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Abstract: Background/Objectives: The aim was investigating the progress in auditory speech
perception in a group of cochlear implanted children with deafness plus, implanted in a public
hospital in the south of Chile between 2013 and 2019 Methods: All paediatric patients implanted
between 2013 and 2019 were considered. After they agreed to participate, the data of interest were
collected from their respective medical records. Finally, 18 children met the inclusion criteria. The
data were analysed with the statistical programme Jamovi.. Results: The minimum age of cochlear
implant activation was 2 years, and the maximum age was 16.1 years. The median CAP pre-implant
was category 0 and at 12 months post-implant was category 2. Conclusions: There is a clear benefit
of cochlear implantation in children with D+, although in some cases this benefit, at least in terms of
auditory perception, is more limited, but it allows them to access the world of sound and, although
they do not achieve oral language development, parents often mention that they notice changes in
the way they relate to their environment, which is already an improvement in their quality of life.

Keywords: Cochlear implantation; Speech perception; deafness plus (D+), pediatric implantation

1. Introduction

Hearing loss and Deafness is defined as the difficulty in the ability to hear sounds at thresholds
that are considered normal in pure tones corresponding mainly to the frequencies 500, 1000, 2000 and
4000 Hz. The prevalence of hearing loss in newborns has remained stable according to the
information provided by the WHO in its world report [1], although the age of detection has changed
thanks to the implementation of neonatal hearing screening [2,3]. This early detection allows for rapid
hearing implementation with either hearing aids or cochlear implants.

Within the types of hearing loss and their different degrees, we find cases in which this hearing
impairment is associated with other pathologies covering a wide range of conditions that can range
from visual, motor and cognitive disabilities to language and communication disorders, in these we
can also include autism spectrum disorder, developmental delays and behavioral problems. These
comorbidities can vary in type and severity, so there is a great heterogeneity of the studies, which
complicates the results and the possible evaluation of this group [4,5].

In 2011, the Gallaudet Institute Research published a study indicating that approximately 40%
of people with hearing impairment will also have an associated developmental disorder, which can
lead to a delay in the diagnosis of hearing loss and consequently a delay in appropriate intervention.

The presence of this high proportion of associated disorders is generally because the risk factors
for hearing loss coincide in many cases with the risk factors for other disabilities such as genetics
syndromes, prematurity, meningitis or congenital infections [6]. In recent years, this has been
described in studies as hearing loss or deafness plus [7,8].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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According to the study by Nufiez-Batalla et al. [7], in this group of people with deafness plus,
20% will have more than 2 associated disabilities, which will hinder adequate progress in language
development, due to the repercussions that these associated disorders may have.

Among the associated disorders that have the greatest impact on the language development of
children with hearing loss or deafness include autism spectrum disorder, cerebral palsy, and global
developmental delay. In addition to these, other important associated disorders include vision
disorders, syndromes without developmental delay, and other medical and health problems [7].

Unfortunately, this group of children with hearing loss or deafness plus (HL/D+) may have a
delay in hearing screening, even when their medical needs are well addressed. In general, it has been
found that children with hearing impairment without associated pathologies are screened 25 days
earlier than those with HL/D+ and are therefore diagnosed earlier [8,9].

For many years, these children were not considered suitable candidates for cochlear
implantation, as outcomes were uncertain and pre- and post-implant management was difficult
[10,11]. Despite this, cochlear implantation in such children has been shown to result in
improvements in auditory perception and speech production, along with improved quality of life
[5,12].

In 2013, Ching et al.[13] found that the HL/D+ group achieves worse levels of language
development when compared to their peers with typical hearing of the same age and maybe 1 to 2
standard deviations behind them.

Studies show that differences in the cognitive abilities of these children will show a wide
variability in outcomes, with better language development outcomes being associated with better
levels of cognitive development, but also possibly associated with non-verbal skills, the degree of less
profound hearing loss, the use of oral communication in early intervention, a higher level of
education of the mother and early fitting of either hearing aids or cochlear implants [14]. This
variability in outcomes means that many studies of both auditory speech perception and language
development outcomes in cochlear implanted children prefer not to consider those with other
associated disabilities [10,11,15,16]. Currently, there is still little literature on the outcomes of cochlear
implantation in this population, which makes more studies on the subject necessary [17].

The diagnosis of a HL/D+ can generate greater stress in families which will interfere with the
acceptance of the situation and decision-making, for this reason, it is very important that the
professionals involved guide the family and give adequate emotional support to promote the optimal
development of the child’s minor [7,8].

One of the important processes that begin after cochlear implant activation is auditory speech
perception, which is very important for language development and is the focus of this study.

Auditory speech perception can be assessed with different tests, some of which are very simple
to apply, such as the Ling test [18]. Despite its simplicity, its validity has been proven [19,20]. In Chile,
where we carried out this study, the tests for the word perception through suprasegments [21],
vowels [22] and consonants [23], the open-format sentence list [24], among others, are also used. The
results of these tests are usually summarized in a number that corresponds to the category of speech
perception and reflects the skills that the person using hearing aids or cochlear implants has
developed.

The Categories of Speech Perception (CAP), developed by Archbold et al. [25], is a scale that
serves to quantify the auditory receptive abilities of hearing-impaired people. The validity, reliability
and trustworthiness have been well documented in different studies [5,26].

It is very easy to use and understand by non-specialist professionals and parents. It allows
monitoring of progress over time. Table 1 shows the 8 levels of the scale.

Table 1. Category of Audit Performance.

0  No awareness of environmental sounds

1  Awareness of environmental sounds

2 Response to speech sounds
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Identification of environmental sounds

Discrimination of some speech sounds without lip-reading

Comprehension of common sentences without lip reading

Conversation comprehension without lip-reading

NN |G| W

Use of the telephone with a known speaker

Archbold et al., 1995

The aim of this study was to investigate the progress in auditory speech perception in a group
of cochlear implanted children with other concomitant pathology, implanted in a public hospital in
the south of Chile.

The study has a longitudinal approach, as we compared the scores obtained before IC surgery
and 12 months after activation.

2. Materials and Methods

Participants:

All paediatric patients implanted at the Dr. Guillermo Grant Benavente Regional Clinical
Hospital of Concepcion from the start of its cochlear implant programme in August 2013 until
December 2019 were considered. During that period, 64 children between 1 year 6 months and 16
years 11 months received a cochlear implant through public funds.

Parents, caregivers or legal guardians were informed about the study and asked to sign an
informed consent form during their regular cochlear implant check-ups. In addition, those older than
12 years had to sign an informed consent form. Of the initial target group, 57 gave their consent for
data collection from their medical records.

The inclusion criteria for this study were:

(a) Diagnosis of severe or profound bilateral sensorineural hearing loss.

(b) Presence of an associated pathology.

(c) Who received a cochlear implant through a public programme.

(d) Have an auditory speech perception assessment pre cochlear implant and 12 months after
implant.

(e) Consistent use of the sound processor.

The final group consisted of 18 children who met these criteria. The associated pathologies
present in the group were autism spectrum disorder (ASD), cerebral palsy, global developmental
delay, Usher Syndrome and Waardenburg Syndrome. All of them were unilaterally implanted.

Speech perception ability was measured with the speech perception categories (Archbold et al.,
1995).

For statistical analyses, the Jamovi program was used.

3. Results

The results of the 18 children in the study group are presented below. Figure 1 shows the gender
distribution of the group studied.

Figure 1. F: Female M: Male.
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The mean age at detection was 1.6 years, but the median is 0.9 years, suggesting a possible
skewness of the data. Only in two cases is the age at detection (E_detec) missing, which is considered
a low loss rate overall, in the other data we have the information for all 18 children.

The minimum age of activation (E_Act) was 2 years, and the maximum age was 16.1 years. The
median age of activation was 3.10 years.

The median of the preimplant CAP (CAP_Preimp) was 0, meaning that there was no detection
of the presence of sounds and at 12 months post implant (CAPPost), the median is 2. The maximum
improvement between both periods was two categories, although the median is 1 (Dif_Pre-Post), so
it can be said that there is an evident improvement. Table 2 summarizes these descriptive data and
sample distribution.

Table 2.

E_DETEC E_Act CAP_Preimp CAPPost Diff Pre-Post

N 16 18 18 18 18
Lost 2 0 0 0 0
Average 1.61 4.67 0.722 1.89 1.17
Median 0.950 3.10 0.00 2.00 1.00
Standard deviation 153 3.83 1.07 113 0.707
Minimum 0.110 2.00 0 0 0
Maximum 5.00 16.1 3 5 2
Shapiro-Wilk W 0.782 0.721 0.706 0.877 0.807
Shapiro-Wilk p-value 0.002 <.001 <.001 0.024 0.002

The standard deviations indicate a high dispersion for the age of detection and implant
activation, these variables have a very wide range of values.

To assess the distribution of the sample we use the nonparametric Shapiro-Wilk test, for small
samples. It shows that the variables do not follow a normal distribution, as their p-values for all
variables are <0.05.

Figure 2 compares the acoustic speech perception results measured with the CAP. There is a
clear trend towards improvement observed. Although there are two cases that after 12 months remain
at the same level of auditory speech perception.

Speech Perception HHD+
5
4 /
3 3
5 /

.

CAP_PRE CAP_12_POST

Figure 2. Pre-Post IC Speech Perception.

According to the age of activation, it can be seen in graph 3 how quickly activated children
progress at an early age, up to around 4 years old, so that the effectiveness of the Cl is associated with
the age of activation. After that age, progress occurs more slowly. Specifically, between the ages of 4
and 8 years, where a decrease in the difference of the CAP pre and post CI is observed, indicating a
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non-linear relationship and therefore the improvement in this group is not so evident, but after 8
years of age the relationship is positive again, with a greater and consistent effectiveness.

The smoothed curve shows the general trend in the relationship between activation age and the
difference between pre-post CAP. The blue shaded area indicates the confidence interval around the
curve. At younger ages the confidence interval is narrower, indicating greater certainty in the
estimates within this range. At older ages the confidence interval is wider, showing greater
uncertainty in the estimates.

Dif_Pre-Post

E_Act

Figure 3. Progress According to Activation Age.

The results show that the clear relationship between activation age and improvement in auditory
speech perception is complex and non-linear. The data suggests that the impact of activation age on
improvement may depend on the specific age range. This explains why there might be inflection
points at which the activation age has a more pronounced effect on the observed improvements.

Table 3 below shows the t-test performed to complement the results presented in the previous
tables and graphs. This table shows that children with D+ have a p-value <.001, which assures us that
the difference found is not due to chance. There is a statistically significant difference in the
perception of the studied group, confirming that the auditory perception of speech increased
significantly after the CI.

Table 3. Discussion.

Prueba T para Muestras Apareadas

Estadistico P Diferencia de medias  EE de la diferencia Tamafio del Efecto

P_Preimp  P_Post W de Wilcoxon 0.00* <001 -150 0.167 Correlacion biseriada de rangos -1.00

Nota. H, K Medida 1 - Medida 2 # 0

* 3 par(es) de valores estaban repetidos

Auditory speech perception is the recognition, awareness, and interpretation of sounds in the
brain [27]. This perception is the basis for the development of normal communication [28], playing
an important role in language development [29]. For children with deafness, the cochlear implant is
a tool to enable them to access auditory speech perception, although the age of implantation has been
found to be a determining factor for a good prognosis [30-32].

Children with D+ face greater barriers in this regard [33,34] and as mentioned above, were long
excluded from both CI candidacy and subsequently from studies reporting CI results to improve the
homogeneity of samples [17]. For this reason, there are few studies in this regard to help families and
the professionals working with them.
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In general, studies of CI effectiveness in children with D+ have traditionally focused on
measuring speech perception, speech intelligibility, and language development, as well as
questionnaires and structured interviews for parents. Among the studies that can be found, there are
some that include a wide range of additional conditions, while others focus exclusively on a particular
disability [4,17,35]. In our case, we will focus on auditory speech perception.

In the study group, the mean age of detection was 1.6 years, which is considered an early age.
Although the range of the activation age (and therefore of implantation) is quite wide, ranging from
2.0 years to 16.1 years, the majority were able to receive the implant at a relatively early age. The
median of 3.10 years exceeds by a couple of months what is usually considered an early and timely
age, which is mentioned in some studies as being up to 3.0 years [36,37], but considering that there
are studies indicating that children with D+ may delay their diagnosis and implementation compared
to those who are only deaf [8,9], we consider the median to be early.

In our sample, the comorbidities we found were autism spectrum disorder (ASD), pervasive
developmental delay, cerebral palsy, Waardenburg syndrome and Usher syndrome. For each of these
pathologies, we found mixed evidence regarding progress in auditory speech perception, with some
reporting results similar to those of deaf children with CI without another pathology [8,38] and others
reporting slower progress [39]. The review by Cejas et al.[4] brings together studies in this regard, of
which, regardless of comorbidity and degree of impairment, the summary is that all have advances
in auditory speech perception, although not at the same speed.

In our study we found a clear improvement in speech perception in most of the children, only
two of them remained in the same category of perception at 12 months after activation, in all the
others the improvement was between one and two categories. The majority of our group started from
a CAP 0 before cochlear implantation, that is, they had no sound awareness. At 12 months after
activation we found that the highest categories achieved by most of the group were in response to
speech sounds (category 2) and identification of environmental sounds (category 3). Only one
reached sentence comprehension without lip-reading (category 5), but his starting point was in
category 3, so the improvement within the first year of use was within the same range of
improvement as the others. Rafferty et al. [40] found in their study that at 12 months after the CI there
were children who reached a maximum category 3, a similar progress to what we found, who
improved between 2 and 3 categories during the first year.

We also found that those who were implanted up to around 4 years of age made greater and
faster progress than those implanted later. This is consistent with the findings of Jatana et al. [41].

It is important to encourage families to use the processor consistently and to clarify the
expectations that can be expected from using the CI. While many parents may expect their children
to develop spoken language similar to other children in their environment, associated disabilities
may interfere with the developmental outcomes of auditory perception and therefore language, and
so ideally other ways to measure the results , such as improvements in quality of life, social
interaction and adaptive skills, should be sought that are not reflected in standard measures of
progress [17].

4. Conclusions

In conclusion, we can say that there is a clear benefit of cochlear implantation in children with
D+, although in some cases this benefit, at least in terms of auditory perception, is more limited, but
it allows them access to the world of sound and, although they do not achieve oral language
development, parents often mention that they notice changes in the way they relate to their
environment, which is already an improvement in their quality of life.
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