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Introduction
Hearing loss occurs in 2-4/1000 live births and therefore represents the most 
common birth defect in children.  This exceeds the incidence of other common 
defects such as phenylketonuria (1/10,000) and congenital hypothyroidism 
(1/4000), diseases for which there are often routine screening.  Despite this 
relative frequency, in many developed countries there is no routine screening for 
hearing loss.  Without early detection and intervention, children with significant 
hearing loss have difficulty obtaining oralism and developing a linguistic code 
for language. Without this linguistic codification, hearing impaired children may 
struggle in school because of poor reading comprehension, which ultimately 
limits their educability and employability.1 
This chapter will explore the benefits of early bilateral cochlear implantation in 
children, an area that is at the forefront of current research.  We will briefly recount 
the history, current indications, and surgical technique of cochlear implantation.  
This will be followed by an outline of the benefits of early implantation and the 
potential benefits of bilateral implantation.
History
Cochlear implants today are the product of four decades of research.  As long 
ago as the late 18th century, Alessandro Volta connected a battery to metal 
rods placed in his ears and experienced sound. In 1957 Djourno and Eyries 
directly stimulated the auditory nerve that was exposed during an operation for 
cholesteatoma, and the patient described hearing high-frequency sounds.  In the 
1960s William House implanted several devices in patients that were rejected 
due to a lack of biocompatibility, and eventually a single electrode cochlear 
implant was developed.  In 1972 a speech processor was developed to work 
with the single electrode implant and the device was commercially marketed.  
Many hundreds of these were implanted by the mid-1980s and eventually they 
were also used in children.  Graham Clark and colleagues in Australia developed 
a multichannel implant in the late 1970s and these were introduced to the 
market in 1984. These multichannel devices enhanced perception and speech 
recognition capabilities compared to the single-channel device.  Numerous further 
technological developments have occurred since including advanced speech 
processing strategies and miniaturization of the speech processor to allow it to be 
worn behind-the-ear.
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A cochlear implant consists of a microphone (which captures the speech or 
environmental sound signal), a speech processor (selects important parts of the 
sound signal and converts these to electrical signals),  a transmitting coil (uses 
radio-waves to send the information to the internal component), an internal 
receiver–stimulator (changes the signal to electrical impulses and contains an 
internal magnet), and an electrode array (receives the electrical signal and sends 
this to cochlear nerve spiral ganglion cells in the cochlea).2 
Indications
Cochlear implants are indicated for children with severe-to-profound sensorineural 
hearing loss (SNHL) who would not gain benefit from conventional hearing 
aids. In children who can be tested reliably, pure-tone audiometry and speech 
audiometry are used to evaluate candidates.  In younger children and babies, 
objective auditory brainstem-evoked response (ABR) and otoacoustic emission 
(OAE) tests are used to identify severe-to-profound hearing loss.3 There are 
generally four groups of children who are considered candidates for cochlear 
implantation: 

Children who are identified at birth with a bilateral profound SNHL. These 1. 
children should be referred to a cochlear implant team as early as possible so 
evaluation for implantation can begin.   
Children who have progressive SNHL. Initially, these children have sufficient 2. 
residual hearing to hear with (or even without) a hearing aid but the hearing 
suddenly or gradually worsens (e.g. wide vestibular aqueduct, autoimmune 
disease). These children may be very young and pre-lingual, or have 
progressively deteriorated after having developed speech and language (post-
lingual).  
Children who have suffered sudden SNHL, secondary to meningitis, trauma, 3. 
ototoxicity, or other insults.  In particular, children who have had meningitis 
need immediate referral to a cochlear implant team, as cochlear ossification 
may begin within weeks and could severely impede the potential for 
subsequent cochlear implantation.
Children in whom hearing loss is identified late, or who are not making the 4. 
expected progress with conventional hearing aids.  These children need careful 
assessment of their speech and language skills, environment, and potential for 
benefiting from implantation.  Children with auditory neuropathy may fall in 
this group and in some cases will be candidates for implantation

Procedure
We have previously published a complete description of the routine surgical 
technique for cochlear implantation in our centre.4,5  General anesthesia is provided 
by an experienced anesthetist, who maintains hypotensive anesthesia. The patient 
is positioned supine and elevated above the level of the operating table with 
shoulder roll and head ring.  A facial nerve monitor is always connected, antibiotic 
prophylaxis is given, and 1-2 cm of hair is shaved from the post-auricular area. 
Transcutaneous methylene blue injection is used to mark the position of the 
receiver-stimulator and the site where the electrode exits the receiver stimulator.  
A 2.8 centimeter incision is used and no monopolar cautery allowed.  A standard 
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cortical mastoidectomy is performed.  An implant well is drilled under a 
subperiosteal pocket, usually down to the dura in infants and small children, 
to seat the device with the lowest possible profile.4  We feel this significantly 
decreases the incidence of traumatic device failure.  Small holes are drilled at the 
periphery of the well for stay sutures to tie-down the implant.  We feel that device 
fixation also significantly reduces the incidence of soft-tissue complications and 
device failure (by prevention of micro-movement of the electrode relative to the 
receiver stimulator). Next, a posterior tympanotomy is performed, preserving 
the chorda tympani nerve.  Through the facial recess, the round window niche 
should be seen and using a 1 mm diamond burr, a cochleostomy is made just 
adjacent to the round window niche, in an anterior position as low on the round 
window niche as possible, to ensure entry into the correct scala (tympani).  The 
rate of intra-cochlear damage (i.e. perforation of the basilar membrane and 
entry into scala vestibule) is minimized with correct cochleostomy technique.6  
The electrode array is then inserted into the cochleostomy, and small pieces of 
harvested temporalis fascia are packed in the cochleostomy around the electrode 
array, sealing the hole. The step is crucial to prevent middle ear contents from 
migrating into the cochlea and potentially transmitting infection centrally.  The 
wound is then carefully closed in layers.  
Role of early implantation
The developing auditory system is driven to a large extent by experience.  Cortical 
responses to tones of 6-12 kHz expand over a larger than normal area in animals 
raised in environments dominated by an 8 kHz tone.7  By the same token, the lack 
of auditory experience is also important in development. Extended periods of 
deafness in childhood allow thalamo-cortical pathways to be reorganized by non-
auditory inputs.8-10 If these changes are allowed to occur over a “sensitive period” 
in development, they may limit further auditory development.  This may explain 
why children with early onset deafness who are implanted at older ages often do 
not achieve the same speech perception skills with their cochlear implants as their 
peers implanted at younger ages.11

With our understanding of the importance of sensitive periods for auditory 
development, it follows that screening programs are of the utmost importance 
to allow identification of deaf children in time to intervene when it will have the 
greatest effect.  The key to early implantation and improved outcomes is early 
detection.  Before hearing screening was available, the age at which detection 
of hearing loss occurred varied from 24 months for the profound children to 7 
years for those with mild losses.  Even risk factor-based directed screening failed 
to reduce the age of detection for the profoundly deaf children, and only slightly 
lowered the detection of children with moderate and mild losses.  Universal infant 
screening makes diagnosis, assessment, and intervention in hearing impaired 
children, possible within their first year. Early identification allows us to capitalize 
on plasticity in the developing auditory system.  Intervention can occur when the 
auditory system, and the rest of the brain (e.g. short term memory, vision, and 
language) is most amenable to developing new skills.  With speech perception 
measured in implanted infants shown alongside the speech perception in normally 
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hearing children, it becomes clear that the younger the child at implant, the closer 
to “normal” this data falls.12

The cochlear implant digitizes acoustic information and converts it to an 
electrical signal, which is then sent into the cochlea where stimulation of the 
auditory system occurs. The auditory system is tonotopic along its entire course 
through the cochlea, auditory nerve, brainstem, and even the cortex - thus making 
stimulation of the surviving spiral ganglion and auditory nerve fibers at discrete 
locations within the deaf cochlea sufficient to allow auditory perception of 
specific frequencies and patterns of sound.  Remarkably, the auditory pathways in 
children who are deaf can immediately respond to cochlear implant stimulation in 
recognizable patterns.13,14  This activity allows such children to learn to hear and 
to develop speech and language.  
Having identified a sensitive period within which diagnosis, intervention, and 
rehabilitation should ideally be performed, it became a challenge to develop 
evaluative tools, surgical and anesthetic techniques, and new methods of post-
operative therapy to allow the implant team to capitalize on this plasticity.   This 
development has been essential and now over half of the 100 cochlear implant 
surgeries we perform annually at The Hospital for Sick Children in Toronto, are 
on children under 2 years of age, with a quarter on infants under 1 year of age. 
Role of bilateral implantation
Although early implantation gives excellent hearing outcomes, we must not 
forget that children using cochlear implants do not have normal hearing.  They 
typically have difficulties hearing in noise and with sound localization. To 
improve functional hearing for implanted children we can provide bilateral 
input.  Arguments against bilateral cochlear implants tend to focus on the risk 
to the contralateral ear, the loss of an untouched ear for ‘future technological 
developments’, and the additional financial cost.
The first concern has been surgical safety, and this has now been overcome.4,5,15 We 
have developed our surgical technique and our cochlear team has systematically 
shown safety in bilateral implantation with respect to the vestibular system, the 
chorda tympani and facial nerves, and surgical complication rate.  The time-frame 
required for maximum plasticity in a preserved remaining ear is around five years, 
and it seems highly unlikely that entirely new technology will appear within this 
period.  The cost-effectiveness of bilateral cochlear implantation is not yet clear 
but is massively dependent on the manufactures pricing, particularly of the second 
implant – and may be subject to change as pricing strategies evolve.  Clearly as we 
write this for inclusion in the IAPO manual, we are cognizant of the reality that 
bilateral implantation is economically precluded in many parts of the world - even 
those with phenomenal implant centers and professionals.  Having said this, we 
aimed to make this chapter state of the art to inform our colleagues of the current 
status of bilateral implantation.16

The main advantage of bilateral implantation is to allow children to theoretically 
obtain or maintain binaural hearing, resulting in localization of sounds and 
improved speech perception in noisy environments such as the typical classroom.17-

19 Another advantage is ensuring that the ear with the best postoperative 
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performance will be implanted, as our ability to predict the best ear is limited.  A 
further advantage is the provision of auditory input in the event of temporary or 
long-term loss of device function on one side.
 Our ongoing research using electrophysiological measures in children implanted 
bilaterally simultaneously versus with a short or long delay, suggests a second 
sensitive period in auditory development.  If binaural fusion is to occur, it appears 
the shortest time possible between implants is ideal.  Our initial results show some 
benefits in speech-in-noise for the simultaneously implanted group and in those 
where the inter-implant delay was short.
The technique for simultaneous bilateral surgery is essentially the same as it 
would be for one implant with both sides being prepared at the start, and the 
same attention being given to blood loss and careful anesthesia.  If there are any 
complicating factors after completing the first side, we would abandon the second 
side and consider a staged procedure. 
Conclusion
The auditory system in children is capable of exceptional re-modeling during 
“sensitive periods” in early development.  Thus cochlear implantation during 
these periods will provide the best opportunity for children who are deaf to learn 
to hear through their cochlear implants. There may be at least two sensitive 
periods in the auditory system to consider: 1) from the onset of bilateral deafness 
to implantation, allowing linguistic development and oralism; and 2) the delay 
to binaural input (between the first and second implant), potentially improving 
speech perception in noise, localization of sound, and possibly allowing binaural 
fusion.  The most important factors in obtaining success with a cochlear implant 
are: 1) early detection of hearing loss, 2) early implantation to allow optimal 
acquisition of language, and 3) if possible, early bilateral implantation.  
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