deaf children to reach their
full hearing potential, sometimes paralleling the normal-
hearing peers. Colletti et al. [11] used CAP scores in their
study of 10 children younger than 1 year. They found that
auditory outcomes in these children younger than 1 year
age exceeded those of children who underwent CI later.
Niparko et al. [12] showed improved speech and language
outcomes in children who underwent CI before 18 months
of age, mostly paralleling the performance of normal-
hearing peers. Connor et al. [13] and Miyamoto et al. [14]
found improved auditory perception and language skills in
children receiving CI at less than 2 years of age when
compared to children older than 2 years. Tajudeen et al.
[15] found a benefit of early CI when comparing children
of the same age, but not when comparing children at the
same time after CI. For this reason, they postulated that the
sensitive period for word identification likely extends to at
least 3 years of age. In a study of children implanted
between 9 and 48 months, Hammes et al. [16] found that
being implanted as early as possible was a significant
predictor of more positive outcomes with the implant. On
average, the younger the child was implanted, the higher
the likelihood for that child to develop auditory and lan-
guage skills to allow that child to rely on spoken language
as a sole means of communication. As age of implantation
increased, the children began to lag further behind in
auditory/language performance with their age matched
peers with comparable duration of CI usage [16]. Even in
adolescent CI recipients, studies suggest that CI perfor-
mance is affected by ‘age at CI’. A study of 45 prelingually
deafened adolescents with a mean ‘age at CI’ of 13.5 years
(range 11-18 years) found ‘age at CI’ to affect auditory
perception outcomes. However, after CI all patients
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showed significant improvement from preoperative scores
[17].

Although evidence regarding critical periods for audi-
tory and linguistic development continues to emerge, the
factor of ‘age at CI’ seems to have a clear impact on CI
performance in children. As technology has evolved, CI
outcomes for the congenitally deaf later-implanted group,
has also shown substantial improvement [18].

The arguments that younger children should perform
better and the available research evidence have continu-
ously reduced the average age at implantation in most CI
programmes [19]. However, there are risks in operating
children younger than 12 months of age. Young children
have an underdeveloped mastoid tip, a thin skull, a thin
skin and a higher risk of complications after anaesthesia.
As per one study, comparing children with CI, who
received their implant at 6 months of age, with children
implanted at the age of 12 months, it was found that the
advantages from implanting children at 6 months of age
were rather small and therefore the risks of the treatment
should be taken into consideration [8]. Since the decision
to surgically implant the device in a very young child is
quite difficult on the part of the parent and the clinician,
researchers have attempted to discover whether or not early
implantation provides advantages in outcome measures
post-implantation as compared to later implanted children.
If such an advantage exists, it is also important to under-
stand how early the CI should be performed to obtain more
positive results, without incurring unnecessary surgical
risks. Nonetheless, it appears preferable to provide a
cochlear implant at an early age.

In this study, we have also found significantly improved
mean auditory perception outcomes (increase of 12.29% in
CAP and 14.05% in MALIS scores) in CI recipients when
they were implanted at age group of ‘5 years or less’ when
compared to those who were implanted at ‘more than
5 years’ of age [P value < 0.05 (significant) for both mean
CAP and mean MAIS scores] [20]. Additionally, in this
study children with control age group of ‘more than
5 years’ at CI, mean CAP and mean MAIS scores were
more than 80% of CAP,,,x and MAIS,,.x respectively at
1 year after CI. This is albeit less than the case age group
of ‘5 years or less’ at CI, with mean CAP and mean MAIS
scores of more than 90% of CAP,.. and MAIS, .«
respectively at 1 year after CI. Hence it is safe to conclude
that even in children aged more than 5 years at CI surgery,
there is substantial improvement in auditory perception
outcomes at 1 year after CI if we assume their mean CAP
and MALIS scores before the CI surgery to be near ‘0’.

However, as per Government of India guidelines for CI
under ‘Assistance to disabled persons for purchase/fitting
of aids and appliances’ (ADIP) scheme provide general age
limit of 1-5 years for prelingually deaf children with
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bilateral severe to profound SNHL. Additionally, as per the
‘Central government health scheme’ (CGHS) rules, in
prelingually deaf children aged between 1 and 5 years with
bilateral severe to profound SNHL, there is 100% reim-
bursement of the total cost of cochlear implant. However,
for children with more than 5 years of age, the reim-
bursement value is only 50-80% of the total cost of implant
[21, 22]. This gives an impression that speech perception
outcomes of CI in children with age of more than 5 years
would generally be suboptimal. However, in this study we
have clearly found substantial benefit in auditory percep-
tion outcomes at 1 year after CI even in children aged
‘more than 5 years’ at CI. Hence CI programmes may also
be supportive of the age group of ‘more than 5 years’ at CI,
especially in developing countries where there are financial
and medical infrastructure related constraints for families
of children with bilateral severe to profound SNHL.

Conclusion

There are multiple studies on various patient, surgical or CI
device related factors affecting auditory perception out-
comes after CI [3, 4]. However adequate Indian data is not
available on effects of ‘age at CI (in years)’ on auditory
perception outcomes in CI recipient children especially
‘more than 5 years’ age group. This study may provide
useful information for counselling Indian families that are
considering CI for their child regarding appropriate age for
CI or expected outcomes in CI at ‘more than 5 years’ of
age. Additionally, this study may also help in predicting the
auditory perception/language outcomes for individual CI
candidates prior to CI surgery.

Hence it is safe to conclude that in Indian cochlear
implant scenario, knowledge of the individual factor of
‘age at CI’ can provide reasonable help in predicting the
auditory perception and hence spoken language outcomes
for individual implant candidates prior to the CI surgery.
However, the accuracy of such predictions is limited and
they should only be used as a guide towards predicting
auditory perception outcomes.
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