
Accepted Manuscript

Cochlear implantation in children with auditory neuropathy spectrum disorder: A
multicenter study on auditory performance and speech production outcomes

Ahmad Daneshi, Marjan Mirsalehi, Seyed Basir Hashemi, Mohammad Ajalloueyan,
Mohsen Rajati, Mohammad Mahdi Ghasemi, Hesamaldin Emamdjomeh, Alimohamad
Asghari, Shabahang Mohammadi, Mohammad Mohseni, Saleh Mohebbi, Mohammad
Farhadi

PII: S0165-5876(18)30070-3

DOI: 10.1016/j.ijporl.2018.02.004

Reference: PEDOT 8879

To appear in: International Journal of Pediatric Otorhinolaryngology

Received Date: 6 November 2017

Revised Date: 31 January 2018

Accepted Date: 3 February 2018

Please cite this article as: A. Daneshi, M. Mirsalehi, S.B. Hashemi, M. Ajalloueyan, M. Rajati, M.M.
Ghasemi, H. Emamdjomeh, A. Asghari, S. Mohammadi, M. Mohseni, S. Mohebbi, M. Farhadi, Cochlear
implantation in children with auditory neuropathy spectrum disorder: A multicenter study on auditory
performance and speech production outcomes, International Journal of Pediatric Otorhinolaryngology
(2018), doi: 10.1016/j.ijporl.2018.02.004.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.ijporl.2018.02.004


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Cochlear Implantation in Children with Auditory Neuropathy Spectrum 
Disorder: A Multicenter study on Auditory Performance and Speech 
Production Outcomes 

 

 

Ahmad Daneshi, MD. 

ENT and Head & Neck Research Center and Department, Hazrat Rasoul Akram Hospital, Iran University 
of Medical Sciences (IUMS), Tehran, Iran 

daneshiahmad@gmail.com 

 

Marjan Mirsalehi, MD, PhD. 

ENT and Head & Neck Research Center and Department, Hazrat Rasoul Akram Hospital, Iran University 
of Medical Sciences (IUMS), Tehran, Iran 

mmirsalehi@gmail.com 

 

Seyed Basir Hashemi, MD. 

Department of Otorhinolaryngology, Khalili Hospital, Shiraz University of Medical Sciences, 
Shiraz, Iran 

hashemib@yahoo.com 

 

Mohammad Ajalloueyan, MD. 

Department of Otorhinolaryngology, Baqiyatallah Hospital, Baqiyatallah University of Medical 
Sciences, Tehran, Iran 

ajall@bmsu.ac.ir 

 

Mohsen Rajati, MD. 

Ghaem Hospital, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

rajatim@mums.ac.ir 

Mohammad Mahdi Ghasemi, MD. 

Sinus and Surgical Endoscopic Research Center, Faculty of Medicine, Mashhad University of 
Medical Sciences, Mashhad, Iran 

ghasemimm@mums.ac.ir 

 

Hesamaldin Emamdjomeh, MSc. 

ENT and Head & Neck Research Center and Department, Hazrat Rasoul Akram Hospital, Iran 
University of Medical Sciences (IUMS), Tehran, Iran 

I_CI_C@yahoo.com 

 

Alimohamad Asghari, MD. 

Skull Base Research Center, Rasoul Akram Hospital, Iran University of Medical Sciences, 
Tehran, Iran 

dramasghari@gmail.com 

 

Shabahang Mohammadi, MD. 

Department of Otorhinolaryngology, Firoozgar Hospital, Iran University of Medical Sciences, 
Tehran, Iran 

mohshab6@gmail.com 

 

Mohammad Mohseni, MD. 

ENT and Head & Neck Research Center and Department, Hazrat Rasoul Akram Hospital, Iran 
University of Medical Sciences (IUMS), Tehran, Iran 

mohsenient1971@gmail.com 

 

Saleh Mohebbi, MD., PhD. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

ENT and Head & Neck Research Center and Department, Hazrat Rasoul Akram Hospital, Iran 
University of Medical Sciences (IUMS), Tehran, Iran 

mohebbi54@gmail.com 

 

Mohammad Farhadi, MD.* 

ENT and Head & Neck Research Center and Department, Hazrat Rasoul Akram Hospital, Iran 
University of Medical Sciences (IUMS), Tehran, Iran 

farhadi28@gmail.com 

 

*: Corresponding Author: Mohammad Farhadi, MD. 

Address: ENT and Head & Neck Research Center and Department, Iran 
University of Medical Sciences (IUMS), Hazrat Rasoul Akram hospital, 
Niayesh St. Satarkhan Ave. Tehran, Iran. Postal Code: 1445613131 

Phone: +982166552827, Fax: +982166525329 

Email: farhadi28@gmail.com 

 

Conflict of Interest: None  

Funding: This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

1  Introduction 1 

Auditory neuropathy/dys-synchrony, first described by Starr et al. in 1996, is a condition in 2 

which otoacoustic emissions (OAEs) and/or cochlear microphonics (CMs) are preserved, and 3 

auditory brainstem response (ABR) waves are absent or severely distorted [1]. Pure tone 4 

thresholds evaluated by behavioral audiological assessments range from normal to profound 5 

levels [2,3]. The pathophysiology of the disorder includes: presynaptic (inner hair cell disorders), 6 

postsynaptic (disorders affecting the auditory ganglion, dendrites, and axons), and central 7 

(auditory brainstem) disorders [4]. This etiologic heterogeneity led to the adoption of the 8 

nomenclature ‘auditory neuropathy spectrum disorder (ANSD)’ [5]. The dys-synchrony of neural 9 

discharges in auditory pathways resulted in the disruption of temporal processing, impaired 10 

speech discrimination, and signal processing in noise [1,6–8]. Auditory neuropathy spectrum 11 

disorder is not an uncommon cause of hearing impairment, with a prevalence of 0.5% to 15% in 12 

infants with hearing loss [9–12].  13 

Although the early reports of the cochlear implantation in children with ANSD suggested limited 14 

efficacy [13], later studies demonstrated more promising results: A systematic review, which in 15 

2015 evaluated the performance of hearing skills in children with ANSD after cochlear 16 

implantation, reported similar improvements in the performance of hearing skills in children with 17 

ANSD compared to children with sensorineural hearing loss, using cochlear implantation [14]. 18 

Cochlear implantation was recommended for children with poor performance with conventional 19 

hearing aids [15] and subjects with profound hearing loss [16]. 20 

In the current study, the auditory performance and speech production outcomes of cochlear 21 

implantation in children with ANSD were evaluated in four tertiary referral centers and the effect 22 

of age at the time of implantation on these factors was reported.  23 

 24 

2. Patients and Methods 25 

2.1. Study Design 26 

The current retrospective, multicenter study was carried out on children with auditory 27 

neuropathy spectrum disorder, receiving a cochlear implant at four tertiary referral centers 28 

between January 2003 and December 2015. The study was an anonymized chart review, 29 

conducted after obtaining the ethical approval of the research center.  30 

2.2. Diagnostic Tests for Auditory Neuropathy Spectrum Disorder 31 

The audiological test battery for the diagnosis of the ANSD including otoacoustic emission 32 

(OAE), auditory brainstem response (ABR) and cochlear microphonics (CMs),  tympanometry, 33 

acoustic reflex, and age-appropriate behavioral audiometry (pure tone audiometry or visual 34 
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reinforcement audiometry) were performed. The presence of OAEs or CMs and seriously 35 

abnormal ABR responses or the absence of responses with a maximum output level was used to 36 

establish the ANSD diagnosis. 37 

2.3. Subjects 38 

After the diagnosis of the ANSD, a thorough history and physical examination was performed on 39 

all the subjects. Magnetic resonance imaging (MRI) of the temporal bone and brain, and 40 

temporal bone high-resolution CT scan (HRCT) were performed on all the patients. The subjects 41 

with the following criteria were included in the study: 1) children with bilateral severe-to-42 

profound sensorineural hearing loss at the time of surgery; 2) the patients who did not show 43 

hearing improvement with hearing aids; 3) the cochlear implantation surgery was performed at 44 

the pre-school age (before seven years old); 4) normal appearance tympanic membrane at 45 

otoscopy, and type A tympanogram. The subjects with a bilateral cochlear implantation 46 

(simultaneous or sequential), any component indicating an additional conductive hearing loss in 47 

the audiological test battery, an absence of the cochlear nerve in imaging, surgical complications 48 

as listed in [17], and failure to keep up with follow-up at least for one year post-operatively were 49 

excluded from the study. 50 

2.4. Cochlear Implantation and Activation 51 

All the subjects received auditory rehabilitation for at least three months with hearing aids and 52 

did not show hearing improvements. Afterwards, the patients underwent the unilateral cochlear 53 

implantation surgery with multichannel devices. The device selection was performed based on 54 

the expert cochlear implantation team of each center. The implantation devices consisted of the 55 

Cochlear Nucleus Contour AdvanceTM (Cochlear Ltd., Centennial, USA), HifocusTM (Advanced 56 

Bionics LLC, Valencia, USA), and SonataTM (MED-EL Corporation, Innsbruck, Austria) 57 

electrodes. The cochlear implantation fitting was performed after four weeks postoperatively.  58 

2.5. Auditory Performance Assessment 59 

The categories of auditory performance (CAP) scaling system was used to evaluate the auditory 60 

perception of the subjects, preoperatively and postoperatively. The CAP was developed in 1995 61 

to evaluate the auditory perception of children with hearing loss in daily life [18]. Based on this 62 

scoring system, the auditory performances were divided into eight hierarchical categories, which 63 

are described in Table 1. The inter-user reliability of this scaling system has been proven before 64 

[19]. The CAP scores of the subjects were evaluated before surgery, one and two years after 65 

cochlear implantation by expert rehabilitation professionals.  66 

2.6. Speech Production Assessment 67 

The speech intelligibility rating (SIR) scale was used to evaluate the speech production ability of 68 

the subjects after implantation. This scale was developed in 1998 to quantify the intelligibility of 69 
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the speech in deaf children with cochlear implants [20]. Based on the SIR scaling system, the 70 

speech production ability of the subjects is categorized into five ordinal scores, which are 71 

mentioned in detail in Table 2. The reliability of this scaling system has been confirmed before 72 

[21]. The SIR scores of the subjects were evaluated one and two years after the cochlear 73 

implantation, by expert speech and language therapists.  74 

2.7. Data Collection and Statistical Analysis 75 

By a retrospective review of the patients’ charts, the age at the diagnosis and surgery, and the 76 

surgical outcomes in the field of auditory performance and speech production (CAP and SIR 77 

scores, respectively) were determined. The subjects were divided into two groups based on the 78 

age at the time of the cochlear implantation; Group I: subjects who received cochlear 79 

implantation at the age of ≤24 months, and II: patients who underwent cochlear implantation 80 

surgery after the age of 24 months. 81 

SPSS (version 16, SPSS Inc., Chicago, USA) was used for data analysis. The continuous 82 

variables were summarized using mean and standard deviations. The CAP and SIR scores were 83 

reported in medians and interquartile ranges (IQRs). The CAP score improvement at each 84 

follow-up was defined as the CAP score at the time of follow-up minus the former CAP score of 85 

the same subjects. The SIR score improvement was assessed in the same way. To evaluate the 86 

improvement of outcomes, the Wilcoxon signed-rank test was conducted. The Mann-Whitney U 87 

test was used to compare the surgical outcomes in different age groups. A p value < 0.05 was 88 

considered as statistically significant. 89 

 90 

3. Results 91 

3.1. Patients’ Characteristics 92 

A total of 136 patients (63 girls and 73 boys) met the inclusion criteria and thus, were included in 93 

the study. The mean age of the subjects at the time of the ANSD diagnosis was 10.9 ± 8.9 94 

months (range: 1–42 months). The mean age at the time of implantation was 31.9 ± 14.7 months 95 

(range: 9–79 months). Forty-eight subjects (35.3%) were fitted in Group I (aged ≤24 months old) 96 

and 88 patients (64.7%) were in Group II (>24 months). The implanted electrodes were: Contour 97 

AdvanceTM in 114 patients (83.8%), HifocusTM in 14 subjects (10.3%), and SonataTM in eight 98 

patients (5.9%). The position of the electrode was confirmed by postoperative imaging, and no 99 

complication was reported after surgery. The final programming strategies were achieved in six 100 

months after device activation in all the subjects. All the patients were referred for first-year 101 

evaluations. A total of 79 out of 136 patients (39 patients of Group I and 40 subjects of Group II) 102 

completed the evaluations of auditory performance and speech production at the second-year 103 

follow-up. 104 
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3.2. Auditory Performance Assessment 105 

The median pre-operative CAP score was one with an interquartile range (IQR) of 0–1. In Group 106 

I (children ≤24 months) only 17 out of 48 patients were aware of environmental sounds (score 1) 107 

preoperatively (median CAP score: zero, IQR: 0–1). The median CAP score in Group II (>24 108 

months) was one (IQR: 0–1). (Table 3) 109 

The evaluation of the CAP scores one year postoperatively represented a significant increase in 110 

all the patients (median CAP score one year after surgery: four; IQR: 3–4; p value <0.001). The 111 

median CAP score improvements were two (2–3) and three (2–3), in Group I and II, 112 

respectively. The median score improvement was significantly higher in children >24 months (p 113 

value: 0.007). 114 

The median CAP score, two years after surgery, was five (IQR: 5–6). The median score 115 

improvement during the second year after surgery was significantly higher in children ≤24 116 

months (median score improvements were three (2–3) and two (1–2), in Group I and II, 117 

respectively, p value <0.001). 118 

3.3. Speech Production Assessment 119 

The median pre-operative SIR score was one with interquartile range (IQR) of 1–1. In Group I 120 

(children ≤24 months) the median SIR score was one (1 – 1). The median SIR score in Group II 121 

(>24 months) was one (IQR: 1–1). (Table 3) 122 

The evaluation of the SIR scores one year postoperatively, represented a significant increase in 123 

all the patients (median SIR score three (2–3), p value<0.001). There was no significant 124 

difference between Group I and II (median: three (2–3), and three (2–3), respectively, p value: 125 

0.409). The SIR improvement after the first-year follow-up was two (1–2). Regarding the SIR 126 

score improvement, there was no significant difference after the first year between Groups I and 127 

II (median: two (1–2) and two (1–2), respectively, p value: 0.589). 128 

The median SIR score at the second-year follow-up was four (3–4), and the difference between 129 

two groups was not significant (Group I: median four (4–4), group II: four (3–4.75), p value: 130 

0.401) (Table 3). The median SIR improvement during the second-year follow-up was one (1–2). 131 

The comparison of the second-year SIR improvement between Group I and II represented a 132 

significant difference (median: two (1–2) and one (1–2), respectively, p value: 0.003). 133 

 134 

4. Discussion 135 

The results of the current study suggested that all the children with ANSD benefited from the 136 

cochlear implantation. In a systematic review performed by Roush and colleagues, the outcomes 137 

of cochlear implantation in children with ANSD were evaluated. A total of 15 studies with 88 138 
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participants were analyzed in this systematic review. The pure tone thresholds improved 139 

significantly after implantation, in all the studies. Considering that the speech perception 140 

measures reported in the different studies were not identical, comparison of the results across 141 

studies was difficult. Overall, it was mentioned that cochlear implantation is beneficial in 142 

children with severe-to-profound hearing loss [13]. The performance of hearing skills in children 143 

with ANSD after cochlear implantation was evaluated in a systematic review, performed by 144 

Fernandes and colleagues. A total of 18 articles and two dissertations were analyzed in this 145 

study. A significant improvement in speech perception skills was reported, which was similar to 146 

the cochlear implantation outcome in children with sensorineural hearing loss, in the majority of 147 

the subjects [14]. The objective assessment of the speech recognition ability after the cochlear 148 

implantation in children with ANSD was evaluated in a systematic review performed by 149 

Humphriss and colleagues. The post-operative results represented that the children achieved 150 

useful open-set speech recognition, but due to the small sample size and methodological bias of 151 

the studies analyzed in this systematic review, the generalizability of the results, and evaluation 152 

of the effectiveness of cochlear implantation in improving speech recognition is not possible 153 

[22]. In the current multicenter study, the outcome of the cochlear implantation in 136 children 154 

with ANSD was evaluated. To the best of our knowledge, this is the highest number of 155 

participants evaluated for the cochlear implantation outcome in children with ANSD.  156 

The categories of auditory performance is a global measure to evaluate the outcome of hearing 157 

developments in the daily life of children with hearing loss, who are as young as six months, or 158 

earlier. This observational scale is useful in the assessment of short and long-term outcomes 159 

following cochlear implantation [23], with high repeatability and inter-user reliability [19]. 160 

Kontorinis and colleagues evaluated the outcome of the cochlear implantation in children with 161 

ANSD in a retrospective study. Twenty seven children with a mean age of 35.4 months were 162 

implanted, and their auditory performances were evaluated postoperatively (mean follow-up 163 

duration: 63.1 months). The mean pre-operative CAP, measured with hearing aids, was 2.5. The 164 

mean CAP scores improved to 5.8, postoperatively. The difference between the pre and 165 

postoperative CAP score was significant (p value <0.001) [24]. Jeong et al. performed a 166 

retrospective review with nine children with ANSD to evaluate the auditory performance after 167 

the cochlear implantation. The median CAP score was zero (0–2) preoperatively, and improved 168 

to five (4–5), after implantation. All the subjects benefited from the cochlear implantation, and 169 

comparison of the auditory performance of six of the nine patients mentioned above, with 12 170 

matched children without ANSD after cochlear implantation, showed no significant difference 171 

[25]. In the current study, the mean age at the time of implantation was 31.9 ± 14.7 months. The 172 

median CAP score of the patients before the implantation was one (0–1). The median CAP score 173 

improved to four (3–4) and five (5–6), one year and two years after the cochlear implantation. 174 

There was a significant improvement in the auditory perception ability after the cochlear 175 

implantation (p value <0.001). These values are consistent with the results of the studies 176 

mentioned previously. 177 
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Several studies demonstrated that cochlear implantation in children with a sensorineural hearing 178 

loss at younger ages (especially before two years old), led to improved speech and language 179 

developments [26–30]. The effect of age at the time of cochlear implantation in children with 180 

ANSD was evaluated by Liu and colleagues. Ten children with a mean age of 35.5 ± 26.2 181 

months were Implanted and followed up for mean 45.6 ± 23.9 months. Finally, six of ten 182 

subjects achieved a maximal CAP score. Comparison of the CAP scores in children implanted 183 

before 24 months and older subjects showed that cochlear implantation before 24 months tended 184 

to achieve greater CAP scores [31]. In the current study, the patients ≤24 months tended to show 185 

improved CAP scores during the second year of follow-up compared to the older subjects (p 186 

value <0.001), which is consistent with the study mentioned above. Nikolopoulos et al. evaluated 187 

the importance of age at implantation in pediatric cochlear implantation, with 126 children with 188 

prelingual deafness. Based on their results, age is a strong negative predictor of auditory 189 

performance in long-term follow-ups (at least after two years). However, there was a positive 190 

predictor effect of age in follow-ups less than two years [32]. In the current study, the same 191 

outcomes are shown for auditory performance in ANSD children. The CAP improvement was 192 

significantly higher in older children at the first-year follow-up (p value: 0.007), but younger 193 

children achieved significantly better CAP score improvements than subjects >24 months, during 194 

the second-year follow-up (p value <0.001). 195 

Speech intelligibility rating is a global measure of a child’s spontaneous speech production in 196 

daily life after cochlear implantation, with a high reliability between observers [21]. In the study, 197 

which was conducted by Liu and colleagues, to evaluate the effect of age at the time of 198 

implantation on speech production, the SIR scores of the 10 subjects were measured for a mean 199 

follow-up duration of 45.6 ± 26.2 months. The scores of the SIR in children implanted before the 200 

age of 24 months were compared with the older subjects. There was no significant difference in 201 

the SIR score improvement between the two groups [31]. In the current study, the difference 202 

between the SIR scores in children ≤24 months and older subjects did not reach a significant 203 

level (p values of 0.409 and 0.401 at the first-year and second-year follow-ups, respectively), 204 

which is in agreement with the study performed by Liu et al. Regarding the SIR score 205 

improvement, there was no significant difference between groups during the first-year follow-up 206 

(p value; 0.589), but SIR scores improvement during the second-year follow-up was higher 207 

significantly in subjects younger than 24 months old, compare to older patients  (p value: 0.003). 208 

The systematic reviews evaluated the surgical outcome of cochlear implantation in children with 209 

ANSD and reported that the low number of participants and different measures used for 210 

reporting the results are two limiting factors in conducting statistical analyses of the available 211 

literature [13, 22]. In the current multicenter study, a high number of participants were evaluated 212 

by global measures for auditory performance and speech production. In the study performed by 213 

Teagle et al., the outcome of the cochlear implantation in a heterogeneous group of children with 214 

ANSD was evaluated. All the subjects benefited from the cochlear implantation except for the 215 

children with an auditory nerve deficiency, which was observed in pre-operative imaging [33]. In 216 
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the current study, the patients with auditory nerve deficiency were excluded to decrease the 217 

heterogeneity of the participants.  218 

The present study had some limitations: the long-term outcomes of the implantation were not 219 

available in all the patients, due to the retrospective nature of the study. The presence of 220 

comorbidities (such as cognitive disorders) may worsen the outcome of the cochlear implantation 221 

in the children [24]. The developmental and cognitive comorbidities were not documented in the 222 

current study. The clinical significance of the genetic mutations in patients with auditory 223 

neuropathy was presented before [34,35]. The genetic analysis was not performed for all the 224 

patients included in this study. Although the CAP and SIR are global measures to evaluate the 225 

outcomes of cochlear implantation in children, these scores are not sensitive enough to show 226 

subtle changes in the auditory performance and speech production [36]. 227 

 228 

5. Conclusion 229 

The current study suggested that the children with ANSD benefited from the cochlear 230 

implantation. The improvement in auditory performance and speech production skills depend on 231 

age at the time of implantation and the duration of post-operative follow-up.  232 
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Table.1: Categories of auditory performances (CAP) criteria (adapted from Archbold et al., 1995)1  

Category Criteria 
7 Use of telephone with known listener 
6 Understanding of conversation without lip-reading 
5 Understanding of common phrases without lip-reading 
4 Discrimination of some speech sounds without lip-reading 
3 Identification of environmental sounds 
2 Response to speech sounds 
1 Awareness of environmental sounds 
0 No awareness of environmental sounds 

 

Table.2: Speech intelligibility rating (SIR) categories (adapted from Allen et al. 1998) 

Category Criteria  
5 Connected speech is intelligible to all listeners. Child is understood easily in 

everyday contexts 
4 Connected speech is intelligible to a listener who has a little experience of a 

deaf person’s speech 
3 Connected speech is intelligible to a listener who concentrates and lip-reads 

 
2 Connected speech is unintelligible. Intelligible speech is developing in single 

words when context and lip-reading cues are available 
1 Connected speech is unintelligible. Pre-recognizable words in spoken 

language. Primary mode of communication may be manual 
 

 

Table.3: Auditory performance and speech production outcomes of cochlear implantation in 
children with ANSD (the values are reported in medians and IQRs) 

 Categories of auditory performances 
(CAP) 

Speech intelligibility rating (SIR) 

 Pre-
op 

1 year 
 post-op 

2 years 
 post-op 

P 
value 

 

Pre-op 
 

1 year 
post-op 

2 years 
post-op 

P 
value 

Group I 0 (0-1) 3 (2-3) 7 (6-7) <0.001 1 (1-1) 3 (2-3) 5 (5-5) <0.001 

Group II 1 (0-1) 4 (3-4) 6.5 (5.25-6.5) <0.001 1(1-1) 3 (2-3) 5 (3.25-5) <0.001 

Total  1 (0-1) 4 (3-4) 7 (6-7) <0.001 1 (1-1) 3 (2-3) 5 (4-5) <0.001 

 
 

      

 
 


