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Abstract: 

 We present a case report of effective cochlear implantation for an adult patient 

with auditory neuropathy.  A 34-year-old man developed bilateral hearing loss at 

approximately 10 years of age.  His speech discrimination score was very severe despite 

only moderate sensorineural hearing loss.  Absence of auditory brainstem responses 

(ABR) and preservation of distortion product otoacoustic emissions (DPOAE) were 

confirmed by our audiological examinations.  After cochlear implantation, good responses 

for electrically evoked compound action potential (EAP) and electrically evoked ABR 

(EABR) were observed.  Postoperatively, his audiological performance was significantly 

improved.  We conclude that cochlear implantation can be a valid option for patients with 

auditory neuropathy.   
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Introduction: 

 Auditory neuropathy is defined as impairment of auditory neural function with 

preserved cochlear hair cell function [11].  Clinical features of auditory neuropathy 

include:  (1) bilateral sensorineural hearing loss of any degree; (2) normal outer hair cell 

function evidenced by preservation of otoacoustic emissions (OAEs) and/or cochlear 

microphonics (CM); (3) abnormal auditory brainstem responses (ABRs); and (4) 

disproportionate difficulties in speech discrimination [1, 6, 11].   

Conventional hearing aids are rarely effective in patients with auditory 

neuropathy, which makes intervention and auditory rehabilitation difficult in this patient 

population [1, 8, 10].  On the other hand, the efficacy of cochlear implantation for patients 

with auditory neuropathy is questioned because the site of lesion for patients with auditory 

neuropathy is still uncertain.  Although initial reports of cochlear implantation in patients 

with auditory neuropathy recommended caution [5], more recent studies of children with 

auditory neuropathy have demonstrated benefit of cochlear implantation [8, 10, 14].  

Furthermore, to our knowledge there are only a few formal published reports on cochlear 

implantation in adults with auditory neuropathy [4, 9].   

 The following case presentation details the cochlear implantation of an adult 

patient with auditory neuropathy, and may serve as a representative example of its potential 

benefits. 



 

Case Report: 

 A 34-year-old man was referred to the Department of Otolaryngology—Head and 

Neck Surgery of Asahikawa Medical College for the examination of bilateral sensorineural 

hearing loss.  His chief complaint was poor speech discrimination.  He had developed 

bilateral hearing loss at approximately 10 years of age.  He had used hearing aids for 

several years as a teenager.  However, he had given up using hearing aids because of his 

limited improvement with speech discrimination.  At the time of evaluation, he no longer 

wore hearing aids and was dependent on lip reading for verbal communication.  He had no 

other significant medical history.  His mother’s pregnancy was normal, and his family 

history was negative.   

 His pure-tone audiogram revealed moderate-to-severe bilateral sensorineural 

hearing loss (Figure 1A).  Unaided pure-tone average of the right side was 77.5 dB HL, 

and that of the left side was 53.8 dB HL.  Tympanometry of both ears showed type A 

tympanogram.  The stapedial reflexes of both ears were absent.  He was administered 

speech discrimination testing using a standardized protocol, the Japanese Monosyllable 

Word List 67, which uses 20 monosyllables in semi-closed form.  The word 

discrimination score of normal controls for this test reaches 100% in the range of between 

30 and 40 dB hearing level.  However, our patient’s maximum discrimination scores were 

0% in the right ear and 15% in the left ear, even at sound levels sufficient to overcome his 

hearing loss (Figure 1B).   

 Distortion product otoacoustic emissions (DPOAEs) were measured using an 

ILO292 (Otodynamics, UK) in both ears, and a normal response was noted in the lower 



 

frequencies from 1000 to 2500 Hz (Figure 2).  A click-evoked ABRs revealed no 

repeatable waveforms.  Transtympanic promontory electrical stimulation revealed almost 

normal auditory perception bilaterally (Table 1), with gap detection thresholds obtained at 

10 ms and 20 ms for the right and left ears, respectively.  CT scan and MRI revealed no 

abnormality in either ear.  There were no neurological findings noted on a complete 

physical exam, with the exception of his hearing loss.  Studies of the motor and sensory 

nerve conduction velocity were completely normal. 

 He was implanted with a Nucleus CI24M device (Cochlear Corporation, 

Australia).  The right ear, the worse-hearing ear, was chosen for implantation based on the 

level of pure-tone thresholds.  The surgery proceeded with no complications, with a full 

insertion of the device.  We performed intra-operative measurement of electrically evoked 

compound action potentials (EAPs) using Neural Response Telemetry System (NRT 

version 3.0; Cochlear Corporation, Australia).  The cochlear implant was stimulated, and 

representative EAPs were recorded (Figure 3A).  We also performed intraoperative 

measurement of electrically evoked ABRs (EABRs), and the representative EABRs are 

shown in Figure 3B.   

 Two weeks after the implantation, he was fit with the ACE processing strategy 

and monitored closely at three-month intervals.  We repeated his speech recognition scores 

after implantation, using the Japanese vowel, consonant, word and sentence recognition 

tests.  In the vowel and consonant recognition tests, we presented the patient with twenty 

vowel sounds and fifty-six consonant sounds, respectively, with and without lip-reading, 

and calculated the percentage of correct answers.  Six months after implantation, the 



 

vowel recognition score increased from 20% to 70%, and the consonant recognition score 

increased from 6% to 45%, both without lip reading.  When compared to eleven other 

patients in our hospital implanted with the same device, his combined speech recognition 

scores improved equally well at six months after implantation.  Nine months after cochlear 

implantation, the patient could understand simple words by telephone and was quite 

satisfied with his improvement in communication. 



 

Discussion: 

 We have reported an adult case of auditory neuropathy treated by cochlear 

implantation.  The diagnosis of auditory neuropathy was made due to sensorineural 

hearing loss, poor speech discrimination, absence of ABRs, and preservation of OAEs.  

His pure-tone audiogram showed a flat shape, and his hearing loss at high frequencies was 

about 70 dB HL.  In our case, DPOAEs were preserved from 1000 to 2500 Hz, and 

diminished only in high frequencies above 3500 Hz.  The presence of intact DPOAEs in 

low frequencies indicates that his absent ABR is not caused by usual cochlear pathology.  

Thus, we conclude that this is a case of auditory neuropathy.   

In the previous reports, a number of etiologies and pathophysiologies are 

described for auditory neuropathy [12, 13].  These include:  (1) part of generalized 

metabolic or toxic neuropathy; (2) genetic or hereditary factors; (3) immune or 

inflammatory disorders; and (4) infectious processes.  However, Starr et al. reported that 

no etiology was defined in 48% of cases of auditory neuropathy [12].  Our patient’s 

neurological examination was normal, without evidence of cranial or peripheral neuropathy, 

and no particular hereditary evidence was found in his family or past history.  Therefore, 

we believe our patient has this sporadic form of auditory neuropathy. 

The specific pathophysiology of auditory neuropathy is currently uncertain.  

Zeng et al. and Kraus et al. decribed the pathophysiology of auditory neuropathy [3, 15].  

They suggested that auditory neuropathy represents a disruption of the synchronous activity 

of the auditory nerve, without affecting the function of the outer hair cells.  The absence of 

ABRs in patients with auditory neuropathy may be caused by this impairment of neural 



 

synchrony within the auditory pathways.  Including our patient, adults with auditory 

neuropathy typically experience that they can hear people talking, but they cannot 

understand the words.  This fact is thought to reflect the impairment of neural synchrony.  

This impairment may be closely related to poor speech discrimination and the small benefit 

of the conventional hearing aids in most of the patients with auditory neuropathy.  In 

recent studies, Gibson et al. and Rea et al. described that electrophysiological tests were 

very useful for evaluation of patients with auditory neuropathy [2, 7].  In our patient, 

transtympanic promontory electrical stimulation testing before implantation revealed a 

normal auditory response bilaterally.  This result suggested the possibility that the 

electrical stimulation was able to produce synchronous discharges of auditory pathways.  

In addition, the EAPs and EABRs testing of our patient showed good responses, which 

were typical of cochlear implantation patients without auditory neuropathy.  His good 

responses to EAPs and EABRs suggest that the electrical pulses from the cochlear implant 

were able to produce synchronous activity of the auditory nerve.  These facts predicted 

that cochlear implantation would be effective for our patient’s auditory rehabilitation.  

Gibson et al. also reported that the auditory neuropathy patients who showed good 

responses to EABRs performed well with their cochlear implant [2].  In fact, speech 

recognition scores of our patient did improve after cochlear implantation, and the degree of 

improvement was as same as that of other patients without auditory neuropathy. 

Although benefit from conventional hearing aid usage has been reported in a few 

cases of auditory neuropathy, most patients achieve limited improvement of speech 

discrimination with a hearing aid [1, 6].  Miyamoto et al. reported that not all cases of 



 

auditory neuropathy are suitable for cochlear implantation [5].  On the other hand, recent 

papers have demonstrated that cochlear implantation was effective for many cases of 

children with auditory neuropathy [8, 10, 14].  Until now there have been few reports on 

cochlear implantation in adults with auditory neuropathy.  To clarify the potential benefits 

of cochlear implantation for the adult patients with auditory neuropathy, further 

investigation will be required.  However, Manson et al. reported achieving good results 

with three adult patients with auditory neuropathy using cochlear implantation [4].  Our 

case further shows that cochlear implantation can be effective for certain adults with 

auditory neuropathy.  We assert that auditory neuropathy should not be considered a 

contraindication to cochlear implantation, especially in those patients who do not benefit 

from conventional hearing aids.   
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Legends: 

Figure 1: 

 A)  Pure tone audiogram at the first visit.   

B)  Speech audiogram with speaker method.   

Figure 2: 

Results of the distortion product otoacoustic emissions (DPOAEs) were plotted 

on the DP-gram.  DPOAEs were recorded with F2/F1 ratio of 1.22.  The 

residual noise levels were shown by the hatched area. 

Figure 3: 

A)  The electrically evoked compound action potentials (EAPs) waveform 

recorded intra-operatively with Neural Response Telemetry (NRT) testing at 

variable current levels.  These waves were recorded from the No. 20 electrode 

of the cochlear implant.  The stimulation electrode was No. 17.  The number of 

the probe current levels indicates the programming units of the NRT software.   

B)  Record of the intraoperative cochlear implant electrically evoked ABRs 

(EABRs).  These waves were recorded from the No. 20 electrode of the cochlear 

implant.  The number of the probe current levels indicates the programming 

units of the NRT software.   

Table 1: 

 Results of the promontory stimulation test.   

 



Table 1

Right ear
� threshold� � � � � �   7.0� � � � 13.0
� maximum acceptable loudness� � 23.0� � � � 33.0
� dynamic range� � � � � 16.0� � � � 20.0
Left ear
� threshold� � � � � �   8.0� � � � 12.0
� maximum acceptable loudness� � 13.0� � � � 17.0
� dynamic range� � � � �   5.0� � � �   5.0

100 Hz burst
(mA)

200 Hz burst
(mA)
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