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ABSTRACT 14 

 15 

Background: Little is known regarding fitting parameters and receptive and expressive language development 16 

in cochlear-implanted children (CCI) with profound sensorineural hearing loss (SHL) who are diagnosed with 17 

Autism Spectrum Disorder (ASD). The aim of the study was to evaluate a group of ASD CCI users in order to 18 

describe their ASD clinical features and CCI outcomes; report on the average electrical charge requirements; 19 

and evaluate the possible correlations between electrical and psychophysical outcomes with ASD 20 

characteristics.  21 

Materials and Methods: A multicentre observational study of 22 ASD children implanted in four cochlear 22 

implant (CI) centres. Data concerning profound SHL diagnosis, ASD diagnosis, CI timing and CI compliance 23 

were collected. Sound Field (SF) was assessed through repeated behavioural measurements. Categories of 24 

Auditory Perception (CAP) and Categories of Language (CL) were used to evaluate speech perception and 25 

language skills at short (≤2 yrs), medium (5 yrs) and long term (>10 yrs) follow-up. Fitting parameters such as 26 

comfortable thresholds, pulse-width (pw, µsec) and clinical units converted into units of charge/phase were 27 

collected. The diagnosis of ASD was acquired by the referral neuropsychiatric department and severity was 28 

assessed through the Diagnostic and Statistical Manual of Mental Disorders (DSM-V) and the Childhood 29 

Autism Rating Scale (CARS). 30 

Results: At the final follow-up session the median SF threshold for CI outcomes was 30 dB HL (min 15 – 31 

max 60). CAP score was extremely variable: 45.5 % showed no improvement over time and only 22% of 32 

children reached CAP scores of 5-7. CL 45.5% showed no improvement over time and score was 1-2 in the 33 

majority of ASD children (72.7%), while only 18.2% reached the highest level of language skills. There were 34 

no statistically significant differences at each follow-up between subjects with or without comorbidities. CAP 35 

and CL were inversely correlated with DSM-V A and B domains, corresponding to lower speech and language 36 

scores in children with more severe ASD symptoms, and maintained their correlation at mid and long follow-37 

ups whilst controlling for age at CI. Electrical charge requirements did not correlate with SF or age at implant 38 

but did inversely correlate with ASD severity. With regards to CI compliance: only 13.6% children (3) with 39 

severe DSM-V A/B levels and CARS score were partial/intermittent users. 40 

Conclusion: The present study is a targeted contribution to the current literature to support clinical procedures 41 

for CI fitting and audiological follow-up in children with ASD. The findings indicate that the outcomes of CI 42 

use and the fitting procedures are both influenced by the severity of the ASD symptoms rather than the 43 

demographic variables or associated disorders. 44 
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Introduction  49 

Autism Spectrum Disorder (ASD) is an umbrella term, which includes Autism (A), Asperger 50 

Syndrome (AS), Pervasive Developmental Disorder not otherwise specified (PDD-NOS), and 51 

Childhood Disintegrative Disorder (CDD) as described in the latest revision to the Diagnostic and 52 

Statistical Manual of Mental Disorders (DSM-V). ASDs involve persistent deficits in social 53 

communication and social interaction across multiple contexts and restricted/repetitive patterns of 54 

behaviour, interests, or activities that significantly affect quality of life [1]. The severity, intensity 55 

and frequency of ASD core deficits vary significantly between patients, leading to heterogeneous 56 

manifestations. For some individuals, having an ASD means a life of constant care and supervision 57 

with minimal opportunities for independent living; for others it is associated with many lasting 58 

challenges but does not hinder the acquisition of independent living skills, meaningful employment 59 

and/or the development of close relationships [1]. Furthermore, although developmental trajectories 60 

vary across individuals as a result of ageing and clinical interventions, ASD could be considered a 61 

lifelong disability for most patients, with a substantial degree of persistence of core ASD features 62 

throughout their lifetime [2]. 63 

Worldwide prevalence of ASD is 0.62–0.70%, with a male to female ratio of 4-5:1 and frequently 64 

presents as a comorbidity with other impairments or disorders [3]. One of the conditions frequently 65 

associated with ASD is profound sensorineural hearing loss (SHL) [4,5,6], although data on 66 

prevalence of hearing loss in autistic children remain controversial [7]. Szymanski et al. reported a 67 

prevalence of ASD in a group diagnosed as deaf or hard of hearing (DHH) as high as 6-7% by the 68 

time the children reached 8 years of age [5]. The percentage, however, does seem to increase in 69 

conditions such as TORCH infections, meningitis, prematurity and neonatal hypoxia traditionally 70 

considered organic causes for both ASD and deafness [8, 9]. Genetics and epigenetics seem to play a 71 

role in the aetiology of ASD in association with these primary environmental factors [10]. In fact, 72 

studies on twins and families [11,12,13] have suggested that autism has a high heritability, and it is 73 

also known that some genetic syndromes can combine with ASD, including Rett, Fragile X, Prader-74 

Willi, Angelman and CHARGE.  75 

The combination of ASD and deafness in children is challenging for clinicians as it makes 76 

management decisions more complex, impacting on both the diagnosis of ASD and on the 77 

audiological choices required in terms of appropriate hearing device selection, fitting procedures and 78 

outcomes.  79 

Early recognition of ASD - from 12 months of age for more severe forms and at around 2-3 years for 80 

mild forms - and prompt treatment are essential to positively modify the symptoms’ frame of 81 

reference, to decrease tendency to isolation and the difficulties in achieving the best possible social 82 



 

 

learning [14] as well as to improve the quality of life of people with ASD including their families. 83 

Diagnosis of coexisting SHL could potentially delay ASD diagnosis for up to 5 years thereby 84 

concealing atypical childhood development of language skills [15]. With the introduction of the latest 85 

hearing screening and the lowering of the age at CI, ASD diagnosis often follows cochlear 86 

implantation, as signs of ASD are rarely detected in the first 18 months of life in SHL children [16]. 87 

The delay in ASD diagnosis postpones the onset of rehabilitation needed for specific treatment and 88 

potentially limits the benefit of early intervention. On the other hand, when these two conditions are 89 

contemporaneously diagnosed in a child, the presence of ASD becomes a reason for greater caution 90 

when making CI selection in this category of patients. This is also linked to major difficulties with 91 

communication and spoken language development in ASD patients as well as to sensory integration 92 

difficulties [17]. While, in the past, these concerns often resulted in a contraindication to CI surgery 93 

or in delayed implantation, more recent studies have highlighted how early implantation is beneficial 94 

to SHL children with associated ASD, despite extremely variable outcomes. The procedure does not 95 

interfere with the evolution of ASD symptoms, and even in the worst hearing and language outcomes 96 

it might help the child to recognize sounds and produce vocalizations more often than without a CI 97 

[17,18,19,20,21,22,23]. 98 

Despite this, CI in this setting is still a difficult challenge, linked to both behavioural disorders and to 99 

sensorial hypersensitivity, in particular to sounds. CI compliance may be a concern in this population 100 

as some studies have reported variable incidences of non-users or partial users of hearing technology 101 

[17,19,20,24,25]. The reason for the failure of implant use or for poor tolerance to loudness in ASD 102 

children has been hypothesized by Brandy et al. [26] and has been driven by auditory hypersensitivity, 103 

although it is not clear whether it originates from a central or peripheral auditory deficit. While the 104 

diagnosis of SHL can be reached using objective methods, CI programming can also be very 105 

challenging. Fitting sessions are often based on Electrically Evoked Compound Action Potential 106 

(ECAP) thresholds [27] and on the observation of children’s behaviour [19]. These tests may vary 107 

from one session to another because they are influenced by children’s willingness to undergo tests.  108 

Finally, there is a lack of information concerning CI fitting parameters, except for limited case reports 109 

[28]. 110 

Based on these premises and considering the small body of literature available concerning outcomes 111 

after cochlear implantation in  children diagnosed with ASD, a uniform body of information was 112 

retrospectively collected for a group of 22 implanted ASD children with the aim to: 1) describe the 113 

clinical characteristics of ASD CI children, 2) evaluate CI outcomes; 3) identify average electrical 114 

charge requirements in this special population; 4) identify possible correlations between outcomes, 115 



 

 

CI use, and the specific characteristics of children with ASD and CI (severity, presence of 116 

comorbidities). 117 

Deepening our knowledge of clinical characteristics can also help highlight possible factors that limit 118 

successful outcomes. Describing the extent of improvements after cochlear implantation and 119 

identifying factors that could impact them can be helpful for clinicians to orient families and discuss 120 

with them the possible expected development trajectories.  Finally, better understanding of the 121 

electrical charge requirements and relating them to ASD characteristics could help clinicians to 122 

prevent device abandonment.       123 

 124 

Materials and method 125 

 126 

Study Group 127 

The present study was a multi-center retrospective analysis of ASD profoundly deaf children, who 128 

underwent CI. Data concerning deafness diagnosis, CI timing, psychophysical measurements and 129 

ASD diagnosis were collected. The information obtained was analysed in accordance with the 130 

principles and later amendments to the Declaration of Helsinki (1964) and approved by the Policlinico 131 

Umberto I- Rome Ethics Committee (n. 259/2020). 132 

The study group included 22 patients identified in 4 CI centres: 1) Policlinico Umberto I Department 133 

of Sense Organs, Rome; 2) Foundation IRCCS Ca’ Granda Maggiore Hospital Department of 134 

Specialistic Surgical Sciences, Milan; 3) Padua Hospital Department of Neuroscience UOC 135 

Otolaryngology; 4) Santi Giovanni e Paolo Hospital, Venice UOSD Otolaryngology and Audiology 136 

Department. The children enrolled in the study had a median range at assessment of 10.8 years (min 137 

3.1 – max 18.5; IQR=9.4) and a median duration for CI use of 102 months (min 24-max 180; IQR= 138 

92) Median ages at diagnosis were respectively 8 months (min 1-max 50; IQR= 7.5) for 139 

severe/profound SHL and 42 months (min 36-max 120; IQR=17.3) for ASD. All patients had ASD 140 

diagnosis after referral by the neuropsychiatric department of each CI centre, and it was completed 141 

after severe/profound SHL was assessed, with a median between the two diagnoses of 35 months 142 

(range 12-115). Fourteen ASD children (63.6%) presented with associated comorbidities [Table 1], 143 

of which 36.4% (8) were genetic disorders. All children underwent CT and MRI imaging, all showing 144 

normal inner ear anatomy, with the exception of one child with Mondini malformation. For those 145 

patients with cytomegalovirus (CMV) association (19%) [Table 1], the MRI scan showed lesions 146 

such as; white matter hyperintensities (WMH), atrophy of the hippocampus and/or the temporal lobes 147 

and periventricular and/or white matter calcifications. Median age at CI was 34 months (10-144; 148 

IQR= 26.25), and between diagnosis and surgery 21 months (min 3 – max 135). Sixteen children 149 



 

 

were unilateral CI users and 6 of the 22 children received simultaneous bilateral implantation, 150 

bringing the total number of ears to 28. The device for implantation was determined by the parents 151 

and the implanting center. Ten ears were implanted with Advanced Bionics Devices (AB) 152 

(CI/HighFocus, 2; 90K/HighFocus, 8), 1 with a MedEl Concerto and 17 with Cochlear Devices with 153 

perimodiolar electrode carrier (CI24R 2; CI24RE, 6; CI512, 3; CI532, 6). All children were wearing 154 

‘behind the ear’ speech processors. The child with the Mondini malformation received a Cochlear 155 

CI24RE device. 156 

 157 

Speech perception and language evaluation 158 

Sound Field (SF) was assessed through behavioural measurements and the final assessment was 159 

collected and used for statistical analysis. Data for speech perception and language skills were 160 

collected at short (≤2 yrs), medium (5 yrs) and long term (> 10 yrs) follow-up.  161 

Italian standardized speech perception and language tests were selected by the audiologist and speech-162 

language pathologist according to their feasibility. Where the cognitive level of the child and/or the 163 

severity of ASD didn’t allow the use of standardised tests, parents’ reports such as the Meaningful 164 

Auditory Integration Scale [29], the Infant-Toddler Meaningful Auditory Integration Scale [30] or 165 

the Italian version of the MacArthur-Bates Communicative Development Inventories  [31] were used, 166 

together with structured observations carried out by the speech pathologist using the Listening 167 

Progress Profile [32] or the Tait video analysis  [33]. Alternatively, children with adequate 168 

compliance were tested utilising Italian standardised tests, routinely employed in clinical practice, to 169 

assess pediatric patients after CI, such  as the “Common Protocol of Evaluation in Rehabilitation 170 

Audiology [34] for speech perception, the Peabody Picture Vocabulary Test (PPVT) for lexical 171 

comprehension [35], and the Test for Reception of Grammar (TROG-2) [36] for morpho-syntactic 172 

comprehension. In order to have a uniform approach to describe outcomes, information from the two 173 

different assessment methodologies were collected during the evaluation of the CI fitting and children 174 

were classified using the Categories of Auditory Perception (CAP) [37] and the Categories of 175 

Language (CL) [23,38] [Table 2].  176 

 177 

Psychophysical measurements 178 

Fitting parameters for participants using their last observed measurements were collected. Follow-up 179 

median value was 78 months (min 24 – max 180). Each center has extensive experience in CI 180 

programming. Mapping procedures were performed by an experienced audiologist, adapted 181 

subjectively and based on a combination of ECAP measurements and behavioural responses to Ling 182 

and environmental sounds.  183 



 

 

The ECAP measurements represent a synchronous response from electrically stimulated auditory 184 

nerve fibres recorded via the intracochlear electrodes of the implant in at least 5 different electrodes, 185 

to represent the whole array (electrodes number 22, 16, 11, 6 and 1 for Cochlear; 1, 5, 8, 11 and 15 186 

for AB 90K; 1, 3, 6, 9 and 12 for Med-El). For all devices, these potentials are mainly used to set 187 

maximum stimulation profiles (referred to as C level for Cochlear devices, M level for Advanced 188 

Bionics and Med-El devices). For Cochlear devices with ACE strategy, the average ECAP threshold 189 

drops to approximately 67% of the dynamic range [39]. For the AB HiRes strategy, the single-190 

electrode ECAP falls on average to 110-115% of M-level for paediatric users [40]. ECAP for Med-191 

El devices are primarily used to estimate only the M level profile [41]. Additionally, ECAP, although 192 

useful as a starting point for stimulation levels, show a wide variability in their relationship to 193 

mapping levels across the electrode array and across subjects. Clinical most comfortable thresholds 194 

were therefore verified and corrected observing behavioural responses to environmental sounds and 195 

Ling sounds [6, 42]. The number of active electrodes and pulse-width (pw) adopted in children’s 196 

maps were the same as the standard software implementation. In particular: Cochlear devices are 197 

usually fitted with 8 maxima, 25 µsec pw; Advanced Bionics devices implement 16 active electrodes 198 

with a minimum pw of 18 µsec; Med-El devices have 12 active channels with a minimum pw of 13.7 199 

µsec.  200 

As all data were collected after a minimum of 24 months of CI follow-up and the M/C levels reported 201 

were stable since at least 6 months prior data collection. Clinical units (which are a product of 202 

electrodes charge, frequency of stimulation per phase and pw) were converted to units of charge/phase 203 

(nCoulomb, nC) using the formulas provided by the manufacturer [Table 3].  204 

 205 

ASD Severity Assessment 206 

The diagnosis of children with ASD was undertaken by experienced pediatric neuropsychiatrists 207 

utilising assessment instruments including parent/caregiver interviews, direct observation of the 208 

patient and a detailed clinical assessment that encompassed: the Autism Diagnostic Interview– 209 

Revised [43],  the Autism Diagnostic Observation Schedule (ADOS) [44] and the Childhood Autism 210 

Rating Scale (CARS, [45]. Additionally, a review of family history for ASD or other 211 

neurodevelopmental disorders was conducted. Assessment of the degree or level of intellectual 212 

disability was measured through administration of the Developmental Disability-Child Global 213 

Assessment Scale (DD-CGAS) [46]. The ADI-R [43] is a structured interview procedure developed 214 

for parents with questions relating to their child's symptomatic behaviours and playing activities. It is 215 

a diagnostic tool that allows analysis of ASD according to DSM and International Classification of 216 

Diseases (ICD) criteria and is usually used as a complement to ADOS [44]. ADOS is based on a 217 



 

 

direct and standardized observation of a child for a duration of about 45 minutes allowing for a 218 

diagnosis of ASD. It is structured around modules that explore social behaviour in natural 219 

communication contexts. The Childhood Autism Rating Scale (CARS) [45] is a popular scale that is 220 

frequently used to assist in the diagnosis of ASD in children [47]. It is consequently widely used in 221 

neuropsychiatric services in Italy and was used with children's families during the final follow-up 222 

session. CARS consists of 14 domains assessing behaviours associated with autism, with a 15th 223 

domain rating the overall impression of autism. Each domain is scored on a scale ranging from one 224 

to four; higher scores are associated with a higher level of impairment. Total scores can range from a 225 

minimum of 15 to a maximum of 60; scores below 30 indicate that the individual is in the non-autistic 226 

range, scores between 30 and 36.5 indicate mild to moderate autism, and scores from 37 to 60 indicate 227 

severe autism. It can be administered to children from 2 years of age upwards through to adulthood. 228 

In the study ASD was classified according to DSM-V classification [1] which emphasizes the 229 

dimensional concept of ASD, identifying two areas within which to look for signs and symptoms: 230 

domain A, persistent deficits in social communication and social interaction in multiple contexts, and 231 

domain B, restricted and repetitive patterns of behaviour [Annex 1]. Three levels of severity are 232 

described ranging from requiring minimal to very substantial support. These symptoms should not be 233 

explained solely through the prism of intellectual disability (intellectual developmental disorder) or 234 

through global developmental delay. Intellectual disability and ASD frequently co-exist. 235 

Nevertheless, the diagnostic process employed must specify whether ASD is accompanied by an 236 

intellectual disability or other neurodevelopmental disorder. In fact, to make comorbid diagnoses of 237 

ASD and intellectual disability, social communication should not be rated as highly as that expected 238 

for a general developmental level. 239 

 240 

Statistical Analysis 241 

Subjective demographic, audiological and psychophysical data were reported as median (min – max) 242 

or mean (SD) values where appropriate. The Shapiro-Wilk normality test was first applied to the 243 

dataset under investigation. Depending on the result of the normality test, parametric or non-244 

parametric analysis of variance (ANOVA) was used. To determine the strength / magnitude of the 245 

experimental effect, the Cohen effect size was calculated (the larger the effect size, the stronger the 246 

relationship between two variables). The univariate analysis was adopted to compare data between 247 

unilateral and bilateral users and different CI strategies. Concerning CI electrical charge 248 

requirements, after conversion to nC, mean values were compared to those reported in Zwolan et al. 249 

and used as a reference (nCref) [48]. nCref were calculated on 188 CI children (192 ears), enrolled 250 

from 6 different cochlear implant centers [Table 3]. Similar to the present study, children had a mean 251 



 

 

age at implantation of 62 months (7-62),and were implanted with devices marketed by the 3 main 252 

manufacturers. In this analysis mean values were calculated separately for normal and malformed 253 

cochleae, and univariate analysis of variance between centers was not found to be statistically 254 

significant. Average C/M levels were calculated by the authors in an effort to provide clinicians who 255 

do not have access to large data sets a guide for assessing channel availability and C/M level stability 256 

during the first 24 months use of the device. More specifically, the maps collected were stable in 257 

terms of the number of active channels, electrical impedance, pulse-width and C/M and T levels.  In 258 

order to make group statistical analysis possible, differences between ASD-CI patients’ nC (nCasd) 259 

and those reported in the literature (nC-ref) were calculated as % difference (nCΔ%) following the 260 

formula: (nC-ref – nCasd)*100)/nC-ref. Simple Spearman’s rank order correlations was performed 261 

to understand the relationship between subjective, audiological and ASD variables, while partial 262 

correlation (rp) was performed to evaluate  the relationship between speech perception and language 263 

outcomes whilst controlling for Age at CI. Statistical significance was set at p=0.05. Statistical 264 

analysis was conducted using IBM SPSS® version 25 software. 265 

 266 

Results 267 

CI outcomes 268 

No differences were found in univariate analysis between children with or without comorbidities with 269 

regard to age at SHL diagnosis (p=0.36), age at CI (p=0.9), age at ASD diagnosis (p=0.3) and SF 270 

(p=0.56). For Spearman correlation, age at SHL diagnosis was correlated to age at CI (r=0.5, p=0.008) 271 

and to age at ASD diagnosis (r=0.47, p=0.03). Median SF threshold was 30 dB HL (min 15 – max 60 272 

IQR=16.25). Table 4 shows the outcomes for CAP and CL for short (≤2 yrs), medium (5 yrs) and 273 

long term (> 10 yrs) follow-up. Fig.1 shows the percentage of ASD CI Children for each CAP and 274 

CL level, assessed at each follow-up. In particular, CAP scores at the final follow-up session were 275 

extremely variable. Overall, 13.6% of patients at the last follow-up showed no benefit in terms of 276 

speech recognition (CAP score 0; 23.7% had a minimal benefit (CAP score 1-2). For acquiring the 277 

awareness of environmental and speech sounds; 31.8 % improved to the level of identification of 278 

environmental sounds or recognition of speech sounds (CAP scores 3-4) and 22.5% reached speech 279 

perception understanding at variable degrees (score 5-7). With regard to language development 280 

45.5% of children showed no improvement over time (score 1). CL score was 1-2 for the majority of 281 

ASD children (72.7%), while only 18.2% reached the highest level of language skills. Four patients 282 

(18.2%) developed the use of one-word (holophrase) or two/multiple word sentences and were able 283 

to identify environmental sounds or speech sounds in auditory mode only (CAP 3-4). The remaining 284 

12 patients (54.6%) failed to develop oral language skills. There were no statistically significant 285 



 

 

differences at all follow-ups between subjects with or without comorbidities (p>0.072). 286 

Augmentative alternative communication, gestures or simple signs supported their communication. 287 

Standardized language measures were available for 6 patients only. Six patients reached a fluent oral 288 

language competence after cochlear implantation (CL 4 or 5) and achieved contextually higher CAP 289 

scores (categories 5-7) [Table 4, Table 5].  290 

 291 

Implant variables and electrical charge requirements 292 

All children, except for four, were habitually hyperactive during fitting sessions. electrically evoked 293 

compound action potential and impedance measurements were, however, collected in all patients and, 294 

where possible, fittings were verified based on behavioural responses. Electrical charge fitting 295 

parameters were collected at the final follow-up session (median 180 months, range 24-102). All 296 

children had full electrode insertion, with the exception of one child who had an extra-cochlear 297 

electrode which was switched off. Six Cochlear users had one electrode switched off because of high 298 

impedance (open circuits) along the middle section of the array. The remaining 15 children had all 299 

channels active. Impedance values for the active electrodes, which are typical for each device, were 300 

comparable to those reported in the literature, and were <10 kOhm in all arrays. Average M level 301 

values were 197 (SD=77.5) CU for AB and 224 CU for the one MedEl device. Average C level value 302 

for Cochlear devices was 171 (SD=18.1) CU. Once conversion formulas were applied, the nC HiRes 303 

mean value was 15.48 nC (SD=5.46), ACE mean value was 10.25 nC (SD=3.5). A parametric statistic 304 

was adopted to compare mean values with those reported by Zwolan et al. [48]. One sample Z test 305 

was run separately for HiRes (10 ears) and ACE (17 ears) electrical charge: HiRes ASD users Z value 306 

was -1.73 with a p= .08 and a Cohen's effect size= .52; ACE ASD users Z value was -3.7, with a 307 

p<0001, and a Cohen's effect size= 97. The only ASD child who was an FS4 user reported a median 308 

14.2 nC value for the 12 active channels, while for the same device an average of 24.48 nCref was 309 

reported. The child with a Mondini malformation implanted with a cochlear device had an average 310 

electrical charge of 22.14 nC. In malformed cochlea with comparable devices, an average of 46.42 311 

nCref was reported.  The group as a whole showed mean 35.7 (SD=23.4) nCΔ% [Table 5]. Univariate 312 

analysis of nCΔ% between HiRes and ACE devices showed a significantly larger deviation from the 313 

data reported by Zwolan et al. for the Cochlear group [Table 3]. Mean SF was 34.9 (SD=11.7) dB. 314 

No significant differences in SF were recorded for different listening modes and strategies [Table 6]. 315 

Bivariate analysis did not show any SF correlation with age at ASD diagnosis, age at CI (p range=0.3-316 

0.7) or overall electrical charge requirements. 317 

 318 

ASD severity and correlation with audiological and implant variables. 319 



 

 

DSM-V levels and CARS ratings were not uniformly distributed [Table 5]. ASD severity for the 22 320 

patients in the Social Communication domain was as follows: level 1 27.3% (n=6), level 2 27.3% 321 

(n=6) and level 3 45.5% (n=10). ASD severity in the Behaviours domain was level 1 31.8% (n=7), 322 

level 2 31.8% (n=7) and level 3 36.4% (n=8) [Table 7]. With regard to CARS, the study group showed 323 

a median score of 43 (min 31 – max 60; IQR=21,25). Overall, 31.8% (7) of children presented with 324 

a mild/moderate score and 68.2% (15) with a severe score. 81.8% (n=18) of children were diagnosed 325 

as having an intellectual disability (QI≲70).  326 

With respect to speech perception and language outcomes, ASD severity for DSM-V A and B 327 

domains were inversely correlated with CAP (p ranging from 0.001 to 0.038; r ranging from -0.39 to 328 

-0.65) and CL (p ranging from 0.001 to 0.038; r ranging from -0.39 to -0.63) outcomes in all follow-329 

ups. DSM-V A and B maintained their correlation at mid and long follow-ups with CAP (rp = -0.68 330 

to -0.68, p= 0.001 to 0.004; rp= -0.55 to -0.58, p= 0.005 to 0.02) and CL outcomes (rp= -0.054 to -331 

0.57, p= <0.001 to 0.007; rp= -0.05 to -0.57, p= <0.001 to 0.02), whilst controlling for age at CI. 332 

Similarly, CARS rating was inversely correlated at mid and long-term follow-up with CAP (rp = -333 

0.63 to -0.66, p= 0.003 to 0.005; rp= -0.55 to -0.58, p= 0.005 to 0.02) and CL outcomes (rp= -0.054 334 

to -0.57, p= <0.001 to 0.007; rp= -0.058 to -0.62, p= <0.006 to 0.012) while controlling for age at CI. 335 

The direction of correlation indicates that the most severe ASD symptoms corresponded to lower 336 

CAP and CL levels. 337 

Three subjects (13.6%) with both severe CARS scores and DSM-V levels were partial/intermittent 338 

users. Subjects S1-2 were partial users and being bilaterally implanted only accepted one processor. 339 

Subject S17, unilateral CI, only intermittently used his processor, and the episodes of temporary non-340 

use differed significantly with wide variations in the onset, length, and frequency (from a few days 341 

to weeks or months). We were unable to identify any defining factor(s) that were associated with 342 

partial/intermittent CI use. All three subjects presented with level 2-3 DSM-V and a CARS rating of 343 

>43, indicating a severe form of ASD disorder. 344 

Differences in ASD severity and SF were not significant between HiRes and ACE users (p>0.37). 345 

Equally, nCΔ% for both HiRes and ACE strategies were not significantly different between levels of 346 

DSM-V A (p=0.18) and B (p=0.4) domains or CARS scores (p=0.86). Bivariate Spearman analysis 347 

between patients’ audiological characteristics and ASD outcomes is reported in Table 7. Additionally, 348 

age at CI was correlated both to age at SHL (r=0.55, p=0.008) and to ASD diagnosis (r=0.473, 349 

p=0.03), underlying a delayed rehabilitative approach in older children diagnosed in regions where 350 

neonatal universal screening was not yet routinely adopted. CARS rating was closely correlated to 351 

DSM-V A-B levels (r=0.9; p<0.001).  352 



 

 

In Cochlear devices nC values were correlated with age at ASD diagnosis (r=-0.58, p=0.03) and to 353 

both CARS (r=-0.65, p=0.01) rating and DSM-V B domain (r=-0.64, p=0.02), underlying an inverse 354 

relationship between electrical charge requirements and ASD severity. No similar correlation was 355 

found for HiRes users. 356 

 357 

Discussion 358 

Cochlear implants are effective and beneficial for hearing impaired populations with ASD although, 359 

despite early access to hearing aid amplification or cochlear implantation, hearing and language skill 360 

development may be lower when compared to children implanted without additional disabilities and 361 

extremely variable [17,20,22,23]. ASD is characterized by deficits in social communication and 362 

interaction along with restricted, repetitive patterns of behaviour, interests, or activities. Difficulties 363 

with communication and language present significant clinical challenges with regard to choosing CI 364 

candidacy, notwithstanding central hearing processing issues which are inherent features of ASD, for 365 

example, when evaluating outcomes, and ultimately achieving effective CI programming. Above all, 366 

there is a lack of information concerning the strategies necessary for CI adaptation/regulation in ASD 367 

CI children, for compliance with device use, and specific actions towards setting CI parameters as 368 

described in one case reports [28].  For this reason, the present retrospective study describes clinical 369 

characteristics and CI outcomes, the average electrical charge requirements in this special population 370 

and highlights possible correlations between outcomes, CI use, and the specific characteristics of 371 

ASD CI children.  372 

 373 

Clinical characteristics and outcomes in the studied sample 374 

Children included in the present study showed severe to profound deafness whose etiology was either 375 

genetic or related to CMV infection in 36% and 19 % of patients respectively. The association 376 

between ASD and other genetic disorders is not an unusual finding. Meinzen-Derr et al. [17] reported 377 

25% ASD in syndromic children with hearing loss. Recently, increased knowledge of the genetic 378 

bases of ASD suggests that a common disorder could be the sum of many different disorders, although 379 

this genetic landscape may not be apparent at first clinical evaluation [49]. Coexistence of CMV 380 

infection with ASD diagnosis has already been described [50] and it is usually associated with severe 381 

psycho-neurological symptoms and delays in language development. Accordingly, 3 out of 4 children 382 

with CMV related deafness required substantial support in both social and behavioural DSM-V 383 

domains. Additionally, premature birth is another well-established risk factor for ASD with overall 384 

prevalence rates of 7% [51]. The risk of ASD is greatest in exceptionally preterm infants and is likely 385 

to be compounded by prematurity associated complications, such as anoxia and hypoglycaemia. A 386 



 

 

similar prevalence was found in the present study, where two children had substantial support in both 387 

A and B DSM-V domains.  388 

 389 

ASD severity  390 

ASD severity was not evenly distributed and the majority of children in the present study were 391 

diagnosed as requiring substantial (level 2) or very substantial (level 3) support both in social and 392 

behavioural domains. In addition, most of the participants were identified with autism several months 393 

after cochlear implantation. The median time between implantation and diagnosis of autism was 34 394 

months. Delayed diagnosis of autism in children with hearing loss has been reported in other studies.  395 

Meinzen-derr et al. [17] reported that the average age at ASD diagnosis was 66.5 months, although 396 

children with profound HL and CI were diagnosed sooner than children with lesser degrees of hearing 397 

loss. Deafness may play a role in delaying the diagnosis of ASD [17,52] and the number of children 398 

in whom autism is only diagnosed after they receive an implant has slowly increased. Due to a 399 

widespread consolidation of universal neonatal hearing screening programs, there has been a steady 400 

decrease in the age at which children are evaluated and implanted and, consequently, more than 50% 401 

of deafness established in the present study group was diagnosed prior to 6 months of age. The wide 402 

timespan elapsing between deafness and ASD confirmation bear witness to the challenges associated 403 

with performing a dual diagnosis, given the complexities of determining whether speech/language 404 

and social delays are attributable to the hearing deficit, or whether these delays are indicative of a 405 

concomitant neurodevelopmental disorder [17,20,25,52]. This is a significant time impediment that 406 

needs to be shortened as we know that prompt prognosis of ASD is linked to early intervention [20]. 407 

The age at ASD diagnosis was inversely correlated with the severity of ASD at the B domain of the 408 

DSM-V. To achieve early ASD identification observations made during assessments such as unusual 409 

or stereotyped behaviours, inflexible routines, intense and restricted interest and sensorial hyper- or 410 

hypo-reactivity should be considered indicators that require timely assessment and intervention. On 411 

the contrary, ASD diagnosis arrived later when behavioural signs are more shaded, expose the risk 412 

that when communication alteration alone prevails, ASD diagnosis is more likely to be confused with 413 

typical difficulties related to hearing deprivation. In clinical practice, more attempts should be made 414 

to identify assessment tools capable of differentiating these challenges.       415 

 416 

CI outcomes 417 

The median SF threshold was 30 dB HL, whilst CAP score at the final follow-up was extremely 418 

variable, with most children have some form of benefit, ranging from environmental sound awareness 419 

to the ability to sustain a conversation without lip-reading. Language skills in the majority of children 420 



 

 

varied from no improvement to the use of simple phrases, while only 18% reached the highest level 421 

of language skills. These findings are consistent with prior research, which describes extremely 422 

variable improvements in speech perception and expressive vocabulary, although no statistical 423 

analysis correlating outcomes to ASD severity was attempted [17,18,19,20,21,22,23]. Delays in 424 

language development and impairments in the ability to communicate constitute a defining feature of 425 

ASD. However, these language and communication impairments can vary significantly and become 426 

more severe in the presence of deafness [53]. Factors that appear to influence verbal language skills 427 

include the severity of the disorder, age at implantation, age at ASD diagnosis, the presence of 428 

comorbidities, and the availability of multidisciplinary support. Meinzer-Derr et al. [17] observed 429 

how outcomes and expectations for children with ASD and CI are as variable as outcomes and 430 

expectations for children with ASD who have normal hearing. Thus, the severity of ASD may also 431 

influence communication outcomes.  432 

In the present study DSM-V A and B and CARS scores show an inverse correlation with CAP and 433 

CL outcomes at mid and long follow-ups, whilst controlling for age at CI. The direction of correlation 434 

was inverted, meaning that the most severe symptoms for DSMV A-B level corresponded to lower 435 

CAP and CL levels. The absence of significance in partial correlation analysis for short term (≤2 436 

years) follow-up data is probably related to the large number of children implanted <2 years where 437 

signs and symptoms of ASD had not yet been diagnosed [16]. It is a natural consequence that these 438 

children endure, in the first two years, a greater delay in the acquisition of speech and language skills 439 

and their outcomes are generally poorer. 440 

CAP and CL scores were previously used in the literature to measure ASD children speech and 441 

language outcomes. Mikic et al. [18] assessed the development of auditory perception and speech 442 

intelligibility in implanted children with profound congenital hearing loss who were later diagnosed 443 

with ASD compared to those who were developing normally. In their finding, the CAP and Speech 444 

Intelligibility Rating showed that ASD children with CI had slower auditory processing development, 445 

often confined to the identification of environmental sounds or discrimination of speech sounds, 446 

whilst speech intelligibility showed very little or no progress.  447 

Consistent with these findings, Nasralla et al. [23] observed that only 64% of children were able to 448 

detect sounds without discrimination and were unable to develop speech. However, those patients 449 

who managed to progress in their CAP score also observed an evolution in their spoken language CL 450 

score. Results from the present study agree with findings in the literature and further, for the first 451 

time, show a significant correlation between ASD severity and perceptive and language outcomes 452 

despite the small study group. These results, backed by a medium-high effect size, were likely 453 



 

 

supported by the use of categorical scores, the homogeneous ASD diagnostic classification and by 454 

data completeness.  455 

 456 

CI electrical and psychophysical characteristics 457 

The assessment of electrical charge requirements in the ASD population has not been addressed 458 

before in this category of patients. Zwolan et al. [48] reported the average psychophysical responses 459 

for a large, heterogeneous population of paediatric CI recipients. The mapping data reported for each 460 

device brand (Cochlear, AB and MedEl) showed that there was no significant difference in average 461 

electroacoustic charges, across CI centers that participated in the study. The authors claim that 462 

homogeneous data observed in such a large cohort could provide observations that can be adopted by 463 

and reflect the real-world practices of various clinical providers. It is indeed common practice to 464 

assess C/M levels and T levels through multiple recording of postoperative ECAP, which are then 465 

verified by the observation of subjective behavioural responses. C/M and T levels are mostly 466 

stabilized within 24 months of CI activation. The greatest change in C/M levels took place between 467 

device activation and the 6-month post-activation visit for all devices, but it tended to be more stable 468 

for AB and Cochlear devices after the 12-month visit [48]. Similar values for Cochlear device users 469 

were described by Incerti et al. [54] in a group of 65 children with no additional disabilities, while 470 

higher values were reported in other children with cochlear malformations. In Incerti et al. study, 471 

fitting of devices was accomplished using standard, age-appropriate, audiological behavioural 472 

techniques, and objective measures such as ECAP and Electrical Auditory Brainstem Responses in 473 

conjunction with behavioural measures were typically adopted in infants with and without cognitive 474 

deficits.  475 

Likewise, Baudhuin et al. [55] while studying the fitting parameters of a group of children tested to 476 

evaluate the effects of parameter settings on detection and speech recognition, describes for AB 477 

devices an average M level similar to that reported by Zwolan et al [48]. ASD children in the present 478 

study showed on average 35% lower nC electrical CI charge when compared to that reported in the 479 

literature for CI children without ASD.  480 

The one sample Z test differed significantly when compared to Zwolan et al. data only for Cochlear 481 

devices, which had a larger deviation from literature values when compared to AB devices. Data for 482 

AB devices were not significantly different, probably owing to the smaller study group, which did 483 

not support the analysis (lower effect size). The only ASD child FS4 user and the child with a Mondini 484 

malformation also showed lower electrical charge requirements when compared to that reported in 485 

the above cited literature. Electrical charge requirements for the present study group did not correlate 486 

with SF or age at implant, whilst showing an inverse correlation with ASD severity in Cochlear users. 487 



 

 

This data might be linked to various factors, such as the poor response by the child to the stimuli or 488 

difficult interpretations of behavioral responses as well as incidences of hypersensitivity to sounds or 489 

more general sensorial stimulation. 490 

It has been reported how CI fitting might be particularly challenging in very young children and 491 

children with additional disabilities to the point  where thresholds could be at excessively high levels; 492 

lack of participation by the child, absence of adverse responses to sound, no continuity of care 493 

(clinicians unfamiliar with the patient may not see subtle variations in the child's behaviour), 494 

misconceptions that "louder" is better and clinician inexperience in the processes or products or in 495 

fact a combination of all of these factors [56]. In the present study group, where neither C/M levels 496 

nor ASD severity were found to be correlated to FF thresholds, it seems more likely that ASD 497 

severity, due to the absence of reliable behavioural responses and/or the presence of loudness 498 

intolerance, may possibly be the principal factors influencing M level regulation.  499 

In the present study, C/M were based on electrically evoked compound action potential thresholds 500 

and behavioural responses observation. Programming progressed conservatively and was always 501 

preceded by reports from parents concerning CI use at home and children's behaviour with respect to 502 

speech and environmental sounds. The children’s willingness to undergo these tests changed from 503 

session to session and fittings were mainly based on their cooperation. In most cases, their cooperation 504 

during sessions was such that behavioural responses were considered reliable by the audiologists. 505 

Nevertheless, responses were verified, wherever possible, through behavioural audiometry, detection, 506 

and discrimination of Ling sounds. In children with more severe ASD symptoms assessments were 507 

carried out in more than one session. However, in the most severe cases their answers could not be 508 

considered as reliable.  These outcomes are consistent with reports in the literature. Tharpe et al. [57] 509 

found that the majority of children with autism demonstrated elevated behavioural SF thresholds 510 

despite normal objective measures of auditory function, and warned against the risk of over-511 

estimating hearing thresholds due to difficulties in measuring reliable responses at low stimulus 512 

levels. Lachowska et al [19] recommended caution when fitting sound processors owing to the 513 

possibility of heightened sensitivity to sounds. Nevertheless, specific structured activities together 514 

with multiple observations of patients by specialized professionals have proved to be effective in 515 

most cases in assessing functional listening [6].  516 

Finally, one of the study objectives was to assess electrical charge requirements and correlate them 517 

to ASD characteristics and the condition of the CI user/non user to avoid device abandonment. 518 

In the present study group only 3 subjects (13.6%) with severe DSM-V A/B levels and CARS scores 519 

were partial (2 bilateral implanted CI children who dropped the use of one CI) or intermittent (1 child 520 

who dropped the use of the only CI device for days-weeks) users. Of these, two children presented 521 



 

 

electric charge requirements below the average whilst one had values in line with that reported in the 522 

literature. The number of children in this cohort is too small to draw any firm conclusions, although, 523 

taken together all of the explored factors indicate that intermittent/partial CI use seems more likely 524 

correlated to ASD severity than to fitting characteristics. Higher percentages of non-users or 525 

partial/intermittent users of hearing technology have already been reported in the literature and, 526 

although a statistical analysis was not performed, this phenomenon has been described as being more 527 

frequent in patients with more severe ASD symptoms. Rodriguez Valero et al [24] specifically studied 528 

CI compliance in children subsequently diagnosed with ASD. Over 22 implanted children, 2/22 (9%) 529 

were partial users. Overall, 13/22 (59%) children with ASD experienced episodes of intermittent CI 530 

usage. The factor(s) that precipitated these episodes were not identified and temporary non-use 531 

differed significantly between patients with wide variations in the onset, length and frequency of 532 

temporary rejections. Eshraghi et al. [20], in a cohort of 15 patients of whom 9 were CI users, reported 533 

an intermittent CI use in only 1 child (11%). Fitzpatrik et al. [25] identified 22 deaf ASD children 534 

using hearing aids, with 27% reporting intermittent use of the device. Meinzen-Derr et al. [17] 535 

reported 21% of non-users (permanent reject of CI use).  536 

The low compliance to acoustic/electric stimulation in some ASD children could be explained by 537 

hypersensitivity to acoustic changes. Hyperacusis is one form of auditory hypersensitivity, which also 538 

includes phonophobia and auditory recruitment. It is not clear whether hyperacusis originates from a 539 

central or peripheral auditory deficit [26]. Studies using parental questionnaires reported a prevalence 540 

of 16-100% for auditory hypersensitivity [58], and hyperacusis being present in 18-63% of children 541 

with ASD [4]. Loudness intolerance does not seem to depend so much on recruitment as on higher 542 

order neuron neurophysiological mechanisms unique to ASD. Research employing a battery of 543 

physiologic auditory tests has shown that the peripheral auditory characteristics of children with 544 

normal hearing who have ASD are comparable to those of typically developing children. However, 545 

whilst objective audiological measures produced similar results in children with and without ASD, 546 

the group with ASD responded differently when applying behavioural audiological measures [57]. 547 

Central neural mechanisms involving negative emotional reactions to sound seem to reside in the 548 

limbic system and in its connection to the auditory system [59]. The number of patients in the study 549 

group with low compliance for CI is relatively small compared to that reported in the literature and 550 

no children dropped the CI permanently, reiterating how the majority of ASD DHH children might 551 

benefit from this procedure.  552 

 553 

Contributions and limitations of the present study 554 



 

 

The present study contributes to the body of knowledge available on outcomes after implantation in 555 

ASD children and is the first report focused on different time periods of follow-up.  Altogether, there 556 

is a significant correlation between ASD severity and perceptive and language outcomes despite the 557 

small study group. Most of the improvements were recorded in the mid-term period and continued 558 

into long term follow up. ASD CI children with less severe clinical pictures were able to reach good 559 

listening and linguistic skills, while children with an increased degree of severity show positive but 560 

limited benefits. Most likely, the outcomes that ASD CI children obtain after cochlear implantation 561 

correspond to the maximum level of competencies they would have reached on the basis of severity 562 

anyway [60]. These two data sets could be used by clinicians to counsel families in what they can 563 

expect after cochlear implantation, helping them to understand that improvements in ASD 564 

populations are possible in the long run but slow  and to set realistic and achievable goals [61]. 565 

Furthermore, the findings on electrical charge requirements explains and supports Tharpe et al [57] 566 

and Lachowska et al. [19] who cautioned against the risk of over-estimating hearing thresholds and/or 567 

heightened sensitivity to sounds. In fact, the CI children evaluated in the present study diagnosed with 568 

ASD showed an average of 35% lower nC electrical CI charge when compared to CI peers without 569 

ASD.  570 

Some limitations of the study, however, need to be taken in account.  571 

Results reported in this study are obviously qualified by being retrospective in nature. The small study 572 

size has limited our ability to make statistical inferences amongst many variables. Because this was 573 

a retrospective review of clinical data, we were limited to data available in medical charts.  574 

Furthermore, there were only 3 partial/intermittent CI users (3 subjects) and there were no cases of 575 

CI abandonment: this data did not allow us to perform any analysis useful to understanding the 576 

possible reasons for differences in CI tolerance (e.g differences in electrical charge settings) nor to 577 

identify any specific procedures and strategies necessary in order to stabilize CI use. Future research 578 

could focus on these unanswered questions, helping the scientific community to gather new 579 

knowledge that could help improve clinical practice.     580 

  581 

Conclusion 582 

SHL children diagnosed with ASD are challenging for clinicians and require complex management 583 

including audiological selection, fitting procedures and ongoing clinical management. Results 584 

reported in the present retrospective study show that CI is effective and beneficial for hearing 585 

impaired ASD children, although outcomes in speech perception and language development lag 586 

behind  587 



 

 

those reported in the literature being typical of implanted children with no additional disabilities. A 588 

limited improvement in language skills was found in most ASD CI children with more severe 589 

symptomatology. This shows the importance of integrating audiological and communicative 590 

assessments (with ASD diagnostic criteria) alongside a series of standardized tools such as CARS, in 591 

order to define the gravity of ASD on which to calibrate outcomes and expectations after cochlear 592 

implantation.  The electrical charge settings tended to be lower than the values reported in the 593 

literature for CI children without additional needs. This finding when linked to the severity of ASD 594 

symptoms constitutes a warning against the risk of over-estimating hearing thresholds and/or 595 

heightened sensitivity to sounds.  596 

Further studies are needed to broaden clinical understanding in this specific research field. 597 
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Subjects Age at DHH 

diagnosis 

months 

Age at 

CI 

months 

Age at ASD 

Diagnosis 

months 

Comorbidities 

S1 30 38 60 no 

S2 11 14 36 CMV 

S3 5 15 120 Baraitser Winter 

syndrome 
S4 13 41 40 Congenital 

Transposition of 

the Great 

Arteries 

S5  6 14 36 Usher type I 

S6 12 39 42 no 

S7  4 22 38 CMV 

S8 6 65 42 no 

S9 9 144 44 prematurity 

S10  11 57 56 GJB2 

S11 50 77 62 Usher type I 

S12 1 14 36 CMV 

S13 3 10 39 CMV 

S14 30 40 42 no 

S15 1 15 62 no 

S16 7 28 40 Mondini 

malformation 
S17 4 44 50 no 

S18  14 42 60 no 

S19  12 33 48 GJB2 

S20 7 35 42 no 

S21 9 17 42 GJB2 

 S22 5 26 43 prematurity 

 798 

Table 1: subjective and audiological characteristics of the study group. 799 
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 802 

CAP    

0 No awareness of environmental 

sounds 

5 Understanding of common phrases without lip-reading  

 

1 Awareness of environmental 

sounds  

6 Understanding of conversation without lip-reading  

 

2 Responds to speech sounds  7 Use of telephone with known listener  

3 Identification of environmental 

sounds 

8 Follows group conversation in a reverberant room or where 

there is some interfering noise, such as a classroom or 

restaurant  

4 Discrimination of some speech 

sounds without lip-reading  

9 Use of phone with unknown speaker in unpredictable 

context 

CL    

1 The child does not speak and may present undifferentiated vocalization 

2 The child speaks only isolated words 

3 The child builds sentences of two or three words 

4 The child builds sentences of four or five words, and begins to use connective elements (pronouns, articles, 

prepositions) 

5 The child construct sentences of more than five words, using connective elements, conjugating verbs, using 

plurals, etc. He/she is fluent in oral language. 

 803 
Table 2: Categories of Auditory performance (CAP), classifies listening outcomes in 10 categories 804 

of increasing difficulty.  Categories of Language (CL) classifies speech production in 5 categories 805 
of language performances. 806 
 807 

  808 



 

 

Device Formula Reference nC values by device 

Advanced Bionics 
M levels 

(µAmp/0.0128)/1000 17.49 (8.79-28.07) 

n=47 

Cochlear  
C levels 

(µAmp*pw)/1000 
Clinical units are arbitrary and 

µAmp conversion was provided by 

the manufacturer 

18.39 (6.37-58.89) 

n=87  

 

MedEl 
M levels 

(µAmp*pw)/1000 24.48 (8.42-74.84) 

n=25 

 809 

Table 3: Formulas used to convert clinical units to charge per phase (nCoulomb). Reference mean 810 
(min – max) nC values for Electric charge requirements in nC reported by Zwolan et al (2008) in 811 
children with normal and malformed cochlea were reported.  812 
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 814 

 815 

Subjects 
SF 

dB 

CAP CL 

Pre-CI short mid long Pre-CI short mid long 

S1 35 0 0 1 1 1 1 1 1 

S2  30 0 1 2 3 1 1 1 2 

S3 25 0 4 5 7 1 2 4 5 

S4 30 0 2 3 3 1 1 2 2 

S5 30 0 1 5 7 1 1 3 5 

S6  15 0 0 4 4 1 1 2 2 

S7  50 0 0 2 3 1 1 1 1 

S8 40 0 0 1 1 1 1 1 1 

S9 30 0 3 3 5 1 2 3 4 

S10  30 0 2 3 4 1 2 2 3 

S11 25 0 0 2 2 1 1 1 1 

S12 20 0 2 4 - 1 2 2 - 

S13 25 0 4 - - 1 2 - - 

S14 35 0 1 - - 1 1 - - 

S15  45 0 0 0 1 1 1 1 1 

S16 60 0 1 2 - 1 1 2 - 

S17  59 0 0 - - 1 1 - - 

S18 30 0 1 5 6 1 1 3 5 

S19  30 0 2 4 6 1 1 4 5 

S20 45 0 0 1 1 1 1 1 1 

S21  45 0 0 1 1 1 1 1 1 

S22 55 0 0 0 0 1 1 1 1 

Table 4: subjective and audiological characteristics of the study group. Categories of auditory 816 

performances (CAP) (Archbold et al, 1995) and Categories of Language (CL) (Bevilacqua, 1996; 817 
Nasralla, 2018) were assessed pre-CI and at short (<2 yr) medium (5 yr) and long term (> 10 yr) 818 
follow-up. 819 
 820 
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 829 

 830 

 831 

 832 

 833 

 834 

 835 

 836 

 837 

 838 

 839 

 840 

 841 

 842 

 843 

 844 

 845 

 846 

 847 

 848 

 849 

Table 5: ASD DSM-V domains levels (see table 1) and CARS rating and severity of symptoms. 850 

CARS severity= 1, mild/moderate and 2, severe. CI compliance: user (daily use>8 hrs), partial user 851 

(bilaterally implanted only accepted one processor) and intermittent user (the episodes of temporary 852 

non-use differed with wide variations in the onset, length, and frequency). 853 

S22 M user 3 2 52 2 



 

 

 854 

  SF  nCΔ%  

Variables  dB HL (p) % (p) 

Strategy HiRes 31.82 [8.7] 
(0.3) 

20.54 [24.12] 
(0.007) 

 Ace 37 [13.1] 44.68 [18.36] 

Listening mode Unilateral 37.4 [13.4] 
(0.4) 

28.9 [24.7] 
(0.1) 

 Bilateral 31.6 [8.7] 36.8 [21.3] 

p value significant at a level≤ 0.05 (bold); standard deviation [SD]. 855 

 856 

Table 6: Univariate analysis of strategy and listening mode outcomes for sound field (SF) and 857 

nCΔ% 858 

  859 



 

 

 860 

 Age at CI 

months 

Age at ASD 

diagnosis 

months 

SF  

dB HL 

nCΔ% HiResolution 

nC 

ACE 

nC 

 Rho (p) Rho (p) Rho (p) Rho (p) Rho (p) Rho (p)   

DSM-V 

domain A 
0.08 (0.9) -0.2 (0.2) 0.7 (<0.001) -0.05 (0.8) -0.4 (0.3) -0.4 (0.1) 

 

DSM-V 

domain B 

-0.001 (0.9) -0.39 (0.04) 0.6 (<0.001) -0.06 (0.7) -0.04 (0.9) -0.06 (0.7) 

 

CARS rating 

 

0.01 (0.9) -0.3 (0.07) 0.6 (0.001) 0.09 (0.6) -0.06 (0.8) -0.54 (0.02) 

 861 

Table 7: Spearman’s Rho and p values between DSM-V A (Social communication) and B domains 862 

(Behaviour), CARS rating and children characteristics (22 patients, 28 implanted devices). 863 

Significant correlations in bold.  864 
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ASD 

  A: Social communication domain 
B: Restricted, repetitive 

behaviours domain 

Severity 

Level 

Level 1 

“Requiring 

support” 

 

Without support in place, deficits in social 

communication cause noticeable impairments. 

Difficulty initiating social interactions, and clear 

examples of atypical or unsuccessful responses to 

social overtures of others. May appear to have 

decreased interest in social interactions. For 

example, a person who is able to speak in full 

sentences and engages in communication but 

whose to-and-fro conversation with others fails, 

and whose attempts to make friends are odd and 

typically unsuccessful. 

 

 

Inflexibility of behaviour causes 

significant interference with 

functioning in one or more contexts. 

Difficulty switching between 

activities. Problems of organization 

and planning hamper independence. 

Level 2 

“Requiring 

substantial 

support” 

Marked deficits in verbal and nonverbal social 

communication skills; social impairments apparent 

even with supports in place; limited initiation of 

social interactions; and reduced or abnormal 

responses to social overtures from others. For 

example, a person who speaks simple sentences, 

whose interaction is limited to narrow special 

interests, and who has markedly odd nonverbal 

communication. 

Inflexibility of behaviour, difficulty 

coping with change, or other 

restricted/ repetitive behaviours 

appear frequently enough to be 

obvious to the casual observer and 

interfere with functioning in a variety 

of contexts. Distress and/ or difficulty 

changing focus or action 

Level 3 

“Requiring 

very 

substantial 

support” 

 

Severe deficits in verbal and nonverbal social 

communication skills cause severe impairments in 

functioning, very limited initiation of social 

interactions, and minimal response to social 

overtures from others. For example, a person with 

few words of intelligible speech who rarely 

initiates interaction and, when he or she does, 

makes unusual approaches to meet needs only and 

responds to only very direct social approaches. 

 

 

Inflexibility of behaviour, extreme 

difficulty coping with change, or 

other restricted/ repetitive behaviour 

markedly interfere with functioning 

in all spheres. Great distress/ 

difficulty changing focus or action. 

Annex 1: Severity levels for Autism Spectrum Disorders (ASD), according to the Diagnostic and 867 

Statistical Manual of Mental Disorders DSM-V. Domain A, Persistent deficits in social 868 

communication and social interaction across contexts, not accounted for by general developmental 869 

delays, and manifest by 3 of 3 symptoms. Domain B, restricted, repetitive behaviours domain, and 870 

manifest by at least 2 of 4 symptoms, for ASD diagnosis.   871 
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