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Autism spectrum Introduction: In cases of autism spectrum disorders with severe to profound hearing loss,
disorder; cochlear implant is a therapeutic option.

Autistic disorder; Objective: To identify evidence in the scientific literature that the cochlear implant brings
Cochlear implant; benefits to people with autism spectrum disorders with associated hearing loss.

Cochlear Methods: Systematic review of the literature based on the criteria recommended by PRISMA.
implantations; The population, intervention, comparison, outcomes, study design, PICOS strategy, was used
Systematic review to define the eligibility criteria. The studies that met the inclusion criteria for this second
auditory stage were included in a qualitative synthesis. Each type of study was analyzed according to

the Joanna Briggs Institute’s risk of bias assessment through the critical checklist for cohort
studies, prevalence studies and critical criteria and case reports.

Results: Four hundred and eighty-four articles were found in eight databases and 100 in the
gray literature, mentioning the relationship between cochlear implants in patients with autism
spectrum disorder and hearing loss. Twelve articles were read in full and 7 were selected for
qualitative analysis in this systematic review. All seven articles were analyzed on the critical
evaluation checklist. Four articles had a low risk of bias and three articles had a moderate risk
of bias. In this study, were included 66 patients with autism spectrum disorder and hearing loss
who received cochlear implant.

Conclusion: This systematic review indicates that a cochlear implant can bring benefits to
autism spectrum disorder patients with associated deafness.
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Introduction

There is an increase in the number of patients with autism
spectrum disorders (ASDs) who constitute a group of devel-
opmental disabilities characterized by social interaction and
communication impairments. ASDs also present restricted,
repetitive, and stereotyped patterns of behavior. Symptoms
typically are apparent before age three years." A study
conducted in the United States in 2012 showed that the
prevalence of 14.5 per 1000 (one in 69). The estimated
prevalence was significantly higher among boys (23.4 per
1.000) than among girls (5.2 per 1000).2 There is still no
official data on the prevalence of this health condition in
Brazil. Individuals with autism differ markedly in the number
and severity of symptoms displayed.? Typical signs of autism
include but are not limited to speech and language delay,
regression of developmental milestones at 18-24 months
of age, avoidance of eye contact, tactile defensiveness,
and engagement in repetitive and self-stimulating behav-
iors. Approximately 80% of children with autism have some
degree of cognitive impairment.*

In addition, some people with ASD may have associated
hearing loss. Beers et al.? carried out a systematic review
(SR) and found that the prevalence of hearing loss among
individuals with ASD is controversial. Studies aim to find a
higher incidence of hearing loss among people with ASD than
in the general population.®-® The authors also warned of the
difficulty in generalizing the prevalence found, considering
the studied sample’s limitations. A clear relationship was
not found between the severity of autistic behavior and the
degree of hearing loss.? Gravel et al.? found no evidence
of differences in the peripheral auditory system between
children with ASD and their typically developing peers.

In cases where ASD and hearing impairment co-exists,
diagnosis of one condition often leads to a delay in diag-
nosing the other.?'° The diagnosis of hearing loss may have
obscured recognition of autistic behaviors added up five
years.' It is recommended that children receive a com-
plete audiological assessment when ASD is suspected. That
way, the peripheral hearing loss can be diagnosed early and
managed as part of the child’s habilitation and education
program.>”'% The cochlear implant (Cl) is a therapeutic
option for cases of ASD with associated deafness. Cl is the
treatment of choice for children with severe to profound
sensorineural hearing loss."" This implant is a high-tech elec-
tronic device developed to perform the function of cochlear
hair cells that are damaged or missing, intending to pro-
vide electrical stimulation of the remaining auditory nerve
fibers."?

This SR aims to identify evidence in the scientific litera-
ture that the Cl favors auditory development, language, and
social interaction in people with ASD with associated severe
and/or profound hearing loss.

Methods

This SR’s search strategy followed the criteria recommended
by the Preferred reporting items for systematic reviews and
meta-analyses - PRISMA."® The protocol was registered on
April 27%h, 2020, at the International prospective register

of systematic reviews - PROSPERO (https://www.crd.york.
ac.uk/PROSPERQ/) registration number CRD4202015045.

Search strategy

The search strategy was performed in English, and the
databases used were: PubMed, Cochrane, Lilacs, Livivo,
Medline, Science Direct, Scopus, and Web of Science. The
gray literature was consulted through the Google Scholar
database. There was no restriction on the period or language
of publication.

The keywords of the search strategy to identify articles
published until September 2019 were described and combi-
nation as follows: '‘autism spectrum disorder’’ OR *'autistic
disorder’” OR '‘autism’ OR ‘‘autistic spectrum’’ (AND)
“*cochlear implant’’ OR *‘cochlear implants’’ OR ‘‘cochlear
implantation’” OR f‘cochlear implantations’’. This same
search strategy was used in all databases and gray literature.

After the search, each database’s refer-
ences were exported to the EndNote X9 program
(https://endnote.com), and then these same refer-
ences were exported from EndNote X98 to the Rayyan QCRI
program (https://rayyan.qcri.org/welcome). The purpose
of these two programs was to record all duplicate articles
found in the scientific literature, promoting greater relia-
bility in selecting articles and proceeding to the eligibility
stage.

Eligibility criteria

The population, intervention, comparison, outcomes, study
design(s) (PICOS)"® strategy was used to define the eligibility
criteria. The inclusion criteria was: 1) Population: patients
with ASD and severe and/or profound hearing loss who used
Cl; 2) Intervention: received a Cl at any age and be diag-
nosed with ASD at any age; 3) Comparison: development of
hearing, language, and social interaction skills before and
after Cl surgery in each individual as well as comparing the
development of these skills in patients who have only ASD
and those with other associated disabilities; 4) Outcomes:
evaluation of behavioral changes or communication skills
after using CI13; 5) Study design: prospective clinical cohort,
clinical cases, and case reports.

The exclusion criteria were: (1) Articles with patients not
considered for a cochlear implant, (2) Studies using animals
and in vitro, and (3) Studies with a lack of postoperative
data.

All studies were analyzed for eligibility in the screen-
ing phases based on the inclusion and exclusion criteria. In
the first phase, all the studies were selected based on two
reviewers’ titles and abstracts analysis. There was no dis-
agreement among the reviewers in this phase, ruling out the
need to consult the third reviewer. In the case of summary
abstention, but with a relevant title, the study was included
in the second phase.

In the second phase, the same two reviewers read each
selected article’s full text using the same inclusion and
exclusion criteria, but adding the exclusion justification for
each discarded study. The studies that met the inclusion
criteria in this second step were included in a qualitative
synthesis. Each type of study was analyzed according to the
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Table 1  Selected studies following the inclusion and exclusion criteria established in the SR.

Title Author Location Year of Study design Total N
publication

1 Measuring progress in children Donaldson Michigan—USA 2004 Cohort 7
with autism spectrum disorder et al.” studies
who have cochlear implants

2 Cochlear implant candidacy in Hayman and Philadelphia, 2005 Case reports 3
children with autism Franck?® Pennsylvania—USA

3 Children with cochlear Robertson'" Dublin—Ireland 2013 Case reports 10
implants and
autism—challenges and
outcomes: the experience of
the National Cochlear implant
program, Ireland

4 Cochlear implantation in Eshraghi Miami—USA 2015 Cohort 15
children with autism spectrum et al.?! studies
disorder

5 Receptive speech in early Mikic Belgrade—Serbia 2016 Cohort 14
implanted children later et al.” studies
diagnosed with autism

6 Compliance with cochlear Valero Manchester, UK 2016 Prevalence 22
implantation in children et al.?? studies
subsequently diagnosed with
autism spectrum disorder

7 Cochlear implantation in Lachowska Warsaw—Pol6nia 2018 Prevalence 6
autistic children with profound et al.* studies

sensorineural hearing loss

bias risk of bias assessment of the Joanna Briggs Institute
(JBI).™

Qualitative synthesis

The instruments used for the risk of bias assessment were
the validated JBI critical appraisal checklists for each study
design: cohort studies, studies reporting prevalence data,
and case report. In the JBI critical assessment checklist,
each question must be answered through four options: yes
(Y), no (N), unclear (U), and not applicable (NA). The bias
risk percentage calculation is done by the amount of *Y"’
selected in the checklist. When ‘'NA’’ was selected, the
question was not considered in the calculation, according
to the Joanna Briggs Institute (JBI)."* Up to 49% is consid-
ered a high risk of bias, 50%-70% is moderate, and above
70%, there is a low risk of bias.

In this phase, the same two reviewers applied the bias
risk assessment of the JBI independently. There was no dis-
agreement between them, ruling out the need to consult
the third reviewer.

Results

The first phase of this SR found 484 articles in eight
databases and 100 in the gray literature. After eliminat-
ing 209 duplicate studies, 375 were selected by reviewers
to read titles and abstracts. Of these, 363 articles were
excluded by the established exclusion criteria, and twelve
articles were included in the second stage, which consisted

of reading the full manuscript. Four articles were excluded
in this stage for the following reasons: two articles''®
showed the absence of a subject with ASD +Cl; two'”'® did
not present pre- and postoperative data of the subjects,
present the mother’s perception, and do not show audi-
tory or communication aspects. Seven studies'’""-2* were
selected for qualitative analysis in the present SR (Table 1).
No studies were found by performing a manual search of
the references of the articles. The whole article selection
process is described in Fig. 1, which shows the flow PRISMA
diagram for inclusion.

All seven articles were analyzed according to the JBI'
according to each type of study: JBI Critical Appraisal
Checklist for Cohort Studies (Table 2), JBI Critical Appraisal
Checklist for Studies Reporting Prevalence Data (Table 3),
and JBI Critical Appraisal Checklist for Case Report (Table 4).
Four articles'"2-22 showed a low risk of bias, and three
article'? %324 showed a moderated risk of bias.

In the seven studies selected for qualitative analysis, 67
individuals with ASD and hearing loss were described. Of
these, 66 received Cl (for one subject, Cl was contraindi-
cated). Forty-one subjects (62%) were diagnosed with ASD
after the Cl, 7 (11%) before the Cl, and for 18 subjects
(27%), the authors did not say whether the diagnosis of ASD
was before or after the Cl. Not all subjects had the same
characteristics within the ASD. Two (2) individuals were ASD
without intellectual and linguistic deficits (formerly known
as Asperger syndrome), five (5) with PDD-NOS (Pervasive
Developmental Disorder - Not Otherwise Specified), and
twenty-four (24) with autism. When analyzing the research
subjects’ description with ASD, it was observed that 31 of
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Studles identified in the database: 484 articies

PubMed: 27 articles

Cochrane: 27 arlicles

Hioioe= 20 art!cles Studies identified in the gray literature:

Liivo: 80 articlas Google Scholar. 100 articles
= Mediine: 32 articles ’
® Science Direct: 195
= Scopus. 61
£ Web of Science: 34
o L 1

Duplicate studies removed:
N =209 articles
Remaining studies after duplicate removal:
‘§ N = 375 articles
o
3 . Studies excluded after Reading the abstract:
N =363 articles
Eligible studies:
N =12 artcles
g
’3. Studies excluded after Reading the full text: articles
i Absence of intervention with Cl
" No data pre and post surgery and does not bring
audilory or communication aspects
| Studies included in qualitative synthesis:
g N =07 articles
: I
£
Studies included in quantitative synthesis (meta-
anaalysis):
N =0 articles

Figure 1  Diagram of the identification and selection of articles adapted from PRISMA.
Table 2  JBI critical appraisal checklist for cohort studies.
Donaldson Eshraghi Mikic
etal.” et al.”! etal.22
Were the two groups similar and recruited from the same population? Y Y Y
Were the exposures measured similarly to assign people to both exposed and u Y Y
unexposed groups?
Was the exposure measured in a valid and reliable way? Y Y Y
Were confounding factors identified? N Y Y
Were strategies to deal with confounding factors stated? NA Y U
Were the groups/participants free of the outcome at the start of the study (or U Y Y
at the moment of exposure)?
Were the outcomes measured in a valid and reliable way? Y Y Y
Was the follow-up time reported and sufficient to be long enough for Y Y
outcomes to occur?
Was follow up complete, and if not, were the reasons to loss to follow up Y Y Y
described and explored?
Were strategies to address incomplete follow up utilized? U Y U
Was an appropriate statistical analysis used? u Y Y
Bias risk (%) 50% 100% 81.81%

Y, yes; N, no; U, unclear; NA, not applicable.

them (46.3%) had some other associated disability, and 35
(53.7%) did not present reports of other associated disabili-
ties.

The characteristics of patients with ASD and hearing loss
who received a cochlear implant, without other associated
disabilities, are shown in Table 5. Table 6 presents the results
of patients with ASD and hearing loss who received a Cl and
have other associated disabilities.

Among the 35 patients with ASD and hearing loss with-
out other associated disabilities, 6 (17%) did not establish

any communication form. However, there was an increase in
interaction with family members. Six (17%) did not develop
oral communication - however, advanced sign language
communication or alternative communication (pictures).
Meanwhile, 9 (26%) demonstrated recognition of simple ver-
bal commands and spoke simple sentences; and 14 (40%)
developed language and fluent oral communication.

Among the 31 patients who, in addition to ASD and hear-
ing loss, had other disabilities, 15 (48%) did not develop oral
communication. Those communicated using sign language
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Table 3  JBI critical appraisal checklist for studies reporting prevalence data.
Valero Lachowska
et al.? et al.?
Was the sample frame appropriate to address the target population? Y Y
Were study participants sampled in an appropriate way? Y Y
Was the sample size adequate? u u
Were the study subjects and the setting described in detail? u u
Was the data analysis conducted with sufficient coverage of the identified sample? u u
Were valid methods used for the identification of the condition? Y Y
Was the condition measured in a standard, reliable way for all participants? Y Y
Was there an appropriate statistical analysis? u u
Was the response rate adequate, and if not, was the low response rate managed appropriately? Y Y
Bias risk (%) 55% 55%
Y, yes; U, unclear.
Table 4  JBI critical appraisal checklist for case report.
Hayman and  Robertson''
Franck?®
Were patient’s demographic characteristics clearly described? Y Y
Was the patient’s history clearly described and presented as a timeline? Y Y
Was the current clinical condition of the patient on presentation clearly, described? Y Y
Were diagnostic tests or assessment methods and the results clearly, described? Y Y
Was the intervention(s) or treatment procedure(s) clearly described? Y Y
Was the post-intervention clinical condition clearly described? Y Y
Were adverse events (harms) or unanticipated events identified and described? Y Y
Does the case report provide takeaway lessons? Y Y
Bias risk (%) 100% 100%

Y, yes.

or alternative communication by pictures. Twelve patients
(39%) demonstrated recognition of single verbal commands
and vocalized simple words. Furthermore, four patients
(13%) established oral communication in a simplified way
after using Cl.

All seven articles were analyzed according to the Grades
of Recommendation, Assessment, Development, and Evalu-
ation - GRADEpro?>2¢ (Table 7).

As shown in Table 7, of the seven articles analyzed in
this SR, 6 had a cross-sectional study design (cohort type
accuracy study) with a total N of 95 patients and presented
quality of evidence by evaluating the moderate grade sys-
tem. Despite having a cross-sectional study design (cohort
type accuracy study), one of the articles did not evaluate
its seven patients with the same criteria used by the other
authors. However, it presented similar results to the other
studies with the quality of evidence through the GRADE Mod-
erate System’s evaluation.

Discussion

The JBI’s systematic review starts with an evidence-based
health model that focuses on the best information avail-
able and is not exclusively concerned with effectiveness.
The model is adaptable to the diverse origins of health

problems and uses various research methodologies to gen-
erate evidence related to the subject. JBI believes that
healthcare professionals need evidence to support a com-
prehensive range of activities and interventions and, when
making clinical decisions, should consider whether their
approach is feasible, appropriate, meaningful, and effec-
tive. The instruments used to assess bias were critical
assessment checklists validated by the JBI for each study
design: cohort studies and studies reporting prevalence data
and case reports. Four articles''?%-22 showed a low risk of
bias, and three article'®23:2* showed a moderate risk of bias.
This information corroborates the signaling of the satisfac-
tory quality of the studies found.

This SR showed that not all individuals with ASD and
associated hearing loss who underwent cochlear implant
developed oral communication. However, the intervention
demonstrated other benefits such as increasing interaction
with family members, establishing eye contact more fre-
quently, and identifying sounds. The results corroborate
previous studies’ findings that children’s gains were small
compared to the general population receiving Cl; however,
the children showed development progress compared to pre-
and post-surgery assessments.'?

Oral communication is not a realistic meta-test in chil-
dren with ASD and cochlear implants. Nonetheless, the
children gained a range of varying functional benefits
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that traditional methods evaluating the results of cochlear
implants in children with autism are generally insufficient
to fully assess.?* Therefore, future studies evaluating the
impact of Cl among ASD children need to expand the success
criteria assessing the individual’s full development abili-
ties instead of narrowed criteria focused only on acquiring
oral communication. This new approach will improve CI
intervention recommendations, considering the children’s
well-being and quality of life.

Studies argue that objective documentation of perfor-
mance changes can be difficult or impossible for some
children with ASD. In these cases, the authors argued that
subjective reports from parents and professionals indicat-
ing that the implant had a positive effect on the child and
the family might be the only measure of success that can
be trusted.? In this RS, 21 patients - 31.8% did not estab-
lish any form of traditional communication. However, there
was an increase in interaction with family members, this
condition being more present in cases of ASD and hearing
loss associated with other disabilities. These data exemplify
that social interaction development may go unnoticed in tra-
ditional assessments but be present in the reports of family
members, caregivers, and professionals who monitor these
children’s development. This information reinforces the pos-
sibility that patients with ASD and hearing loss undergoing
cochlear implantation expand other communication skills,
even if they do not develop oral communication.

Forty-one (62%) of the individuals participating in the
selected articles were diagnosed with ASD after the Cl. The
CI’s mean age was 2.9 years for individuals without other
changes and 3.76 years for those with other associated dis-
abilities. It was impossible to determine the mean age for
ASD diagnosis, as most studies did not present this informa-
tion.

There is a worldwide effort to increase the early diag-
nosis of sensorineural hearing loss and Cl intervention at
an increasingly younger age. In Brazil, neonatal hearing
screening coverage shows an increase from 9.3% to 37.2% in
2008-2015. Although there has been a significant increase
in neonatal hearing screening coverage in Brazil in recent
years, the national coverage rate is still low (37.2%) and
much lower than the recommended literature. Also, in
Brazil, thereis interregional inequality in the coverage rates
of neonatal hearing screening. The South and Southeast
regions concentrate as the best rates, while the North,
Northeast, and Midwest regions need more efforts to imple-
ment the neonatal hearing screening programs.?’

The diagnosis of ASD is usually made later, consider-
ing the process of exclusion diagnosis.!" Previous studies
have observed that the average time between implan-
tation and the diagnosis of autism was 19 months for
most participants and approximately two years after the
CI.223 At the present study, 31 individuals (46.3%) had
some other associated disability, such as: cortical blindness,
globally delayed, developmental delay, intellectual disabil-
ity, cerebral palsy, epilepsy, left hemiparesis, visual diffs,
prematurity, encephalopathy, gross motor delay, polymicr-
ogyria, gliosis, developmental delay. Similar findings were
reported previously, indicating that ASD may be part of a
larger picture of multiple disability.’"?%:21:23 The develop-
ment of language and oral communication may not be a
realistic goal for this audience. There is a great chance that

other deficiencies associated with these conditions exist
that can aggravate language and oral communication devel-
opment. Research is needed to search for instruments that
can more sensibly measure the development of people with
ASD and deafness who have received Cl.

Considering the quality of the evidence analyzed by the
GRADE System, the results suggest that the Cl favors the
expressive and receptive language of people with ASD with
severe conditions and/or hearing loss profound, even if they
do not develop language to the same extent as people who
use Cl without ASD. Despite the fact that one of the stud-
ies does not follow the same line of results as the others
selected. Thus, there is a recommendation for Cl patients
with ASD with associated severe and/or profound hearing
loss.

Strengths and limitations

The limitations of this SR were the reduced availability of
articles that met all the inclusion and exclusion criteria
of the research question and the diversity of methodolo-
gies, measures and evaluation criteria used in the articles
found. These facts made it impossible to elaborate the
meta-analysis due to the lack of standardization.

As a strategy to overcome these limitations, a detailed
description of the study subjects was presented, allowing a
qualified discussion of the data with the researched litera-
ture. The lack of uniformity in the subjects’ performance
evaluation tests after the Cl and the diversity in the pre-
sentation of the results made it difficult to understand the
evolution of communication, social interaction in a satis-
factory way and the restricted, repetitive, and stereotyped
behavior patterns.

Conclusion

This SR showed that the Cl can favor auditory development,
language, and social interaction in people with autistic
spectrum disorder with associated severe and/or profound
hearing loss.

As a strategy to overcome the limitations found in the
elaboration of this SR and advance in the area, future studies
should look for ways to assess the qualitative development of
communication in subjects with ASD and hearing loss submit-
ted to Cl. Research protocols must consider the perception
of family members, caregivers and professionals who moni-
tor the development of these children. However, protocols
must be standardized to allow comparison of results in dif-
ferent samples.
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