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Abstract Introduction Between 15% to 30% of individuals with bilateral prelingual sensorineu-
ral hearing loss present with associated disabilities. Cochlear implant (CI) is an
alternative treatment that provides consistent access to environmental and speech
sounds, which results in significant benefits regarding quality of life and auditory and
language development.
Objectives To study the auditory and communicative performance of individuals with
CI and delayed neuropsychomotor development after a minimum of five years using
the device.
Methods A total of eight patients were included in the study. We collected the
multidisciplinary clinical records of participants, as well as the answers for the
questionnaires applied remotely, which included the Children with Cochlear Implants:
Parental Perspectives (CCIPP), International Classification of Functioning, Disability and
Health: Children and Youth Version (ICF-CY), and the Gross Motor Function Classifica-
tion System (GMFCS).
Results We found that throughout the years of CI use, the auditory threshold means
improved significantly in all tested frequencies, as did the speech detection threshold
and the language and hearing results. Regarding parental perception, parents evaluat-
ed aspects related to their children’s social relations to be positive, and had worse
perceptions regarding aspects related to their education.
Conclusion We observed a progression in the participants’ auditory and language
skills throughout the years of CI use; even in the presence of other associated
disabilities. Future multicentric studies with larger samples are needed to further
the advancement of rehabilitation in patients with other associated disabilities.
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Introduction

Severe to profound bilateral sensorineural hearing loss is a
comorbidity that affects more than 5% of individuals (� 466
million people) globally.1 Cochlear implant (CI) is an alter-
native treatment for these individuals, and it enables the
development of auditory, language, communication, cogni-
tive, and social skills.

Between 15% and 30% of individuals with bilateral
prelingual sensorineural hearing loss present with associ-
ated disabilities, which include delayed motor, cognitive,
and emotional development, usually diagnosed by an inter-
disciplinary team.2,3 Previous studies 2 have reported that
60 out of 398 cases present with other associated deficien-
cies. Moreover, 8.33% of these cases have neuropsychomo-
tor development delay (NPMD)/cerebral palsy. For these
cases, the use of the CI provides consistent access to
environmental and speech sounds, which results in signifi-
cant benefits regarding quality of life and auditory
and language development. However, these are usually
inferior compared to patients without other associated
disabilities.3

In another study,2 with a sample of 96 individuals with
CIs, 33% were identified with other associated disabilities,
including developmental delay, NPMD/cerebral palsy, visual
impairment, autism, and attention deficit disorder. After
12 months of use of the device, 52% of these individuals
scored 5 on the Categories of Auditory Performance (CAP)
index, with a median CAP score of 4 for the whole sample,
while 96% of the individuals without other disabilities had
CAP scores between 5 and 6.

Considering the findings in the literature, the clinical
experience, and the degree of technical specialization of
the CI services and team, the criteria for the indications of
a CI, especially for individuals with NPMD, were established.
One of the variables that have great importance for this
indication is the individual’s global rehabilitation with an
interdisciplinary team associated with motivation from the
family and the social environment, especially the school, as
well as the development of a targeted and specific therapeu-
tic plan for the individual.

Another important aspect in these individuals is the
variability of clinical manifestations as regards to motor,
sensory, perceptual, and cognitive characteristics, which
results in limited activities that restrict learning and
the development of sensory-perceptual and cognitive
experiences, thereby affecting the individual’s quality of
life.4–6

Thus, the use of CI associatedwith the therapeutic process
of specialized hearing habilitation and rehabilitation and
specialized global sensorial rehabilitation results in better
quality of life due to the possibility of developing auditory
and oral language skills, sensorial integration, focusing on
communication and higher levels of independence, social
integration, and selfconfidence.7–9

In this sense, an increasing number of children with
multiple disabilities undergo CI surgery. However, the avail-
able literature 2–4,7–9 that assesses the impact and benefit of

the CI in the long term is limited. Therefore, it is extremely
important to carry out new longitudinal studies in this field
to better understand the resources, processes, and impact of
CI on this population.

Thus, the present study described the auditory and
communicative performance of individuals with CI and
NPMD after at least five years of use of the device. In
addition, the quality of life, motor development, functional
performance, functionality in the activities of daily living,
social participation, and the influence of environmental
factors were described, as well as their relationship and
progress with the CI.

Materials and Methods

The present was a retrospective and cross-sectional study
approved by the institutional Ethics in Research Committee
(under CAAE: 29801620.5.0000.5441). All subjects agreed to
participate in the study by signing an informed consent form.

Casuistry
The eligibility criteria were as follows:

• Patients with symmetrical, sensorineural, profound, bi-
lateral hearing loss (average thresholds in the frequencies
of 500Hz, 1,000Hz, 2,000Hz, and 4000Hz for the classi-
fication of the degree of hearing loss);

• Subjects with at least five years of effective CI use;
• Patients diagnosed with NPMD without cognitive

impairment;
• And those undergoing hearing habilitation and rehabili-

tation or therapeutic discharge.

Individuals with peripheral and/or central auditory path-
way malformation were excluded.

A total of eight patients diagnosedwith bilateral profound
sensorineural hearing loss with NPMD and CI were included.
The average age was 14 years, and most participants were
male (75%, n¼6), attended a regular school (62.5%, n¼5),
and were of a low socioeconomic level (50%, n¼4). Overall,
two participants were diagnosed with microcephaly and
autism spectrum disorder, respectively.

Of the 8 participants, 5 (62.5%) had unilateral CI, and 3
(37.5%) had bilateral sequential CI. The most recent CI had
been implanted 20months previously, while the least recent
had been implanted for 61 months. The second CI had been
activated for more than 11 years since they had the second
surgery. On average, the patients had been using CIs for
11 years since the first CI surgery.

Currently, 5 (62.5%) patients are still undergoing speech
therapy, with an average of 2 sessions per week. In total, 2
(25%) patients were discharged from speech therapy, and 1
(12.5%) could not undergo it because of social and financial
limitations.

Procedures
The multidisciplinary clinical records of each participant
were collected, including social, psychological, and medical
data, as well as the results of a speech perception and
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language performance. The information collected included
the following:

a) Free-field audiometry: thresholds of 500Hz, 1,000Hz,
2,000Hz, and 4,000Hz with the CI, using the warble
stimulus and speaker at a distance of 1m from the patient,
at 90° azimuth, and the speech detection threshold (SDT)
in the same conditions.

b) Score on the Infant-Toddler Meaningful Auditory Integra-
tion Scale (IT-MAIS);10

c) Results of the Meaningful Use of Speech Scale (MUSS)11

questionnaire;
d) Score on the CAP;12

e) Category of Language (Score on the Expressive Language
Category, used in internal protocols, such as: category 1 -
child does not speak and may present indistinct vocaliza-
tion; category 2 - child speaks only fewwords; category 3
- child makes simple sentences; category 4 - child makes
complex sentences; category 5 - child is fluent in oral
language); 13

f) Score on the Glendonald Auditory Screening Procedure
(GASP), a procedure to assess speech perception in pro-
foundly hearing-impaired children from the age of
5 years.14 For the present research, only the last 3 tests
(4, 5, and 6) were considered, and their analyses were
performed using percentages;

g) List of disyllabic words to assess the perception of speech
sounds;15

h) Score on the sentence recognition test in silence and the
signal-to-noise ratio (SNR) of þ10 dB;16

i) Psychological assessment: a survey of data from the clini-
cal recordswas performed, with a global assessment of the
patient, especially in the last evaluation;

j) Socioeconomic evaluation 17: a survey of the clinical
records referring to the institutional protocols, which
consists of the users’ living conditions, the need for
implementation and services, average family income,
and parents academic degree.

In addition to these data, the researcher applied the
following questionnaires remotely (via telephone call):

• Children with Cochlear Implants: Parental Perspectives
(CCIPP);18,19

• International Classification of Functioning, Disability and
Health: Children and Youth Version– (ICF-CY);20 and

• Gross Motor Function Classification System (GMFCS).21,22

Statistical Analysis
Descriptive and inferential statistics were used. The results
were presented in tables and graphs. The data included
auditory and language performance after three months, six
months, one and twoyears of CI use, as well as the last return
to the service.

The Shapiro-Wilk normality test was used. The Friedman
test and the Dunn post-hoc test were applied to check for
significant differences in the performance of patients on
free-field audiometry at each frequency at different periods.
They were also applied for the IT-MAIS, MUSS, GASP, and
recognition of dissyllabic words tests, the CAP, and Expres-

sive Language Categories (ELCs) over time of use of the
device.23

The Spearman correlation coefficient was applied to verify
the correlation between the results obtained in the following
evaluations: CCIPP and the Activity and Participation and
Environmental Factors domains of the ICF-CY with the results
of the free-field audiometry obtained in the last return, IT-
MAIS, MUSS, auditory recognition of words and phonemes,
recognition of sentences in silence and noise, GASP, CAP and
GMFCS, and the subscales of the Children with Cochlear
Implant Category of Language over time of use of the device
(data from the last return), as well as age at activation of the
first CI, speech-language therapy, actual age, time of use of the
CI, socioeconomic level, and other associated disabilities.

The significance level adopted was of 0.05.

Results

In the present study, the use of CI over the years improved the
meanhearing thresholds in all tested frequencies (0.5Hz, 1Hz,
2Hz, and 4kHz), as well as the voice/speech detection thresh-
old (SDT) obtainedon free-field audiometry.When the thresh-
oldwas comparedat different intervals of useof thedevice,we
found a significant difference between the mean thresholds
obtained after threemonths use and those obtained at the last
appointment for 500Hz, 1,000Hz, and 2,000Hz and the SDT
(Friedman test: p<0.001; Dunn post-hoc test: p<0.05). No
significant differencewas found regarding thehearing thresh-
olds obtained at sixmonths and at one and twoyears of CI use,
compared with the last appointment (►Fig. 1).

The same results were found in the evaluations of the
auditory and language skills throughout the years of CI use
performed in the follow-up (►Table 1). On average, patients
with NPMD and CI achieved progressive improvement and
better results comparedwith the performance at themoment
of activation and the performance at the last return in relation
to the auditory skills assessed by the IT-MAIS, word and
phoneme recognition, and sentence recognition in silence
and in noise, as well as in relation to language skills (MUSS),
with the difference being statistically significant over time for
this group (Friedman test: p<0.001). The Dunn post-hoc test
(p<0.05) showed that, in the IT-MAIS questionnaire, there
was a significant difference regarding the results obtained at
threemonths, one year, and two years of CI use and at the last
return. As for the MUSS questionnaire, the difference was
significant in terms of the results obtained at three and six
months and two years of use of the device use and the last
return.

The Dunn post-hoc did not signal in which interval of use
the difference was statistically significant for word and
phoneme recognition tests due to the sample size. However,
a statistically significant difference was shown by the Fried-
man Test in these two evaluations.

We observed that 62,5% (n¼5) of the participants who
had been using the device for two years reached a maximum
score in the vowel discrimination test and vowel extension
test of the GASP (►Fig. 2). Analyzing the results for auditory
recognition in close-set and listening comprehension tests,
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we observed that, after two years of CI use and in the last
appointment, some participants reached the highest score
(100%) and others maintained a stable performance. In the
statistical analysis, we found a significant difference (Fried-
man test: p<0.001) in the results of the three tests over time,
but the Dunn post-hoc test (p<0.05) did not detect for which
periods the difference was statistically significant due to the
size of the analyzed sample.

►Fig. 3 shows the results of the patients, medians, and 95%
confidence intervals obtained in the CAP and ELC. Some
patients reached categories 6 or 5 on the CAP in their last
appointment. However, other participants only reached cate-
gory 1 on the CAP and ELC. A statistically significant difference
was foundbetween theperformance after threemonths of use
and that at the last appointment (Friedman test: p <0.001;
Dunn post-hoc test: p <0.05) in the two assessments. This
indicates that there was a significant improvement in the
language and hearing results throughout the years of CI use
among these participants.

Concerning the different levels of skills and limitations in
gross motor function measured by the GMFCS, the following
results were obtained: 6 (75%) participants were classified as
level I (walks without limitations), 1 (12.5%), level II (walks
with limitations), and 1 (12.5%), as level III (walks using a
manualmobility device). Regarding the parental perception of
quality of life, the aspects related to the children’s social
relationships were reported to be positive, whereas the per-
ceptions were worse for the aspects related to their education
(►Fig. 4).

Regarding the body functions domain of the ICF-CY, 15
items were considered in the evaluation of the participants
in the present study (►Table 2). The items that were most
often qualified with a disability (mild, moderate, severe, or
total) were as follows: b117—intellectual functions (87.5%),
b164—higher cognitive functions (75%), b235—vestibular
function (75%), and b765—involuntary movements.

In the activities and participation domain of the ICF-CY, 26
itemswere qualified. We identified that the items with which
the participants had more difficulty (mild, moderate, severe,

or total) were as follows: d140—learning to read (75%), d145—
learning to write (100%), d150—learning to calculate (87.5%),
d310—communicating with - receiving - spoken messages
(75%), d330—speaking (62.5%), d440—fine hand use (62.5%),
d450—walking (75%), d720—complex interpersonal interac-
tions (75%), and d820—school education (75%) (►Table 2).

For the environmental factors (►Table 3), the use of CI
(e125—products and technology for communication), family
(e310—immediate family), and access to health services
(e580—health services, systems, and policies) were consid-
ered environmental facilitators for most of the participants.
By contrast, friends (e320—friends) were qualified neither as
a barrier nor as a facilitator, and background noise (e250—
sound) was an important environmental barrier in the
present study.

The Spearman correlation test was applied to verify
whether the results obtained in the CCIPP, ICF-CY, and
GMFCS correlated with the results obtained in the assess-
ments performed in the service during the follow-up
(►Table 4). No significant correlations were found be-
tween the GMFCS, and the body functions, and environ-
mental factors domains of the ICF-CY with the selected
variables. These results were not included in the table.
Variables such as age at activation of the first CI, speech
therapy, IT-MAIS, and recognition of sentences in silence
and noise did not correlate with the evaluations. There-
fore, the results were deleted from the table. Most of the
correlations found were considered moderate and strong,
as shown in ►Table 4.

Discussion

Due to the variability in clinical findings and comorbidities
involved, NPMD encompasses different cases. Therefore,
depending on the case, after a thorough and safe evaluation
of the diagnosis, it is possible to define the best treatment
alternative with an interdisciplinary team.

We found that 75% (n¼6) of the participants in the
present study received the first implant before 42 months
of age. This is, therefore, a positive aspect considering the
findings in the literature for auditory and language develop-
ment given the period of neuronal plasticity.24

Cejas et al.25 found that, compared with CI use in children
without disabilities other than hearing loss, CI use in children
with multiple disabilities was beneficial, especially if the
device was used early, considering other variables such as
auditory-verbal therapy, effective use, and a family who
stimulate their child daily, but at a different time that
when the cochlear implant was effectively used.

It is important to emphasize the interdisciplinary criteria
for the indication of a CI. Two cases were implanted later, at
60 and 61 months, due to diagnostic delays. The first partici-
pant had auditory neuropathy spectrum disorder, which
initially showed improvement with conventional amplifica-
tion. It then progressed to hearing loss and limited speech
perception performance. The second participant had a late
surgery as he was diagnosed with microcephaly; however,
there was no cognitive delay in the psychological assessment.

Fig. 1 Comparison of hearing thresholds (mean frequency) in a free
field after three months, six months, and one and two years of CI use,
and the results at the last appointment (n¼ 8).
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As for the audibility after the CI, the results showed a
statistically significant progressive evolution in the auditory
thresholds in the free field at all the tested frequencies
(0.5Hz, 1Hz, 2Hz, and 4 kHz), and for the voice/speech
detection threshold, both after 3 months of CI use and at
the last appointment.When the 3months’ usewas compared
with the last assessment, the auditory thresholds in the free
field showed a statistically significant improvement at all
tested frequencies (0.5Hz, 1Hz, 2Hz, and 4kHz) and for the
SDT.

These findings prove that, with adequate programming,
the CI can promote consistent access to environmental and
speech sounds, considering the improvement in thresholds
observed. The improvement in the thresholds presented
after three months of CI use and the last appointment
illustrates the importance of the fine adjustments in the
programming performed at each follow-up. This enables the
detection of low-intensity sounds and the perception of
spectral details, which are prerequisites for the development
of auditory, language, and communication skills.26,27

Another important correlation was observed regarding
the speech perception protocols at each follow-up, in which
there was a progressive improvement in hearing and lan-
guage skills with an increase in the duration of CI use. This is
consistent with the clinical reasoning that CI provides audi-
bility to environmental and speech sounds, maintaining the
perception of the different intensities and frequencies. Thus,
respecting all the variables involved, it is possible to obtain a
significant improvement in speech perception.

This clinical reasoning can be confirmed by analyzing the
results obtained in the speech perception tests. For the IT-
MAIS, the differencewas significantwhen the results obtained
at three months of CI use were compared, with those at one
year, two years, and at the last appointment. These results
corroborate with those observed in the study by Alvarenga
et al.,28 in which the score on the IT-MAIS increased signifi-
cantly according to the duration of the CI use.

In the present study, we chose to analyze the GASP scores
on tests 4, 5, and 6, as these represent the most advanced
hearing skills, which are gradually developed. Most of the

Table 1 Results of the evaluations after three months, six months, one year, two years, and at the last appointment (n¼8)

Evaluation Average Minimum Maximum Standard
deviation

p-value

3 months 66.55 52.25 85.25 12.21

6 months 82.92 57.50 92.50 12.79

Infant-Toddler Meaningful
Auditory Integration Scale

1 year 90.71 77.50 100.00 10.18 0.0002

2 years 90.00 60.00 100.00 14.65

Last appointment 92.86 50.00 100.00 18.90

3 months 10.50 2.50 17.50 5.42

6 months 20.00 7.50 32.50 11.40

Meaningful Use of
Speech Scale

1 year 30.00 10.00 72.50 22.36 < 0.001

2 years 46.43 20.00 85.00 26.41

Last appointment 57.50 0.00 100.00 50.58

3 months 0.00 0.00 0.00 0.00

6 months 0.00 0.00 0.00 0.00

Auditory recognition of
phonemes (%)

1 year 0.00 0.00 0.00 0.00 0.0014

2 years 21.56 0.00 90.00 39.98

Last appointment 46.53 0.00 100.00 44.88

3 months 0.00 0.00 0.00 0.00

6 months 0.00 0.00 0.00 0.00

Auditory recognition of
words (%)

1 year 0.00 0.00 0.00 0.00 0.0014

2 years 14.38 0.00 75.00 28.21

Last appointment 42.50 0.00 100.00 42.17

Sentences in silence Last appointment 25.00 0.00 100.00 46.29 �
Sentences in noise with
signal-to-noise ratio þ10 dB

Last appointment 23.38 0.00 100.00 43.42 �
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participants were able to reach the maximum score in the
vowel discrimination test after two years of activation. This
illustrates the ability to recognize extension patterns and
differentiate segmental and suprasegmental speech charac-
teristics, which is an important skill in the acquisition of
language, phonetic, and phonological repertoire for the
development of more advanced auditory skills.

However, a variety of findings regarding the results of the
tests of recognition and auditory comprehension was ob-
served, since somepatients reached themaximumscore, and
others were unable to perform the tests even at the last

appointment. Silva et al.29 found that only children after
11 months of use of cochlear implant were able to take test 5
of the GASP. Nonetheless, this did not occur in most children.
They29 also found that there was a greater variability in
results in the first year of CI use and after one year of hearing
age. The evolution curve of the responses was increasingly
evident and more regular; this was also observed in the
present study.

This progressive improvement was noted with the results
of word recognition tests that started after two years of use
of the device, and sentence recognition, which started at the
last appointment for some of the participants. The results of
the speech perception tests are consistent with those
obtained following the evolution and progressive improve-
ment of the auditory performance categories.

The same thing can be observed regarding the language
measured by the MUSS and ELCs. For the MUSS, the differ-
ence was significant regarding the results obtained at three
and sixmonths of CI use comparedwith those after twoyears
of use and at the last appointment. For the ELCs, there was a
progressive improvement in the auditory performance cate-
gories. Thus, we found that these participants developed
advanced auditory skills, which are called an open set. Thus,
from the variability of the cases, we can state there was a
significant improvement in language and auditory skills
throughout the years of CI use of the CI, which is in agree-
ment with other studies30 performed in children with hear-
ing loss who presented with NPMD.

Considering the variability of these findings, several fac-
tors can influence CI use, such as effective use, maintenance
of the device, family background, sensory deprivation time,
speech therapy, among other factors with a long-term im-
pact. Thus, it should be noted that the participant who did
not show improvement in hearing and language skills (CAP 1
and ELCs 1) did not effectively use the speech processor in the
first year. Three months after activation, the speech proces-
sor broke, and the patient presented at the six-month
appointment after activation without the processor because

Fig. 2 Median and individual results in vowel discrimination and
vowel extension discrimination, auditory recognition, and auditory
comprehension on the GASP at three months, six months, one year,
two years, and at the last appointment (n¼ 8).

Fig. 3 Patients performance, median, and 95% confidence interval
obtained on the CAP and ELC, at three months, six months, one year,
and two years of CI use, and the results at the last appointment
(n¼ 8).

Fig. 4 Means, medians, and the minimum and maximum values
obtained regarding parental perceptions in the subscales of the CCIPP
represented by box plots. The higher the average, the more positive
the parental perceptions.
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Table 2 Distribution of the frequencies of the categories of the ICF-CY for the body functions and activities and participation
domains (n¼8)

Some degree of difficulty

Body functions No disability
n (%)

Mild disability
n (%)

Moderate disability
n (%)

Severe disability
n (%)

Total disability
n (%)

b110–State of
consciousness

7 (87.50) 1 (12.50) � � �

b114–Orientation
functions

6 (75.00) � 1 (12.50) � 1 (12.50)

b117–Intellectual
functions

1 (12.50) 3 (37.50) 1 (12.50) 2 (25.00) 1 (12.50)

b140–Attention
functions

4 (50.00) 1 (12.50) 2 (25.00) 1 (12.50) �

b144–Memory
functions

4 (50.00) 1 (12.50) 2 (25.00) 1 (12.50) �

b152–Emotional
functions

7 (87.50) 1 (12.50) � � �

b164–Higher-level cog-
nitive functions

2 (25.00) 2 (25.00) 2 (25.00) 2 (25.00) �

b167–Mental function
of language

6 (75.00) � 2 (25.00) � �

b210–Seeing functions 5 (62.50) 1 (12.50) 1 (12.50) 1 (12.50) �
b230–Hearing
functions

� � � � 8 (100.00)

b235–Vestibular
functions

2 (25.00) 4 (50.00) 1 (12.50) � 1 (12.50)

b710–Mobility of joint
functions

4 (50.00) 2 (25.00) 2 (25.00) � �

b730–Muscle power
functions

6 (75.00) 1 (12.50) 1 (12.50) � �

b735–Muscle tone
functions

4 (50.00) 3 (37.50) � � 1 (12.50)

b765–Involuntary
movement functions

2 (25.00) 4 (50.00) � 1 (12.50) 1 (12.50)

Some degree of difficulty

Activities and
participation

No difficulty
n (%)

Slight difficulties
n (%)

Moderate difficulties
n (%)

Severe difficulties
n (%)

Total difficulties
n (%)

d110–Watching 4 (50.00) � 1 (12.50) 1 (12.50) 2 (25.00)

d115–Listening 4 (50.00) 1 (12.50) 1 (12.50) 1 (12.50) 1 (12.50)

d140–Learning to read 2 (25.00) � 2 (25.00) 1 (12.50) 3 (37.50)

d145–Learning to write � 2 (25.00) 1 (12.50) 2 (25.00) 3 (37.50)

d150–Learning to
calculate

1 (12.50) 1 (12.50) 1 (12.50) 1 (12.50) 4 (50.00)

d175–Solving problems 4 (50.00) 1 (12.50) 2 (25.00) � 1 (12.50)

d210–Undertaking a
single task

6 (75.00) 1 (12.50) 1 (12.50) � �

d220–Undertaking
multiple tasks

6 (75.00) � � � 2 (25.00)

d310–Communicating
with - receiving - spoken
messages

2 (25.00) 1 (12.50) 1 (12.50) 2 (25.00) 2 (25.00)

(Continued)
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it had been stolen. Therefore, the effective evaluations of CI
use by the patient only occurred after one year of the
activation. In addition, this same participant was also diag-
nosed with autism spectrum disorder. The literature2 points
out greater difficulties in the development of auditory,
language, and communication skills in such cases. Steven

et al.31 reported that, when there is mild cognitive im-
pairment, the results are positive in terms of the acquisition
of auditory and language skills, but, in cases of more severe
impairment, the results are worse.

The other patient with limited auditory and language
development had microcephaly. This condition is responsible

Table 2 (Continued)

Some degree of difficulty

Body functions No disability
n (%)

Mild disability
n (%)

Moderate disability
n (%)

Severe disability
n (%)

Total disability
n (%)

d315–Communicating
with - receiving - non-
verbal messages

5 (62.50) 1 (12.50) 2 (25.00) � �

d330–Speaking 3 (37.50) 1 (12.50) 2 (25.00) 2 (25.00) �
d335–Producing non-
verbal messages

6 (75.00) 1 (12.50) 1 (12.50) 1 (12.50) �

d350–Conversation 5 (62.50) 1 (12.50) � 1 (12.50) 1 (12.50)

d440–Fine hand use 3 (37.50) 1 (12.50) 3 (37.50) 1 (12.50) �
d450–Walking 2 (25.00) 4 (50.00) � 1 (12.50) 1 (12.50)

d465–Moving around
using equipment

5 (62.50) 1 (12.50) � � 2 (25.00)

d510–Washing oneself 6 (75.00) � 1 (12.50) � 1 (12.50)

d520–Caring for body
parts

4 (50.00) 2 (25.00) 1 (12.50) 1 (12.50)

d540–Dressing 5 (62.50) 2 (25.00) � 1 (12.50) �
d550–Eating 6 (75.00) � 1 (12.50) 1 (12.50) �
d560–Drinking 7 (87.50) � � 1 (12.50) �
d710–Basic interper-
sonal interactions

6 (75.00) � � 2 (25.00) �

d720–Complex inter-
personal interactions

2 (25.00) 2 (25.00) 1 (12.50) 3 (37.50) �

d760–Family
relationships

7 (87.50) � � 1 (12.50) �

d810–Informal
education

6 (75.00) � 1 (12.50) � 1 (12.50)

d820–School education 2 (25.00) � 2 (25.00) 2 (25.00) 2 (25.00)

d910–Community life 6 (75.00) � � � 1 (12.50)

Abbreviation: ICF-CY, International Classification of Functioning, Disability, and Health: for Children and Youth Version.

Table 3 Distribution of the frequency of the categories of the ICF-CYas a barrier or facilitator for the environmental factors domain
(n¼8)

Neither a barrier nor a facilitator
n (%)

Barrier
n (%)

Facilitator
n (%)

e125–Products and technology for communication 2 (25.00) 1 (12.50) 5 (62.50)

e250–Sound 2 (25.00) 3 (37.50) 3 (37.50)

e310–Immediate family 3 (37.50) 1 (12.50) 4 (50.00)

e320–Friends 5 (62.50) � 3 (37.50)

e580–Health services, systems, and policies 2 (25.00) 1 (12.50) 5 (62.50)

Abbreviation: ICF-CY, International Classification of Functioning, Disability, and Health: for Children and Youth Version.
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for 65% of children diagnosed with intellectual disabilities or
delayed neurological development. In most cases, these chil-
dren require an interdisciplinary team for rehabilitation as
well as special education in school.32 This participant commu-
nicated using Brazilian Sign Language (Língua Brasileira de
Sinais, LIBRAS, in Portuguese) and attends a special school in
which he learns this form of communication. In addition,
another important variable, considering the importance of
theperiodofbrainplasticity indicated in theliterature,was the
age at implantation, which was of 61 months.24

Therefore, it should be noted that even though there was
variability in the clinical findings in the present study, it is
very important to highlight that the best rehabilitation
alternatives have to be discussed and selected with the
family at each stage of diagnosis and treatment. Reevalua-
tions o the therapeutic plan are fundamental for the longi-
tudinal monitoring of these cases, first involving the patient-
centered approach, defining what is best for each case
depending on the responses presented to each therapeutic
option performed.

Therefore, the family must play an important role in
choosing the treatment. Regarding the quality of life of the
patient and their family, in terms of functionality, important
findings were observed.

When asked about quality of life, their children’s social
relationships were the most valued aspect, whereas aspects
related to education had the worst evaluations. This com-
plaint changed according to the average age of the partic-
ipants, which was 14 years. In this age group, parents have
already shaped their expectations regarding their children’s
speech. However, they have more expectations related to
their children’s school activities, such as reading andwriting.
On the ICF-CY, parents also pointed out the issue of educa-
tion as one of their children’s greatest difficulties: learning to
read (75%, n¼6), learning to write (100%, n¼8), learning to
calculate (87.5%, n¼7), and school education (75%,n¼6).

Regarding the body functions domain of the ICF-CY, rein-
forcing the NPMD in these participants, we observed that the
items most frequently associated with disabilities were intel-
lectual functions (87.5%, n¼7) and vestibular function (75%,
n¼6), the latter being considered within gait changes.

In the activities and participation domain, in addition to
the items related to education, the parents described as the
greatest difficulties the reception of verbalmessages (75%,
n¼6), justified by the hearing loss; speech (62.5%, n¼5),
which may be related to expectations regarding the CI; fine
use of hands (62.5%, n¼5), which justified the difficulty in
writing, being a remnant of NPMD; and walking (75%, n¼6).
In this item, despite most of the participants (75%, n¼6)
being classified in leveI in the system of classification of gross
motor function, the parents scored the difficulty in walking
related to balance and gait.

In relation to environmental factors, CI use (e125 –prod-
ucts and technologies for communication) was classified as a
facilitator for most parents (62.5%, n¼5). However, 12.5%,
(n¼1) classified it as a barrier; this is justified by the
difficulty in obtaining the CI and access to specialized quality
service, often requiring these families to move from their

cities of origin. For 50%, (n¼4) of the interviewed parents,
the family (e310 – immediate family) was considered a
facilitator, demonstrating the importance of having strong
support networks, especially with children with disabilities.
Background noise (e250 –sound) was classified as an impor-
tant environmental barrier, as itmakes it difficult for these
users to communicate and further increases their auditory
effort.

In the correlation test (►Table 4), moderate and strong
correlations regarding the instruments applied were ob-
served. The better the results on the MUSS, CAP, LCs, and
list of words to assess the perception of speech sounds, the
better the parents evaluated the communication, general
functionality, and education of their children. In addition, the
better the results on the CAP, the better the parents classified
the effects of the CI, self-confidence, support for their
children, and their activities and participation. The ELCs
correlated with better perceptions related to the effects of
the CI. Byun et al.33 also observed that these children may
have benefits in auditory perception, speech production, and
language capacity equivalent to those of their peers whose
only disability is hearing loss when surgery is performed
within a critical period.

In this regard, a positive factor observed in the present
study was that 62.5% (n¼5) of the patients are currently
undergoing speech therapy, and 25% (n¼2) have already
been discharged. Speech language therapy is one of the
most important variables involved in the prognosis of pre-
lingual children with CI, for auditory, language, and commu-
nication development. If the intervention occurs in the first
years of life, the auditory perception improves. Consequent-
ly, the initial linguistic activities, formation of statements,
phonemic diversity, and phonetic patterns improve, and,
therefore, the better is the speech development.34,35

Lower thresholds in the free field correlated directly with
the parents’ better perception of education; thus, better
thresholds possibly mean less hearing effort, especially in
the school environment. The same is true for the voice-
detection threshold: better thresholds are related to better
perceptions regarding the social relationships of the
participants.

Some negative correlations were observed, such as, the
longer theuseof the CI, theworse theparents’perceptionof its
effect and the child’s well-being and happiness. It is believed
that this result may be related to the expectations that parents
have with the use of the CI and how they change in the long
term. The parents become more realistic about the prognosis
and alternatives for rehabilitation in the long term.

Another negative correlation was that the lower the
socioeconomic level, the better the parents’ perception of
child support, which differs from the literature36 reports that
children who needed more support were those with lower
socioeconomic status.

Studies37,38 have shown that the CI also helps in the
development of cognitive skills (general development). It has
been observed that children with hearing loss show improve-
ments in their understanding, concentration, sequential proc-
essing, and working memory, with almost normal values. The
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CI not only restores auditory function, but also plays an
important role in cognitive development.37,38

Due to the limitation in the sample size of the present
study, new studies with larger and multicentric samples are
required, because the results of the present sample varied
according to the commitment of each patient regarding CI
use. Therefore, new studies are needed to make new advan-
ces in hearing rehabilitation in patientswith other associated
disabilities.

Conclusion

With the present study, we could observe a progression in
auditory and language skills throughout the years of CI use:
that is, even with other associated disabilities, the patients
were able to benefit from the use of the device in the long
term. Advanced auditory skills, as well as improvement and
possibility of communicative independence in activities of
daily living, improved over time, which directly interferes
with the quality of life and social relationships of the
patient.
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