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Multichannel Cochlear Implantation in Visually Impaired Patients

El-Kashlan, Hussam K.Boerst, AngeliqueTelian, Steven A.

Department of Otolaryngology-Head and Neck Surgery, University of Michigan, Ann Arbor, Michigan, U.S.A

Abstract

Objectives: To evaluate the outcome of cochlear implantation in patients with severe to profound hearing loss and visual
impairment.

Study Design: Retrospective case review.

Setting: Tertiary referral center with a large cochlear implant program.

Patients: Six adults and two children with severe or profound hearing loss and significant visual impairment underwent
multichannel cochlear implantation. Follow-up period ranged from 6 months to 9 years. Case history, etiology of visual
and hearing loss, and benefit from cochlear implant were evaluated.

Interventions: Cochlear implantation and subsequent rehabilitation.

Main Outcome Measures: Speech perception measures were selected based on the patient age and cognitive abilities.
Identical measures were used in each patient before and after implantation.

Results: As a group, patients did well after cochlear implantation. There was significant improvement in speech percep-
tion when compared with the score before implantation

Conclusion: Cochlear implants can play a significant rehabilitative role in patients with severe visual and auditory im-

pairment. Additional skills are required by the implant team for rehabilitation of patients with multiple sensory deficits.

Key Words: Cochlear implants; Blindness; Communication abilities
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Outcomes for Children with Deaf-Blindness with Cochlear Implants: A
Multisite Observational Study

Wiley, SusanMeinzen-Derr, JareenStremel-Thomas, KathleenSchalock, MarkBashinski, Susan M.Ruder, Charlotte

*Division of Developmental and Behavioral Pediatrics, Division of Pediatric Otolaryngology;

tDivision of Biostatistics and Epidemiology, Division of Pediatric Otolaryngology, Cincinnati Children’s Hospital Medical Center, University of
Cincinnati, Cincinnati, Ohio;

#The Teaching Research Institute, Western Oregon University, Monmouth, Oregon;

§Missouri Western State University, St. Joseph, Missouri; and Division of Speech Pathology, Cincinnati Children’s Hospital Medical Center,
University of Cincinnati, Cincinnati, Ohio, U.S.A.

Abstract

Introduction: Children with dual sensory impairments are receiving cochlear implants; however, little is known regard-
ing their language outcomes.

Materials and Methods: Children between the ages of 6 months and 8 years with dual sensory impairment and cochle-
ar implant(s) were recruited from across the United States to participate in an evaluation of language skills using the
Reynell-Zinkin Developmental Scales, a tool validated on children with vision impairment and adapted for children with
hearing loss. Basic demographic information was also collected from care givers.

Results: Ninety-one children completed assessments after implantation. For receptive language abilities, 32% of
children obtained a level of sound detection, 15% obtained the ability to understand simple words, 21% could identify
words, 5% could follow simple directions, and 22% could follow directions related to the functional use of objects. Four
children had no response to sound after cochlear implantation. For expressive language abilities, 49% only had sound
production skills, 9% could jargon, 18% could communicate with some words, 12% could communicate with simple
sentences, and 12% could communicate with complex sentences. Children with lower developmental ages (or quotients)
tended to obtain lower level expressive language skills such as sound production and jargoning. Developmental abilities,
rather than age at implant, were the most robust predictor associated with outcomes.

Discussion: This information can guide cochlear implant centers when discussing outcomes with families in the co-
chlear implant candidacy process. There is great heterogeneity in outcomes and caution should be used in discussing

possible language outcomes for children with dual sensory impairments.

Key Words: Additional disabilities, Deaf-Blind, Pediatric cochlear implants
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Cochlear Implantation in Children with Usher’s Syndrome: A South
Asian Experience

Geetha Nair', Ruchima Dham?, Arpana Sekhar?, Raghunandhan Sampath Kumar?, and Mohan Kameswaran®

Abstract

Usher’s syndrome is an autosomal recessive disorder characterized by dual sensory impairment involving both the ears
and eyes. Cochlear implantation paves a way to restore hearing loss in such individuals but poor vision among these
patients poses additional challenges for the habilitationists. This study aimed to compare the habilitation outcomes and
hearing-related quality of life scores of cochlear implantees having Usher syndrome with age-matched cochlear implan-
tees with no such syndromic association. 27 patients aged 1-6 years with Usher syndrome underwent cochlear Implan-
tation over a period of 10 years from 2006 to 2016 and were included in this study along with an age-matched cohort of
30 implantees with no additional disabilities. Category of Auditory Performance (CAP) and Speech Intelligibility Rating
(SIR) scores were compared at 3, 6, 9 and 12 months respectively. Glasgow Benefit Inventory and Health Utility Index
(HUI 3.0) questionnaires were used to assess the hearing-related quality of life in both groups at 1 year post implanta-
tion. There was significant difference in CAP and SIR scores between children with Usher’s syndrome and the control
group (p<0.05). The overall scores in terms of quality of life as well were statistically different (p<0.05). Though there
was improvement in speech and language acquisition after cochlear Implantation this was found to be of lesser extent
than the normative cohort. These children with additional visual disabilities required intensive, individualized therapy
catering to their complex needs. Their family’s perception of expected benefit from cochlear Implantation was guarded
and needed to be appraised in detail prior to surgery. This experience helped prepare an institutional protocol for coun-

seling such implantees in future.

Key Words: Usher syndrome, Cochlear implant (CI), Category of Auditory Performance (CAP), Speech Intelligibil-
ity Rating (SIR), Hearing Related Quality of Life (HR-QOL), Glasgow Benefit Inventory (GBI), Health Utility Index
version 3 (HUI 3.0)
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Outcomes of visually impaired patients who received cochlear implan-
tations

Kenichi Takano*, Aya Kaizaki, Etsuko Saikawa, Ayami Konnno, Noriko Ogasawara, Tetsuo Himi

Department of Otolaryngology, Sapporo Medical University School of Medicine, Japan

Abstract

Objective: Patients with multiple sensory deficits, including hearing loss and visual impairment, present a unique problem.
We evaluated the clinical outcomes of cochlear implantation in patients with severe to profound sensorineural hearing loss
and visual impairment.

Methods: We retrospectively reviewed eight patients with severe sensorineural hearing loss and visual impairment who
underwent cochlear implantation at our institution between 1993 and 2014. The follow-up period was between 2 and 20
years. We evaluated the case histories, etiologies of hearing loss and visual impairment, pre- and postoperative pure-tone
thresholds, speech perception rates after CI using the Japanese CD speech discrimination scoring system (CI-2004 test) for
words and sentences, and pre- and postoperative communication means. Postoperative speech discrimination scores were
compared between patients with and without visual impairment who underwent cochlear implantation.

Results: The outcomes of cochlear implantation were good in all patients, with seven showing the ability to hold a conver-
sation with others. The average proportion of correct answers for words and sentences in the CI-2004 test was 72.3£19.1%
and 86.0+16.1%, respectively, for the patients with visual impairment and 62.1+21.7% and 78.5+20.9%, respectively, for
those without visual impairment (based on auditory senses only). There were no significant differences in results between
the patients with and without visual impairment.

Conclusion: Cochlear implantation is important for the rehabilitation of patients with severe auditory loss and visual
impairment. Medical staff members require additional skills to perform auditory evaluations and rehabilitate patients with

multiple sensory deficits.
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Fig. 2. Proportions of accurate answers (speech discrimination scores) for words (70 dB) and sentences (70 dB) in the Japanese CI-2004 test (based on auditory senses
only) for patients with and without visual impairment. There is no significant difference in the proportions between the two groups.
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The auditory and speech performance of children with intellectual dis-
ability after cochlear implantation

HYE-YOUN YOUM?*, IL JOON MOON*, EUN YEON KIM, BO YOUNG KIM, YANG-SUN CHO, WON-HO CHUNG & SUNG HWA
HONG

Department of Otorhinolaryngology-Head and Neck Surgery, Sungkyunkwan University School of Medicine, Samsung Medical Center, Seoul,
Republic of Korea

Abstract

Objective: The purpose of this study was to assess the auditory and speech performance of 14 young deaf children with
ID after CI.

Methods: Fourteen children with ID who underwent CI between December 2002 and February 2010 were included. Im-
provement in auditory perception and speech production over time was evaluated longitudinally with the Categories of
Auditory Performance (CAP) score and Korean version of Ling’s stages (K-Ling). The results were compared with those
of age- and gender-matched implanted controls without additional disabilities. All tests were performed four times in
each patient: before implantation and at 3, 6, and 12 months after implantation. Preoperative and postoperative commu-
nication modes were also assessed and compared between the two groups.

Results: Auditory perception and speech production of deaf children with an ID improved consistently after CI. In addi-
tion, the communication mode also took a favorable turn from nonverbal to vocalizations or oral communication or from
vocalizations to oral communication.

Conclusions: The results revealed that children with intellectual disability (ID) who underwent cochlear implantation
(CI) showed gradual progress in their auditory perception and speech development. ID in children should not be consid-
ered a contraindication for CI, because they are able to obtain a chance to develop oral communication skills following

CL

Key Words: Speech development, auditory perception, communication mode, language acquisition
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Figure 7. Commumication mode before and after cochlesr implantation {CI) in the intellectual disability (1I3) and conirol groups.
Communication mode in the two groups revealed a significant difference (*p = 0.009) and according to the ome after CI (*p = 0.001).
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Developmental delays assessed using the Enjoji Scale in children with
cochlear implants who have intellectual disability with or without au-
tism spectrum disorder

Masaomi Motegi **, Akira Inagaki *", Toshiya Minakata ¢, Shinji Sekiya®, Mariko Takahashi *, Yoshimasa Sekiya ¢, Shingo Murakami *

* Department of Otolaryngology, Nagoya City University Graduate School of Medical Sciences and Medical School, Aichi, Japan
" Department of Otorhinolaryngology, Jikei University School of Medicine, Tokyo, Japan
¢ Sekiya Otorhinolaryngology Clinic, Nagoya, Aichi, Japan

Abstract

Objective: Intellectual disability (ID) and autism spectrum disorder (ASD) are common among children who are can-
didates for cochlear implants. However, the implications of these comorbidities for cochlear implant placement have
been not fully established. This study sought to identify these implications by comparing developmental delays among
children with these conditions.

Methods: Participants were children who were followed up at least every 6 months for 24 months after cochlear implant
surgery. Developmental delays were assessed using the Enjoji Scale of Infant Analytical Development (Enjoji Scale) and
compared in three groups with hearing loss: those with ID (ID group, n = 4); those with ASD and ID (ASD + ID group,
n = 4); and those with typical development (control group, n = 5). Developmental delay was evaluated longitudinally
before and after cochlear implant placement for 18 months.

Results: Among the six subscales that make up the Enjoji Scale, language development and intelligence development
were significantly delayed in all three groups and were exacerbated over time except for language development in the
control group. Emotional development and social behavior were significantly delayed only in the ASD + ID group.
Comparison of intergroup differences revealed delays in language development in the ID and ASD + ID groups com-
pared with the control group.

Conclusions: The Enjoji Scale successfully demonstrated developmental delays characteristic to the underlying comor-
bidities of ID with or without ASD in children with cochlear implants. The Enjoji Scale can be a useful diagnostic tool

for screening children with cochlear implants for ID with or without ASD.
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There Any Association Between Language Acquisition and Cognitive
Development in Cochlear-Implanted Children

Leila Monshizadeh', Roshanak Vameghi?, Mehdi Rahimi®, Firoozeh Sajedi?, Seyed Basir Hashemi', Fariba Yadegari?, Fatemeh Kasbi®

1.0tolaryngology Research Centre, Shiraz University of Medical Sciences, Shiraz- Iran

2.Pediatric Neurorehabilitation Research Centre, University of Social Welfare and Rehabilitation Sciences, Tehran- Iran
3.Department of Educational Psychology. Yazd University, Yazd- Iran

4.Department of Speech and Language, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran

5.Neuromuscular Rehabilitation Research Centre, Rehabilitation College, Semnan University of Medical Sciences, Semnan, Iran

Abstract

Objective: Different studies on normal children and children with a sensory or intellectual disability indicate a strong
correlation between the child’s vocabulary domain and his cognitive abilities. Based on this, the main focus of the pres-
ent study was to investigate the cognitive performance of cochlear-implanted children after a cognition-based language
intervention program.

Methods: In this experimental study, 60 cochlear-implanted children were selected and randomly allocated into case and
control groups. The control group received auditory verbal therapy (AVT), while the intervention group was trained by
using both AVT and a language intervention protocol that was recently developed by the authors. Finally, the partici-
pants’ communication abilities were assessed through the adapted version of the language subtest of Bayley Scales of
Infant and Toddler Development — Third Edition (BSID 3). Five months later, the cognitive subtest was carried out. The
data gathered were then analyzed using SPSS software.

Results: The study was performed on 2 groups of 20- to 24-month-old cochlear implant users, and our results confirmed
a high correlation between language acquisition and cognitive development (r = 0.76). In addition, the cognitive and
language performance of the participants who were trained by the new and specifically designed language intervention
protocol as well as AVT was significantly higher than that of the control group (P <.001).

Conclusions: The new and specifically designed language intervention protocol that was mainly established based on
cognitive factors such as attention and semantic memory enhancement in cochlear-implanted children improved not only

their language acquisition but also their cognitive development.

Key Words: Cochlear implant, language intervention, cognitive development, vocabulary, children
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Table 5. The Correlation Between Language Acquisition and Cognitive
Development

Composite language Composite cognitive

Composite language scores

Pearson correlation 1 0.76"
Sig. 0.001
N

51

Composite cognitive scores

Pearson correlation 0.76" 1
Sig. 0.001
N

51 51

**Correlation is significant at .01 (2-tailed)
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Cochlear implantation in children with cerebral palsy. A preliminary
report

Andrea Bacciu*’, Enrico Pasanisi®, Vincenzo Vincenti®, Francesca Ormitti®, Filippo Di Lella®, Maurizio Guida®, Mariateresa Berghenti®, Salvatore

Bacciu®

*Department of Otolaryngology, University of Parma, Via Gramsci, 14, 43100 Parma, Italy
®Department of Neuroradiology, University of Parma, Parma, Italy

Abstract

Objectives: The aim of this study is to assess the post-implantation speech perception and intelligibility of speech pro-
duced by five profoundly deaf children with cerebral palsy.

Methods: This study is derived by a review of a prospectively maintained data collection on all patients entering the
cochlear implant program. Five children with cerebral palsy who underwent cochlear implantation participated in this
study. Functional outcome was assessed using the Speech Perception Categories and the Speech Intelligibility Rating
scale. The follow-up of the series ranged from 12 to 45 months.

Results: At the last follow-up, two children who were placed into speech perception category 1 (detection of a speech
signal) preoperatively progressed to category 6 (open-set word recognition with familiar words) postoperatively. Two
children moved from preoperative category 2 (pattern perception) to postoperative category 6. One child placed into
category 0 (no detection of speech) preoperatively progressed to category 4 (word identification) postoperatively. Before
implantation, three children had connected speech unintelligible, and two subjects had connected speech intelligible

to a listener who concentrates and lip-reads. At the last follow-up, one child had connected speech unintelligible, two
children had connected speech intelligible to a listener who concentrate and lip-reads, one child had connected speech
intelligible to a listener who has little experience of a deaf person’s speech, and one child had connected speech intelligi-
ble to all listeners.

Conclusions: Cochlear implantation allowed these patients to dramatically improve their quality of life, increasing their

self-confidence, independence and social integration.

Key Words: Cerebral palsy; Cochlear implant; Deaf; Children; Hearing loss; Outcome
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Cochlear implantation in children with cerebral palsy

Richard A. Steven**, Kevin M.]. Green®, Stephen J. Broomfield®, Lise A. Henderson®, Richard T. Ramsden®, Iain A. Bruce®

*Manchester Auditory Implant Centre, University of Manchester, Oxford Road, Manchester M13 9PL, UK
®Manchester Auditory Implant Centre, University of Manchester, UK

Abstract

Objective: Few studies have looked at the outcomes of children with complex needs following cochlear implantation.
Increasing evidence supports the case for implantation in these children. To date there is very little evidence available
evaluating the role of cochlear implantation in children with cerebral palsy. In this paper we look at the Manchester
Cochlear Implant Programme’s experience of implantation in 36 children with cerebral palsy.

Method: A retrospective review of prospectively collected data for all children with cerebral palsy was undertaken.
Cognitive and physical disability was scored by members of the cochlear implant team. A modified version of Geers
and Moogs 1987 Speech Reception Score was used to assess outcome. Data was analysed looking at the relationship
between cognitive and physical impairment, age at implantation and the SRS outcomes.

Results: This study demonstrated that children with cerebral palsy and a mild cognitive impairment do significantly bet-
ter following implantation than those with a severe impairment (p= 0.008). Children with mild physical impairment did
not appear to do significantly better than those with moderate or severe impairments (mild versus severe p=0.13). Age at
implantation was not a significant prognostic factor in this study group..

Conclusion: Children with complex needs are increasingly being referred for consideration of cochlear implantation.
Further research is required to help guide candidacy, but each case must be considered individually. Higher functioning
does appear to be the most important prognostic indicator regarding outcome but the effect of modest improvement in

sound perception should not be underestimated.

Key Words: Cochlear implant; Cerebral palsy; Deaf; Complex needs; Hearing loss
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Performance after timely cochlear implantation in prelingually deaf
children with cerebral palsy

Hayoung Byun1, Il Joon Moonl, Eun Yeon Kim, Junoh Park, See Youn Kwon, Hyo Dam Han, Won-Ho Chung, Yang-Sun Cho, Sung Hwa Hong*

Department of Otorhinolaryngology-Head and Neck Surgery, Samsung Medical Center, Sungkyunkwan University, School of Medicine, Seoul,
Republic of Korea

Abstract

Objective: To investigate auditory perception, speech production, and language ability of prelingually deaf toddlers with
cerebral palsy (CP) who were implanted within a sensitive period and who received proper speech therapy. Comparison
of their outcomes with age- and sex-matched CI recipients without additional disabilities was also performed.
Methods: We retrospectively reviewed a cohort of pediatric CI in Samsung Medical Center. Eight CP subjects who
received CI before 3 years of age and age—sex matched control recipients who had no additional disabilities except
idiopathic sensorineural hearing loss (SNHL) were included for the analysis. Preoperative evaluation included the
Categories of Auditory Performance (CAP) score, Korean Version of the Ling’s Stage (K-Ling), Sequenced Language
Scale for Infants (SELSI), Bailey Scales of Infant Development II assessment, Social Maturity Scale test, and grading
of CP severity using severity level and Gross Motor Function Classification System for CP (GMFCS). To measure the
outcome, the CAP scores, K-Ling, and SELSI were performed at 3, 6, 12, and 24 months after implantation.

Result: Four CP children with outstanding performances showed comparable achievement with matched control recip-
ients. These patients had less severe motor disabilities (mild—moderate severity, GMFCS level 1-3), better social quo-
tient, and better cognitive abilities. Although the others showed poor language abilities and hardly produced meaningful
speech, their CAP scores reached 1 or 2 in 24 months after implantation.

Conclusion: Deaf children with CP could have various ranges of benefits up to the levels of normal peers whose only
disability was hearing loss, when CI was performed within a critical period. Especially, children with mild or moderate

CP had a favorable outcome after CI, equivalent to that of normal peers.

Key words: Cochlear implant; Cerebral palsy; Korean Version of the Ling’s Stage; Sequenced Language Scale for

Infants; Bailey Scales of Infant Development; Social Maturity Scale
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Hearing rehabilitation in cerebral palsy: development of language and
hearing after cochlear implantation

Anacléia Melo da Silva Hilgenberg?, Carolina Costa Cardoso®, Fernanda Ferreira Caldas?, Renata de Sousa T schiedel*", Tatiana Medeiros Dep-
eron, Fayez Bahmad Jr .*%,
*Department of Health Sciences, Universidade de Brasilia (UnB), Brasilia, DE, Brazil

®Department of Psychology, Centro Universitario Planalto do Distrito Federal (UNIPLAN), Brasilia, DF, Brazil
<Division of Audiology, University College of London (UCL), London, England, United Kingdom

Abstract

Introduction: Auditory rehabilitation in children with bilateral severe-to-profound sensorineural hearing loss with
cochlear implant has been developed in recent decades; however, the rehabilitation of children with cerebral palsy still
remains a challenge to otolaryngology and speech therapy professionals.

Objective: To verify the effectiveness of cochlear implants in the development of auditory and language skills in children
with cerebral palsy.

Methods: A prospective analytical study. The evaluation of auditory responses to speech test was applied to the children
in this study at regular intervals following implantation. Standardized tests that assess and quantify the development of
auditory and language skills were administered and speech therapy video records and speech therapy files were ana-
lyzed. All children went through individually tailored intensive audiological rehabilitation programs following cochlear
implantation.

Results: Two participants had gradual auditory and language development when compared to other participants who

reached advanced levels in hearing and oral language classifications.

Key words: Cerebral palsy; Cochlear implants; Hearing loss
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Table 4 Results of IT-MAIS and CDI tests and classifications of hearing and language of participant A.

Auditory age with Cl IT-MAIS CDI CDI (linguistic Classification of Classification of
(comprehension) repertoire) hearing language

1 month 25% - - 1 1

6 months 32.5% 20 words - 1 1

10 months 60% 25 words 13 words 2 1

14 months 62.5% 31 words 16 words 3 1

24 months 62.5% 44 words 20 words 3 1

IT-MAIS, Infant-Toddler Meaningful Auditory Integration Scale; CDI, MacArthur-Bates Communicative Development Inventory.
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Outcomes of cochlear implanted children with cerebral palsy: A holistic
approach

Maria Jaquelini Dias dos Santos**, Dion1 "sia Aparecida Cusin Lamo "nica?, Maria Valeriana Leme de Moura Ribeiro®, Wendy McCracken®, Lean-
dra Tabanez do Nascimento Silva?, Orozimbo Alves Costa®

* Department of Audiology and Speech Language Pathology, University of Sao Paulo, Al. Octavio Pinheiro Brisola, 9-75, Vila Universitaria,
Bauru, Sao Paulo, Brazil

® Department of Neurology, University of Campinas, R. Tessa 'lia Vieira de Camargo, 126, Cidade Universita 'ria “Zeferino Vaz”, Campinas, Sao
Paulo, Brazil

¢ School of Psychological Sciences, University of Manchester, Ellen Wilkinson Building, Devas Street, Manchester, United Kingdom
4 Audiological Research Center, Hospital of Rehabilitation of Craniofacial Anomalies, University of Sao Paulo, Bauru, Sao Paulo, Brazil

Abstract

Objective: Analyze the progress of hearing and language in a group of children with cerebral palsy (CP) who have
received cochlear implants (CI) and compare their progress in the clinical and functional domains.

Methods: This is a prospective transdisciplinary study developed within a tertiary referral center, with a group of nine
cochlear-implanted children with CP, two- to seven-year-old. The assessments undertaken included audiological, lan-
guage, and communication assessments complemented by the assessment of functional abilities and the level of indepen-
dence as evaluated by the Pediatric Evaluation of Disability Inventory (PEDI) and Gross Motor Function Classification
System (GMFCS).

Results: The outcomes varied, as two children achieved hearing comprehension in open-set evaluations. These children
presented the same type of CP, athetosis, but with different functional skills and GMFCS levels. Only one of the subjects
had any spoken language at the single-word level.

Conclusions: A holistic view of change and development is central to understanding progress made in children with CP
who received cochlear implants (CI). The functional evaluation of these children with CP is a useful tool for monitoring

their progress and measuring their outcomes with CI.

Key words: Cochlear implant; Cerebral palsy; Communication; Social function; Functional measures
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Abstract

Introduction: In cases of autism spectrum disorders with severe to profound hearing loss, cochlear implant is a thera-
peutic option.

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

Methods: Systematic review of the literature based on the criteria recommended by PRISMA. The population, interven-
tion, comparison, outcomes, study design, PICOS strategy, was used to define the eligibility criteria. The studies that
met the inclusion criteria for this second 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, preva-
lence 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..
Conclusions: This systematic review indicates that a cochlear implant can bring benefits to autism spectrum disorder

patients with associated deafness.

Key Words: Autism spectrum disorder; Autistic disorder; Cochlear implant; Cochlear implantations; Systematic review
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Table 2  JBI critical appraisal checklist for cohort studies.

Donaldson Eshraghi Mikic
et al.™® et al.”! et al.?
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 (%) 20% 100% 81.81%

Y, yes; N, no; U, unclear; NA, not applicable.
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Compliance with cochlear implantation in children subsequently diag-
nosed with autism spectrum disorder

Monica Rodriguez Valero', Mira Sadadcharam?, Lise Henderson', Simon R. Freeman', Simon Lloyd', Kevin M. Green', Tain A. Bruce"*?

! The Richard Ramsden Centre for Auditory Implants, Manchester Royal Infirmary, Central Manchester University Hospitals NHS Foundation
Trust, Manchester Academic Health Science Centre, UK,

?Paediatric ENT Department, Royal Manchester Children’s Hospital, Central Manchester University Hospitals NHS Foundation Trust, Man-
chester Academic Health Science Centre, UK,

* Respiratory and Allergy Centre, Institute of Inflammation and Repair, Faculty of Medical and Human Sciences, University of Manchester, UK

Abstract

Objectives: To assess the compliance with cochlear implantation (CI) in children subsequently diagnosed with autism
spectrum disorder (ASD).

Methods: This was a retrospective case review and survey performed at a tertiary referral centre. Children meeting the
criteria for CI who were implanted between 1989 and 2015 and who subsequently received a diagnosis of ASD were in-
cluded. The primary outcome measure was to assess compliance with CI in children subsequently diagnosed with ASD.
Secondary outcome measures included assessment of pre-CI risk factors that may have identified children at higher risk
of a subsequent diagnosis of ASD, as well as the benefit obtained by these children following CI..

Results: 1050 children were implanted between 1989 and 2015. Of these, 22 children were diagnosed with ASD after
receiving their CI. The average age at implantation was 2.6 years (median 3, range 1-8 years). The average age for
diagnosis of ASD was 5 years, approximately 2 years (median 22 months, range 2-85 months) following CI. Of these,
16/22 (712.7%) regularly use their CI. 6/22 (27.2%) children became non-users of their implant. Some degree of verbal
communication was used by 13/22 (59%) of our studied group.

Conclusions: There is a range of level of disabilities in ASD, with some relatively minor social communication difficul-
ties through to severe language, cognitive, and behavioural difficulties. Compliance with CI is variable and appears to
correlate with the severity of the ASD. Preoperative counselling should include information about the possible impact of

later diagnosed disabilities such as ASD on performance.

Key Words: Cochlear implant, Autistic spectrum disorder, Asperger’s, Compliance, Children, Hearing loss, Outcomes
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Table 2 Clinical characteristics of the patients with ASD

Age at

implantation Autism spectrum Years with
Patient Gender (months) (DSM-IV) Co-mr iditi Disabiliti implant Usage
1 F 34 AD — — 20 No
2 F 20 AD — Learning disabilities 8 No
3 M 38 AD Prematurity Learning disabilities 16 Yes
4 M 20 AD Meningitis Learning disabilities 15 Yes
5 M 22 AD AN/AD — 4 Yes
6 M 45 AD Prematurity — 2 No
7 [ 22 AD — Communication disabilities 2 Yes
8 M 44 AD — — 8 Yes
9 M 28 AD — — 7 Yes
10 M 60 AD Meningitis, ADHD Communication disabilities 3 Yes
1 M 12 AD — — ] Yes
12 M 83 AD Prematurity, ADHD — " Yes
(unilateral)
13 M 36 AD Smith-Lemli-Opitz Global developmental 6 Yes
syndrome delay (unilateral)
14 M 37 AD — Communication disabilities 4 Yes
15 M 62 AD ADHD Learning disabilities Yes
16 M 15 PDD-NOS Waardenburg syndrome  Learning disabilities 17 No
17 M 22 PDD-NOS — — 7 No
18 M 54 PDD-NOS — Learning disabilities " No
19 M 32 PDD-NOS Prematurity Global developmental 6 Yes
dela
20 M 98 Asperger's CMV — Y 9 Yes
disorder
21 M 32 Asperger's Waardenberg — 7 Yes
disorder syndrome, ADHD
22 M 34 AD Prematurity Learning and 1 Yes
communication
difficulties
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Cochlear implantation in children with Autism Spectrum Disorder
(ASD): Outcomes and implant fitting characteristics

Patrizia Mancinia, Laura Mariani®*, Maria Nicastri?, Sara Cavicchiolo®, Ilaria Giallini?, Pietro Scimemi, Diego Zanettid, Silvia Montino¢, Elisa

Lovos, Federica Di Berardino®!, Patrizia Trevisi®', Rosamaria Santarelli®'

*Department of Sense Organs, University Sapienza of Rome, Italy

® Audiology Unit, Department of Clinical Sciences and Community Health, University of Milan, Italy

¢Department of Neuroscience, University of Padua, Padua - UOSD Otolaryngology and Audiology, Santi Giovanni e Paolo Hospital, Venice,
Italy

4Department of Specialistic Surgical Sciences, Foundation IRCCS Ca’ Granda Maggiore Hospital, Milan, Italy

¢Department of Neuroscience, University of Padua, UOC Otolaryngology, Padua Hospital, Italy

Abstract

Background: Little is known regarding fitting parameters and receptive and expressive language development in cochle-
ar-implanted children (CCI) with profound sensorineural hearing loss (SHL) who are diagnosed with Autism Spectrum
Disorder (ASD). The aim of the study was to evaluate a group of ASD CCI users in order to describe their ASD clinical
features and CCI outcomes; report on the average electrical charge requirements; and evaluate the possible correlations
between electrical and psychophysical outcomes with ASD characteristics.

Materials and methods: A multicentre observational study of 22 ASD children implanted in four cochlear implant (CI)
centers. Data concerning profound SHL diagnosis, ASD diagnosis, CI timing and CI compliance were collected. Sound
Field (SF) was assessed through repeated behavioural measurements. Categories of Auditory Perception (CAP) and
Categories of Language (CL) were used to evaluate speech perception and language skills at short (<2 yrs), medium (5
yrs) and long term (>10 yrs) follow-up. Fitting parameters such as comfortable thresholds, pulse-width (pw, psec) and
clinical units converted into units of charge/phase were collected. The diagnosis of ASD was acquired by the referral
neuropsychiatric department and severity was assessed through the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-V) and the Childhood Autism Rating Scale (CARS).

Results: At the final follow-up session the median SF threshold for CI outcomes was 30 dB HL (min 15 — max 60).

CAP score was extremely variable: 45.5% showed no improvement over time and only 22% of children reached CAP
scores of 5—7. CL 45.5% showed no improvement over time and score was 1-2 in the majority of ASD children (72.7%),
while only 18.2% reached the highest level of language skills. There were no statistically significant differences at each
follow-up between subjects with or without comorbidities. CAP and CL were inversely correlated with DSM-V A and B
domains, corresponding to lower speech and language scores in children with more severe ASD symptoms, and main-
tained their correlation at mid and long follow-ups whilst controlling for age at CI. Electrical charge requirements did
not correlate with SF or age at implant but did inversely correlate with ASD severity. With regards to CI compliance:
only 13.6% children (3) with severe DSM-V A/B levels and CARS score were partial/intermittent users.

Conclusion: The present study is a targeted contribution to the current literature to support clinical procedures for CI
fitting and audiological follow-up in children with ASD. The findings indicate that the outcomes of CI use and the fitting
procedures are both influenced by the severity of the ASD symptoms rather than the demographic variables or associated

disorders.

Key Words : Cochlear implantation, Children, Autism spectrum disorders, Outcomes, Fitting
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Cochlear Implantation in Children with Autism Spectrum Disorder: A
Systematic Review and Pooled Analysis

Mathew, Rajeev*; Bryan, James*; Chaudhry, Daoud*; Chaudhry, Abdullah*; Kuhn, Isla*; Tysome, James*; Donnelly, Neil*; Axon, Patrick*;

Bance, Manohar*,**

*University of Cambridge Foundation Trust, Addenbrooke's Hospital, Cambridge, UK
*University of Birmingham, Medical School, Birmingham, UK
*+University of Cambridge, Cambridge, UK

Abstract

Objective: To determine outcomes following cochlear implantation (CI) in children with autism spectrum disorder
(ASD).

Databases Reviewed: MEDLINE, Embase, Web of science, Cochrane Library, and Clinicaltrial.gov.

Methods: The review was performed according to the PRISMA statement. Primary outcomes measures were changes in
speech perception and speech production scores. Secondary outcome measures included communication mode, device
use, parental recommendation of implant, postoperative hyperacusis, and quality of life measures. Pooled analysis of
outcomes was performed if possible.

Results: Twenty-four studies reported on 159 children with ASD. There were improvements in speech perception in
78% of cases and in speech expression in 63% of cases, though the extent of this improvement was variable. Seven-
ty-four percent of children with ASD and CI are nonoral communicators. Intermittent/nonuse rate was 31%. Hearing
outcomes are worse compared to children with other disabilities. The vast majority of parents would recommend CI
based on their experiences.

Conclusion: Outcome in children with ASD and CI are highly variable and significantly poorer compared to non-ASD
children. Despite this, most parents report positive experiences and the evidence supports the use of CI in children with
ASD.

Key Words: Autism spectrum disorder; Children; Cochlear implants; Deafness; Developmental disability; Hearing loss;

Speech; Systematic review.
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TABLE 4. Communication mode in children with ASD following CI

Study and Year Number Oral Oral/Sign/Behavior MNonoral
Berritini et al. (2008) 2 0 0 2
Datta et al. (2019) 9 0 0 9
Donaldson et al. (2004) T 0 | 6
Hayman et al. (2005) 1 0 0 1
Jennifer Robertson (2013) 10 1 3 6
Lachowska et al. (2016) 6 0 | 5
Meinzen Derr et al. (2014) 14 2 2 10
Messalam et al. (2018) 9 1 0 8
Nasralla et al. (2018) 4 0 1 3
Valero et al. (2016) 22 4 6 12
Waltzmann et al. (2000) 1 0 0 1
Yamazaki et al. (2012) 2 0 0 2
Zaidman Zait et al. (2018) 9 2 1 6
Total 926 10 15 71
Percentage 100 10.4 15.6 74.0
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UK and Ireland experience of cochlear implants in children with Down
Syndrome

PS. Hans, R. Englandl, S. Prowse, E. Young, P.Z. Sheehan

ENT and Hearing Clinic for Children with Down Syndrome, Department of Paediatric Otorhinolaryngology, Royal Manchester Children's
Hospital, Oxford Road, Manchester M13 9WL, United Kingdom

Abstract

Objective: Down Syndrome (DS) is associated with a high incidence of hearing loss. The majority of hearing loss is con-
ductive, but between 4 and 20% is sensorineural, which in the main is mild or moderate and is managed with conven-
tional behind-the-ear hearing aids. Cochlear implantation is an elective invasive procedure, performed to provide some
form of hearing rehabilitation in individuals with severe to profound sensorineural hearing loss, and initially candidacy
criteria were strict—excluding patients with additional disabilities. With good results and expanding experience, more
candidates with additional disabilities are now being implanted. A survey of UK and Ireland Cochlear Implant Pro-
grammes sought to identify the number of individuals with DS who have been implanted with a cochlear implant (CI)
and to provide relevant information on outcomes of implantation in these individuals.

Methods: E-mail survey of all programmes within the British Cochlear Implant Group (BCIG). Postal questionnaire to
programmes identified to have implanted a child with Down Syndrome, with data collection on pre-operative assess-
ment, surgical and post-operative outcomes. Case series review.

Results: Three of 23 BCIG programmes have implanted a child with Down Syndrome. Four children have received im-
plants. No intraoperative or post-operative surgical complications were encountered. All children had middle ear disease,
but no problems with implantation were associated with their middle ear condition. All children remain implant users, 12
months to 4 years post-implantation.

Conclusions: Cochlear implantation is an option for a child with Down Syndrome and associated severe to profound
sensorineural hearing loss. Clinicians caring for these children and their families should consider referral for assessment

by a Cochlear Implant Programme.
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Table 3
Characteristics and outcomes for the four children implanted.

Child
A B C D

Age at implantation 46 months 44 months 25 months 39 months

Duration of implant use 12 months 20 months 36 months 50 months

Additional disabilities Prematurity, cardiac anomaly None reported Neo-natal jaundice, None reported
requiring surgery gastro-intestinal abnormalities

Middle ear disease Two previous ventilation Previous ventilation Middle ear effusions Acute otitis media during
tube insertions tube insertion assessment process

Pre-implantation non-language Severely delayed Severely delayed Severely delayed Delayed

cognitive skills

Pre-implantation language Total communication. Very Very limited sign language Total communication, Simple sign language, no oral
limited sign language, (Makaton), no oral no oral communication communication
no oral communication communication

Imaging abnormalities CT—middle and inner ear None Absence CN VIII on R on MRI None
characteristic of DS

Side implanted R L L R

Post-implantation audiological Consistent audiogram First response to sound Not able to measure sound Not able to measure sound

measurements (Table 4) field audiometry at field audiometry field audiometry
20 months (Table 5)
CAP score 2 1 =3 4-5
SIR score 1 1 1 1
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The management of children with Down syndrome and profound hear-
ing loss

E. Phelan’, R. Pal’, L. Henderson?, K. M. J. Green?, 1. A. Bruce"??

! Paediatric ENT Department, Royal Manchester Children’s Hospital, Central Manchester University Hospitals NHS Foundation Trust, Man-
chester Academic Health Science Centre, UK,

>The Richard Ramsden Centre for Auditory Implants, Peter Mount Building, Manchester Royal Infirmary, UK,

*Respiratory and Allergy Centre, Institute of Inflammation and Repair, Faculty of Medical and Human Sciences, University of Manchester, UK

Abstract

Introduction: Although, the association between Down syndrome (DS) and conductive hearing loss is well recog-
nized, the fact that a small proportion of these children may have a severe to profound sensorineural hearing loss that
could benefit from cochlear implantation (CI) is less well understood. The management of significant co-morbidities in
children with DS can delay initial diagnosis of hearing impairment and assessment of suitability for CI can likewise be
challenging, due to difficulties conditioning to behavioural hearing tests.

Methods: We performed a retrospective case note review of three children with DS referred to the Manchester Cochlear
Implant Programme.

Results: Three illustrative cases are described including CI in a 4 years old. Using conventional outcome measurement
instruments, the outcome could be considered to be suboptimal with a Categories of Auditory Performance score of 4 at
6 months post-op and at last follow up. In part, this is likely to reflect the delay in implantation, but the role of cognitive
impairment must be considered. The cases described emphasize the importance of comprehensive radiological and audi-
ological assessment in children with DS being considered for CI.

Conclusion: The influence of cognitive impairment upon outcome of CI must be taken into account, but should not

be considered a contra-indication to implantation in children with DS. Benefit that might be considered limited when
quantified using existing general outcome measurement instruments, may have a significant impact upon psychosocial

development and quality of life in children with significant cognitive impairment, or other additional needs.

Key Words: Cochlear implantation; Down syndrome; Sensorineural hearing loss
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Table 1 Common ear abnormalities in children with Down syndrome

Ear Abnormality Effect
Outer ear Stenotic EAC (Shott ef al., 2001) Impacted cerumen
CHL

Difficult access for VT insertion
HA mould fitting may be problematic

Middle Eustachian tube dysfunction (Igarashi et al., 1977) Increased risk of persistent OME
ear OME (Brooks et al., 1972; Balkany et al, 1979a, 1979b) CHL - limits usefulness of OAEs in hearing threshold
Ossicular chain abnormalities (Brooks et al,, 1972) assessment
CHL
Dehiscence of facial nerve (Bilgin ef al., 1996; Harada Increased risk of inadvertent damage during ME surgery
and Sando, 1981) Increased risk of inadvertent damage during ME surgery
Abnormal facial nerve anatomy (Bilgin et al., 1996; Limited access for posterior tympanotomy in Cl

Harada and Sando, 1981)
Hypoplastic mastoid (Blaser et al., 2006)
Inner ear Absent cochlear nerve (Blaser ef al.,, 2006; Hans et al., SNHL — CI not appropriate

2010) SNHL — May limit the cutcome of CI
Hypoplastic nerve (Blaser ef al., 2006) Must be considered when selecting the most appropriate Cl
electrode array length
Short cachlear duct length (Bilgin et al., 1996) SNHL — Must be considered when selecting the most
appropriate Cl electrode array length
Dysplastic cochlea (Blaser et al., 2008) SNHL — Must be considered when selecting the most

appropriate Cl electrode array length
Mondini defect (Bilgin et al., 1996, Igarashi et al., 1977)  Increased risk of balance problems. Increased risk of post-Cl
Abnormal vestibule, semicircular canals, vestibular imbalance
aqueduct (Blaser et al., 2006)

Conductive hearing loss (CHL); ventilation tubes (VT); otitis media with effusion (OME); middle ear (ME); sensorineural hearing loss
(SNHL); cochlear implant (CI)
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Cochlear implants in eight children with Down Syndrome — Auditory
performance and challenges in assessment

Mariann Gjervik Heldahl, Beth Eksveen, Marie Bunne

Department of Otorhinolaryngology, Oslo University Hospital — Rikshospitalet, Oslo, Norway

Abstract

Objectives: A small proportion of children with Down Syndrome (DS) have severe to profound hearing loss and may
potentially benefit from a cochlear implant (CI). Evidence on outcomes in DS is very limited, and there is a need for
further investigation to provide a basis for clinical evaluation of candidates and outcomes. This study aims to explore
outcomes of CI in children with DS in Norway.

Methods: Data on all children with DS and CI in Norway were collected from the CI registry and patients' records at the
national pediatric CI center. Main outcome measures were: use of CI, Category of Auditory Performance (CAP), Speech
Intelligibility Rate (SIR), and parents' and caregivers’ views of the benefits of CI.

Results: Eight children with DS have received CI in Norway, all bilaterally. The outcomes varied greatly. All children
used their CIs, and all of them responded to environmental sounds. Four children reached CAP score 5 after several
years of use, (i.c., they understand phrases without lip reading). All children scored at least 2, (i.e., responds to speech
sounds). One child reached a SIR score of 3, (i.e. connected speech is intelligible to experienced listeners). The rest of
the children reached SIR scores of 1 or 1-2, (i.e., connected speech is unintelligible). Without exception, parents had an
entirely positive attitude to their children using a CI. Co-morbidity and middle ear disease frequently delayed implanta-
tion.

Conclusion: Our experience with CI in children with DS is positive. However, CI cannot replace other types of commu-
nication for these children, and it is important to give parents realistic expectations prior to surgery. Outcomes might be
considered limited when evaluated with instruments for testing auditory performance and speech intelligibility con-

structed for children without additional disabilities. We do not believe that such outcomes reflect the benefit in real life.

Key Words: Cochlear implant, Down syndrome, Outcome
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Fig. 1. Categories of Auditory Performance (CAP) scores at 3 months, 12 months and at last follow-up (number of years between switch-on of the first implant and
last follow-up noted).
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Long-term Outcomes in Down Syndrome Children After Cochlear Im-
plantation: Particular Issues and Considerations

Claros, Pedro*; Remjasz, Agnieszkat; Claros-Pujol, Astrid*; Pujol, Carmen*; Clards, Andrés*; Wiatrow, Andrzej®

“Clarés Clinic, Cochlear Implant Center

"Department of Otorhinolaryngology at Stefan Zeromski Specialist Hospital, Cracow
#Scholarship in Clarés Clinic, Barcelona, Spain

$Institute of Psychology Polish Academy of Sciences, Warsaw, Poland

Abstract

Objectives: The aim of the study was to analyze the long-term outcomes after cochlear implantation in deaf children
with Down syndrome (DS) regarding age at the first implantation and refer the results to preoperative radiological find-
ings as well as postoperative auditory and speech performance. Additionally, the influence of the age at implantation and
duration of CI use on postoperative hearing and language skills were closely analyzed in children with DS.

Study Design: Retrospective analysis.

Setting: Referral center (Cochlear Implant Center).

Materials and Methods: Nine children with Down syndrome were compared with 220 pediatric patients without ad-
ditional mental disorders or genetic mutations. Patients were divided into four categories depending on the age of the
first implantation: CAT1 (0-3 yr), CAT2 (4-5 yr), CAT3 (6-7 yr), and CAT4 (817 yr). The auditory performance was
assessed with the meaningful auditory integration scales (MAIS) and categories of auditory performance (CAP) scales.
The speech and language development were further evaluated with meaningful use of speech scale (MUSS) and speech
intelligibility rating (SIR). The postoperative speech skills were analyzed and compared between the study group and the
reference group by using nonparametric statistical tests. Anatomic abnormalities of the inner ear were examined using
magnetic resonance imaging (MRI) and high-resolution computed tomography of the temporal bones (HRCT).

Results: The mean follow-up time was 14.9 years (range, 13.1-18.3 yr). Patients with DS received a multichannel
implant at a mean age of 75.3 months (SD 27.9; ranging from 21 to 127 mo) and 220 non-syndromic children from
reference group at a mean age of 51.4 months (SD 34.2; ranging from 9 to 167 mo). The intraoperative neural response
was present in all cases. The auditory and speech performance improved in each DS child. The postoperative mean CAP
and SIR scores were 4.4 (SD 0.8) and 3.2 (SD 0.6), respectively. The average of scores in MUSS and MAIS/IT-MAIS
scales was 59.8% (SD 0.1) and 76.9% (SD 0.1), respectively. Gathered data indicates that children with DS implanted
with CI at a younger age (<6 years of age) benefited from the CI more than children implanted later in life, similarly in a
control group. There were additional anomalies of the temporal bone, external, middle, or inner ear observed in 90% of
DS children, basing on MRI or HRCT.

Conclusion: The early cochlear implantation in children with DS is a similarly useful method in treating severe to
profound sensorineural hearing loss (SNHL) as in non-syndromic patients, although the development of speech skills
present differently. Due to a higher prevalence of ear and temporal bone malformations, detailed diagnostic imaging
should be taken into account before the CI qualification. Better postoperative outcomes may be achieved through com-

prehensive care from parents/guardians and speech therapists thanks to intensive and systematic rehabilitation.

Key Words: Additional disabilities; Auditory performance; Cochlear implantation; Down syndrome; Outcomes cochlear

implant; Speech perception; Speech recognition.
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