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Abstract

Objective—To assess the outcome of cochlear implantation in children with Autism Spectrum
Disorder

Study Design—Retrospective case review and survey
Setting—Tertiary referral center

Patients—Children who meet criteria for cochlear implantation and diagnosis of Autism
Spectrum Disorder

Main Outcome Measures—Receptive and expressive language scores and parental survey
data.

Results—15 patients with history of ASD and cochlear implantation were analyzed and
compared to 15 patients who received cochlear implant and have no other disability. Post-
operatively, more than 67% of children with ASD significantly improved their speech perception
skills and 60% significantly improved their speech expression skills while all patients in the
control group showed significant improvement in both aspects. The top three reported
improvements after cochlear implantation were name recognition, response to verbal requests, and
enjoyment of music. Of all behavioral aspects, the use of eye contact was the least improved.
Survey results in regards to improvements in patient interaction were more subtle when compared
to those related to sound and speech perception. The most improved aspects in the ASD patients’
lives after cochlear implantation appeared to be attending to other people’s requests and
conforming to family routines. Of note, awareness of the child’s environment is the most highly
ranked improvement attributed to the cochlear implant.

Conclusions—Cochlear implants are effective and beneficial for hearing impaired members of
the ASD population even though development of language may lag behind that of implanted
children with no additional disabilities. Significant speech perception and overall behavior
improvement are noted.

All correspondence should be directed to: Adrien A. Eshraghi M.D., University of Miami Ear Institute, Clinical Research Building,
1120 N.W. 14 St., Fifth Floor, Miami, FL 33136, Phone: 305-243-1413, AEshraghi@med.miami.edu.
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Introduction

Methods

Patients

Despite evidence that cochlear implants are beneficial in the pediatric population,1=3 a great
deal of variability in performance continues to be reported. One reason for the variability in
outcomes is the presence of co-morbid diagnoses such as Autism Spectrum Disorder (ASD),
and little is known regarding the benefit of implantation in these children. ASD is
characterized by deficits in social communication and interaction along with restricted,
repetitive patterns of behavior, interests, or activities.

The prevalence of ASD in children has increased considerably over the past few decades
from 2-5 in 10,000 (between 1960 and 1980)* to 1 in 150 (2002) to 1 in 125 (2004) to 1 in
110 (2006) and finally 1 in 88 (2008), according to the most recent Centers for Disease
Control (CDC) estimate provided by the Autism and Developmental Disabilities Monitoring
(ADDM) Network®. However, some argue that the recent increase is not directly due to an
increased prevalence of the disorder, but is due to an increased awareness of the disorder
and broadening of its diagnostic criteria®. Children who receive intervention by 2-3 years of
age generally have more positive outcomes, specifically in terms of language development
and school placement’. Parents often report autism symptom recognition by the time their
child is 18 months8-°. However, in many cases, children develop appropriately until 18-24
months and then regress, thus children may not be given a clinical diagnosis of autism until
after they reach age 3°. Prevalence estimates of hearing impairment in those with ASD vary
and are currently a subject of debate. There is currently no conclusive evidence that hearing
impairment occurs more frequently in the ASD population than in the general population?.
However, the difficulties with communication and language as well as central auditory
processing issues that are inherent characteristics of ASD present a unique clinical challenge
for evaluation of this population with regards to Cl candidacy as well as for assessment of
outcomes. Hearing problems may be missed because of diagnostic overshadowing; that is,
behaviors resulting from hearing problems may be considered part of the symptoms of
autism, such as lack of attention, speech problems, lack of eye contact or shading of the
eyes, and clumsiness. To date, few studies have evaluated the benefits of cochlear
implantation in children with ASD11-17. The current study will add to this small body of
literature by assessing receptive and expressive language skills in children with ASD post-
implantation and surveying the parents in regard to the benefits of implantation.

This is a retrospective review comparing both pre- and post-implantation speech perception
and expression scores in children with ASD and Cls to those of typically developing
children with Cls. All ASD patients in the current study were diagnosed under the DSM-IV
criteria, and are reported as such. A survey, which asked about the effect of Cl on behaviors
closely associated to ASD as well as overall device satisfaction, was also administered to
parents of children in the ASD group.

The ASD group consisted of 15 children who were implanted at the THIS UNIVERSITY
between the years of 1992 and 2011. Eleven patients were diagnosed with autistic disorder
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and 4 were diagnosed with PDD-NOS. Nine of these children were diagnosed post-
implantation. The ASD group was compared with a control group of 15 ClI patients with no
additional disabilities who were similar by age at first implantation and years of implant
usage. This study was approved by the University of BLANK IRB. All children were
implanted with no complications and appropriate CI function was verified.

Speech perception and speech expression evaluation

All of the children in both ASD and control groups participated in a standard CI evaluation.
Pediatric Cl candidacy is determined based on the following criteria: 1) age 12 months to 17
years; 2) profound sensorineural hearing loss (unaided pure tone average thresholds of = 90
dB HL); 3) minimal benefit from hearing aids, defined as less than 30% on single-syllable
word tests; 4) no evidence of central auditory lesions, lack of auditory nerve, or Michel
deformity; and 5) no contraindications to surgery. Specific methods of audiologic
assessment are chosen which are developmentally appropriate for age, language level, and
auditory ability. Furthermore, an auditory brainstem response (ABR) test is performed as an
objective measure of auditory functionl8. For the children in this study, pure tone
audiometry was performed in both aided and non-aided conditions and speech
discrimination was evaluated in quiet using standardized methods such as the Early Speech
Perception (ESP) test, Multisyllabic Lexical Neighborhood Test (MLNT), or the
Phonetically Balanced Kindergarten (PBK) test. For the purpose of this study, a categorical
scoring approach of functional speech perception skills and expression vocabulary skills was
used (Table 1a and 1b). This approach provides us a practical estimate of the subjects’
communication abilities. The scoring was done at the most recent post-implant visit and is
done based on CI evaluation and agreement between 3 audiologists and 1 speech pathologist
familiar with the patients at our institution.

Parental survey

A parental survey consisting of 39 questions evaluating subjective impression of CI benefits
was also administered to parents of children in the ASD group by telephone interview. To be
consistent with the small body of literature available, we utilized an identical survey which
was described by Donaldson et all®. The questionnaire focuses on three core characteristics
of ASD: 1) communication skills, 2) behavior, and 3) interaction with others.

Statistical analysis

Sign tests were used to evaluate whether the ordinal outcome had improved in a significant
amount of pairs in each of the groups after implantation. Furthermore, Fisher’s exact tests
were used to test whether the proportions of significant improvement (defined as an
improvement of at least 2 scores in the outcome) is different between control and ASD. All
statistical analyses were performed using SAS (v.9.2, SAS institute, Cary, NC) and a type |
error rate of 0.05 was used for hypothesis testing.
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Results

Average age at implantation in the ASD group was 3 years (Range 18 months to 5.5 years)
and average Cl use was 8.3 years (Table 2). Average age at implantation in the control
group was 3.5 years (Range 1.5 — 15 years) and average Cl use was 8.2 years (Table 3).

Speech perception data

Table 4 summarizes the speech perception data for both the control and ASD groups.
Fourteen out of 15 patients in the ASD group had pre-operative records that enabled
assessment of their pre-implant speech perception ability. Pre-operatively, none of the
patients in either the control group or the ASD group attained a speech perception category
above 2. In the control group 93.3% (14 out of 15) children were in the lowest categories (0-
1) and in the ASD group, 85.7% (12 out of 14) of the children were in the lowest categories
(0-1). Post-operatively, 93.3% (14 out of 15) of the children in the control group improved
to a speech perception category 4 and the remaining child improved to category 3. Most
children with ASD also significantly improved their speech perception skills. Specifically,
67% (10 out of 15) attained a speech perception category of 3 or 4 while 33% (4 out of 15)
were rated category 1, and none of the ASD patients remained in category 0. Results from
sign test revealed that the improvement within both control (p<0.0001) and ASD (p=0.0001)
was significant after implantation (Table 5).

Speech expression data

Table 6 summarizes the results of the expressive vocabulary data. Fourteen out of 15
patients in the ASD group had pre-operative records which assessed their speech abilities,
with 93% (13 out of 14) of the children in the lowest categories (0-1), However, one child in
the ASD group was able to communicate using words, likely to due to appropriate
amplification use prior to complete deterioration of hearing. Pre-operatively, 93.3% (14 of
15) of the children in the control group were in the lowest speech expression categories (0 or
1) with the remaining child in category 2. Post-operatively, 93.3% (14 of 15) of the children
in the control group improved to speech expression category 4 and the remaining child
improved to category 3. Children in the ASD group also improved their expressive
vocabulary, as 60% (9 out of 15) improved to a category of 3 or 4, indicating that they were
able to communicate using simple phrases and some sentences. Further, 33% (5 out of 15)
remained in category 1 and none of the patients remained in category 0. Results from sign
test revealed that the improvement within both control (p<0.0001) and ASD (p=0.0010) was
significant after implantation (Table 5).

Control vs ASD in outcomes

In addition to the observation of the improvements in speech perception and expression
within each of the groups, comparisons using Fisher’s exact test was performed to test
whether the proportions of significant improvements were different between the two groups
for each outcome. A significant improvement was defined as an increase of at least 2 scores
after the implantation. Results showed that more significant improvement is observed in the
control group than in ASD group in both speech perception (100% vs 66.7%, p=0.0421) and
speech expression (100% vs 60%, p=0.0169) (Table 7).
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Parental Survey

All 15 parents of children in the ASD group were contacted to complete the survey, with 13
families agreeing to participate. The results with regard to behavior and communication are
illustrated in table 8. The top three reported improvements after Cl were name recognition,
response to verbal requests, and enjoyment of music. Of all behavioral aspects, the use of
eye contact was the least improved. Table 9 displays survey results with regard to interaction
before and after cochlear implantation. The most improved aspects after Cl were attending
to other people’s requests and conforming to family routines.

Parental ranking of behaviors most affected by the implant is summarized in table 10.
Awareness of the child’s environment is the most highly ranked improvement attributed to
the CI. In addition, high rankings were obtained for improvements in communication and
educational potential. Overall, social interaction and improvement in the emotional needs of
the child were the least improved post-implantation. Finally, 12 out of 13 surveyed parents
responded that the child’s overall success level with implant was better than they expected.
All of them reported that they would recommend the CI to another family in a similar
situation.

Discussion

Consistent with prior research, improvements in speech perception and expressive
vocabulary was demonstrated. Children with bilateral implants in the current study
improved the most and obtained a category score of 4 with regards to speech perception.
This is consistent with outcome studies on bilateral implants showing an improvement in
localization of sound and speech perception in a noise. However, given that these children
were implanted sequentially, it could be that the ones who were performing particularly well
with their first implant were more likely to go ahead with the second. Similar to the
Donaldson study, the top improvements reported by parents in the current study were name
recognition, response to verbal requests, and reaction to music. Parents in the Donaldson
study indicated that communication was the most impacted by the implant, while the top
ranked improvement in the current study was awareness of the environment!®. In addition,
improvement in education ability was the third highest ranked improvement in our study,
which only played a minor role in the Donaldson study. Survey results from the Donaldson
study indicated that 5 of 7 families would recommend Cls to another family in the same
situation. In our study, all of the families would recommend Cls. The prevalence of ASD
among the CI population at their center was reported to be 1.7% and the average age at
diagnosis was 4.7 years, which is later than 3.4 years for children without hearing loss. The
prevalence in our center is 2.6%.

Cruz et al. reported that oral language scores were lower for children with ASD than for
typically developing children after 3 years of follow-upL. Our study confirmed these
findings. However, 9 of 15 children in our ASD group are in category 3 or 4 for expressive
language following implantation meaning that they can express their basic needs and carry
on basic conversation. Five out of the 15 children in our ASD group were placed in category
1 for expressive vocabulary, indicating that they did not develop speech. Interestingly, 4 of 5
of these had additional disabilities. Furthermore, this is not surprising considering estimates

Otol Neurotol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eshraghi et al.

Page 6

that 50% of children with ASD do not acquire speech as a primary mode of
communication20,

In contrast to the conclusions of Donaldson et al., we found that implantation did have some
positive effect on the features most closely associated with ASD19. However, this effect is
not large enough to change the child’s diagnosis. These results imply that Cls can be
beneficial in children with ASD even though they may not exhibit immediate gains in
language and communication skills like their typically developing implanted peers, as
shown in our control group. An additional factor that we must keep in mind when evaluating
outcomes is that ASD is a spectrum that varies widely so that, all things being equal, one
child with autistic disorder may not possess the ability to develop language and
communication to the same extent as another. Therefore, the appropriateness of implantation
should be evaluated by a multidisciplinary team on a case-by-case basis. Further, an
interesting observation of positive outcomes of implantation in ASD is found in witnessing
the bond that the child forms with the device. Our CI audiologists who work closely with
these kids say that the children with device failure are unhappy and behavior is better with
the implant. This is in contrast to the finding of Cruz et al. which stated that children with
ASD had higher rates of externalizing behavior problems following implantationl!. The
findings of these authors may have been due to the fact that the children in their study were
too young to exhibit any behavior problems at all prior to the time of implantation and that
the development of behavior problems was a function of their developmental disorder rather
than a function of the cochlear implant.

Limitations of the current study include difficulty in composing a control group that is
exactly matching on all criteria with our ASD group. There is also the possibility for
parental bias in the survey responses. While useful, the insight provided by grouping the
outcomes of implanted individuals with ASD and comparing them to a group of neuro-
typically developing peers with Cls is limited. This is because one child with ASD can be
very different from another, thus outcomes can be expected to vary within the group. It
should be noted that we also did not separately analyze the effect of bilateral implantation.
The majority of the participants (10 out of 15) in the ASD group were not diagnosed with
autism until months to years after cochlear implantation. The average time between
implantation and diagnosis of autism was 19 months. This is a significant amount of time
that needs to be shortened, as we know that the prognosis of ASD is linked to early
intervention. Thus, this emphasizes the need for the development of gold standards for
evaluation of autism in children with hearing loss. Evaluation for dual diagnosis should be
prompted if, after implantation, the child is not developing language appropriately, is
displaying self-stimulating or hyperactive behaviors, is not making eye contact or not
pointing, and has symptoms of sensory processing disorders. Once diagnosed, children with
autism using cochlear implants can start appropriate management and intervention for both
disorders.

Our post-op management includes weekly 1 hour AVT sessions incorporating other means
of communication used with the child. The initial stimulation takes place 3 weeks following
implantation surgery. Subsequent follow-up occurs at 1 week following initial stimulation,
then 2 weeks later, then 1 month later, then every 3 months after that. Electrical stapedial
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reflex thresholds (ESRT), neural response telemetry (NRT), neural response imaging (NRI),
and automated response telemetry (ART) may be used for programming when a behavioral
response is not obtainable. However, programming should proceed conservatively since
children with ASD may be prone to hyperacusis?t. We did not find this to be a particularly
troublesome issue with our patients. There was only one ASD subject (patient # 11) for
which the level of stimulation had to be limited due to discomfort in order to facilitate
acceptance of the new equipment.

Parent involvement is capital for the success of these children with ASD. Patient #12
illustrates that well. While initially the hearing deficit masked a diagnosis of underlying
autism, this patient was implanted at 3 years of age, expression scores did not improve over
the following 6 years. Once autism was diagnosed, special instructional courses were
pursued by the parents. The child exhibited marked learning improvement with the implant
and was even implanted bilaterally at age 12. Today, this patient is high functioning and
attending college with a major in chemistry. Having the full support of the parents in the
whole process includes also being able to address their concerns with regard to vaccination
before CI. The risk of meningitis is known to be higher in those with hearing impairment, as
well as those undergoing CI surgery?2-25, For this reason, the CDC has published guidelines
for pneumococcal vaccination for CI recipients and this is now the standard of care, as it
should be. However, this issue must be addressed using special care when dealing with
parents of children with ASD. Many parents of children with ASD report significant side
effects from previous vaccinations that their child has received, with some cases reporting
severe developmental regression?6:27. This fact was also shared by many parents during our
survey. The fear of regression caused many parents of children with ASD to alter their
vaccination practices?8. According to Bazzano et al., half of parents of children with ASD
discontinued or changed their vaccination practices for this reason?®. While there is an
obvious genetic component in cases of ASD, recent findings are in favor of interaction with
some yet unknown specific environmental factors that may trigger the regressive form of
autism in many cases and may explain the increase in prevalence in recent years30. Recent
findings have also shown that the many children with ASD display some form of immune
dysregulation and neuro-inflammation31-32,

According to these studies, most of the individuals with Autism have high levels of
oxidative stress33, low glutathione levels which impair the ability to detoxify heavy
metals34, impaired methylation3®, gastrointestinal distress and mitochondrial
dysfunction38:37. All these conditions do interplay and exacerbate one another’s ill
functioning and many of these conditions may be negatively affected by further immune
stimulation such as vaccination. Chez et al. reviewed immunization in this population and
also discusses the history of autoimmunity as another possible predisposing factor for
autism38. Therefore, we should be sensitive to parental concerns and individual factors such
as regressive form of autism and family history of autoimmunity. However, meningitis after
cochlear implantation remains a concern and we should keep in mind its main risk factors:
abnormal cochlea, history of meningitis, CSF leak during cochleostomy, and previously
used dual component electrode. In the presence of any of these risk factors the family should
be strongly recommended to accept the anti-pneumococcal vaccine.
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Realistic expectations should be discussed with parents prior to implantation and children
with autism using Cls should receive auditory training via auditory verbal therapy (AVT).
However, this should be combined with ABA, an evidenced based treatment for children
with autism that uses positive reinforcement techniques. Easterbrooks et al. presented a case
in which ABA was successfully used to reduce self-stimulating behaviors in a child with Cls
and ASD39. The possibility of other problems must be recognized, such as sensory hyper or
hyposensitivity or central processing disorder. Sensory integration therapy may also be
employed as necessary.

Counseling should specifically focus on discussing with the family factors associated with a
favorable prognosis, such as less severe form of ASD (previously Asperger syndrome or
PPD-NQS), no comorbid mental retardation or neurological problems, early implantation,
and the importance of family support. Parents should be aware that the implant may not
substantially affect behaviors inherent to ASD and will not likely change their child’s
diagnosis. Furthermore, given that children are being implanted at younger ages, the
possibility of underlying developmental disorders becoming apparent following
implantation and the effect that those disorders may have on outcomes should be discussed
with families.

Conclusions

This new data suggests that Cls improve expressive and receptive language for hearing
impaired children with ASD. Furthermore, children with ASD and Cls have a bond with
their device and benefit from it even if they do not develop language to the same extent as
children with no additional disability. Overall, families are satisfied with the outcomes post-
implantation. However, they should be counseled adequately on realistic expectations. If an
implanted child does not develop language appropriately, an evaluation for comorbidities,
such as ASD, should be recommended.
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Table 1
a: Speech Perception Categories
Category  Perception Criteria
0 No awareness of environment
1 Awareness, detection or localization of sound
2 Identification/recognition of words
3 Identification/recognition of simple phrases (2 words) and commands
4 Understands conversations
b: Speech Expression Categories
Category  Expression Criteria
0 No vocalization
1 Some vocalization (consonants, vowels, nasal sounds)
2 Words only
3 Simple Phrases and Commands (Where is X, lets go, etc)
4 Able to produce sentences
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Table 4

Speech Perception Scores. Refer to table 1 for score key.

Speech Perception Pre-Implant  Speech Perception Post-Implant

Patient Control ASD Control ASD
1 0 1 4 1
2 2 0 4 2
3 1 0 4 1
4 1 0 4 1
5 0 1 4 4
6 1 0 4 3
7 1 0 4 4
8 0 4 4
9 1 2 4 4
10 0 0 4 4
11 0 0 4 1
12 1 0 4 4
13 0 2 4 3
14 0 0 3 3
15 0 n/a 4 4
Avg. 0.5 0.4 3.9 29
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Sign test was used to test for the difference between pre-implant and post-implant on perception and
expression score within each group. The perception and expression scores significantly improved after

Table 5

Page 15

implantation in a significant amount of pairs in both the control (p-value<0.0001) and ASD (p-value<0.0001)

groups.

Control ASD

Median Range Median Range

Speech Perception

Pre-Implant 0 0-2 0 0-2

Post Implant 4 3-4 3 1-4
Speech Expression

Pre-Implant 0 0-2 0 0-2

Post Implant 4 3-4 3 1-4
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Table 6

Speech Expression Scores. Refer to table 1 for score key.

Speech Expression Pre-Implant  Speech Expression Post-Implant

Patient Control ASD Control ASD
1 0 1 4 1
2 2 1 4 1
3 0 1 4 1
4 1 0 4 1
5 0 0 4 4
6 1 0 4 3
7 1 0 4 3
8 1 4 3
9 1 0 4 4
10 0 0 4 4
11 0 0 4 1
12 1 1 4 4
13 0 2 4 2
14 0 0 3 3
15 0 n/a 4 4
Avg. 0.5 0.5 3.9 2.6
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