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INTRODUCTION
• In early clinical trials, children with disabilities in addition to
deafness were excluded from receiving cochlear implants.
• Today, the safety, efficacy, and outcomes of CIs in children
without additional disabilities is well documented and known.
This opened the door for children with additional disabilities to
be considered candidates for this technology.
• Many of the causes of hearing loss also produce cognitive
delays. It is estimated that 20-40% of deaf children have an
additional disability that is educationally significant.
• The number of children with additional delays who receive
cochlear implants is rising…

University of Michigan Pediatric
Population
• Approximately 12% of the pediatric patients implanted at
the University of Michigan are multiply involved
• Averaged over the past five years, the percentage of
patients with additional disabilities is approximately 23%

* = see references

Reasons for increases in children with AD
and CI:
• Advances in technology have made it possible for
clinicians to objectively evaluate hearing in this difficult to
test population
– NRT, NRI, and ART help verify electric stimulability and assist
with programming

• Increased acceptance among professionals regarding
implantation of this group of patients, resulting in an
increase in referrals
• Increased comfort level among clinicians as they gain
experience working with CIs

Audiological management of children with
additional disabilities (AD) and CI
• Can be challenging… children with AD are frequently
unable to participate in standardized test protocols prior
to and after receiving a cochlear implant.
• Important to develop creative means for programming
processors and for evaluating benefit from amplification
or from a CI
• One may need to resort to the use of parental
questionnaires to evaluate non-standardized responses
to sound, such as changes in behavior, production skills,
reaction to sounds, eye contact, play with other children,
family and social interactions, quality of life, and parental
satisfaction.

Overview
• Review of audiological practices used in our clinic for
audiological evaluation of children with additional
disabilities who receive a CI
• Highlight challenges we have faced
• Provide some helpful hints for audiological testing
• Goal: to provide an improved understanding of how
teams can best serve this challenging population

Factors to consider…
• Factors that impact success for children without additional
disabilities are relevant for children with AD.
– Duration of deafness, age of onset
– Age of implantation (often delayed as families address
the other issues or children are referred late)
– Amount of residual hearing
– Anatomy of the inner ear
– Recipients drive to communicate
– Family support
– Educational placement and support

Types of Disabilities
•
•
•
•
•
•
•
•
•

Autism
Neurological Disorders
Blindness
Cerebral palsy
Cognitive impairment
Prematurity
ADD/ADHD
Syndromes, i.e., Usher, Down’s Goldenhaar
Behavior Disorders* (not included in our 23% estimate)

Determination of Candidacy
• Probably one of the most challenging aspects of CI
management of children with AD.
• Important to counsel ALL families that learning difficulties and
mild neurological deficits can be difficult to diagnose in
children less than 2 years
• When ADs are known, counseling about expected outcomes
and development of realistic expectations is essential.
• Families often possess a sense of hope that many of the
child’s delays are related to the child’s deafness. Parents
need to understand the long term implications of all the child’s
issues and need to be working with professionals to address
them.
• Input from other professionals is valuable for clinicians AND
families to set appropriate expectations of performance

Determination of Candidacy
• In many instances, the deafness has already been confirmed
and pre-operative testing focuses on the following:
– Will the child be able to utilize the information received from a CI?
– Will the CI team and the family be able to provide adequate and
appropriate care that will facilitate success with the CI?
• Programming and maintaining the speech processor
• Support of speech/language services
• Communication/collaboration with other professionals

• Is the parent aware of other issues and have they been
addressed?
• Are there adequate support services in place for the other
disabilities to make the intervention valuable?
• Are the other interventions time sensitive too?

Determination of Candidacy
•
•

•
•

Parent questionnaires are valuable - responses from the child may
be limited or impossible to assess
Evaluate the child’s responsiveness to tactile stimuli (bone
conduction oscillator) to note responsiveness to sound and to
evaluate ability to condition.
Evaluate the child’s responsiveness to visual stimuli to become
familiar with how the child responds.
Referral to a neuropsychologist for evaluation of the child’s cognitive
status: is he/she able to make sense of any kind of stimulus? (it is
often difficult to locate professionals who have experience with
children who are D/HOH)

Denying a CI
• Denying a CI is a difficult task for teams.
• Parents hold out hope that a CI will make a difference for
their child.
• May perform trial with a tactile aid so the parents can
help determine if the child benefits from or responds to
basic sound awareness.
• Determined parents may shop around until they find
someone willing to provide their child with a CI

Audiological Testing
•

Important to have adequate seating for the
child so the clinician can see the child’s face
and view their response to sound and so
the child stays put
– High chair, stroller, specialized seat

Audiological Testing

• Test assistant (2nd audiologist) is valuable for evaluating
behavioral responses as it is important for clinician to be
in close proximity to the child
• Portable VRA for appropriate placement based on the
child’s motor skills, visual skills, and ability to move his/
her head
• May need to modify the test setting (dim the lights) to
make the VRA more visible/interesting for the child

Determination of Candidacy
• Discussing candidacy as a team provides members with
a comprehensive view of all challenges and risks: such
children are often difficult to manage medically, in
addition to being difficult to test audiologically.
• Essential for teams to perform ongoing review of patient
progress and outcomes as this will aid in future decisions
• In children with severe delays, determination of
candidacy often requires input from other professionals

Programming the speech
processor
• Similar procedures as those needed for
• the preoperative evaluation.
• Often requires additional appointments as child may fatigue
easily
• Important for consistent audiologist to maximize recognition of
responses
• Consider utilizing the child’s SLP as a test assist
• Use each session as a tool for training conditioned responses
prior to utilizing objective measures
• Utilize objective measures to verify behavioral responses
• Communicate with the child’s SLP to confirm adequate
mapping levels

Follow up
• An additional disability that is often
overlooked is behavior issues
• Barker et al (2009) found that hearing-impaired children
showed more language, attention, and behavioral
difficulties, and spend less time communicating with their
parents than normally hearing children.
• It may be difficult, or even impossible, to program a
child’s speech processor if he/she has poor attention
skills or if the child will not cooperate with the audiologist
or SLP.

Emotional and Behavioral
Concerns
•
•
•
•

Parents of young children with sensory impairments often
-describe confusion about how to manage their child’s behaviors
-doubt their own judgment for handling new or unexpected behaviors
-have difficulty identifying poor behavior because their child may not pass
through developmental milestones in the typical order or timeline; making
comparisons with other children difficult.
• -may identify undesired behavior but often struggle with ways to manage it
as they may want to protect the child from any additional challenges,
frustrations, or difficult experiences.

Behavior Concerns
• Important for clinicians to consider
• referral to a behavior management specialist when
behavior interferes significantly with participation in
important, specialized treatment.
– Serial non-compliance in audiology or SLP sessions

• Behavior interferes with important daily activities.
– Eating, sleeping, or basic hygiene are daily battles

• Parents express feelings of hopelessness, isolation, or a
sense of being overwhelmed by the child’s behavior.
– Feelings occur daily or nearly daily for more than a few weeks

What will a behavioral psychologist/therapist
do?
•

•
•

A therapist will:
– Listen to concerns and assist with prioritization of the behaviors
that need to be changed
– Assist in setting specific goals for the desired behavior
– Develop plans regarding ways to anticipate and respond to the
behavior(s) to make those targeted behaviors more (or less)
likely.
May attend mapping or S/L therapy sessions to provide on-site
recommendations
May recognize the need for referral to other professionals if the
child’s actions involve more than just behavior

When to refer to a neuropsychologist
• If you are worried about a student – yes – try to arrange
for them to be evaluated by a provider who is familiar
with children who are D/HOH. If not possible, speak
extensively with the school psychologist.

When to refer to a neuropsychologist
• When a child is not making expected progress with language
(spoken or manual) in spite of being adequately aided.
• A child fails to keep up with peers at school, with a critical eye
to monitoring literacy skill building.
• Social skills are not developing appropriately or the child
appears “odd” interpersonally or has an unusual appearance
• Testing through the school does not seem to match observed
functional skills (e.g. either tested as more skilled than
appears true or tested too low).
• Attention, memory or executive function difficulties are
evident, particularly if there is another medical problem or
prior medical problem.

When to refer to a neuropsychologist
•
•
•

The family seems unaware of an issue and would benefit from
understanding strengths and weaknesses in order to advocate for and
support the child.
If a child has a complex genetic condition or associated craniofacial
anomalies your threshold may be reduced for referral as the condition
may have associated issues that will affect learning.
Will any neuropsychologist be a safe bet?
– No – ask questions or encourage the family to ask questions. The provider
should be aware of the pitfalls, familiar with differences between sign and spoken
language and have a plan
– Sometimes an experienced or reasonably knowledgeable provider is not
available ‘in-network’ - consider an appeal to the insurance to work with a
provider who has experience in this domain or plans to consult for help.

•

KEY: Don’t wait until the child is failing or falling so far behind that
catching up is unattainable. Early testing and careful monitoring are
best.

Post-operative evaluation of
performance
• Repeat parental questionnaires administered preoperatively
• Communicate regularly with school personnel to receive
additional input regarding benefit
• Modify the test situation accordingly (administer stimuli
live voice, pre-teaching to ensure the child understands
the task, appropriate seating, test assistant, etc.)
• Don’t assume they can’t do it, continue to try to evaluate
• Communicate with the SLP to determine appropriate
tasks

Eden
• Micro-preemie twin born
• at 24 weeks gestation.
• Birth weight 1lb., 3.5 oz.
•

Diagnosis at birth; RDS, IVH, pneumonia, PDA s/p
repair, ROP, high frequency ventilation, CP, received
course of gentamicin, hyperbilirubinemia

Eden: pre-operative audiological results
•3 months: UNHS Deferred until the end of her NICU stay
(106 days). Did not pass, bilaterally.
•6 and 8 months of age: NR ABR (click/ tone burst).
DPOAEs absent bilaterally.
•9 months of age: Hearing loss confirmed behaviorally
•10 months: fit with hearing aids
•11 months: CI evaluation
•15 months: CI surgery
•Early age at implant: frequently not the case

Eden: Pre-Operative
Beyond the Hearing Loss

• Being followed by the Developmental Clinic due to
moderate risk for developmental disability.
• Family: Attentive, motivated, highly involved with each
aspect of care.
• Educational Services: ST, PT , OT and teacher
consultant for the hearing impaired through MI early
intervention

Audiological follow up
• CI surgery 15 months of age
• Activation
•

BOA: High chair used but Eden still developing head control so constant re-positioning
needed.
• Neural Response Telemetry used in conjunction with BOA

– Subsequent programming
• Continue BOA, begin training VRA and CPA, reduced dependence on NRT
• Delayed response; long baseline needed.
• Positioning portable VRA necessary to avoid physical limitations impacting
responses.
• Important to utilize consistent clinician for familiarity with child’s responses

• 6 months post-implant: CI Soundfield responses 30 dB HL (250-2K Hz.),
responds to all Ling sounds at 25 dB HL. Eden unable to complete formal
audiological testing.

Speech/language progress
•One month post-activation: turning to sound/ beginning to
recognize name; imitates raspberry for car
• Three months: understands common phrases (Where is…?); not
vocalizing much
• Four months: imitating vowels, vocal turntaking

Audiological testing 24 months
•
•
•

•
•

Audiogram: Responses in the appropriate range for cochlear implant
use.
Ling sounds 6/6 = 100%
ESP standard 11/12 = 92%
spondee 9/12 = 75%
monosyllables 10/12 = 83%
GASP words 12/12 = 100%
– Sentences - CNT due to fatigue to task.
WIPI – fatigue to task

Speech/language 24 months post-implant
•Voice Quality:
– Volume soft, but comfortably audible
– No nasality
– Dependent on trunk stability/ breath support

•Articulation:
– Arizona Test of Articulation 3: Standard Score 96
(85-115=normal range)

Speech/language 24 months
post-implant
•Vocabulary:
– Peabody Picture Vocabulary Test 4b: receptive vocabulary standard
score = 85 (85-115=normal range) with an age equivalent of 2 years, 10
months
– Expressive Vocabulary Test 2: expressive vocabulary standard score=
78 (85-115=normal range) with an age equivalent of 2 years

•Language:
– Clinical Evaluation of Language Fundamentals – Preschool
-2
• Receptive Language Index Standard Score =75 (85-115=normal
range)
• Basic Concepts Scaled Score = 7 (7-13 = normal range)

Eden
Anticipated Challenges
• Therapy priorities
• Breath support
• Mapping

Actual Challenges
• Keeping equipment on
• Differences of opinion re:
primary disability (i.e.
needs/placements)
• Breath support
• Prioritizing the numerous
appointments needed

Stories
•
•
•
•

17 year old TBI quadraplegic
16 year old autistic boy implanted at 4
15 year old autistic girl implanted at 16
Multiply involved girl that was turned away by other
centers

Unexpected challenges
• Late referrals due to other issues
• Equipment breakdowns
• Coil and processor retention, particularly with head
movements and interference with wheelchair headrests
• Behavioral changes over time in response to CI (i.e.
autism)
• Safety of clinicians and other patients
• Lack of familiarity with HL by other professionals
• Educators and professionals underestimating potential
and inappropriate classroom placements

Unexpected benefits of intervention with CI
• Provision of CI resulted in access to other hospital
services that improved the overall quality of life
• Reduction in annoying vocal/oral self stimulation
behaviors due to auditory awareness
• Unexpected improvements in oral communication
• Improvements in manual communication
• Dedication and sense of gratitude expressed by parents

Conclusions
• Cochlear implantation in children with additional disabilities is
often appropriate and can be life-changing.
• Provision of sound can provide increased connectivity to the
world and may result in improvements in communication
• Improved hearing may result in improvements in cognitive
function, social and relational skills, quality of life, and may
increase the likelihood of independence
• Success and progress with the cochlear implant is relative to
the patient.
• Progress is measurable for patients with AD but sometimes
requires creativity by the clinician
• Close monitoring and interaction with all specialties is needed
to wholly manage the patient and his/her needs.

Acknowledgements
• Marie Vantubbergen, Ph.D.
• Jacqueline Kaufman, Ph.D.

