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Summary

Objective. Cochlear implant (Cl) is a well-established treatment for children with sensorineural
hearing loss without benefit from hearing aids. The Italian guidelines date back 15 years; given the
expansion of indications for CI (including single side deafness and asymmetrical hearing loss) it
became necessary to establish updated guidelines.

Methods. Thirteen experts and 2 patient representatives selected the key questions and drew up
recommendations. The document was developed following the GRADE methodology. The methodo-
logical team of the Mario Negri Pharmacological Research Institute performed systematic reviews
for each question and supported the overall process.

Results. Four key questions were identified and recommendation formulated, with subgroups and
implementation considerations.

Conclusions. Though the systematic research of scientific literature found a scarcity of randomised trials
and an overall poor conduct and reporting quality of primary studies and systematic reviews, conditional
recommendations in favour of Cl have been formulated for different subgroups of children. Further stud-
ies should enrol a larger number of participants and use consistent instruments to evaluate hearing
outcomes, in order to increase comparability of results and data pooling through meta-analysis.
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Introduction

Cochlear implant in children
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This report summarises the recommendations of Clinical
Practice Guidelines regarding Cochlear Implant (CI) proce-
dure in children !, drawn up according to the GRADE meth-
odology ? and promoted by the following scientific socie-
ties: Italian Society of Otorhinolaryngology (SIOeChCF)
and Italian Society of Audiology and Phoniatrics (STAF).

Current knowledge about CI procedures is translated into rel-
evant practical recommendations following the rules and the
methodology indicated by the Centro Nazionale per 1’Eccellenza
delle Cure (CNEC) and the Istituto Superiore di Sanita (ISS).
Cl is a well-established, safe and effective treatment for paedi-
atric patients with sensorineural hearing loss who do not suf-
ficiently benefit from traditional hearing aids.
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In children, if not treated early and properly, hearing loss
irreversibly alters the processes of language acquisition and
development, significantly impairing verbal communica-
tion, with consequences in cognitive development, psycho-
logical, learning and social development >.

The US Food and Drug Administration (FDA) * approved
the use of cochlear implants in children in 1990. Initially, CI
was only dedicated to children with bilateral profound hear-
ing loss. Subsequently, the indications for this procedure
were expanded, mainly on the basis of extremely positive
clinical evidence and technological advances that allowed
for faster, safer and less invasive surgery, as well as better
outcomes. Consequently, the procedure was also consid-
ered for children with greater residual hearing, asymmetric
hearing loss, or even unilateral deafness (so-called single
sided deafness, SSD). In addition, bilateral procedures are
currently available in certain types of paediatric patients.
However, some of the more recent areas of application of
this procedure are still debated, as the evidence on clinical
and cost-effectiveness is limited.

Although several guidelines have been published to date de-
fining the indications for this procedure in paediatric patients,
there is no uniformity on the criteria used by different groups
to define indications and appropriateness criteria. Moreover,
the guidelines available today are mostly national and their
structure is not defined and universally shared.

In Italy, in 2009, guidelines for the CI procedure were pub-
lished by a working group coordinated by the SIOeChCF °.
These guidelines date back some 15 years and in some aspects
are to be considered outdated, in addition to the fact that they
do not consider some areas in which CI is currently indicated
(e.g., SSD, asymmetric hearing loss, etc.). Furthermore, in
2011 a Health Technology Assessment (HTA) project, pro-
moted by the Italian Ministry of Health, was concluded by a
working group of experts coordinated by S. Berrettini ¢ to out-
line the appropriateness criteria for cochlear implantation in
adults and children. Even this document does not consider cer-
tain aspects, such as CI in asymmetric hearing loss and SSD,
and does not reflect the criteria for a guideline.

For these reasons, it became necessary to establish new and
updated guidelines on the criteria for selection and appropri-
ateness of the CI procedure in adult and paediatric patients.
In particular, as far as the paediatric patient is concerned,
attention was paid to early treatment, to bilateral implanta-
tion, and to CI in asymmetric hearing loss and SSD.

Materials and methods

The panel was composed of 3 otolaryngologists, 2 audiolo-
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gists and phoniatricians, one audiometrist, one hearing aid
specialist, one speech pathologist, one child neuropsychia-
trist, one geneticist, one geriatrician, one neuroradiologist,
one psychologist and 2 patient representatives. The experts,
indicated by the above-mentioned scientific societies and
the patient representatives identified, by collegial discus-
sion, the key questions that health care providers are fre-
quently faced with, discussed the evidence provided by the
methodological team and drew up guidelines.

This document was developed according to the rules of the
CNEC of the Italian Ministry of Health with the support of
the methodological team of the Laboratory of Methodology of
Systematic Reviews and Guidelines production of the Mario
Negri Pharmacological Research Institute. The key questions
were developed according to the Population, Intervention,
Comparison, Outcomes (PICO) acronym. For each PICO
question, the literature on MEDLINE/PubMed, Embase and
Cochrane Library databases was systematically searched with
both thesaurus terms and free text up to June 2023 and includ-
ed systematic reviews, randomised and non-randomised con-
trolled trials and non-controlled studies. A further hand-search
was performed on the bibliography of retrieved articles.
Recommendations were formulated applying the GRADE
approach 2 according to the CNEC manual 7. All aspects
concerning questions, assessment of evidence and conclu-
sions were discussed among panel members and voted.
Before voting, members declared their potential conflict of
interest (COI) relevant to the PICO question, and only those
without COI voted. The online GRADEpro GDT tool was
used to develop questions, assess evidence, and make deci-
sions & The certainty of evidence was assessed applying the
tool for risk of bias in randomised trials (RoB) as suggested
by Cochrane °. The methodological quality of systematic
reviews was evaluated by the AMSTAR 2 checklist !°.

Results

Table I summarises PICO questions about treatment, rec-
ommendations, certainty of evidence, and strength of rec-
ommendation of the CI procedure in children recipients.

Key Question 1. In a child (age < 18 years) with bilat-
eral profound congenital hearing loss and inadequate
results with hearing aids (inadequate auditory and
communicative-linguistic outcomes relative age, de-
velopmental level, and cognitive abilities) is cochlear
implantation indicated before 12 months of age?

Every year 1-2 infants in 1,000 are found to have bilateral
profound congenital hearing loss . In the first months of
life, they are in a condition of complete hearing and lan-



Cochlear implant in children

Table 1. PICO questions about Cl procedure in adult recipients.

Recommendation

Certainty of
evidence

Strength of recommendation

In a child (age <18 years) with bilateral For children (age < 18 years) with bilateral Very low Conditional in favour of cochlear
profound congenital hearing loss and profound congenital hearing loss and implantation before 12 months
inadequate results with hearing aids inadequate results with hearing aids of age

(inadequate auditory and communicative- (inadequate auditory and communicative-
linguistic outcomes relative age, linguistic outcomes with respect to age,
developmental level, and cognitive abilities) | developmental level, and cognitive abilities)
is cochlear implantation indicated before 12 |  the panel suggests cochlear implantation
months of age? before 12 months of age
In a child (age < 18 years) with bilateral For children (age < 18 years) with bilateral Very low Conditional in favour of bilateral
severe-profound hearing loss (PTA* 0.5-1-2- | severe-profound hearing loss (PTA* 0.5-1-2- simultaneous or sequential
4 KHz > 75 dB) and inadequate results with | 4 KHz > 75 dB) and inadequate results with cochlear implantation
hearing aids (auditory and communicative- | hearing aids (auditory and communicative-
linguistic outcomes inadequate with respect linguistic outcomes inadequate with
to age, developmental level, and cognitive respect to age, developmental level, and
abilities) is bilateral cochlear implantation cognitive abilities) the panel suggests
(simultaneous or sequential) indicated bilateral simultaneous or sequential cochlear
versus unilateral cochlear implantation? implantation
In a child (age < 18 years) with asymmetric For children (age < 18 years) with Very low for Conditional in favour of cochlear

hearing loss (worse ear with hearing loss
severe-profound i.e. PTA* 0.5-1-2-4 KHz

asymmetrical hearing loss (worse ear
with severe-profound hearing loss i.e.,

desirable outcomes,
low for undesirable

implantation in the worse ear

> 75 dB, better ear with PTA*> 30 dB and PTA* 0.5-1-2-4 KHz > 75 dB, better ear outcomes
< 75 dB and interaural difference PTA > 30 with PTA* > 30 dB and < 75 dB and
dB) and poor performance/unsatisfactory interaural difference PTA > 30 dB) and poor
results with hearing aids is cochlear performance/unsatisfactory results with
implantation indicated in the worse ear? hearing aids, the panel suggests cochlear
implantation in the worse ear
In a child (age < 18 years) with severe- For children (age < 18 years) with severe- Very low for Conditional in favour of cochlear

profound hearing loss in the worse ear (so-
called Single Sided Deafness) and hearing
threshold in the better ear PTA* < 30 dB,
is cochlear implantation in the worse ear
indicated?

profound hearing loss in the worse ear and
hearing threshold in the best ear PTA* < 30
dB, the panel suggests cochlear implantation
in the worse ear

desirable outcomes,
low for undesirable
outcomes

implantation in the worse ear

GRADE Working Group grades of evidence:

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substan-

tially different.

Low certainty: our confidence in the effect estimate is limited.: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

guage deprivation until they undergo surgery for cochlear
implantation. For a normal hearing child, the first year of
life represents a crucial period in which the neurobiological
foundations necessary for later language development are
laid '2. In fact, verbal processing, although not evident, is
already underway in terms of word segmentation, word-ob-
ject correspondence, and the acquisition of the fundamen-
tals of syntactic structure '*. The profoundly deaf child, on
the other hand, is in a condition of auditory deprivation that
leads to the suspension of linguistic development. The au-
ditory-verbal communication channel is not activated even
by any conventional hearing implant as this acts on the in-

ner ear which is non-functional in these cases. A cochlear
implant, on the other hand, bypasses the cochlea by directly
stimulating the cochlear nerve, which in cases of childhood
hearing loss is intact and capable of conducting auditory in-
formation to cortical centres. Cochlear implantation before
the age of 12 months may allow language development to
begin closer to that of the hearing child of the same age.

Twelve studies, with a total of 465 children, were analysed '“>.
Regarding receptive capacities, all but 2 of the studies that
compared cochlear implantation before and after 12 months
of age or at different chronological ages, reported results
in favour of early implantation. Six studies compared the
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receptive abilities of children implanted before and after 12
months with those of children with normal hearing. Five
studies #1612 reported that children who received cochlear
implantation by 12 months of age developed receptive abil-
ities similar to peers with normal hearing, whereas children
implanted later develop the same hearing abilities but later
than their normal hearing peers. One study ? reported that
all children had delayed development of receptive abilities
compared to their normal hearing peers, but the delay was
less for those implanted before 12 months of age.
Regarding expressive abilities, a single study with 39 partici-
pants evaluated outcomes at different follow-up times from
insertion in children implanted before and after 12 months
of age ' and showed language development comparable to
normal hearing peers in children who received implantation
before 12 months of age compared to those implanted at later
ages that deviated from the norm by 2 standard deviations.
Out of 6 studies comparing implantation at different chrono-
logical ages, 5 showed results in favour of implantation be-
fore 12 months. Five studies compared the expressive abili-
ties of children implanted before and after 12 months of age
with those of normal hearing children. Four of these '+!6?! re-
ported language development trajectories similar to those of
hearing peers in children implanted before 12 months, while
those implanted later developed language with a delay that
was maintained over the 3 years following surgery.

Three studies >822 compared the frequency of severe an-
aesthesiology complications and admission to the paediat-
ric intensive care unit (ICU) in children implanted before
and after the age of 12 months: no serious anaesthesiologic
complications were observed; admission to the ICU ap-
pears to be slightly more frequent in children operated on
before the age of 12 months, probably related to the strict
anaesthesiologic surveillance protocols applied at this age.
Four studies '>!%1822 evaluated the frequency of undesirable
effects. Skin complications appeared indifferently distributed
between the two implant groups. The frequency of otitis me-
dia also appeared to be low and similar in the 2 groups.

COST-EFFECTIVENESS

No study evaluating cost-effectiveness of cochlear implan-
tation in children with bilateral profound congenital hearing
loss before 12 months of age was identified.

Recommendation: For children (age < 18 years) with bi-
lateral profound congenital hearing loss and inadequate
results with hearing aids (inadequate auditory and com-
municative-linguistic outcomes with respect to age, devel-
opmental level, and cognitive abilities) the panel suggests
cochlear implantation before 12 months of age.
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Certainty of evidence: very low.

Strength of recommendation: conditional in favour of
cochlear implantation before 12 months of age.

Subgroup considerations: the recommendation applies to the
so-called “well babies”: children with bilateral profound deaf-
ness in the absence of other comorbidities. In the case of chil-
dren presenting with clinical pictures of complicated deafness,
although cochlear implantation is generally considered useful
for overall improvement of the quality of life of patients and
their families, this recommendation is not considered applica-
ble without due consideration and exceptions. It is left to the
individual assessment of the team whether early implantation
is appropriate in children with malformations or other associ-
ated comorbidities, in premature children, in syndromic chil-
dren, and in children with neuromotor developmental delay,
in whom the multidisciplinary team assesses the benefit of the
intervention in terms of communicative functional prognosis
versus possible anaesthetic and surgical risks.

In contrast, the panel believes that the condition of deafness
resulting from bacterial meningitis with incipient cochlear
ossification should be treated very quickly even before 12
months, if there are no anaesthetic contraindications.
Regarding the presence of associated disabilities, cochlear
implant surgery is particularly recommended in cases of
deaf-blindness, and it is likely that the benefit of the surgery
will be even greater if performed at an early age.

Key Question 2. In a child (age < 18 years) with bi-
lateral severe-profound hearing loss (PTA 0.5-1-2-4
kHz > 75 dB) and inadequate results with hearing aids
(auditory and communicative-linguistic outcomes in-
adequate with respect to age, developmental level,
and cognitive abilities) is bilateral cochlear implanta-
tion (simultaneous or sequential) indicated versus uni-
lateral cochlear implantation?

Permanent hearing loss in childhood can have negative con-
sequences that occur throughout the entire life span of an
individual **?’. An appropriate intervention that restores,
whenever possible, a binaural hearing, should therefore be
considered crucial to ensure the positive development of
auditory skills, language, cognitive, academic, and social-
emotional-relational skills of the child, as well as to safe-
guard family balance and well-being 282,

For the assessment of desirable effects, 27 studies with 673
participants included in 3 systematic reviews > have been
included. Another 12 more recent studies with a total of 569
participants have been considered 33+,



The evidence for the benefit of bilateral versus unilateral
implantation changes depending on the domain of compe-
tence tested, but overall appears to be in favour of the bilat-
eral implant.

The ability to localise the sound source appeared to be bet-
ter in children with bilateral implantation in as many as 8 of
the 12 observational studies considered. In the case of se-
quential implantation, the magnitude of the benefit may be
influenced by the time interval between the first and second
implantation, which appeared to be better when the time in-
terval was shorter. The benefit, sometimes not immediately
measurable in the first few months after activation, may be
observable over the long term.

Nine of 16 studies measuring speech perception in quiet
detected a benefit from bilateral implantation.

Studies in which speech perception was investigated in the
presence of competitive noise appeared to be apparently
less concordant in reporting the benefit of bilateral implan-
tation. Nine of 23 studies evaluating this outcome reported
results in favour of bilateral cochlear implantation, although
the benefit varied depending on the position in space of the
noise source and the primary signal.

Regarding the benefits on language development and school
learning, the studies included reported promising results.
Although no differences were measurable in basic language
skills, differences in favour of bilateral implantation emerged
when an assessment was made on more complex verbal
skills, such as meta-phonological and morphosyntactic skills
or the ability to generate definitions and/or find relationships
between 2 words. Such differences were already evident at
preschool age and persisted into school age.

In the case of sequential cochlear implantation, better lan-
guage skills seemed to be achieved when the interval be-
tween the 2 interventions was shorter and earlier between
the first and second implantation.

The positive effects of bilateral implantation on language skills
also seemed to have positive repercussions on school learning
in terms of oral expression, writing and mathematical skills.
Subjective assessment of the functional benefits of bilateral
implantation in daily life, carried out by the children’s par-
ents, supported the benefits shown by the clinical evidence:
family members of children with sequential bilateral implan-
tation reported a significant improvements in localisation
ability, speech perception in quiet and noise, and sound qual-
ity after activation of the second cochlear implant.

For assessment of undesirable effects, 5 systematic reviews
have been included *#. All reviews analysed the risks asso-
ciated with cochlear implant surgery per se, without analys-
ing the possible increased risk due to the double intervention.

Cochlear implant in children

Regarding vestibular function, the 2 reviews that consid-
ered this outcome *"*8 reported variable results depending on
the type of measurement used (vestibular myogenic evoked
potentials [VEMPs], caloric testing, head impulse testing
[HIT], rotatory testing, and posturography), while reporting
no increase in symptoms indicative of vestibular problems.
In relation to the occurrence of dizziness following surgery, a
low risk was observed in subjects under 9 years of age, with
a frequency of the event of 1.5%. The risk increased with the
increase of chronological age at surgery, reaching 4.2% in the
10-19 year age group “°.

COST-EFFECTIVENESS

Three studies 52 were identified that assessed cost-effective-
ness of simultaneous or sequential bilateral cochlear implanta-
tion compared to unilateral cochlear implantation in children
with bilateral severe-to-profound hearing loss and unsatisfac-
tory outcomes with hearing aids. One study, conducted in the
UK %, reported that, assuming that the gain from bilateral coch-
lear implantation is the same for children and adults, the incre-
mental cost-effectiveness ratio (ICER) of simultaneous and se-
quential bilateral implantation, when compared to monolateral
implantation, was of £40,410 and £54,098 per quality-adjusted
life year (QALY), respectively. Similarly, another study con-
ducted in Spain ', reported that the ICER of simultaneous ver-
sus unilateral implantation is €10,323/QALY when performed
in 1-year-old profoundly deaf subjects. For sequential bilateral
implantation, the ICER rises to €11,733/QALY. Both interven-
tions were judged cost-effective in the Spanish study, where the
willingness to pay of the health care system was estimated at
approximately €30,000/QALY. The third study *? reported a fa-
vourable cost-effectiveness ratio for bilateral versus unilateral
implantation, even in developing countries.

Recommendation: For children (age < 18 years) with bi-
lateral severe-profound hearing loss (PTA 0.5-1-2-4 kHz
> 75 dB) and inadequate results with hearing aids (auditory
and communicative-linguistic outcomes inadequate with
respect to age, developmental level, and cognitive abili-
ties) the panel suggests bilateral simultaneous or sequential
cochlear implantation.

Certainty of evidence: very low.

Strength of recommendation: conditional in favour of bi-
lateral simultaneous or sequential cochlear implantation.

Subgroup considerations: bilateral simultaneous or se-

quential cochlear implantation should be particularly ap-
plicable:
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* to individuals at risk of developing cochlear ossification
(e.g., post-meningitic deafness, deafness sudden or from
autoimmune diseases at risk of ossification);

* to deaf-blind/deaf-visually impaired individuals;

* to patients with progressive forms of hearing loss (e.g.,
enlarged vestibular aqueduct, Cytomegalovirus [CMV]
infection forms) which can lead over time to hearing loss
in the better ear and thus to a loss of hearing that cannot
be restored with traditional hearing aids.

For patients with auditory neuropathy, patients with a long-
time interval between first and second implantation (> 6 years)
and/or longer auditory deprivation (first implantation at the age
> 3 years), patients with major middle and inner ear malforma-
tions, auditory nerve alterations, and/or associated otologic pa-
thologies, bilateral cochlear implantation is still recommended
although sometimes the benefits achieved may be less. In such
cases, eligibility and possible benefits should be carefully eval-
uated by the multidisciplinary team in charge of the subject.
Risks and possible limitations of benefits should be discussed
extensively with the child’s parents or legal guardians.
The recommendation applies to children with bilateral
severe-profound deafness in the absence of other comor-
bidities. In cases of children with clinical pictures of com-
plicated deafness, this recommendation is not considered
applicable without due consideration and exceptions. In
particular, children with neurodevelopmental outcomes of
extreme prematurity and syndromic cases with neuropsy-
chological disorders or motor disorders require a diagnostic
and surgical approach that varies from case to case and are
subject to a highly variable functional prognosis.

Key Question 3. In a child (age < 18 years) with asym-
metric hearing loss (worse ear with hearing loss se-
vere-profound i.e., PTA 0.5-1-2-4 kHz > 75 dB, better
ear with PTA > 30 dB and < 75 dB and interaural dif-
ference PTA > 30 dB) and poor performance/unsatis-
factory results with hearing aids is cochlear implanta-
tion indicated in the worse ear?

Children with asymmetric hearing loss (AHL), which im-
pair binaural hearing, are at risk of having significant dif-
ficulties with spatial listening and particularly in localising
sounds, perceiving the distance of sound sources, under-
standing speech in noise, and analysing complex auditory
scenes *. In the absence of appropriate and timely inter-
vention to restore binaural hearing, such individuals are at
risk of manifesting alterations in language acquisition over
time %, which, together with difficult perception in noise
and subsequent hearing fatigue, impact negatively on their
attentional, mnestic and school learning abilities 3.
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In addition, some studies reported impairment in cognitive
quotient and on quality of life °.

For the assessment of desirable effects, only 5 case series with
a total of 146 participants, and reported in 6 publications, were
retrieved 376!, The only outcomes evaluated in more than
one study and with acceptable numbers of participants were
speech perception in quiet, assessed in 3 studies with 115 par-
ticipants ¢! and language development, assessed in 2 stud-
ies with 71 participants 36!, All the studies reported results in
favour of cochlear implantation for both outcomes.

For the assessment of undesirable effects, the results of sys-
tematic reviews included for children with bilateral sym-
metric hearing loss also apply to children with asymmetric
hearing loss.

COST-EFFECTIVENESS

No study evaluating cost-effectiveness of cochlear implanta-
tion in children with asymmetrical hearing loss was identi-
fied. The panel members judged that, since the cost-effec-
tiveness in favour of the intervention has been demonstrated
in the adults with this condition, and considering that in the
child the disability situation is much more severe, it can be
expected that the cost-effectiveness ratio in the paediatric pa-
tient is even more advantageous in favour of the intervention.

Recommendation: for children (age < 18 years) with asym-
metrical hearing loss (worse ear with severe-profound hearing
loss i.e., PTA 0.5-1-2-4 kHz > 75 dB, better ear with PTA > 30
dB and < 75 dB and interaural difference PTA > 30 dB) and
poor performance/unsatisfactory results with hearing aids, the
panel suggests cochlear implantation in the worse ear.

Certainty of evidence: very low for desirable outcomes,
low for undesirable outcomes.

Strength of recommendation: conditional in favour of
cochlear implantation in the worst ear.

Subgroup considerations: the subgroup considerations sug-
gested for children with bilateral severe to profound hearing
loss are also valid for children with asymmetric hearing loss.

Key Question 4. In a child (age < 18 years) with se-
vere-profound hearing loss in the worse ear (single
sided deafness, SSD) and hearing threshold in the
better ear PTA < 30 dB, is cochlear implantation in
the worse ear indicated?

Single sided deafness (SSD) causes hearing difficulties in
certain environmental conditions: the subject, especially in
the presence of noise, cannot perceive speech from the side



of the deficit, cannot locate the source of the sound, and
cannot identify who is speaking if they are in a group of
people 2. The child in the early years of life is exposed to
speech in both direct and indirect ways, that is he or she
listens to those who communicate to him or her directly,
but also casually listens to all the conversations that take
place between people near him or her (incidental listening).
Overhearing seems to constitute about 80-90% of language
exposure in this age range %. Consequently, a reduction in
daily language exposure, which is the basis for regular lan-
guage development and learning, may be the cause of a lan-
guage disorder *. In addition, at school age, listening dif-
ficulties reflect negatively on the student’s learning abilities
and participation and attention behavior in the classroom.
The critical age at which there is evidence of a decline in
academic performance is from 12 to 18 years of age .
For the assessment of desirable effects, one systematic review
including 12 studies with a total of 119 participants was con-
sidered. For speech perception in quiet, the review reported an
improvement in 81% of children (6 studies, 42 participants).
Similarly, the review reported a benefit in 79.6% of children
for speech perception in noise (8 studies, 49 participants). In
terms of sound localisation ability, 3 studies with 19 partici-
pants reported an average reduction in localisation error of 28°,
while 3 studies reported a general improvement in 88.7% of
children. Finally, improvement on all sub-scales of the Speech,
Spatial, Qualities (SSQ) questionnaire after CI was reported in
both children with congenital (3 studies, 32 participants) and
acquired (2 studies, 26 participants) hearing loss.

For the assessment of undesirable effects, the results of
the systematic reviews included for children with bilateral
symmetric hearing loss also apply to children with SSD.

COST-EFFECTIVENESS

No study evaluating cost-effectiveness of cochlear implan-
tation in children with SDD have been identified. The panel
members judged that, since the cost-effectiveness in favour
of the intervention has been demonstrated in the adults with
this condition, and considering that in the child the disabil-
ity situation is much more severe, it can be expected that
the cost-effectiveness ratio in the paediatric is even more
advantageous in favour of the intervention.

Recommendation: for children (age < 18 years) with
severe-profound hearing loss in the worse ear (so-called
SSD) and hearing threshold in the best ear PTA < 30 dB,
the panel suggests cochlear implantation in the worse ear.

Certainty of evidence: very low for desirable outcomes,
low for undesirable outcomes.

Cochlear implant in children

Strength of recommendation: conditional in favour of
cochlear implantation in the worse ear.

Subgroup considerations: the recommendation applies to
children with SSD in the absence of other comorbidities.
In cases of children with clinical pictures of complicated
deafness, this recommendation is not considered applica-
ble without due consideration and exceptions. In particular,
children with neurodevelopmental outcomes of extreme
prematurity, syndromic cases with neuropsychological dis-
orders or motor disorders require a diagnostic and surgical
approach that varies from case to case and are subject to a
highly variable functional prognosis.

Given that up to 50% of individuals with SSD have an ana-
tomical malformation such as a hypoplasia/aplasia of the
cochlear nerve and that such a malformation is associated
with poor cochlear implantation efficacy, a comprehensive
evaluation by an expert team including an MRI study of the
inner ear and cochlear nerve is required before proceeding.
The panel believes that cochlear implantation is not indi-
cated in cases of cochlear nerve hypoplasia/aplasia.
Conversely, the panel believes that the deaf condition re-
sulting from bacterial meningitis with incipient cochlear
ossification should be treated very early if there are no an-
aesthetic contraindications.

In addition, cochlear implantation in a child with SSD is
particularly indicated in forms of progressive hearing loss
where there is a risk of threshold worsening in the healthy
ear (e.g., congenital CMV infection).

Equity, feasibility and acceptability of cochlear im-
plantation

The panel judged that cochlear implantation has probably no
impact on equity as adequate care is fairly guaranteed through-
out Italy, that it is overall well accepted, although parents’ wor-
ries about complications of surgical intervention may be a con-
cern in some cases, and that there are no issues of feasibility.

IMPLEMENTATION CONSIDERATIONS

For all 4 questions the panel indicates that the centre per-
forming the procedure has a multidisciplinary team (audi-
ologist, otolaryngologist, otosurgeon, audiometrist, speech
pathologist, radiologist, neuropsychiatrist child/develop-
mental age psychologist, hearing aid specialist) experi-
enced in diagnosing childhood deafness. In particular for
Key Question 1 it is indicated that the multidisciplinary
team has experience in diagnosing childhood deafness in
the first months of life.

It is indicated that at least one pre-cochlear implant audio-
logical assessment be carried out: auditory evoked poten-
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tials; impedance testing; evoked acoustic otoemissions; as-
sessment of audiometric threshold and hearing aids benefit
by method appropriate to the child’s age and/or cognitive
functioning (VRA, CPA or classical tonal audiometric ex-
amination); assessment of perceptual skills and functional
listening by direct observation by the clinician and through
administration of validated questionnaires to caregivers;
and administration of perception tests when the child’s age
and verbal skills allow. Audiological assessment should be
coupled with the administration of standardised tests to as-
sess the development of communication and language skills
and of cognitive functioning.

The evaluation should be complemented by aetiological
research and CT/MRI evaluation, to investigate the ana-
tomical status of the cochlea and vestibulocochlear nerve
to highlight alterations that may compromise the success
of the surgery and the achievement of functional auditory
outcomes.

Postoperatively, children should be followed up by an ap-
propriate team at the CI centre and have access to the reha-
bilitation services needed to optimise the process of achiev-
ing the expected outcomes according to the child’s level of
cognitive functioning, medical history, duration of hearing
deprivation and presence or absence of pathologies associ-
ated with the hearing loss.

Only for Key Question 1, given the young age of the chil-
dren (< 12 months), the panel indicates that the centre
performing the procedure should have a paediatric anes-
thesiology team or with proven experience with paediatric
patients, possibly with the availability of a paediatric ICU
and a surgical team with proven experience in paediatric
surgery.

Discussion and conclusions

The systematic research of the available scientific literature
found the paucity of randomised trials and an overall poor
quality of conduct and reporting of both primary studies
and systematic reviews. However, in this field, uncontrolled
case series with evaluation of outcomes before and after
implantation may provide acceptable evidence given the
stable and chronic nature of the condition, further studies
should enrol a larger number of participants and use con-
sistent instruments and scales to evaluate hearing outcomes,
in order to increase comparability of the results across the
studies and pool data through meta-analysis.
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