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Abstract Objective: To compare the outcomes of cochlear 
implantation (CI) in children with auditory neuro-
pathy spectrum disorder (ANSD) and age-matched 
controls with profound sensorineural hearing loss, 
using categories of auditory performance (CAP), spe-
ech intelligibility rate (SIR), meaningful auditory in-
tegration scale (MAIS), and meaningful use of speech 
scale (MUSS), and to determine the role of Cortical 
Auditory Evoked Potentials (CAEP) in benefit eva-
luation after CI.
Methods: Ten patients (8 males and two females) 
with ANSD who underwent CI were included in 
the study. Auditory and speech scores were compared 
between baseline and after 12 months of habilitati-
on in children with ANSD. Post CI speech scores in 
children with ANSD were compared with the control 
group (age-matched children with profound sensori-
neural hearing loss) at 12 months of habilitation. P1 
latency of CAEP has a good correlation with audi-
tory and speech scores in children with ANSD in the 
study group.

Results: Significant benefits were seen in children 
with ANSD who underwent CI compared to the ba-
seline CAP and SIR scores and one year after habi-
litation. There is no statistically significant difference 
in outcomes between the two groups with CI (ANSD 
and profound sensorineural hearing loss) (p-value: 
CAP=1.00, SIR=0.84, MAIS=0.33, MUSS=0.08). 
Speech perception in noise test (SPIN) scores in 
children with ANSD were 63% and 80% with 0 dB 
signal noise ratio (SNR) and +10dB SNR, respecti-
vely. P1 wave of CAEP has a good correlation with 
the subjective outcomes.
Conclusion: CI in children with ANSD has showed 
benefits comparable to children with profound sen-
sorineural hearing loss. CAEP is a useful tool in ob-
jectively assessing cortical maturity in children with 
ANSD following CI.
Keywords: Cochlear implantation; auditory neuro-
pathy spectrum disorder; cortical maturity; speech 
scores; habilitation

Cite this article as: Sarankumar T, 
Arumugam SV, Goyal S, Chauhan N, Kumari 
A, Kameswaran M. Outcomes of Cochlear 
Implantation in Auditory Neuropathy 
Spectrum Disorder and the Role of Cortical 
Auditory Evoked Potentials in Benefit 
Evaluation. Turk Arch Otorhinolaryngol 2018; 
55: 15-20.

Introduction
Auditory neuropathy spectrum disorder (ANSD) 
or auditory dys-synchrony is a condition where 
otoacoustic emissions (OAE) and/or cochlear 
microphonics are present, and auditory brainstem 
responses (ABR) and acoustic reflexes are absent 
or abnormal (1-4). The pure tone audiogram of 
patients with ANSD may range from normal 
to profound hearing loss (1). Patients with nor-
mal pure tone thresholds may have poor speech 
discrimination scores. Speech recognition in pa-
tients with ANSD is poor than expected for the 
pure tone thresholds, and speech recognition in 
noise scores is also poor compared with the pa-
tients with sensorineural hearing loss (1, 2, 5). It 
can occur at any age, from childhood to advanced 
age. Neonatal hyperbilirubinemia and birth as-

phyxia have been suggested as the main risk fac-
tors in these children (6).

Fernandes et al. (6) showed that cochlear implan-
tation (CI) in people with ANSD helps in im-
proving the detection of speech sounds and the 
recognition of words and sentences, but still many 
people with ANSD have difficulty in speech per-
ception in noisy conditions. A cochlear implant di-
rectly stimulates the auditory spiral ganglion cells 
and partially replaces the functions of the auditory 
air cells, thereby helping in neural synchrony and 
improved hearing outcomes (7-12). Approximate-
ly 20% of patients with ANSD have metabolic 
disturbances like anoxia, hyperbilirubinemia, and 
infections. Multiple handicaps are possible with 
these etiologies.
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Habilitation after CI and behavioral assessments are difficult in 
these patients. Objective evaluation like cortical auditory evoked 
potentials (CAEP) would be of benefit in assessing the outcome 
after CI in these children. Previously, CAEP have been used in 
estimating the hearing threshold of patients with sensorineural 
hearing loss and of those with ANSD (13). 

The aim of our study is to analyze the outcomes of CI in pa-
tients diagnosed with ANSD and to compare the outcomes 
with age-matched control group (children with profound sen-
sorineural hearing loss who underwent CI), and to determine 
the role of CAEP in evaluating the benefits of CI in patients 
with ANSD.

Methods
Our study is a retrospective one conducted in patients who 
received a CI between 2012 and 2014. The patients were se-
lected from the cochlear implantation database maintained at 
our institution. The ethical committee of our institution has 
reviewed and approved the study (Reference number-MERF/
EC-JUL.15/03). Informed consent was obtained from all the 
patients or their legal guardians included in the study group. 
Patients with ANSD who underwent CI between 2012 and 
2014 were included. Patients with severe inner ear  malforma-
tions on imaging and incomplete habilitation after CI were 
excluded.

All patients who underwent CI were enrolled in the one year 
habilitation training (2 classes per week) in our institution train-
ing center. Fourteen patients who were diagnosed with ANSD 
underwent CI from 2012 to 2014. One child with severe inner 
ear malformation i.e., Michel’s deformity with hypoplastic co-
chlear nerve on the left side, and Mondini deformity on right 
side, was excluded. Three patients did not complete the habili-
tation training citing personal reasons and were excluded from 
the study. The remaining 10 patients were included in the study 
group. The demographic and clinical details of 10 patients are 
described in Table 1.

The control group was selected from the CI database from our 
institute. Ten age-matched children with profound sensorineu-
ral hearing loss who underwent CI between 2012 and 2014 with 
normal inner ear anatomy were randomly selected as controls.

Categories of auditory performance (CAP) 
Categories of auditory performance (CAP) is used to measure 
the auditory performance of a child after CI (14). The scores 
range from 0 to 7; they represent the hierarchical scale of audi-
tory perceptive ability and are described in Table 2.

Speech intelligibility rate (SIR) 
Speech intelligibility rate (SIR) is used to measure the speech 
intelligibility of a child with implantation by quantifying their 
everyday spontaneous speech in real-life situations (15). SIR has 
five categories and is described in Table 3.

The parents were interviewed with questions based on different 
real-life situations involving the child. The child’s auditory and 
speech production behavioral information was obtained, and 
meaningful auditory integration scale (MAIS) and meaningful 
use of speech scale (MUSS) scores were recorded.

Baseline CAP and SIR scores recorded immediately after im-
plantation were compared with scores recorded after one year 
of habilitation. After completing one year of habilitation, CAP, 
SIR, MAIS, and MUSS scores were recorded and compared 
with those of age-matched children with profound sensorineu-
ral hearing loss who underwent CI (control group).

Speech perception in noise (SPIN) test
The SPIN test was performed by measuring speech discrim-
ination scores using phonetically balanced bisyllabic words 
with fixed signal noise levels [0 dB signal noise ratio (SNR), 
+10dB SNR] in children above three years of age. Speech 
stimuli were set at 40dB above the speech reception thresh-
old. Live monitored speech stimuli and speech noise were 
delivered via headset through same speakers. The SPIN test 

Table 1. Demographic details for children with auditory neuropathy spectrum disorder who underwent cochlear implantation

 Age   Risk factor for 
Sr.No. (Years) Sex hearing loss Imaging OAE ABR Side Implant model

1 1.5 M Nil Normal Present Absent Right Medel pulsar

2 2 M Neonatal kernicterus Normal Present Absent Right Medel sonata

3 2 M Family history Bulbous internal  Present Absent Right Medel pulsar 
    auditory canal    

4 3 M Neonatal jaundice Normal  Present Absent Right Medel pulsar

5 3 M Neonatal jaundice Normal Present Absent Right Medel sonata

6 4 F Nil Normal Present Absent Right AB HiRes 90K

7 5 F Nil Normal Present Absent Right Medel sonata

8 6 M Nil Normal Present Absent Right AB HiRes 90K

9 6 M Nil Normal Present Absent Right Medel pulsar

10 6 M Nil Normal Present Absent Right Medel sonata
OAE: otoacoustic emission; ABR: auditory brainstem response; IAC: internal auditory canal
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was applied to all the children after completing one year of 
habilitation after CI.

Cortical auditory evoked potentials (CAEP)
The P1 component of CAEP has been established as a marker 
for assessing cortical maturity. The latency of P1 wave decreases 
with age from birth due to persistent auditory stimulation, and it 
reaches 60 ms for a middle-aged adult. The clinical implication 
of CAEP lies in the fact that it does not require behavioral co-
operation from the child. CAEP complements other audiologi-
cal tests in patients who are difficult to behaviorally analyze (16). 
CAEP has been in use for different purposes, such as objectively 
estimating hearing thresholds, hearing aid fitting in children, 
determining cortical maturation, and predicting behavioral out-
comes in children with ANSD (17).

The procedure was conducted in a sound-treated room using 
standardized equipment (HEARlab H1000-ACA, 2010, USA). 
The electrical responses were recorded from the electrodes placed 
over the head. The test stimulus was a recorded speech sound /g/ 
which has spectral emphasis in mid-frequency (18). The presen-
tation level is at 65 dBHL. Aided CAEPs (with CI) were record-
ed for all the patients in the study group after completion of one 
year habilitation. The different parameters inferred from CAEP 
are latency and amplitude of P1 and morphology of the wave-
form. The latency of the wave P1, which is elicited using mid-fre-
quency speech stimulus /g/, was considered for our analysis.

Statistical analysis
Statistical analysis was performed for quantitative variables in 
the study using Statistical Package for Social Sciences (SPSS) 
for Windows (version 17.0; Chicago, IL, USA). The Wilcox-
on signed-rank test and Mann-Whitney U-test were used to 
compare the data between same group and two different groups 
after intervention. The Spearman’s correlation test was used to 
correlate the subjective and objective (P1, CAEP) outcome pa-
rameters.

Results
Ten patients (8 males, 2 females) were included in the study 
group. The mean age of the children was 3.8 years (1.5 years to 
6 years). Five patients had idiopathic etiology, four patients had 
history of neonatal jaundice, and one patient had birth asphyxia. 
Ten age-matched children (8 males, 2 females) who underwent 
CI for profound sensorineural hearing loss were included in the 
control group.

High-resolution computed tomography and magnetic reso-
nance imaging of temporal bone, internal auditory canal, and 
brain were done for all the children. Out of them, nine patients 
showed normal inner ear and vestibulo-cochlear nerves on im-
aging, and one child had bulbous internal auditory canal. All 
10 children in the control group showed normal inner ear and 
vestibulo-cochlear nerves on imaging.

Table 4 shows the CAP and SIR scores of each patient in the 
ANSD group at baseline and after 12 months of habilitation. 

Baseline CAP and SIR scores were compared with CAP and 
SIR scores after 12 months of habilitation using the Wilcox-
on signed-rank test. There is a statistically significant differ-
ence in CAP and SIR scores recorded immediately after the 
implantation and after 12 months of habilitation (p-value for 
CAP=0.005, SIR=0.007). Hence CI in children with ANSD 
provides significant audiological and speech outcomes (p-value 
<0.05 is significant) if habilitation training is given at least for 
one year.

Table 5 shows CAP, SIR, MAIS, and MUSS scores of each pa-
tient in the ANSD group and control group. CAP, SIR, MAIS, 
and MUSS scores after 12 months of habilitation in 10 ANSD 
patients were compared with age-matched controls using the 
Mann-Whitney U-test. There is no statistically significant 
difference in outcomes between these two groups (p-value: 
CAP=1.00, SIR=0.84, MAIS=0.33, MUSS=0.08). Outcomes of 
CI in children with ANSD are comparable with children with 
profound cochlear loss, and therefore CI has a definite role in 
regaining hearing and development of speech in children with 
ANSD.

Mean SPIN test scores after 12 months of habilitation at 0 dB 
and +10 dB SNR were 63% and 80%, respectively. Table 6 shows 
SPIN scores of all children in ANSD group at 0 dB and +10 
dB SNR. SPIN test scores were correlated with latency of P1 
component of CAEP using Spearman’s correlation test. The cor-
relation coefficient (R) ranges from −1 (strong negative correla-

Table 2. Categories of auditory performance score

0 No awareness of environmental sound

1 Awareness of environmental sounds

2 Responds to speech sounds

3 Identifies environmental sounds

4 Discriminates speech sounds

5 Understands phrases without lip reading

6 Understands conversation without lip reading

7 Uses the telephone

Table 3. Speech intelligibility rate

Category 1 Pre-recognizable words in spoken language

Category 2 Connected speech is unintelligible but is developing for 
single words

Category 3 Connected speech is intelligible to a listener who 
concentrates and lip reads within a known context

Category 4 Connected speech is intelligible to a listener who has little 
experience of a deaf person’s speech. The listener does not 
need to concentrate unduly

Category 5 Connected speech is intelligible to all listeners. The child 
is easily understood in everyday contexts
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tion) to +1 (strong positive correlation). There is no statistically 
significant correlation between P1 latency and SPIN scores at 
0dB (R value −0.13) and +10dB (R value −0.09) SNR. Figure 1, 
2 shows the correlation pattern for P1 latency and SPIN scores 
at 0dB SNR and +10dB SNR, respectively.

The latency of P1 wave of aided CAEP done at 12 months post 
habilitation using mid-frequency speech stimulus /g/ was an-
alyzed. The mean P1 latency was 60.1 ms. The correlation be-
tween the P1 latency and CAP, SIR, MAIS, and MUSS scores 
of each child was calculated using Spearman’s correlation. The R 

value for CAP, SIR, MAIS, and MUSS with P1 latency were-
0.78, −0.29, −0.84, and −0.53, respectively. There is a strong neg-
ative correlation between P1 wave latency and outcomes scores. 
Auditory scores (CAP, MAIS) have a better correlation than the 
speech scores (SIR, MUSS) with latency of P1 wave. The laten-
cy of P1 wave of CAEP for each patient in the ANSD group is 
showed in Table 6.

Discussion
Cochlear implantation has revolutionized the treatment of 
children with profound sensorineural hearing loss. There are 
enough scientific data to show the benefits of hearing per-
ception skills and speech language development in children 
with CI. However, there is no consensus yet on how and 
when children with ANSD achieve hearing and speech de-
velopment and the factors affecting it. One study showed pa-
tients diagnosed as ANSD having progressive deterioration 
in speech identification scores (SIS) despite of good pure tone 
thresholds, which may be due to progressive neural degen-
eration or neural dys-synchrony (19). Our study shows that 
CI in ANSD children provides significant benefit in hear-
ing perception and speech outcomes at one year. Also, the 
benefits in hearing and speech outcomes after CI in children 
with ANSD are comparable with children having profound 
cochlear loss. However, long-term benefit assessment in these 
children is needed to determine the progressive and sustained 
benefit of CI in children with ANSD.

In our study, one child who was performing well for six months 
had deteriorated at the end of first year. On evaluation, the child 
had significantly increased P1 latency when compared to others. 
Hence, long-term outcomes and performance in background 
noise have become a concern for cochlear implantation in chil-
dren with ANSD. Stringent parameters, such as open-set word 

Table 4. CAP and SIR scores in the ANSD group at baseline and at 
12 months

No. Baseline CAP Baseline SIR CAP 12M SIR 12M

1. 0 1 5 2

2. 0 1 5 5

3. 2 1 5 4

4. 0 1 5 4

5. 1 1 5 3

6. 1 1 5 4

7. 1 1 5 4

8. 2 1 6 4

9. 2 1 4 2

10. 0 1 5 1

ANSD: auditory neuropathy spectrum disorder; CAP: categories of auditory performance; 
SIR: speech intelligibility rate; 12M: after 12 months of habilitation

Table 5. CAP, SIR, MAIS, and MUSS scores at 12 months in the 
ANSD group and control group

No.

ANSD Group Control Group

CAP 
12M

SIR 
12M

MAIS 
12M

MUSS 
12M

CAP 
12M

SIR 
12M

MAIS 
12M

MUSS 
12M

1. 5 2 36 21 5 3 38 32

2. 5 5 34 29 5 4 40 30

3. 5 4 36 24 5 3 35 24

4. 5 4 34 26 5 2 32 24

5. 5 3 36 24 5 4 36 26

6. 5 4 39 22 5 3 36 24

7. 5 4 32 24 6 5 36 24

8. 6 4 38 32 4 2 32 25

9. 4 2 31 12 5 3 38 33

10. 5 1 30 20 5 4 36 28

ANSD: auditory neuropathy spectrum disorder; CAP: categories of auditory performance; 
SIR: speech intelligibility rate; MAIS: meaningful auditory integration scale; MUSS: 
meaningful use of speech score; 12M: after 12 months of habilitation

Table 6. SPIN scores in children with ANSD at 12 months after CI 
with 0 dB and +10 dB SNR and latency of P1 wave in children with 
ANSD at 12 months after CI

No.
SPIN Scores  

0 dB SNR (in %)
SPIN Scores  

+10 dB SNR (in %) P1 LATENCY (ms)

1. 65 80 46

2. 70 85 58

3. 65 80 42

4. 70 90 52

5. 60 75 45

6. 65 85 48

7. 70 85 62

8. 65 80 38

9. 50 65 132

10. 55 75 78

SPIN: speech perception in noise; ANSD: auditory neuropathy spectrum disorder; CI: 
cochlear implantation; dB: decibel; SNR: signal noise ratio; Ms: milliseconds

Turk Arch Otorhinolaryngol 2018; 56: 15-20Sarankumar et al. Cochlear Implantation in Auditory Neuropathy Spectrum Disorder18



and sentence recognition tests, and the SPIN test, can identify 
the deficient areas to be focused in ANSD children undergoing 
cochlear implantation. Dorman et al. (20) showed that scores 
for hearing in noise test (HINT) in patients with profound sen-
sorineural hearing loss who underwent CI were within +/− 1 
standard deviation of mean scores of those with normal hearing. 
In our study, the SPIN test in 10 ANSD patients showed mean 
scores of 63% and 80% at 0 dB and +10 dB SNR, respectively.

The P1 component of CAEP reflects the auditory cortical matu-
rity. The latency of P1 component of CAEP has a good negative 
correlation with hearing and speech scores (CAP, SIR, MAIS, 
and MUSS). CAEP can be used to complement these scores in 
after CI assessment in children with ANSD and will be very 
useful in situations where subjective evaluation is difficult. How-

ever, to know the true benefit of CI in ANSD, SPIN scores are 
to be compared between children with CI for profound cochlear 
loss and ANSD.

Auditory cortical maturity assessment is developing as a useful 
parameter after CI assessment. Guo et al. (21) showed a good 
correlation between Mandarin early speech perception scores and 
CAEP scores. Our study established a strong correlation between 
P1 latency and outcome assessment scores (CAP, SIR, MAIS, 
and MUSS). Subjective evaluations like different speech percep-
tion tests reflect the cortical maturity of an individual, whereas 
more objective evaluation like CAEP evades the inter-observer 
variability. Also assessing speech perception abilities in a very 
young child and children with autism, mental retardation, and 
other handicaps is very difficult. In these situations, CAEP can 
be used as a tool to assess cortical maturity for speech perception. 
Alvarenga et al. (22) also proved in his study that latency of P1 
component correlated to the period of auditory deprivation, and 
it also served as the predictor of speech perception performance of 
children with CI. A comprehensive analysis of P1 wave of CAEP 
for speech stimulus covering all frequencies and correlating it 
with SPIN word and sentence tests would give us a clear picture 
in analyzing the benefit of CI in patients with ANSD. Such de-
tailed analysis would be practically applicable in daily life.

The limitations of our study are a small sample size and short 
duration of follow-up. SPIN was not conducted for children 
with profound sensorineural hearing loss (control group) who 
underwent CI.

Conclusion
Cochlear implantation in children with ANSD, in spite of 
showing variable outcomes, has benefited the patients, and the 
results were comparable to those in children with profound sen-
sorineural hearing loss. Our study also emphasized the statisti-
cally significant benefit for CI in children with ANSD. The gray 
areas to focus in outcomes evaluation after CI in ANSD are 
assessing the long-term benefits and SPIN with a large sample 
size. CAEP is a useful tool in objectively assessing cortical ma-
turity in children with ANSD after CI. The need for extended 
habilitation training in ANSD and its benefits should be fo-
cused on in future studies. 
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Figure 1. Correlation between latency of P1 of CAEP and Speech 
In Noise (SPIN) scores at 0 dB SNR
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Figure 2. Correlation between latency of P1 of CAEP and Speech 
In Noise (SPIN) scores at +10 dB SNR

SPIN Score at +10dB SNR

P1 latency

0 20

140

120

100

80

60

40

20

0 40 60 80 100

Linear 
(P1 latency)

P1
 la

te
nc

y

Turk Arch Otorhinolaryngol 2018; 56: 15-20 Sarankumar et al. Cochlear Implantation in Auditory Neuropathy Spectrum Disorder 19



Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

References
1. Berlin CI, Hood LJ, Morlet T, Wilensky D, Li L, Mattingly KR, et 

al. Multi-site diagnosis and management of 260 patients with au-
ditory neuropathy/dys-synchrony (auditory neuropathy spectrum 
disorder). Int J Audiol 2010; 49: 30-43. [CrossRef ]

2. Starr A, Picton T, Sininger YS, Hood LJ, Berlin CI. Auditory 
neuropathy. Brain 1996; 119: 741-53. [CrossRef ]

3. Deltenre P, Mansbach A, Bozet C, Christiaens F, Barthelemy P, 
Paulissen D, Renglet T. Auditory neuropathy with preserved co-
chlear microphonic and secondary loss of otoacoustic emissions. 
Audiology 1999; 38: 187-95. [CrossRef ]

4. Rance G, Beer DE, Cone-Wesson B, Shepherd HK, Dowell RLC, 
King AM, et al. Clinical findings for a group of infants and young child-
ren with auditory neuropathy. Ear Hear 1999; 20: 238-52. [CrossRef]

5. Zeng FG, Oba S, Garde S, Sininger Y, Starr A.Temporal and speech pro-
cessing deficits in auditory neuropathy. Neuroreport 1999; 10: 3429-35. 
[CrossRef ]

6. Fernandes NF, Morettin M, Yamaguti EH, Costa OA, Bevilacqua 
MC, et al. Performance of hearing skills in children with auditory 
neuropathy spectrum disorder using cochlear implant: a systematic 
review. Braz J Otorhinolaryngol 2015; 81:85-96. [CrossRef ]

7. Buss E, Labadie RF, Brown CJ, Gross AJ, Grose JH, Pillbury HC. 
Outcome of cochlear implantation in pediatric auditory neuropat-
hy. Otol Neurotol 2002; 23: 328-32. [CrossRef ]

8. Hood LJ, Wilensky D, Li L, Berlin C. The role of FM technology 
in the management of patients with auditory neuropathy/auditory 
dys-synchrony. In: Achieving clear communication employing 
sound solution - Proceedings of the first international FM Confe-
rence. 2003. p. 107-11.

9. Mason JC, De Micheli A, Stevens C, Ruth RA, Hashisaki GT. 
Cochlear implantation in patients with auditory neuropathy of va-
ried etiologies. Laryngoscope 2003; 113: 45-9. [CrossRef ]

10. Shallop JK, Peterson A, Facer G, Fabry L, Driscoll CL. Cochlear 
implants in five cases of auditory neuropathy: postoperative fin-
dings and progress. Laryngoscope 2001; 11: 555-62. [CrossRef ]

11. Vermeire K, Brokx JPL, Van de Heyning PH, Cochet E, Carpen-
tier H. Bilateral cochlear implantation in children. Int J Pediatr 
Otorhinolaryngol 2003; 67: 67-70. [CrossRef ]

12. Trautwein PG, Sinniger YS, Nelson R. Cochlear implantation in 
auditory neuropathy. J Am Acad Audiol 2000; 11: 309-15.

13. He S, Teagle HF, Roush P, Grose JH, Buchman CA. Objective 
hearing threshold estimation in children with auditory neuropathy 
spectrum disorder. Laryngoscope 2013; 123: 2859-61. [CrossRef ]

14. Archbold S, Lutman ME, Marshall DH. Categories of auditory 
performance. Ann Otol Rhinol Laryngol Suppl 1995; 166: 312-4.

15. Allen MC, Nikolopoulos TP, O'Donoghue GM. Speech intelligibility 
in children after cochlear implantation. Am J Otol 1998; 19: 742-6.

16. Sharma A, Dorman MF. Central auditory development in child-
ren with cochlear implants: Clinical implications. Adv Otorhino-
laryngol 2000; 64: 66-88.

17. Sharma A, Cardon G. Cortical development and neuroplasticity in 
auditory neuropathy spectrum disorder. Hear Res 2015; 330: 221-32. 
[CrossRef]

18. Pearce W, Golding M, Dillon H. Cortical auditory evoked poten-
tials in the assessment of Auditory Neuropathy J Am Acad Audiol 
2007;18:380-90.

19. Chandhan HS, Prabhu P Audiological changes over time in adoles-
cents and young adults with auditory neuropathy spectrum disorder. 
Eur Arch Otorhinolaryngol 2015; 272: 1801-7. [CrossRef]

20. Dorman MF, Lizou PC, Fitzke J. The identification of speech in no-
ise by cochlear implant patients and normal-hearing listeners using 
6-channel signal processors. Ear Hear 1998; 19: 481-4. [CrossRef]

21. Guo Q, Li Y, Fu X, Liu H, Chen J, Meng C, et al. The relationship 
between cortical auditory evoked potentials (CAEPs) and speech per-
ception in children with Nurotron cochlear implants during four years of 
follow-up. Int J Pediatr Otorhinolaryngol 2016; 85: 170-7. [CrossRef]

22. Alvarenga KF, Amorim RB, Agostinho-Pesse RS, Costa OA, Nas-
cimento LT, Bevilacqua MC, et al. Speech perception and cortical 
auditory evoked potentials in cochlear implant users with auditory 
neuropathy spectrum disorders. Int J Pediatr Otorhinolaryngol 2012; 
76: 1332-8. [CrossRef]

Turk Arch Otorhinolaryngol 2018; 56: 15-20Sarankumar et al. Cochlear Implantation in Auditory Neuropathy Spectrum Disorder20

https://doi.org/10.3109/14992020903160892
https://doi.org/10.1093/brain/119.3.741
https://doi.org/10.3109/00206099909073022
https://doi.org/10.1097/00003446-199906000-00006
https://doi.org/10.1097/00001756-199911080-00031
https://doi.org/10.1016/j.bjorl.2014.10.003
https://doi.org/10.1097/00129492-200205000-00017
https://doi.org/10.1097/00005537-200301000-00009
https://doi.org/10.1097/00005537-200104000-00001
https://doi.org/10.1016/S0165-5876(02)00286-0
https://doi.org/10.1002/lary.24137
https://doi.org/10.1016/j.heares.2015.06.001
https://doi.org/10.1007/s00405-015-3505-0
https://doi.org/10.1097/00003446-199812000-00009
https://doi.org/10.1016/j.ijporl.2016.03.035
https://doi.org/10.1016/j.ijporl.2012.06.001

