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During the last twenty years, the
indications for cochlear implants
(CIs) extended significantly due
to positive experience with CIs,
improved CI technology, and safer
surgery. This paper reviews the
classical and emerging indications
for CIs anno 2007.

1. Short history of indications
for cochlear implantation

The first CI, which wasn’t really
implanted in the cochlea, was a
single electrode placed in the mid-
dle ear near the cochlea.1,2 It was
proposed to profound postlingu-
ally deaf adults. With the CI
switched on, they had sound
awareness, and in the best case
preception of suprasegmental
speech features, which facilitated
lipreading.3 Since their introduc-
tion, the hardware and software of
CIs changed dramatically; the CI
was placed intracochlear and elec-
trodes with two or more channels
were developed.4-8 With these
devices, many problems such as
implant extrusion and device 

failure, were encountered. During
the 80s and 90s, the multi-channel
intracochlear implant became
more safe and reliable and in 1984
it received its first FDA approval
for adults with profound hearing
loss. Nowadays, nearly all hard-
ware aspects of CIs such as the
number of channels, the type of
electrical stimulation, the shape
and material of the implanted
electrode, the size of the sound
processor, battery longevity etc.
are continuously improving. 

As the hardware evolved, the
strategies of sound processing and
electrical stimulation became also
more advanced. Nowadays, the
pulse rate of electrical stimulation
increased, and pulses of different
channels are delivered in a desyn-
chronized way. Compared to
sound processing strategies of 
earlier multichannel CIs that
focussed on coding of the for-
mants of speech, modern multi-
channel CIs have sound coding
processors that analyse and deliver
information of the full auditory
spectrum. These technological

developments contributed to the
higher percentage of implantees
that reach 100% speech discrimi-
nation without lipreading as
nowadays observed.9,10

Surgical complications of
cochlear implantation have always
been at a low and acceptable level.
However, recent modifications of
surgical techniques have trans-
formed cochlear implantation to
an even more safe and efficient
procedure. These modifications
include a smaller and different
incision,11-13 insertion of the elec-
trode via the ear canal instead of
the mastoid,14 safer cochleostomy,
atraumatic electrode insertion, and
the use of perimodiolar elec-
trodes.15 Thanks to these evolu-
tions in technology and surgery,
complications to date are uncom-
mon and residual hearing can be
preserved in 60 to 80% of the
implantees.15-17

The contrasting results between
postlingually and prelingually
deaf implanted adults made the
scientific community aware of a
critical period in the development
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of the auditory system. This
insight combined with smaller
implants and safer surgery pushed
the focus to children with no
benefit from conventional hearing
aids during the 90s. It quickly
became apparent that cochlear
implantation in children improved
their speech perception, language
acquisition rate, and speech pro-
duction and intelligibility.18-24

Finally, the steadily increasing
number of implantees able to
communicate without lipreading,
to watch TV, to listen to the
radio, or to use the phone, has
encouraged the implantation of
subjects with severe hearing loss
and marginal hearing gain with
conventional hearing aids (FDA
approved since 1995).

2. Classical indications today

In postlingually deaf adults, a CI
is indicated when speech discrimi-
nation score is lower than 40%
(open-set CVC-words scored on
words) at 65 dB HL in quiet. This
indication includes adults with
profound or severe to profound
hearing loss, with or without mar-
ginal gain from acoustic amplifi-
cation. A CI should also be pro-
posed when speech discrimination
is higher but exhibits marked roll-
over: i.e. a drastic drop of the
score at sound intensities higher
and lower (10 dB) than the inten-
sity at which the maximum score
is obtained. In the near future,
these audiological criteria will
probably become more permissi-
ble because mainly the implantees
with some residual hearing reach
high discrimination scores.25

It is well known that speech dis-
crimination scores of prelingually
deaf adults with a cochlear implant
are low. Nevertheless, a CI can be
given to these patients who wish

some hearing, and will provide
them with a “peripheral cochlear
hearing”. This hearing may vary
from awereness to identification of
environmental sounds, and may
support speech reading so that new
words can be learnt. However,
improvement of their oral lan-
guage or morphosyntaxis has not
been documented. The degree of
benefit from the CI depends on
their level of language develop-
ment, on their previous experience
with hearing, and on their motiva-
tion. Most of these patients report
satisfaction with their CI as they
perceive improved communication
skills and quality of life.26-30

In deaf children, the benefit of a
CI has been well documented. A
CI is indicated when the unaided
average pure tone threshold is
higher than 85 dB. In case of
doubt, a conventional hearing aid
should be fitted and a CI should be
proposed when language develop-
ment is clearly retarded. The CI
should be implanted as early as
possible to decrease the duration
of auditory deprivation and its
deleterious effects on the auditory
pathways. Children implanted
before the age of 1 year perform
better in terms of language 
development than those implanted
between the age of 1 and 2 years31

(Th. Lenarz, personal communi-
cation). Children implanted before
the age of 2 years clearly have
better language development than
those implanted at an older age.32-36

3. Uncommon indications

3.1. Congenital inner ear or
cochlear nerve malformations

Implanting a CI in the malformed
cochlea is a specific challenge to
the otologic surgeon. The outcome
of a CI in children with a mal-

formed inner ear is variable and
depends on the type of malforma-
tion.37 In case of a Mondini dys-
plasia, an isolated large vestibular
aqueduct, or partial semicircular
canal aplasia, outcome is general-
ly favorable. On the other hand, in
case of total semicircular canal
aplasia, isolated incompletely 
partitioned cochlea, cochlear
hypoplasia, or common cavity,
performance levels are generally
poor.38,39

Hearing with a CI implies the
presence of at least some form of
auditory nerve. An auditory nerve
is surely present when some hear-
ing gain is observed with conven-
tional hearing aids. In those chil-
dren, a cochlear implant may
allow a better functional hearing
than conventional hearing aids.40

In case of total anacousis, imaging
of the auditory nerve or electro-
physiological tests are necessary
to confirm the presence of an
auditory nerve. Many types of
auditory nerve malformations
exist: total absence of a vestibulo-
cochlear nerve, presence of a com-
mon vestibulo-cochlear nerve,
presence of an inferior common
vestibulo-cochlear nerve accom-
panying a superior vestibular
nerve, presence of a hypoplastic
cochlear nerve. When the auditory
nerve is absent, hearing can be
restored with an auditory brain-
stem implant.41

3.2. Acquired dysmorphia of
inner ear or cochlear nerve

In some cases, for example after a
pneumococcal meningitis, the
scalae tympani and vestibuli may
be obliterated due to ossification,
which is not a contraindication
to implantation. Two possible
solutions exist: drill a tunnel in the
ossified cochlea to place some
electrodes of a classical or modi-
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fied cochlear implant,42-44 or place
a brainstem auditory implant.41

With the first solution, outcome
may be comparable to implanta-
tion in an anatomically normal
cochlea.42,44 With the second solu-
tion, experience is limited.

Auditory neuropathy is fre-
quently present in deaf children
with neurological problems due to
congenital infection (congenital
cytomegalovirus infection) or to
hyperbilirubinemia, but may also
happen without such antecedents.
Auditory neuropathy is associated
with a variable amount of hearing
loss and delay in language
development. A cochlear implant
should be proposed in case of
profound deafness or in case of
delayed language development. It
can provide a more simplified and
functional hearing.45-47 Some of
them achieve a performance above
average.48

3.3. Associated disabilities

30% of hearing-impaired children
have another disability in addition
to their hearing impairment.49

The additional disabilities include
blindness, motor disturbances,
mental retardation, epilepsy, skele-
tal malformations, etc. During the
early times of cochlear implanta-
tion, these children were not
implanted. Nowadays, associated
disabilities per se do not exclude a
child from implantation if conven-
tional hearing aids do not help and
if the child is believed to merit
from the implant. Severe mental
retardation due to brain damage,
however, can impede hearing out-
come.

3.4. Mode of communication and
education

The presence of oral or cued
speech and of oral education pro-

mote language development in
children with a cochlear
implant.22,50-54 This, however, does
not imply the exclusion of chil-
dren that exclusively use sign lan-
guage. The CI will provide them
with a peripheral hearing which
may help to detect environmental
sound. A bimodal bilingual com-
munication mode should be pro-
moted. 

4. Emerging indications 

4.1. Residual hearing

Cochlear implantation in subjects
with residual hearing was
favorised by the possibility to pre-
serve residual hearing and the
observation that many implantees
perform better than comparable
peers with conventional hearing
aids. The majority of postlingually
deaf implantees reach open-set
sentence scores higher than 70%
and residual hearing is associated
with better performance of the
implanted ear, which suggests that
residual hearing acts as a “trophic
factor” to the auditory system25,55.
Moreover, residual hearing in the
non implanted ear may be aided
by a conventional hearing aid pro-
viding the adult or the child with
binaural hearing.25,56 Using the out-
comes of a large unbiased sample
of implantees, Dowell et al.25

concludes that candidates have a
good chance (>75%) of overall
improvement if they obtained
open-set sentence scores in quiet
no higher than 70% in the best-
aided condition and no higher than
40% in the ear to undergo implan-
tation. These selection criteria
extend considerably the classical
indications of cochlear implanta-
tion in adults and children. 

When residual hearing is pre-
sent, fitting with bimodal hearing

aids is sometimes possible, i.e.
hearing aids that stimulate the
cochlea acoustically and electri-
cally. The human ear has the
capacity to integrate these two
forms of stimulation.17,58 With a
typical bimodal device low fre-
quent sound is acoustically ampli-
fied, and middle and high frequent
sound is processed to electrical
pulses on a modified multichannel
CI. The first outcome studies are
taking place now. Kiefer et al.59

report that with a bimodal hearing
aid residual hearing could be
preserved in 11/13 cochlear
implanted subjects who, more-
over, scored higher with the
electroacoustic system than with
the CI alone for discrimination of
sentences in noise.

When considering CI candi-
dates with residual hearing, many
combinations exist: bimodal uni-
lateral, bimodal bilateral hearing
aids, unilateral a conventional
hearing aid and contralateral a
conventional CI, etc. A conven-
tional hearing aid on one side and
a cochlear implant on the other
side allows some form of binaural
hearing with improvement of
speech understanding in quiet and
noise.56,57

4.2. Bilateral cochlear implanta-
tion

The advantages of binaural
hearing compared to monaural
hearing are well known: a lower
hearing threshold, better sound
localisation, and the possibility to
hear a talker in a noisy environ-
ment. It is only natural to anticipate
these advantages with bilateral
cochlear implantation.60,61 Some
of these advantages have been
obtained in bilaterally implanted
adults and children as reported by
preliminary results.61-63 Bilateral
CI has additional value for speech
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and language development of chil-
dren.64 Currently, a longitudinal
study is running in Belgium; the
language and stereophonic devel-
opment of forty-two children are
being followed. In some children,
the controlateral delayed cochlear
implantation accelerated signifi-
cantly their language develop-
ment.

4.3. Auditory brainstem implant
(ABI)

When a functional auditory nerve
is not present, direct electrical
stimulation of an auditory nucleus
in the brainstem (the cochlear
nucleus or inferior colliculus – the
auditory midbrain implant) can
restore hearing. The most frequent
indication is loss of integrity of
the auditory nerve after removal
of vestibular schwannomas in
patients with neurofibromatosis.
New indications appear today:
ossification and malformation of
the cochlea or severe auditory
nerve injury.65 An ABI may also be
a salvage treatment after unsuc-
cessful cochlear implantation. In
those last indications, the use of a
classical ABI is probably not the
future standard. Newly designed
electrodes that turn around a resid-
ual auditory nerve like a helix are
being developed.

Conclusions

A cochlear implant is indicated
when a conventional hearing aid
does not restore functional hearing.
The outcomes in implanted sub-
jects are hard to predict but usually
good to excellent. They depend
on positive predictive factors like
residual hearing, young age, the
amount of oral language skills in
children, the morphological nor-
mality of the auditory structures,

and on negative predictive factors
like older age, and long duration
of auditory deprivation before
implantation. Due to encouraging
outcomes of implantees, techno-
logical improvements, and safer
sugery, there is a tendency to
extend the indications of electrical
hearing to subjects with residual
hearing, to very young children, to
bilateral implantation, to implanta-
tion in the malformed cochlea,
and to implantation in the auditory
brainstem.
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