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ABSTRACT 

The bilateral cochlear implant has increased in recent years in due to the search for auditory enhancements. There are 
many advantages to the users of the bilateral cochlear implant, which may include the location of the auditory sign, de- 
creasing the head shadow effect for the contralateral ear and binaural summation of the hearing. In children it is also 
discussed the issue of auditory deprivation. The aim of this review was to present a reflection on issues related to the 
bilateral cochlear implant, allowing the reader to do a search and strengthen scientifically with this issue, giving theo- 
retical foundation to better guide and advise their patients.  
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1. Introduction 

Hearing is one of the most important senses for human 
life. It is the key to the oral language acquisition and a 
way to feel the world around them. We realize that 
without it, the individual loses part of the real world, 
experiencing emotional and social problems. 

Any subject that is not exposed to stimulation of lan- 
guage in the first years of life will present a lag in their 
auditory and linguistic development. The first years of 
life are considered critical for the development of audi- 
tory and language skills. It is the period of greatest neu- 
ronal plasticity in the auditory pathway. During this pe- 
riod, the central auditory nervous system can be changed 
positively or negatively, depending on the quantity and 
quality of external stimuli picked up. In addition, the 
period of receipt of hearing linguistic symbols is a pre- 
requisite to form the oral communication [1]. 

The audiological diagnosis carried out during the first 
year of life provides early medical and/or audiological 
intervention, still within this critical period, allowing a 
more favorable prognosis in relation to the overall de- 
velopment of the child. That is, the sooner the intervene- 
tion occurs, the shorter the time of deprivation and con- 
sequently better the results with early rehabilitation. 

It is well established that the changes resulting from 
hearing loss restrict the entry of sounds that will change 
the auditory development and consequently the language. 

In most cases of sensory-neural hearing loss, the first 
site of lesion is inside the cochlea, where the membra- 
nous labyrinth is. Cochlear hearing loss results in insuffi- 

cient energy transduction of the acoustic mechanism of 
neural impulses to the auditory nerve. Currently, we have 
available the electronic device “cochlear implant”. 

The cochlear implant is considered the only high-tech 
device capable of converting acoustic signals into elec- 
trical stimuli causing auditory sensation through direct 
stimulation of the auditory nerve. It is considered the 
most effective sensory prosthesis in the history of medi- 
cine. It is characterized by having an internal part (con- 
sisting of a bundle of electrodes, receiver-stimulator and 
internal magnet), which is surgically inserted and an out- 
side part (composed of a speech processor, microphone 
and external antenna) that the user carries with them 
(Figure 1). 

The speech processor stores the “heart” of the cochlear 
implant that is the speech coding strategy, responsible for 
converting all acoustic information captured by the mi- 
crophone into electrical signals that are sent to the inter- 
nal drive and thus stimulate the auditory nerve [2]. 

The technology of the cochlear implant is indicated for 
people with severe-deep sensory-neural or deep bilateral 
deafness not presenting benefits with conventional hear- 
ing aids, Table 1. Evaluation for cochlear implant system 
must be carried out by an interdisciplinary team, which 
evaluates medical, phonoaudiological, social, and psy- 
chological of the candidate [2]. 

Cochlear implant surgery is performed under general 
anesthesia through a small retroauricular incision (6 cm) 
with a tympanomastoidectomy being required in most 
cases a posterior tympanotomy and a cochleostomy in 
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the round window or in promontory with the objective to 
insert the electrodes in inner ear tympanic canal. 

The Cochlear implant complications are rare and may 
be divided into early and late complications or medical 
and surgery complications and complications related to 
the equipment. The late complications occur over 3 
months of surgery. Early complications are common and 
the same for children and adults, with rates of 0.2% to 
2.5%. The most frequent complications are related to the 
myocutaneous flap, displacement of the electrodes, prob- 
lems with the facial nerve and improper insertion of elec- 
trodes, especially in cases of malformations and cochlear 
ossification intra-cochlear post meningitis. 

       
(a)                             (b) 

Figure 1. Cochlear implant system: (a) Internal component 
(Nucleus CI24RE (CA)) and (b) External component (Nu- 
cleus CP810). Photos courtesy of CochlearTM. 

 
Table 1. Indications to unilateral or bilateral cochlear implant in adults and children and special situations. 

Bilateral Cochlear Implant 

Adults and Children 

 Bilateral cochlear implant simultaneously for all children with severe to profound bilateral hearing loss as soon as possible when the definitive 
diagnosis of deafness. 

 In cases of sequential cochlear implant, the second implant must be carried out in an interval of less than 1 year. 
 Researches have shown that children would have greater benefit up to 4 years old with bilateral cochlear implant, however 50% of children 

between 4 and 7 years would benefit with the bilateral cochlear implant. 
 Simultaneous or sequential bilateral cochlear implant must be indicated by the 7 years old when there is bilateral severe or severe to profound 

sensorineural hearing loss; auditory threshold above 80 dB in 1, 2, 3 and 4 kHz in the better ear without benefit with conventional hearing aid; 
absence of cognitive impairment and autism. 

 Individuals older than 7 years with prelingually deafness, sequential bilateral cochlear implant should be considered and indicated when occur 
bilateral severe to profound sensorineural hearing loss; auditory threshold above 80 dB in 1, 2, 3 and 4 kHz in the better ear; presence of  
linguistic code established; first implant performed up to 2 years of age and interval between the first and second implant not exceeding 7 years; 
absence of cognitive impairment and autism. 

 Individuals with Postlingually hearing loss should be considered in bilateral severe to profound sensorineural hearing loss; auditory threshold 
above 80 dB in 1, 2, 3 and 4 kHz in the better ear; use of cochlear implants in the first ear for at least 1 year (except in cases of meningitis with 
less than 2 years of deafness). 

 Individuals with hearing loss and blindness, the simultaneous or sequential bilateral cochlear implant should be considered when the bilateral 
severe or severe to profound sensorineural hearing loss; auditory threshold above 80 dB in 1, 2, 3 and 4 kHz in the better ear. 

Unilateral Cochlear Implant 

Adults Children 

 Postlingually deaf adults with speech discrimination score lower 
than 40%. 

 Open-set CVC-words scored on words at 65 dB HL in quiet. 
 Profound or severe to profound hearing loss without marginal gain 

from acoustic amplification. 
 Residual hearing for bass sound frequencies. 
 Prelingually deaf adults with some “peripheral cochlear hearing” 

that provide identification of environmental sounds and may  
support speech reading. 

 Language development, previous experience with hearing. 
 Motivation to CI use. 

 Profound or severe to profound bilaterally hearing loss with 
average pure tone threshold in higher than 85 dB without hearing 
aid benefit when language development in clearly retarded (on this 
condition children should be implanted as early as possible to 
decrease the duration of auditor deprivation). 

 Prelingually children with profound or severe to profound 
bilaterally hearing loss with average pure tone threshold in higher 
than 85 dB that occoured less than the age of 2 years. 

 Absence of cognitive impairment and autism. 

Uncommon Indications 

 Malformed cochlea is variable and depends on the type of malformation, with auditory nerve present. 
 Acquired dysmorphia of inner ear or cochlear nerve. Some cases of cochlear ossification due to pneumococcal meningitis. 
 Auditory neuropathy. 
 Associated disabilities (Blindness, motor disturbances, mental retardation, epilepsy, skeletal malformations). Associated disabilities do not 

exclude CI but depends on the brain damage that can impede hearing outcome. 

Other Emerging Indications 

 Residual hearing in contralateral ear, non implanted ear, may be aided by a conventional hearing aid, providing the adult or child with  
binaural hearing. 
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Medical and surgery complications are related to the 

scalp in the region of the bed of deployment of internal 
unity of the implant, infectious such as acute otitis media 
and meningitis, changes the function of the facial nerve, 
disorders of the vestibular system and migration of im- 
planted system. Complications related to equipment de- 
ployed are related to the failure of the same and the 
stimulation of the facial nerve. 

The results of people who use cochlear implants show 
that it allows listening sensation and access to oral lan- 
guage, allowing their users acquisition and development 
of auditory and language skills. From these results it is 
important to note that, to be introduced in the human 
being, the variability in the results is evident. An impor- 
tant detail and worthy of emphasis is the fact that the 
earlier the intervention occurs, the better the result 
reached with the use of the cochlear implant [3]. 

The success of the cochlear implant depends on the 
speech processor programming. The programs will de- 
termine how the cochlear implant will send to the audi- 
tory nerve electrical stimulation of the sounds from the 
speech and environmental sounds picked up by the mi- 
crophone. It is important to determine the level of re- 
quired electrical stimulation to restore weak hearing 
sounds and achieve an equalized adjustment independent 
of the level of intensity of sound input [2]. 

The first cochlear implant approved by FDA (Food 
and Drug Administration) occurred in 1985 (Zwolan, 
2000), initially for deployment of this prosthesis in adults 
with post-lingual deafness (hearing loss gained after the 
acquisition of language) and only after ten years was 
approved the cochlear implant in adults with pre-lingual 
deafness (hearing deficiency present at birth or acquired 
by any etiology established after birth and before 4 years 
old (Kessler and Owens, 1989). 

Developments in the indication criteria suffer direct 
interference of the constant technological development 
along with the improvement of surgical techniques and 
training and qualification of interdisciplinary teams. 

From the first approval until today, one of the most 
obvious changes was related to the age to receive the co- 
chlear implant that being approved for pre-lingual chil- 
dren, their age was 24 months. Currently, the indication 
is from 6 months, thereby decreasing the time of depriva- 
tion and consequently better auditory and oral language 
performance [3,4]. 

For Geers (2004) [5] and Nicholas, Geers (2007) [6], 
children who receive the cochlear implant early often 
present an appropriate oral language development which 
is similar to the child who does not present any defi- 
ciency in the hearing. 

The current discussion is regarding the indication of 
bilateral cochlear implant. Studies have shown that the 
use of unilateral cochlear implant provides hearing, 

however the user presents difficulties as to the location 
and discrimination of sounds in noisy environments, and 
requires a greater effort to track the conversation [7]. In 
addition, there are doubts as to the time of surgery for bi- 
lateral sequential or simultaneous implantation, Table 1. 

2. Bilateral Cochlear Implant 

It is a characteristic of the current way of life to coexis- 
tence among individuals in noisy environments. Humans 
spend most of their time in environments containing 
various sounds and the auditory system is faced with the 
important task of identifying and locating sound sources. 
It is believed that in listeners with normal hearing, the 
binaural system is very important to provide clues that 
allow this to occur with fidelity [8]. 

Two issues should be considered when we are evalu- 
ating the child for bilateral cochlear implant regardless of 
their age. The age of the child itself could affect the 
auditory development independently, but there is no evi- 
dence that proves so. 

Binaural stimulation results in a process in which the 
input stimuli in both ears are integrated into the auditory 
pathways and encoded, allowing the external perception 
and favors its spatial location. In addition, the sounds are 
segregated in separate images that can carry information 
about location and content. With the entry of the stimulus 
in one ear, the sound location becomes difficult [8,9]. 

The benefits of binaural stimulation were observed in 
the study of Hawley et al. (2004) [10] as for the im- 
provement in the ability to understand speech in the 
presence of competitive sounds, because they are able to 
take advantage of the interaural and spatial cues. 

The role of binaural hearing in the clinic population 
has been a topic of great interest, in particular in the co- 
chlear implant users. Although the cochlear implant has 
obtained clear success in providing hearing entry in deaf 
people, limitations on the information that it is able to 
provide are evident. When an individual uses a unilateral 
cochlear implant, one of the limitations is the ability to 
perceive multiple entries with segregated independent 
sources. This reflects the difficulty in understanding 
speech in the presence of competitive signals and iden- 
tify the location of the sound in the environment. 

Aiming at an improvement in speech understanding 
difficulties in the presence of noise and localization of 
sound source, thousands of patients have sought the bi- 
lateral cochlear implant [11]. 

Regarding the location of sound, a number of studies 
have demonstrated better performance resulting from use 
of the bilateral cochlear implant and how to identify 
sounds within a multi-speaker matrix, usually resulting in 
fewer errors when patients with bilateral cochlear im- 
plant are evaluated. However, one variation within groups 
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is observed [10,12,13]. 
The magnitude and type of advantage of the cochlear 

implant are not universal. Three primary advantages can 
be measured when comparing the performance of unilat- 
eral versus bilateral hearing conditions, which are: head 
shadow effect, squelch effect and the binaural summation. 
These effects contribute significantly to improve speech 
understanding, especially in environments with noise and 
on the location of the sound, because it allows the central 
auditory system to calculate difference of minutes in the 
characteristics of sound arrival in each ear. 

The head shadow effect is a physical phenomenon 
which occurs when the head blocks the arrival of sound 
in the ear from different locations. This effect allows the 
listener to hear using the ear with better signal-to-noise 
ratio (SNR). The binaural redundancy or binaural sum-
mation is the result of central auditory processing that 
occurs when entries in both ears are analyzed throughout 
the hearing way. This phenomenon demonstrates the 
ability of the auditory nervous system to integrate and 
use the information from two ears, allowing better per-
formance than a single ear. The squelch effect is the abil-
ity of the auditory system to use the information of both 
ears when speech and noise are spatially separated and 
uses the advantage of aggregating the ear with worse 
signal-to-noise ratio [14]. 

Litovisky et al. (2004) [15] showed that there is a cor- 
relation between the tasks of intelligibility and sound 
location, i.e. bilateral cochlear implant users that are able 
to locate sounds are also capable of understanding speech 
in noisy situations. The possibility is that, for those indi- 
viduals in which both the performance of speech intelli- 
gibility and location were good, it shows that the aspects 
of binaural hearing were being used in such a way as to 
facilitate their performance. However, it is not possible 
to determine what are the exact binaural mechanisms 
involved in each task. We only know that in the task of 
speech intelligibility, there is the “better ear effect”, 
where the stimulus is increased to the best ear due to 
noise abatement by the head. 

In general, the indications for the bilateral cochlear 
implant are: 

Children above 5 and 18 months of age with bilateral 
sensorioneural hearing loss severe to profound, auditory 
threshold above 80 dB in the better ear, absence of cogni- 
tive impairment and autism.  

In individuals older than 5 years consider bilateral sen- 
sorineural hearing loss severe to profound, auditory 
threshold above 80 dB in the better ear, presence of lin- 
guistic code established, first implant performed up to 2 
years of age and interval between the first and second 
implant not exceeding 5 years and no cognitive deficit 
and autism. 

In individuals with post-lingual hearing loss should be 

consider the sensorineural hearing loss severe to pro- 
found bilateral; auditory threshold above 80 dB in the 
better ear; use of cochlear implants in the first ear for at 
least 1 year (except in cases of meningitis with less than 
2 years of deafness). 

In individuals with hearing loss and blindness should 
be consider the sensorioneural hearing loss severe to pro- 
found bilateral with auditory threshold above 80 dB in 
the better ear. 

2.1. Simultaneous or Sequential Bilateral  
Cochlear Implant? 

There is a critical period for the binaural auditory devel- 
opment, more favorable for early simultaneous deploy- 
ment. Studies of Bauer et al. (2006) [16] and Gordon et 
al. (2007) [17] showed evidence of plasticity of central 
auditory pathways soon after early bilateral implantation 
and clear differences were observed in the electro- 
physiological studies in children implanted bilaterally in 
sequence even when the second implant was performed 
in a time interval shorter than 1 year. 

The study of Wie (2010) [4] showed that users who 
have been subjected to simultaneous bilateral surgery 
between 5 and 18 months of age and after 9 to 12 months 
of use of cochlear implant achieved a result of auditory 
and language development equal to the listener children 
with the same chronological age. It has been concluded 
that children with pre-lingual deafness may develop oral 
expressive and receptive language within the normal 
range if implanted early. This is possible because the 
function of the cerebral cortex will have a very small and 
minimum delay and in such cases [18]. 

In adults, studies have shown that the simultaneous or 
sequential bilateral cochlear implant improves comfort of 
listening with two ears and provides additional benefit to 
the arrival of auditory information, besides the location 
of sound, proven by the fact that the two ears are getting 
auditory sensations [19]. 

Initial data suggest that binaural measurable benefit 
(by psychophysical and electrophysiological measure- 
ment) of the sequential cochlear implant in children will 
decrease in function of the interval between implants. 
Concurrency and the small gap between the realization of 
cochlear implants should be considered for the best reha- 
bilitation and greater opportunity for the development of 
speech and language, minimizing the range of bilateral 
deafness [20].  

In the study of Gantz et al. (2010) [21], substantial 
benefits in word recognition and location were found 
within the first 12 months after cochlear implants and 
continued to occur in ascending scale with improvement 
in hearing over time. 

One important aspect to be highlighted is that the si- 
multaneous bilateral surgery reduces the intervention 
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time for the two surgeries than one in each moment, a 
single general anesthesia and reduction in clinical care. It 
is important that the medical staff is prepared to reduce 
surgical time as much as possible. In children appropri- 
ately selected there are no additional surgical risks in 
simultaneous surgeries. In sequential surgeries the risks 
are the same, but the patient will be subjected to risk 
twice [22]. 

2.2. Age for Bilateral Cochlear Implant 

The bilateral cochlear implant could be considered stan- 
dard for children with deep-severe sensory-neural and 
deep bilateral hearing impairment [20]. 

Two issues are important when considering bilateral 
cochlear implant in children: the time of deafness prior to 
the first surgery, which interferes with the development 
of oral language and linguistic skills; and the interval 
between the surgeries, which possibly affects the devel-
opment of binaural processing [20]. 

The time of indication and the age to be subjected to 
surgery should be seriously discussed with the cochlear 
implant program team, which will have as its goal an 
early intervention in search of better hearing conditions 
in every way, providing hearing benefits in search of 
respect and social inclusion. 

Papsin and Gordon (2008) [20] emphasized that if the 
financial issue is not a problem, the bilateral cochlear 
implant would benefit all children with deep bilateral 
sensory-neural deafness, with the caveat that it will not 
be subject to additional risks and both ears should meet 
the pediatric audiometric criteria. It has also been re- 
ported that if the benefit of the second implant is small, it 
is not worth the cost, and that health systems and doctors 
will consider the cost-effectiveness issue. 

The greatest contraindication of bilateral cochlear im- 
plant is the body weight of the child under 6 kg and the 
lack of family support. For adults, the contraindications 
are related to time of sound deprivation (deafness) with- 
out use of individual sound amplification equipment. 

2.3. Reflections on New Technologies  

We cannot forget that there is a critical period for the 
cerebral cortical development, so the early intervention 
of cochlear implant should occur as soon as possible and 
consequently the second surgery as well. Given this, 
waiting for a new technology for a future hearing inter- 
vention may not contribute to the development, once the 
cortex may not take advantage of the benefits of this new 
technology. 

2.4. Which Device Brand Should One Choose on 
the Second Cochlear Implant?  

Some studies have shown that different technologies and 

different speech coding strategies in each ear does not 
affect performance in the results. Budenz et al. (2009) 
stated that the sequential bilateral cochlear implant with 
new or different technology does not diminish the benefit 
of bilateral stimulation. They still reported that it may 
improve after the second implant, regardless of the de- 
vice selected, and after a period of adjustments, they 
have good development, even with different processors 
and strategies. 

The issue of different models of speech processors, in 
cases of different brands and technologies, one must be 
oriented to check if there is really no aesthetic factor that 
can interfere in this selection. 

There is still a factor of convenience in relate to only 
one brand of cochlear implant, rather than two, in times 
of search for repairs, buying accessories, maintenance. 

The possible options should always be discussed with 
the interdisciplinary team before any doubt or decision. It 
is important that all options are explained clearly to the 
patient and his family, explaining all procedures related 
to cochlear implant. 

2.5. Hearing Rehabilitation on Bilateral  
Cochlear Implant Users 

The following text is based on the work “Therapy and 
educational guidelines for bilateral cochlear implanta- 
tion”, a material prepared and provided by Cochlear Cor- 
poration (2007). 

The outcomes with the bilateral implantation are: the 
understanding of speech and functional integration of 
each implant resulting in a balanced binaural hearing. 
This requires an effective hearing rehabilitation work, 
but not very different from the process of rehabilitation 
of a single cochlear implant. 

Some fundamental concepts are important to remem- 
ber, such as: 
 Each user is unique and there are factors that affect 

the end result. 
 Create positive auditory experiences and select ap- 

propriate activities for every hearing age and skill. 
 Adults should always carry extra batteries. Parents 

and teachers should always have extra batteries avail- 
able. 

 Introduce the hearing aid devices. 
 Demonstrate the importance of hearing practice, 

through interactions of structured natural speech and 
hearing therapy. 

Below are some suggestions for therapy and educa- 
tional process: 
 Check separately each ear using the Ling Sounds or 

auditory discrimination activities until the user is able 
to identify when one of the implants isn’t working or 
when the batteries are dead. 
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 Establish specific goals for each ear separately or for 
binaural hearing based on speech acoustics and audi- 
tory development. Check if parents or users under- 
stood the goals and reasons. Use these objectives to 
monitor progress and inform the user of the im- 
provements in auditory skills. 

 Attention to the practice in the step where the user is 
in recommended individual therapy. 

 Expect the following: 
○ Recognition in closed to open set. 
○ Recognition from predictable to unpredictable in- 

formation. 
○ Recognition of familiar to unfamiliar words. 
○ Use of repetition to non-repetition. 
○ Recognition of close to more distant sounds. 
○ Recognition in quiet to noisy environments. 

Unique considerations on the rehabilitation in cases of 
Bilateral Cochlear Implant: 

1) Simultaneous Cochlear Implant 
With the simultaneous implantation, the user uses two 

implants all the time. If, however, there is a great dis- 
crepancy between the two ears, is advised to work de- 
velopment of he worse ear at a specific time. Usually this 
separate work is not necessary. 

2) Sequential Cochlear Implant 
After sequential implementation, listening with “the 

new ear” is needed to get the maximum benefit from the 
bilateral cochlear implant to balance the second hearing 
competence with the first implant. The goal of rehabilita- 
tion in sequential implementation is not only the second 
implant recovery so that it is equivalent to the first, but 
the integration of the two ears, so that together they con- 
tribute to the daily hearing [23]. 

Sometimes, the second implant can be better than the 
first. Initially, encourage them to use only the new im- 
plant for a few hours of the day in quiet environments 
and hearing therapy is made with the new implant all or 
part of it, depending on the stage of rehabilitation and the 
user’s age. 

Continue in this manner until the score of speech per- 
ception of the second implant is next to the first, or until 
the user is in speech recognition in open set in quiet en- 
vironment. For some users, the second implant will never 
reach the first and after some time, hearing with both ears 
must prevail to the isolated performance. 

Therapy and suggestions on sequential implementa-
tion: 
 Advise parents and users that the initial hearing per- 

ception of the implanted ear must be basic level and 
not advanced skills as the first implant. 

 General clinical trials indicate that progress is faster 
with the second than the first implant. 

 Make sure both implants are being used every day, in 
all environments and especially to hear guidance, 

news, or complex information.  
 Create situations to demonstrate the benefit of two 

implants as a simple task of location, noise or speech 
test with different hearing situation environments. 

 If the time between the first and the second implant is 
of a few months, use both all the time. 

 If the time between the first and the second implant is 
long, use only the new implant for a few hours as well 
as in therapy. 

 If the child is under 3 years of age, it is recommended 
to use both implants all the time. If it is observed that 
there is no perception or auditory discrimination, it is 
recommended a hearing practice training in a short 
and fast period with the newer implant or with the 
worst result. 

3. Conclusions 

Early bilateral cochlear implantation results in the pres- 
ervation of the central auditory system. 

The indication of the bilateral cochlear implant must 
be discussed with the interdisciplinary team and always 
considered when there are no significant risks. 

The arrival of auditory information on both ears is ex- 
tremely important for understanding speech, especially in 
situations of great challenge, like music. 

Several studies have shown the total benefit of “head 
shadow effect” and binaural summation effect in bilateral 
cochlear implant users. 

There is better speech recognition in noise and better 
localization with bilateral cochlear implant compared to a 
single implant. 
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