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ABSTRACT 
Introduction Cochlear implantation is the standard intervention for hearing and speech rehabilitation of the 
patients with bilateral severe and profound hearing loss. The concomitant usage of a hearing aid in the 
contralateral ear offers a better sound localization and speech understanding in complex noise situation. 
Materials and methods The study group included twelve patients, adults and children, implanted in our 
cochlear implant centre, who still wear a hearing aid in the opposite ear. For all the subjects we considered the 
age at the implantation, the aetiology and the onset of the hearing loss, pre- and postimplantation audiological 
evaluation with the cochlear implant and with the hearing aid. Results The free field pure tone thresholds with 
the cochlear implants are superior to those with the hearing aid in the opposite ear. The cochlear implant offers a 
better audition for the high frequencies comparing to the reverse situation of the hearing aid. Discussions: The 
particularity of the auditory performance evaluation in bimodal rehabilitated patients  cochlear implant in one 
ear and hearing aid in the opposite ear is represented by the necessity to create a particular audiological 
evaluation algorithm adapted to that situation. Conclusions The results of the present study suggest an 
advantage of cochlear implant usage in conjunction with a hearing aid in the opposite ear. The cochlear implant 
alone performs better than the hearing aid alone, and the bimodal condition is superior to the cochlear implant 
alone. The bimodal hearing rehabilitation requires a regularly auditory re-evaluation to establish the limit line 
between the benefit / less benefit of bimodal hearing.  
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INTRODUCTION 

Cochlear implantation has become the 
standard intervention for providing improved 
communication benefits to individuals with 
bilateral severe and profound hearing loss. In 
early stages of this technology, cochlear 
implantation was offered as a treatment to 
individuals with deafness that derived 
essentially no speech understanding from 
conventional amplification. As the evidence for 
enhanced speech recognition accumulated, 
coupled with technological advances, it became 
apparent that individuals with cochlear implants 
received benefits superior to those of many 

individuals with severe and profound hearing 
losses who used acoustic amplification [1].  

It is well recognized that people with 
normal hearing combine auditory information 
from both ears to locate the sources of 
sounds, and to understand speech in complex 
listening situation. The benefits of binaural 
hearing are associated with three primary 
binaural mechanisms: the head shadow effect, 
binaural squelch and binaural summation [2]. 
In the case of patients with a unilateral 
cochlear implant and a hearing aid in the 
contralateral ear presents potentially a 
different situation in that acoustic and 
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electrical signals which offer different 
intensity levels, spectral information and 
quality must be integrated [3, 4].  

As an increasing number of patients with 
audible residual hearing undergo cochlear 
implantation, interest has grown in examining 
the advantages of bimodal stimulation. There 
is recent evidence pointing to binaural 
advantages for better speech recognition in 
quiet and noise as well as to improved sound 
localization and functional performance when 
a hearing aid is used in conjunction with a 
cochlear implant [3, 5, 6, 7].  

Ching et al. (2006) recommended bimodal 
device fittings as standard care, in the absence 
of contraindications, in adults and paediatric 
unilateral cochlear implants recipients who 
have residual hearing in the non-implanted ear 
[6]. The decision on the part of the recipient to 
continue hearing aid use in the non-implanted 
ear and on the part of the audiologist to 
recommend a bimodal fitting may be affected 

with hearing aids, costs, aesthetics, comfort, 

such as the additional time required for fitting 
both devices (personal communication). 

The main concerns of the clinician might 
be that signal interference may occur when 
electrical and acoustic stimulation is 
combined [4]. Research indicates that 
prolonged periods of profound deafness 
without auditory stimulation result in changes 
in both the peripheral auditory pathways and 
the cortical areas of the brain [8, 9]. An 
enhanced understanding of the potential 
advantages of bimodal hearing is particularly 
important in view of the recent trend towards 
bilateral implantation [5, 10]. 

In this study, we assessed the hearing 
performances of twelve cochlear implanted 
patients who still wear a hearing aid in the 
opposite ear and tried to address the 
advantage of cochlear implant usage in 
conjunction with a hearing aid in the opposite 

ear. The study is intended to be a first step in 
a larger investigation aimed to offer support 
for clinical decision-making related to 
bimodal fitting. 

 
MATERIALS AND METHODS 

We realized a retrospective case series 
review. The study group was selected from 
the total number of patients implanted in our 
clinic in the eleven-year period, from 2000 to 
2011. The selection criteria were the usage of 
a hearing aid in the contralateral ear after the 
adaptation to their cochlear implant. The 
database was built from the recordings of the 
audiological assessment of the patients during 
the clinical sessions in the cochlear implant 
centre. We extracted information as the age at 
implantation, severity and duration of hearing 
loss, deafness aetiology, audiological pre-
implant evaluation: pure tone audiometry and 
speech recognition tests in unaided condition 
and with one side or bilateral hearing aids. 
The post-implant evaluation involved the free 
field pure tone audiometry with the cochlear 
implant and with the hearing aid. We 
considered for our study the hearing threshold 
levels identified in the last fitting session 
which corresponded to the best auditory 
rehabilitation level for the patient. The data 
were statistically processed. 

 
RESULTS 

The study group included 12 patients (two 
adults and ten children) with cochlear implant 
who still use a hearing aid in the opposite ear. 

The age at the implantation varied between 
2 years and 10 months to 53 years (Fig. 1), 
with an average of 8 years and 2 months.  

The aetiology of the hearing loss was 
autoimmune in one case, genetic associated 
with malformation in one case, genetic in two 
cases, caused by ototoxicity in three cases and 
unknown in four cases (Fig. 2). The onset of 
the hearing loss was prelingually in 25% of 
the cases, perilingually in 33 % of the cases 
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and postlingually progressive in 42 % of the 
patients (Fig. 3). 

The levels of free field pure tone 

thresholds determined with the cochlear 
implant and with the hearing aid were 
compared (Fig. 4).   

 
Fig. 1. The age distribution of the patients at the moment of cochlear implantation 

 

 

 
Fig. 2. The aetiology of the hearing loss  Fig. 3. The onset of the hearing loss 

 
Fig. 4. Comparison between free field pure tone audiometry with cochlear implant (left) and 

hearing aid (right) 
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The final results show that all the patients 
in our study were still wearing a hearing aid 
in the contralateral ear in the moment of the 
last cochlear fitting session. Considering the 
last hearing threshold levels in free field 
measured in two conditions, we can see that 
the pure tone free field thresholds with the 
cochlear implants are superior to those with 
the hearing aid in the opposite ear. The 
majority of free field thresholds with the 
cochlear implant were situated between 15 dB 
HL to 35 dB HL compared to those with the 
hearing aid which belongs to the interval 30 
dB HL  55 dB HL. We can also see a 
decreasing trend of the auditory levels from 
the low to the high frequencies in the 
implanted ear comparing to the reverse trend 
for the hearing rehabilitation of the ear with 
the hearing aid, where there is a better 
amplification in the low frequencies. We 
compared the auditory level of the 
nonimplanted ear before the cochlear 
implantation and after different periods from 

oup, these 
measurements showed the same levels in 
headphones pure tone audiometry and in free 
field audiometry with the hearing aid, proving 
no degradation of the hearing in the 
nonimplanted ear.  

 
DISCUSSIONS 

The advantages of binaural hearing are not 
available to a person who wears a cochlear 
implant in only one ear, but may be possible 
if a hearing aid is used with a cochlear 
implant in contralateral ear (bimodal hearing). 
Fitting a hearing aid is non-invasive and helps 
to preserve the residual hearing abilities in the 
non-implanted ear by providing 
acoustic/auditory stimulation.  

Similarly to others reported researches 
[11], our results suggest that hearing aids can 
lead to improvements whereby acoustic 
information at low frequencies is combined 
with high-frequency envelope information, 

compensating for limitations in the cochlear 
implant signal processing. This electro-
acoustic benefit clearly depends on the 

frequency hearing. 
The particularity of the auditory 

performance evaluation in bimodal 
rehabilitated patients  cochlear implant in 
one ear and hearing aid in the opposite ear is 
represented by the necessity to follow an 
audiological evaluation protocol. The lack of 
a standard protocol in this clinical setting may 

combine a cochlear implant and a hearing aid, 
particularly for those patients who could 
complain that sounds are unbalanced when 
both devices are used. The bimodal hearing 
loss rehabilitation requires a goo

and electric hearing. 
The mandatory audiological evaluation 

should include the free field pure tone 
audiometry and speech audiometry with the 
cochlear implant and with the hearing aid. 
Also mandatory should be the periodic 
evaluation of the air and bone conduction 
thresholds in nonimplanted ear. That offers 
the possibility of monitoring the hearing loss 
thresholds in the nonimplanted ear and to 
discover at the right time a progressive 
hearing loss which would need a new device 
adaptation. Although the cochlear 
implantation protocol allows normal visits 
after reaching normal thresholds with the 
cochlear implant, the audiological evaluation 
should be done regularly at 3 or 6 months, 
precisely to evaluate the nonimplanted ear.  

Another particularity of auditory 
performance evaluation in bimodal 
rehabilitation consists in the determination of 
the global speech intelligibility with the 
cochlear implant and with the hearing aid. 
Although the usage of the hearing aid offers a 
good amplification for pure tones, the speech 
evaluation with it could indicate a severe 
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alteration in speech intelligibility and further 

In that moment should be done a 
reconsideration of its usage.  

Of course, the testing methodology for 
speech intelligibility includes the list of words 
or sentences. It is an easy methods for the 
evaluation of the patients with the 
postlingually onset of the hearing loss, but 
difficult to use in the case of prelingually or 
perilingually deafness, especially in very 
young children. In that cases, can be use a 
close-set word identification task according to 
their level of speech recognition and 
acquisition or the auditory frequency 
discrimination with visual reinforcement. 
CONCLUSIONS 

The results of the present study suggest an 

advantage of cochlear implant usage in 
conjunction with a hearing aid in the opposite 
ear. The cochlear implant alone performs 
better than the hearing aid alone, and the 
bimodal condition is superior to the cochlear 
implant alone. Given the proven advantages 
of an implant and controlateral hearing aid 
over a unilateral cochlear implant, the 
benefits of bilateral implantation must be 
demonstrated relative to an implant and a 
hearing aid combination rather than a single 
implant if the cost effectiveness of bilateral 
implantation is to be established. The bimodal 
hearing rehabilitation requires a regularly 
auditory re-evaluation to establish the limit 
line between the benefit / less benefit of 
bimodal hearing.    
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