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EXECUTIVE SUMMARY 

Aim and scope 

The aim of this technical brief was to asses the effectiveness of cochlear implantation at an early age 
when compared to implantation at a later age. Eligible studies were those that included some children 
less than 2 years of age at implantation, and studies where the mean or median age of the study 
population at cochlear implantation was less than 36 months. Studies all had sample sizes of at least 20 
participants. They compared the effectiveness of cochlear implantation at a young age with 
implantation at an older age. The following outcomes were considered as indicators of effectiveness: 
audiological performance, communication outcomes, educational achievement and quality of life. 

High quality secondary research (systematic reviews and meta-analyses) are considered best evidence 
on the topic. As there were no eligible systematic reviews, studies were included if they were cross-
sectional, case control or cohort studies fitting the above selection criteria. 

Methods 

The search strategy considered original articles published between January 1996 and December 28, 
2006 inclusive, in the English language. The search included major bibliographic and review databases 
and secondary sources, and mostly published and indexed literature. Databases included: Medline, 
Embase, Cinahl, Psychinfo, ERIC, Index New Zealand, New Zealand Bibliographic Database, Science 
and Social Science Citation Index, Current Contents, Cochrane Library Controlled Trials Register, 
Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effectiveness 
(DARE), TRIP database, NHS Economic Evaluation Database, and Health Technology Assessment 
Database. 

Search terms and keywords included: 
cochlear implants, cochlear implantation, treatment outcome, child language, speech perception, 
quality of life, language development, vocabulary, verbal behavior, auditory perception, voice quality, 
auditory threshold, postoperative complications, time factors, age factors, child-preschool  

Summaries of appraisal results were presented in Evidence Tables, which detailed study design, study 
setting, sample, methods, results, and reported conclusions and comments based on the limitations and 
validity of the review. Review conclusions, implications for practice, gaps in the literature and 
directions for research were synthesized and overall conclusions made. 

Key results and conclusions 

The following conclusions are based on the current evidence available from this report’s critical 
appraisal of literature published on the effectiveness of cochlear implants at a young age when 
compared to implantation at an older age for infants and young children. 

 In general, implantation at a younger age improves the effectiveness of cochlear implantation in 
terms of audiological performance and communication outcomes. 

 This is particularly evident when cochlear implantation occurs before the age of 24 months, which 
is more effective than implantation after 24 months 

 It is not clear whether implantation prior to the age of 12 months improves effectiveness when 
compared to implantation after 12 months of age. 

 Because of the short length of time that implantation has been used in large numbers of infants and 
young children less than 2 years of age, evidence of an increase in effectiveness is only available 
for immediate outcomes such as communication skills, and has only been observed up to about 5-8 
years after implantation.  

 It is not clear what effect cochlear implantation at a younger age has on long-term outcomes such 
as educational achievement, and quality of life. 

 It is possible that those implanted at an older age (above 24 months) develop at a slower rate but 
eventually reach equivalent developmental milestones. 
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Implications for practice 

Whilst the current evidence base is limited, several implications for practice have been suggested by 
the appraised systematic studies. Implantation prior to the age of 24 months may increase the 
effectiveness of cochlear implantation in terms of immediate outcomes such as communication skills. 
This should be one of the considerations when weighing up the harms and benefits associated with 
cochlear implantation at this age. Another essential consideration is that a cochlear implant should not 
be assumed to be an appropriate intervention for each profoundly deaf child under this age. It is 
essential to perform prior assessment of the child and family so as to explore factors that may affect the 
outcomes and explain the implications to the parents.  

When considering cochlear implantation before the age of 12 months, the harms and benefits of 
cochlear implantation at this age, other than effectiveness compared to an older age, will need to be 
weighed up. 

Further research/reviews required 

All of the studies included in this review were cross sectional surveys or cohort studies with relatively 
small sample sizes. Often the study populations were heterogeneous in terms of the degree of hearing 
loss and congenital versus acquired loss. Mode of communication and details on socio-economic status 
or educational status of parents were lacking. This could increase the possibility that confounding or 
bias has influenced some of the study outcomes.  

While the best possible design to determine the effectiveness of cochlear implantation at a young age 
compared to an older age would be a randomised controlled trial this design is likely to be unacceptable 
to parents and clinicians as there is already evidence that younger age at implantation is more effective 
than at an older age, just not what the age limit of this effect is. Also, theoretically younger age is likely 
to be more effective as it reduces the period of sensory deprivation. 

Further well-designed observational studies with large sample sizes and long-term follow-up are 
required, especially in the younger age groups.  

Note: Readers are reminded of the limitations of technical briefs compared to more rigorous and 
comprehensive full systematic reviews.  
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GLOSSARY 

Acquired hearing loss Hearing loss which is not congenital. In practice this refers to post-lingual 
hearing loss 

Age standardisation A procedure for adjusting rates designed to minimise the effects of 
differences in age composition when comparing rates for different populations 

Bias Deviation of results or inferences from the truth, or processes leading to such deviation.  Any 
trend in the collection, analysis, interpretation, publication, or review of data that can lead to 
conclusions that are systematically different from the truth.  

Blinded study A study in which observers and/or subjects are kept ignorant of the group to which 
they are assigned.  When both observers and subjects are kept ignorant, the study is referred to as 
double blind.  

Case-control study An epidemiological study involving the observation of cases (persons with the 
disease, such as cervical cancer) and a suitable control (comparison, reference) group of persons 
without the disease.  The relationship of an attribute to the disease is examined by comparing 
retrospectively the past history of the people in the two groups with regard to how frequently the 
attribute is present.  See also nested case control. 

Closed-set speech recognition test  A test which measures the ability to recognise speech. 
Answers can be chosen from a limited number of choices and individuals are allowed to lip-read. 

Cochlear implant  An electronic device surgically implanted to stimulate the auditory nerve in the 
cochlea (inner ear) in order for the individual to receive and process sound and speech  

Cohort study The analytic method of epidemiologic study in which subsets of a defined population 
can be identified who are, have been, or in the future may be exposed or not exposed in different 
degrees, to a factor or factors hypothesised to influence the probability of occurrence of a given disease 
or other outcome.  Studies usually involve the observation of a large population, for a prolonged period 
(years), or both.  

Confidence interval The computed interval with a given probability, e.g. 95%, that the true value of 
a variable such as a mean, proportion, or rate is contained within the interval.  The 95% CI is the range 
of values in which it is 95% certain that the true value lies for the whole population. 

Confounder A third variable that indirectly distorts the relationship between two other variables, 
because it is independently associated with each of the variables. 

Critical period A period during which a specific stimulus is required for the normal development of 
the system and during which the organism is maximally vulnerable to environmental manipulation. 

Cross-sectional study A study that examines the relationship between diseases (or other health 
related characteristics), and other variables of interest as they exist in a defined population at one 
particular time.  

Decibel A unit of measurement for intensity or loudness of sound. The higher the dB the 
louder the sound.  

Deaf Deaf with an upper-case “d” refers to those identifying with the Deaf culture. Deaf 
with a lower-case “d” is often synonymous hearing loss. 

Degree of hearing loss Degree of hearing loss is measured in dB over four audiometric frequencies 
500-4000 Hz and based on assessment of the better ear. Mild is a loss from 26-40 dBHL; moderate is a 
loss from 41-56 dBHL; severe is a loss from 66-95 dBHL; and profound is a loss above 95 dBHL. 
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Effectiveness A measure of the extent to which a specific intervention, procedure, regimen, or 
service, when deployed in the field in routine circumstances, does what it is intended to do for a 
specified population. 

Evidence table A summary display of selected characteristics (e.g., methodological design, results) 
of studies of a particular intervention or health problem.  

Frequency The pitch of a sound. Determined by the number of vibrations per minute of a sound 
and measured in Hertz (HZ).  

Generalisability (applicability, external validity) Applicability of the results to other populations. 

Incidence The number of new events (cases; e.g. of disease) occurring during a certain period, in 
a specified population. 

Infant A child aged less than 12 months old  

Internal validity The extent to which the design and conduct of a study are likely to have prevented 
bias. 

Matching The process of making a study group and a comparison group comparable with respect 
to extraneous factors. 

Mean Calculated by adding all the individual values in the group and dividing by the number of 
values in the group. 

Median Any value that divides the probability distribution of a random variable in half.  For a finite 
population or sample the median is the middle value of an odd number of values (arranged in ascending 
order) or any value between the two middle values of an even number of values. 

Meta-analysis The process of using statistical methods to combine the results of different studies. 
The systematic and organised evaluation of a problem, using information from a number of 
independent studies of the problem.  

Multiple regression Any analysis of data that takes into account a number of variables 
simultaneously. 

Neonate  A child aged less than 4 weeks of age. 

Nested case control study A case control study in which cases and controls are drawn from the 
population in a cohort study.  That is, the case control study is “nested” within the cohort study design 
so that the effects of some potential confounding variables are reduced or eliminated.  A case control 
study can also be nested into a case series study.  See also case control study, cohort study, and case 
series study. 

Observational study A study in which the investigators do not seek to intervene, and simply 
observe the course of events. 

Open-set speech recognition test A test used to measure ability to recognise speech. No lip-reading 
is allowed and no choices given.  

Population-based screening programme A population-based screening programme is one in which 
screening is systematically offered by invitation to a defined, identifiable population. 

Post-lingual deafness Hearing loss occurring before the acquisition of language (i.e before about 
3 years) 

Pre-lingual deafness Hearing loss occurring after the acquisition of language (i.e after about 3 
years-either congenital or acquired) 
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Prevalence The number of events in a given population at a designated time (point prevalence) or 
during a specified period (period prevalence). 

Primary care First contact, continuous, comprehensive and coordinated care provided to 
individuals and populations undifferentiated by age, gender, disease or organ system. 

Primary research/study ‘Original research’ in which data are collected. The term primary 
research/study is sometimes used to distinguish it from a secondary study (re-analysis of previously 
collected data), meta-analysis, and other ways of combining studies (such as economic analysis and 
decision analysis). (Also called original study.) 

Randomised controlled trial An epidemiologic experiment in which subjects in a population are 
randomly allocated into groups to receive or not receive an experimental preventive or therapeutic 
procedure, manoeuvre, or intervention.  Randomised controlled trials are generally regarded as the 
most scientifically rigorous method of hypothesis testing available in epidemiology. 

Recall bias Systematic bias due to differences in accuracy or completeness of recall or memory of 
past events or experiences.  

Relative risk (RR)  The ratio of the risk of disease or death among the exposed to the risk among 
the unexposed.  It is a measure of the strength or degree of association applicable to cohort studies and 
RCTs.  

Reliability The degree to which results obtained by a measurement procedure can be replicated. 
Lack of reliability can arise from divergences between observers or measurement instruments, 
measurement error, or instability in the attribute being measured. 

Sensorineural hearing loss  Hearing loss due to damage to hair cells or damage or absence of 
auditory nerve. 

Significant hearing loss Refers to mild and greater hearing loss (see degree of hearing loss) 

Screening Screening is the examination of asymptomatic people in order to classify them as 
likely or unlikely to have the condition that is the object of screening.   

Secondary care Surgical and medical services that are generally provided in a hospital setting.  In 
many cases, access to these services is by referral from a primary care health professional such as a 
general practitioner. 

Secondary research/study Re-analysis of previously collected data, meta-analysis, and other ways 
of combining studies (such as economic analysis and decision analysis) 

Selection bias Any error in selecting the study population such that the people who are selected to 
participate in a study are not representative of the reference population or, in analytic studies the 
comparison groups are not comparable. 

Sensitivity analysis A method to determine the robustness of an assessment by examining the extent 
to which results are affected by changes in methods, values of variables, or assumptions.   

Statistical difference A result that is unlikely to have happened by chance. The usual threshold for 
this judgement is that the results, or more extreme results, would occur by chance with a probability of 
less than 0.05 if the null hypothesis was true. Statistical tests produce a p-value used to assess this. 

Systematic review Literature review reporting a systematic method to search for, identify and 
appraise a number of independent studies. 

Variance A measure of the variation shown by a set of observations, defined by the sum of the 
squares of deviation from the mean, divided by the number of degrees of freedom in the set of 
observations. 
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BACKGROUND 

This technical brief was requested by Vickie Rydz, Development Manager, Disability Services 
Directorate, Ministry of Health, New Zealand Government.  

Rationale for technical brief 

A universal newborn hearing screening (UNHS) programme is to roll-out in New Zealand in mid-2007. 
At present, between 135 and 170 infants and young children in New Zealand are identified annually as 
having a significant permanent congenital hearing loss (National Screening Unit 2005), with the 
average age of detection of moderate or greater hearing loss being about 46 months, well above the 
recommended 3 months of most countries (Project HIEDI and National Foundation for the Deaf 2004). 

Permanent congenital hearing loss has major effects on language acquisition, cognitive development, 
educational achievement, social functioning, mental health and self-esteem (Conseil d'Evaluation des 
Technologies de la Sante du Quebec (CETS) 1997; Project HIEDI and National Foundation for the 
Deaf 2004).  The variables known to increase the effects of hearing loss are: age of onset, severity of 
the loss, presence of other disabilities and intervention delay (Project HIEDI and National Foundation 
for the Deaf 2004). 

Interventions for children with severe hearing loss include speech and language training (both oral and 
sign language) and use of “sensory aid” technologies such as hearing aids and cochlear implants that 
allow sound to either be amplified or perceived by the recipient. There is some evidence that hearing 
aid effectiveness is improved by usage during the first 6 months of age (Waltzman and Roland 2005) 
and that cochlear implantation at a young age results in more rapid and a greater improvement of 
speech production and perception than a later age although the optimum age for implantation is not 
clear (Willstedt-Svensson et al. 2004; Rizer and Burkey 1999). There seems to be evidence that 
implantation before 5 years is better than after 5 years of age (Kirk et al. 2002) at least after 2 years of 
use (Willstedt-Svensson et al. 2004), and some studies suggest that implantation before the age of 3 
years has a better outcome than after 3 years of age (Kirk et al. 2002). 

These observations fit with theories of critical or sensitive periods for the auditory system (Project 
HIEDI and National Foundation for the Deaf 2004): those with congenital hearing loss who have early 
access to auditory stimuli will have an improved outcome by reducing the period of sensory 
deprivation and decreasing the age at which a child is first exposed to language (Connor et al. 2006; 
Project HIEDI and National Foundation for the Deaf 2004). 

The implementation of the UNHS programme will mean earlier identification of infants with hearing 
loss (at birth or a few months of age) and an increase in the demand for early cochlear implantation 
(Houston et al. 2003).  This technical brief was requested to provide evidence based information on 
whether the effectiveness of cochlear implantation increases with early implantation and what the 
optimum age is in terms of audiological performance, communication outcomes, educational 
achievement and quality of life. 

History of cochlear implant use and age of eligibility 

The first deaf adult was implanted with a rudimentary cochlear implant in Paris, in 1957 (Conseil 
d'Evaluation des Technologies de la Sante du Quebec (CETS) 1997. In 1961 a number of adults were 
implanted in the USA and in the 1970s implant programmes began in a number of countries mostly 
implanting post-lingually deaf adults (Conseil d'Evaluation des Technologies de la Sante du Quebec 
(CETS) 1997). In 1985, the USA FDA approved the marketing of two models of cochlear implants for 
post-lingually deaf adults (Conseil d'Evaluation des Technologies de la Sante du Quebec (CETS) 
1997). Candidacy was then extended to post-lingually deaf children followed by pre-lingually deaf 
children. In 1990 the FDA approved the marketing of cochlear implants for children two years of age 
and older (Conseil d'Evaluation des Technologies de la Sante du Quebec (CETS) 1997; Geers 2006). 

There were concerns at this time about implantation of children under 2 years of age including: 
correctly diagnosing profound hearing loss in young children; having time to judge the benefits of 
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amplification; needing accurate feedback to enable programming of implants; and possible surgical 
difficulties such as skull size and whether future growth would cause electrode extrusion in younger 
children (Rizer and Burkey 1999). Particular issues with children deafened by meningitis and the need 
for the implant to be inserted before ossification of the cochlear in these children led to a number of 
children being implanted before 2 years of age. This demonstrated that many of the concerns about 
implantation in the under twos were unwarranted or were able to be overcome (Rizer and Burkey 
1999). 

In 2000 the FDA approved cochlear implant for children as young as 12 months (Houston et al. 2003). 
Some centres are implanting children younger than 12 months, for example where there is clear lack of 
benefit from hearing aids (Houston et al. 2003). 

Technical description of cochlear implant device 

Cochlear implants convert sound into an electrical current that stimulates the auditory nerve and 
produces the sensation of sound for the recipient (Conseil d'Evaluation des Technologies de la Sante du 
Quebec (CETS) 1997). As the signal is an electrical current it does not make use of the ear’s 
mechanical function; it bypasses the external and middle ear to excite the auditory nerve 
directly(Conseil d'Evaluation des Technologies de la Sante du Quebec (CETS) 1997).  

A cochlear implant consists of external and internal parts (Conseil d'Evaluation des Technologies de la 
Sante du Quebec (CETS) 1997). A microphone, voice processor and transmitting coil are located 
externally; the receiver/stimulator is implanted in the mastoid bone behind the ear and the electrode 
array is implanted in to the cochlea (Conseil d'Evaluation des Technologies de la Sante du Quebec 
(CETS) 1997).  

Alternative or competing technologies  

The development of the wearable electronic hearing aid more than 50 years ago had a significant effect 
on the acquisition of language for children with hearing loss who had some residual hearing (Geers 
2006). However, hearing aids were less effective for children with profound hearing loss (Geers 2006).  

The vibrotactile aid, developed in the 1980s, was a body worn vibrator “designed to present temporal 
and spectral aspects of speech” to profoundly deaf children (Geers 2006). It was meant to compliment 
the use of hearing aids and lip-reading. However, it did not improve the comprehension of speech over 
hearing aids alone (Geers 2006).  

Cochlear implantation produces faster language acquisition than hearing aids or vibrotactile aids for 
children with hearing loss (Geers 2006). Even children with minimal benefit from the amplified speech 
of the hearing aid can have access to the perception of speech with the cochlear implant (Geers 2006). 

Other cochlear implantation considerations  

The focus of a child with a cochlear implant often becomes oral communication rather than total 
communication or sign language, and some deaf communities argue that this may diminish an 
individual’s ability to participate in the deaf community while leaving them with difficulties fully 
participating in the hearing world.  

SELECTION CRITERIA 

Study inclusion criteria 

Publication type 

Studies published between 1996 and 28 December 2006 inclusive in the English language, including 
primary (original) research (published as full original reports) and secondary research (systematic 
reviews and meta-analyses) appearing in the published literature. 
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Context 

Studies reporting on the effectiveness of cochlear implantation at a young age compared with 
implantation at an older age where at least some of the sample was less than 2 years of age at 
implantation and where the mean or median of the study population was less than 36 months of age at 
implantation. 

Outcomes 

Outcomes of interest were: 

 audiological performance outcomes including auditory responses to speech and sound or speech 
localisation, perception, and/or production 

 communication (both oral and sign language) outcome and skills  
 education achievements 
 quality of life  

Study design 

Cohort studies and cross sectional studies examining the effectiveness of early cochlear implants in 
infants or young children.  

Sample size 

Studies with samples of at least 20 participants, where at least some of the sample was aged less than 2 
years of age at implantation, and where the mean or median of the study population was less than 36 
months at implantation. 

Study exclusion criteria  

Research papers were excluded if they: 

 were non-systematic reviews 
 were not published in English 
 were letters, editorials, expert opinion, book chapters, conference proceedings, comments and 

articles published in abstract form, or non-published work 
 were superseded by a later publication with longer follow-up data and overlap in the patient 

population 
 reported on the effectiveness of cochlear implantation compared with another intervention and did 

not evaluate effectiveness when implanted early compared to a later age 
 only included outcomes related to technical electrical stimulation or surgical complications. 

MAIN SEARCH TERMS 

Details of the search strategy are presented in Appendix 2. 

MeSH headings: cochlear implants, cochlear implantation, treatment outcome, child language, speech 
perception, quality of life, language development, vocabulary, verbal behavior, auditory perception, 
voice quality, auditory threshold, postoperative complications, time factors, age factors, child-
preschool 

Embase subject headings (where different from Medline): cochlea prosthesis, implantation, speech 
discrimination, verbal communication, speech development, speech, vocalization, speech articulation, 
linguistics, verbalization 

Additional keywords: preschool, pre-school, 12 months, 24 months, 36 months, young child$, twelve 
months, twenty four months, thirty six months, 1 year, 2 years, 3 years, one year, two years, three 
years, pediatr$, paediatr$, infan$.ti, months.ti, ((audio-verbal  or audioverbal or auditory) adj (training, 
or therapy)), ((neonatal or newborn) and screening and hearing) 
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SEARCH SOURCES 

The NZHTA CORE Search was employed.  Characteristics of the Core search include: essential 
sources only, major databases and secondary sources, and mostly published and indexed literature.   

Bibliographic databases 
Cinahl 
Medline 
Embase 
Current Contents  
Cochrane Library Controlled Trials Register 
ERIC 
Index New Zealand  
New Zealand Bibliographical Database 
PsychInfo 
Science & Social Science Citation Index 
 

Review databases 
Cochrane Database of Systematic Reviews 
Database of Abstracts of Reviews of Effectiveness (DARE) 
NHS Economic Evaluation Database 
Health Technology Assessment Database  
TRIP Database 

Other 
Reference lists of retrieved papers 
American Speech Language Hearing Association http://www.asha.org  
Australian Association of the Deaf http://www.aad.org.au  
(Australian) National Acoustic Laboratories http://www.nal.gov.au  
Canadian Association of Speech Language Pathologists and Audiologists http://www.caslpa.ca/  
Canadian Academy of Audiology http://www.canadianaudiology.ca/consumers/cochlear/  
MedlinePlus http://www.medlineplus.gov  
New Zealand Audiological Society http://www.audiology.org.nz  
New Zealand National Foundation for the Deaf  http://www.nfd.org.nz  
Royal National Institute for the Deaf (UK) http://www.rnid.org.uk/  
(UK) National Cochlear Implant Users Association http://www.nciua.demon.co.uk/index.html  
(US) National Institute on Deafness and Other Communication Disorders 
http://www.nidcd.nih.gov/health/hearing/coch.asp  
(US) Educational Audiology Association http://www.edaud.org/  
(US)National Association of the Deaf http://www.nad.org 
 
Articles published in English language only were considered. 

The search was restricted to literature published since 1996. Searching was undertaken on 5 December 
2006 with follow-up searches between 15 and 18 January, 2007. 

APPRAISAL METHODOLOGY 

Summaries of appraisal results are shown in tabular form (known as Evidence Tables) which detail 
study design, study setting, sample, methods, results, reported conclusions and NZHTA reviewer 
conclusions/comments based on the limitations and validity of the study.   

The evidence presented in the selected studies were assessed and classified according to the NHMRC’s 
revised hierarchy of evidence (Appendix 1). 
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RESULTS 

From the above search strategy we identified, 946 potentially relevant articles/abstracts of which 155 
were retrieved.  Of these retrieved articles, 140 were excluded.  Table 2 documents criteria for 
excluding retrieved papers and numbers excluded for each criterion.  

Table 1 Reasons for exclusion of retrieved papers 

Reason for exclusion Number of papers 
Sample size <20 21 
None in sample under 2 years at implantation 30 
Mean age at implantation ≥36 months  35 
Age at implantation not clearly defined 11 
Outcomes ineligible or not comparison of effectiveness between young age 
and older age 

38 

Inappropriate study design 1 
Data not clearly presented 1 
Narrative review 1 
 Review not systematic 1 
Commentary 1 

Fifteen retrieved articles were appraised (listed in Appendix 4).  Included papers are presented in the 
evidence table below. Included studies were all level III-2 or III-3 according to NHMRC’s hierarchy of 
evidence. All studies were observational studies including 3 cross sectional surveys and 13 cohort 
studies (one study used two designs). 

Summary of results for the effectiveness of early cochlear implantation for infants and young children 
with hearing loss 

Secondary studies 

There were no secondary studies that assessed the effectiveness of early cochlear implantation 
compared to late implantation. 

Primary studies 

Sixteen primary studies (see Table 2, pages 11-39) fulfilled a priori eligibility criteria for the 
evaluation of the effectiveness of early versus late cochlear implantation for infants and young 
children. These studies are summarised below and in Table 2.   

Connor et al. (2006)  studied the existence of any added benefit to earlier cochlear implantation over 
and above the advantage provided by longer implant use for children compared with same age peers. 
Specifically they examined the latent-growth curves for 100 children, who received cochlear implants 
at various age groups from as early as 12 months to as old as 10 years of age using a hierarchical linear 
model. The model considers differences in the latent-growth curve between individual children but not 
within repeated measures for each child. Children were divided into four groups according to age at 
implantation. Two groups received their implants before 42 months of age (21 children received the 
implant between 12-30 months, and 15 children received their implants between 30-42 months). The 
latent growth curves examined speech scores and vocabulary tests. Generally, children who were 
younger when they received implants (particularly those implanted before 2.5 years) demonstrated 
stronger outcomes at any age than their same age peers who were older when they received the implant. 
This advantage was shown to be associated proportionally with the length of implant use. Furthermore, 
a burst of growth noticed immediately after implantation was primarily associated with very early 
implantation. This additional advantage seemed to diminish with increasing age at implantation.   

Limitations to this study included: 

 susceptibility to confounding and misclassification since the study did not use a randomised design 
and there was no blinding 

 incomplete collection of data (SPEECH score were only available in 57% of the younger age 
group and 73% of the older age group). 
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Nicholas and Geers (2006)  concluded that the amount of spoken language exhibited by profoundly 
deaf 3-year-old children was largely related to the length of time of cochlear implant use in infancy and 
very early childhood. The study also showed a reduction in the gap between a deaf child’s 
chronological age and the child’s spoken language level with younger age at cochlear implantation. 
Conclusions were based on examining data from 76 profoundly deaf children attending oral education 
programmes or therapy practices, who received a cochlear implant between the ages of 12 and 38 
months and who have used the implant for at least 7 months. Primarily this cross-sectional study aimed 
to investigate possible contributions of two factors on spoken language outcomes when the child is 3.5 
years of age. Audiological intervention was one factor defined by the duration of use of both a hearing 
aid and a cochlear implant, and the auditory perceptual experience was the other factor which was 
measured by aided sound field thresholds. The study hypothesis predicted better language skills at age 
3 for each month of cochlear implant use. Spoken language skills of the children were tested through 
standardised 30-minute language (play session with own parent), parent-completed vocabulary 
checklist (Communicative Development Inventory-CDI), and teacher language-rating scale sample 
analysis (Scales of Early Communication Skills for Hearing Impaired Children). All children were 
tested between the ages of 40 and 44 months. However, a randomised controlled design was not used 
and there was no blinding so the results were susceptible to confounding and misclassification. The 
primary focus of the article was on duration of implantation rather than age at implantation. 

In their cohort-sequential study Miyamoto et al. (2005) examined eight profoundly deaf infants who 
were early implanted with a cochlear implant while they were aged between 6 and 12 months and 
compared them to 18 infants who had their implantation performed between 12 and 24 months of age. 
Two behavioural methodologies were used to assess speech perception and language skills of 
participating infants’ after implantation. One tool (Visual Habitation –VH) assessed the ability of the 
infant to discriminate speech sounds (e.g. a continuous versus a discontinuous sound pattern) and the 
other (Preferential Looking Paradigm-PLP) assessed the ability of the infants to learn associations 
between speech sounds and objects (represented by looking at time differences in the target versus the 
non-target videos). Infants were tested at three separate interval groups and within each group the 
intervals ranged between one day and 18 months after cochlear implantation. Findings from this very 
small study were consistent with some enhanced learning ability among infants receiving very early 
cochlear implantation. The small sample size was a major limitation and the study was also susceptible 
to confounding and bias due to the study design used. 

In another study of growth curves Tomblin et al. (2005)  observed greater overall rates of growth in 
expressive language for children who were younger when they received their implants, when age at 
implantation was considered as a continuous variable, rather than when groups of children were 
compared. They used both spoken and/or sign responses to measure the growth of expressive language 
skills in 29 children who received their cochlear implant during infancy.  They sought to assess the 
relationship between expressive language outcomes and cochlear implant experience.  

All participating children were diagnosed within their first year of life with profound bilateral 
sensorineural hearing loss (SNHL); all were born to hearing parents. Participants were selected from a 
larger comprehensive longitudinal Cochlear Implant centre study on the basis of receiving their 
cochlear implantation before the age of 40 months and with at least 12 months of cochlear implant use. 
Both the Minnesota Child Developmental Inventory (MCDI) and Preschool Language Scale-3 (PLS-3) 
tools were used to measure language growth. MCDI was completed by the parent(s) and, at the same 
time, the investigator child administered the PLS-3 tool. Scores from both tools were converted into 
age-equivalent scores based on the norms provided by the tests. Data were collected at least once 
before cochlear implantation and then after implantation repeatedly from each child at different ages 
and frequencies ranging from once a month to once a year.  

Available observational data from the cross-sectional design focused on outcomes prior to implantation 
and at 12 and 24 months after cochlear implantation. Results from both tests showed a clear negative 
correlation between age at initial stimulation and MCDI and PLS-3 scores indicating that children who 
were implanted earlier in life fared better (relative to their normal-hearing peers) than did the children 
who were implanted later in life. This was further highlighted when MCDI ELQ scores for 14 children 
implanted between 12 and 20 months of age compared to those of 13 children implanted between 21 
and 48 months of age. Despite the observation of a small decline in ELQ scores following initial 
stimulation in children implanted early, ELQ scores were lowest for those implanted later. The 
difference between the two was significant at the 12-month interval after initial stimulation (t(25) = -
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2.22, p = .03, d = .856) indicating children implanted at older ages fell behind the children implanted at 
younger ages.     

Growth curve modelling predicted similar results even 3 years after implantation as higher levels of 
expressive language proficiency were predicted for children implanted earlier in life compared to those 
implanted later in life.  

Anderson et al. (2004)  reviewed data of 37 children who have received their cochlear implants before 
the age of two years and were compared to those implanted at a later age. Those children came from a 
larger sample from the MED-EL International Children’s study database and have long-term 
experience with their cochlear implants. Performance of children implanted under the age of 2 years 
was compared to the performance of 36 children implanted between 2 and 4 years of age and 27 
children implanted between 4 and 6 years of age.  Auditory responses to speech were assessed using 
the evaluation of auditory responses to speech (EARS) battery. This multi-lingual test battery, which 
was developed to track auditory development in children aged from 1 to 18 years, consists of two 
questionnaires that can be completed by parents and teachers (MAIS-for auditory integration skills, and 
MUSS-for speech production skills) as well as the Listening Progress Profile (LiP-percent correct) and 
Monosyllable Trochee Polysyllable (MTP-tests pattern perception) tests. After one and a half to 2 years 
of cochlear implant use, children implanted before 2 years of age performed better in terms of auditory 
listening skills than their peers implanted at a later age. Statistical analysis showed significant 
improvement over time (up to 3years) with every test (LiP, MTP) and questionnaire (MAIS, MUSS) 
used (p<0.001). However, quicker rates of improvement over time were shown in terms of an 
interaction between age group and improvement over time specifically with MTP (p=0.012) and MUSS 
(p=0.036) but not with LiP and the MAIS. These results indicated better improvement among the 
younger implanted groups than among those implanted later. There were also limitations in this study. 
The sample size was small and the lack of blinding and randomised allocation mean selection bias, 
confounding and misclassification of outcomes need to be considered. In addition, the questionnaires 
used may not have been appropriate for this study population. 

In another prospective comparative study Holt et al. (2004) compared speech perception of 
congenitally deaf children who received cochlear implants before the age of 5 years. Five of these 
children received their implants between 7-12 months of age, 27 between 13-24 months of age, 38 
between 25-36 months of age and 23 between 37-48 months of age. Assessments were carried out by 
administering a modified open-set test of spoken and word recognition (the Mr Potato Head Task) prior 
to cochlear implantation and then regularly every 6 months after implantation. Measures reported for 
each group showed average performance on the test (represented by group mean percent correct) as a 
function of age. Authors stated that children implanted in their first year of life were not old enough at 
each testing interval to be compared to the norms for normal-hearing children. Average performance 
(spoken word recognition) started improving faster shortly after device activation among the later three 
groups but not those implanted in their first year of life. Apart from those implanted in their first year 
of life, speech recognition was better for children implanted early in their life than those implanted 
later. This was clearly shown by better performance in children implanted in their second year of life 
(average word recognition score = 70%) than those implanted in their third (52% score) and fourth 
(33%) years of life. These results were consistent for more than 3 years. The very small sample size in 
the first year of life is a significant limitation as the study power is insufficient to form any conclusions 
about the value of implantation at that age. The study was also limited by the lack of blinding and the 
use of a non-randomised design. 

In a German speaking population Lesinski-Schiedat et al. (2004) retrospectively compared data of 27 
profoundly deaf children who received cochlear implants before the age of 12 months (mean 0.8 years) 
to 89 children implanted between 12 and 24 months of age (mean 1.6 years). The children were 
implanted between August 1996 and May 2002. The children were evaluated before implantation, and 
then their progress was monitored after 3, 6, and 12 months then annually post-implantation. Closed-set 
material was used to evaluate speech rhythm recognition, consonant and vowel understanding, and 
discriminative ability of the children. TAPS (Test of Auditory Perception of Speech for children 
‘German version’), which is an open-set method, was used to evaluate cognitive ability, and the GASP 
test (Glendonald Auditory Screening Procedure) in textual context was used to evaluate ability to 
abstract. The test battery was not applied during the first 6-12 months of rehabilitation. To evaluate the 
outcome in these age groups, the German versions of the MAIS and MUSS questionnaires were used. 
After 12 months of cochlear implant use nearly half of those implanted earlier did not complete the 
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tests or questionnaires for the study, and after 24 months only 8 completed the tests. Incomplete testing 
was also an issue in those implanted later, with 56 of 89 completing the tests after one year and 44 after 
2 years. Study results showed that after 12 months of implant use children implanted later showed 
better speech understanding without visual assistance (open-set) scoring higher in the TAPS and 
monosyllable tests than those implanted earlier. However, these results reversed after 18 and 24 months 
of cochlear implant use and the groups of children implanted earlier achieved better lexical 
understanding after 24 months of implantation. Similar results were shown on the GASP and general 
sentences tests but only after 18 to 24 months after cochlear implantation. Earlier implanted children 
achieved 50% in the GASP test and 66% in the Common Phrases test compared to 30% and 53% for 
those implanted at a later age. Children implanted earlier also showed better speech results in terms of 
word understanding on the closed-set test by the age of 2.5 years, with sentence understanding in 
particular being more advanced in the first group (67% in general sentence) than in the second group 
(20%). Study limitations are detailed in Table 2. A key issue related to missing data at different time 
points during follow-up. As with the other studies, the lack of randomisation and blinding were also 
limitations. 

Speech perception ability was tested and shown to be correlated with age at implantation by Manrique 
et al. (2004a, 2004b) in their prospective cohort study from Spain. The study performed repeated 
measures to evaluate and compare outcomes of 94 children with bilateral profound hearing impairment 
of children who were consecutively implanted with cochlear devices before their second birthday to 36 
children implanted between 2-6 years of age. Children were either congenitally deaf or lost their 
hearing before their second birthday (pre-linguistically deaf). Children were followed up for 5-8 years 
with evaluations carried out before surgery and each year after implantation. Manrique et al. (2004a) 
reported on results from closed-set as well as open-set evaluations conducted on these children before, 
and annually after cochlear implantation for up to five years. Infants implanted before the age of 2 
years showed better auditory perception test results than those implanted at a later age. This was 
specifically seen with better vowel identification results and daily words as well as better performance 
at bi-syllabic word test.  

Children implanted before 2 years of age achieved better levels of speech perception and production 
than those implanted between 2-6 years. The correlation between the chronologic age and the age of 
vocabulary acquisition was assessed by using the Peabody Language Development test. 

Children implanted before the age of 2 followed a relatively normal development of language, whereas 
older children showed a lag of approximately 2 years when compared with the normal baseline.  

Similarly the use of the Renyll general oral expression scale showed that children implanted before the 
age of 2 years lagged approximately 1 year behind their normal peers, whereas children implanted at 
ages 2-6 years showed a lag of approximately 3 years behind their normal peers and they also tended to 
show slower progress.   

The second paper reported on longer term auditory results of up to 8 years (Manrique et al. 2004b). The 
study aimed to determine the delineation between fair or poor performers versus good performers based 
on age at implantation. The study looked specifically at pure-tone audiometry thresholds, speech 
perception closed-set (Vowel Confusion test) and open-set (Bisyllabic Words test) tests. Children 
implanted before their third birthday showed significantly better performance over time compared with 
all children implanted later.   

Results from both studies indicated that the earlier a child receives the cochlear implant the better 
his/her speech perception ability would be. This was indicated by better performances in both close-set 
and open-set tests of audition and speech perception irrespective of follow-up time. Furthermore, 
speech development of children implanted before the age of 2 years approached very closely to that of 
normal children.   

Both studies were limited by their before and after design since this design is unable to control for other 
factors when assessing the role of the intervention (early CI) of interest. 

In their study, McConkey-Robbins et al. (2004) looked at the effect of age at cochlear implantation on 
auditory development and speech perception over time in children who received cochlear implants 
when they were younger than 3 years of age. The study also compared the data with previously 
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published data from a cohort with normal hearing of the same chronological age. Participants were 45 
children implanted between 12-18 months, 32 were implanted between 19 and 23 months, and 30 
between 24-36 months of age.  Assessments were carried out before implantation then 3, 6 and 12 
months after implantation using the mean Infant-toddler Meaningful Auditory Integration Scale (IT-
MAIS) scores. This tool is a structured parent interview that assesses auditory skill development in 
children by enquiring about spontaneous listening behaviours in everyday situations. Therefore it does 
not rely on the child’s compliance. All infants and toddlers showed rapid improvement in auditory 
skills during their first year of device use regardless of age at implantation with higher mean scores of 
IT-MAIS achieved by younger children. Similarly children who received cochlear implants at earlier 
age attained auditory skills nearer to those of their normal hearing peers at a younger age. However, 
regardless of age at implantation the mean rate of acquisition of auditory skills was similar to that of 
infants and toddlers with normal hearing.  

Svirsky et al. (2004)  investigated the hypothesis that implantation in the second year of life results in 
better speech perception and language development outcomes than later implantation. Therefore, they 
compared the speech perception and language skills of congenitally deaf children who received 
cochlear implants in the second year of life (12 children), third year of life (34 children) or fourth year 
of life (29 children). They used developmental trajectory analysis (DTA), which examines the curves 
representing changes over time, to assess the impact of early implantation throughout the child’s 
developmental trajectory. This was also compared to three normal-hearing reference curves of age-
matched children. Analyses showed close language scores for cochlear implant users to average values 
from normal-hearing children as a function of age. The average estimated language age for children 
implanted between 12 and 24 months (measured in units of language age) was 5.7 months higher than 
for children implanted at 25-36 months at the same chronological age. Children implanted after 3 years 
of age lagged behind those implanted between 25-36 months by 5.6 months (p<0.05), and those 
implanted at 12-24 months by 10 months (p<0.001).      

Similarly speech perception ability was correlated with age at implantation, and children who received 
cochlear implants before their second or third birthday showed better rates of acquisition than those 
implanted after their third birthday. This study had a high participation rate but was susceptible to bias 
and confounding due to the use of a non-randomised design. 

Using both retrospective longitudinal and cross sectional study designs Govaerts et al. (2002) evaluated 
data from six age cohorts implanted up to 6 years of age. They assessed the auditory performance 
(using the indirect measure Categories of Auditory Performance CAP) preoperatively and up to 2 years 
after cochlear implantation. Integration into the mainstream school system decreased with increasing 
age at implantation. The CAP scores were rapidly (after 3 months) normalised in children implanted 
before the age of 2 years. Children implanted later, took longer to achieve scores similar to their 
normal-hearing peers. For example, 25% of children implanted after their third birthday could not 
achieve normal CAP scores within the first 48 months after implantation. Furthermore, this outcome 
was rarely achieved in children implanted after the age of 4 years. This study had a small sample size, 
and was susceptible to confounding due to the lack of a randomised design. Blinding was also not 
documented. 

Hammes et al. (2002) retrospectively analysed data on 12 infants with hearing loss who received 
cochlear implants before the age of 18 months. These were compared to 13 infants who received their 
implants between 19-30 months of age, 11 children implanted between 31-40 months, and to 11 
children who received their implants between 41-48 months. Comparisons according to age at 
implantation were performed using spoken language measures including skills for hearing impaired 
children, preschool language scales-3 and oral and written language scales. Spoken language data were 
reviewed for the children who underwent at least 6 months of cochlear implant use to assess the rate of 
progress and performance for the group of children who received their cochlear implants between 9 and 
18 months of age (only 10 children). The study indicated that children fitted with cochlear implants at 
an early age showed improvement in expressive and receptive language capabilities as well as 
developed speech and language skills at the same rate as normal hearing children. Children who had 
implants inserted at or before the age of 18 months showed the best outcomes.  

Regardless of age at implantation, the majority of children used total communication before receiving 
their implant. After receiving the implant, all of the infant subjects made a successful transition to 
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spoken language. This study had a small sample size, and was susceptible to confounding due to the 
lack of a randomised design. Blinding was also not documented. 

Twenty-two young German-speaking deaf children were implanted with cochlear implants (mean age 
at implantation 29 months) and were prospectively followed-up by Szagun et al. (2001). Language 
acquisition in terms of progress in grammar and vocabulary of these children was compared to that of a 
group of 22 normal-hearing children over a period of 27 to 36 months. The general measure of 
grammatical progress was through the mean length of utterance (MLU). Vocabulary acquisition was 
measured by parental questionnaires. Data collection took place at two different settings for the two 
groups: the Cochlear Implant Centre in Hanover for children with cochlear implants and at the 
University of Oldenburg playroom for normal-hearing children. Correlation analyses were used to test 
the relationship between age at implantation and linguistic growth among children with cochlear-
implants. Partial correlations were calculated between language growth measures and chronological 
age at implantation controlling for pre-operative hearing. Age at implantation and pre-operative hearing 
with hearing aids were associated with subsequent linguistic growth. Pre operative hearing had the 
stronger relation. The study highlighted that, among children who undergo cochlear implantation 
before 4 years of age, it is not until 2 to 2 and half years of cochlear implant use that one can tell 
whether a child develops language near normal or not. This study had similar limitations to previous 
studies. The sample size was small. The use of an observational design did not allow for control of 
confounding. There was also a probability of bias resulting from the lack of blinding and from the 
selection of the two different groups from different settings. 

In their longitudinal study Kirk et al. (2000) studied the rate of growth in word recognition and 
language skills as a function of age at cochlear implantation and whether there are sensitive periods for 
cochlear implantation before the age of 3 years. They prospectively followed up 106 pre-lingually deaf 
children who received their cochlear implants at either <2 years, between 2-4 years, or at age 5 or 
older.  Fifty-six of the participants communicated orally and 50 children used total communication. A 
battery of speech and language outcome measures were administered to the children according to their 
model of communication before the implantation and six monthly after the implantation for at least 3 
years. Data from two measures of spoken word recognition and from two measures of receptive and 
expressive language were analysed using analyses of variances with the length of device use, age at 
implantation, and communication mode as the covariates. The goal of spoken word recognition testing 
is to determine a child’s ability to understand and repeat speech presented through listening alone. The 
Grammatical Analysis of Elicited Language-Pre-Sentence Level (GAEL-P) as a closed-set spoken 
word recognition task. Whereas Mr Potato Head Task was used as an open-set measure of spoken word 
recognition task. The measures of receptive and expressive language used were the Peabody Picture 
Vocabulary Test-Third Edition (PPVT-III), which is a measure of receptive vocabulary, and the Renyll 
Developmental Language Scales (RDLS), which is a measure for receptive and expressive language 
developed for children with normal hearing. The study showed significant improvements in spoken 
word recognition and receptive and expressive language skills following cochlear implantation. The 
rate of improvement in both the closed-set (measured by GAEL-P) and open-set (measured by Mr 
Potato Head Task) word recognition skills was not affected significantly by age at implantation. On the 
contrary, age at implantation significantly affected the rate of growth in receptive vocabulary 
(measured by the PPVT-III) as well as on the development of expressive language abilities (measured 
by the RDLS). Children implanted before their second birthday showed higher language quotients at 
both initial testing and over time than those implanted later. The use of an observational design did not 
allow for control of confounding. There was also a probability of bias resulting from the lack of 
blinding and from the lack of recording some data points. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation)  

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Connor 2006 
 
Florida 
USA 
 

Prospective 
 
Level III-2  
 
Objectives 
To use latent-growth 
modelling: 

 To examine the 
effects of 
developmental 
maturation, 
length of implant 
use and age at 
implantation on 
children’s speech 
and vocabulary 
growth 

 To explore any 
additional value 
of early 
implantation.  

 
Inclusion criteria: 
Children with 
congenital deafness, 
who received CI (1981-
2004), who only used 
oral communication 
approach. 
 
Exclusion criteria: 
 Children with history of 
meningitis, Mondini 
malformation, or 
additional disabilities.    

Study setting 
Major cochlear implant centre 
 
Participants: children received CI 
between 1981 & 2004 
n=100 children with congenital HL who
received CI between ages 12m and 
10y (mean 61 months) divided in four 
groups. Some had used the implant 
for up to 13 years at the time of the 
study (mean 4y) 
 
Two groups were aged <3.5y mean 
27.2months (n=36) 

 A1(n=21)  age at implant 1-2.5y 
(mean 21m) 

 A2 (n=15) age at implant 2.6-
3.5y (mean 36) 

 
The other two groups were 3.6 to 7y 
and 7.1y-10y  
  
Analyses comparing groups at 
baseline  
Group A1 versus group A2 

 Mean year of birth 1999 vs 1995  
 Mean preoperative aided 

speech detection thresholds (dB 
HL) 50 vs 51 

 Mean propensity score 
(predicted age at implantation 
in months) 31 vs 42 

 Device Cochlear Corp: Mini-22 
18% vs 57%, Nucleus-24M and 
%RCS 41% vs 36% and other 
(Clarion and MedEl) 41% vs 7%  

Clinical follow-up before-and-after cochlear 
implantation assessments conducted.    
 
Speech + language assessments 
6 months before CI (Pre-implant),  
Follow-up (post-implant) each 6 months for 
2 years then each 12 months thereafter. 
 
Measuring tools:  

 PPVT-3 (Peabody Picture Vocabulary 
Test3) for spoken receptive 
vocabulary skills. Using spoken English 
(no sign language) in quiet room 

 SPEECH (Consonant-production 
accuracy) in response to picture 
stimuli-transcribed by speech-
pathologist & entered into computer 
software to compute percentage of 
consonants produced correctly.  

Higher SPEECH scores = better speech 
intelligibility for children with normal hearing 
and for children with CI 
 
Statistical analysis 
Used HLM / propensity scores to control for 
selection bias 
Regression model used to calculate 
propensity scores/ age at implantation as 
dependent variable, 
Independent variables: year of birth, low vs. 
middle SES, preimplant hearing sensitivity 
measures, cause of deafness, type of CI 
device and gender.  

For consonant production accuracy 
 SPEECH scores grew faster in children 

implanted before the age of 2.5 
compared to those implanted >2.5y 
(Table 2 in the paper) indicating 
sustained change in growth rate 

 For the length of use of CI, after 2y of 
use, SPEECH scores significantly 
greater among group A1 vs. group 
A2, but after 3y of use scores were 
similar.  

 Group A1 demonstrate early burst of 
SPEECH growth lasted about 2y 
before slowing to rates similar to 
those of children in group A2 

 A child in group A1at age 6yr 
expected to achieve a SPEECH score 
of 75 compared with a 6-y old child in
group A2 with predicted score of 
about 55.  

 
For vocabulary tests (final model 
predictions) 

 Overall, the earlier in life a child 
received an implant the greater his or
her rate of vocabulary growth was 
after implantation 

 

Limitations 
 Not randomised and not blind  
 Used modelling design to predict 

added value so some results are not 
actual findings from real comparisons 

 The two groups varied in the device 
type used. Younger children at 
implantation were more likely to use 
newer and more technologically 
advanced CI devices 

 SPEECH scores were available for only 
57% of the younger age group (n=12) 
and for 73% of group A2 (n=11)   

 Preoperative vocabulary data 
available for 14% from group A1 and 
18% for group A2  

 No information on drop-outs although 
authors stated that follow-up for some 
children was not complete because of 
missed appointments, scheduling 
conflicts, or educational therapy 
needs 

 
Reported conclusions (by authors). 
There seems to be a substantial benefit for 
both speech and vocabulary outcomes 
when children receive their implant before 
the age of 2.5 yr. This benefit may combine 
a burst of growth after implantation with the 
impact of increased length of use at any 
given age. The added advantage (i.e. burst 
of growth) diminishes systematically with 
increasing age at implantation. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Connor 2006 
 
Florida 
USA 
 
Continued 
 

      Reviewer comments 
Study highlighted these advantages with 
early implantation: Faster rates of 
vocabulary and consonant production 
accuracy growth immediately after 
implantation for those implanted <2.5 years. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Nicholas & 
Geers 2006 
 
USA & Canada 
 

Cross-sectional 
 
Level III-3  
 
Objectives 
To examine the 
contribution of pre-
implant experience 
(duration of hearing 
aid and CI use) as well 
as auditory perceptual 
experience on spoken 
language outcomes.  
 
Study hypothesis: 
A linear relation 
between age at CI 
and language 
competence at 3y of 
age exists.  
 
Inclusion criteria: 
Presumed congenital 
deafness, used CI for 
at least 7 months, 
English is the primary 
language at home, no 
developmental or 
medical conditions 
that interfere with 
speech language 
development, enrolled 
in auditory-oral or 
auditory-verbal 
programme … 

Study setting 
(Oral educational settings) 
23 states across US + 1 Canadian 
province. 
 Host sites (14 schools for deaf, 4 
hospitals, 3 county child 
development centres, 4 public 
schools, and 7 auditory-verbal 
therapy practices). 
 
Participants: children received CI 
between 1998 & 2003 
n=76 children with congenital HL who 
received CI between ages 12 & 38m  
Intervention group (n=76). 
CI = mean age at implantation 
23.16m 
(SD 7.73), range 12-38 m. 
 

  

Research team member travelled to 
child’s school or therapy location to collect
data.  
 
Measuring tools: Participant videotaped in 
a 30-minute play session with own parent in
a quiet room. 
 
Parent: Complete a word & sentences 
from MacArthur Communicative 
Development Inventory CDI 
Teacher/therapist: Complete Scales of 
Early Communication Skills for Hearing 
Impaired Children 
 
Parent report (completed vocabulary 
checklist), teacher language-rating scale, 
direct observation of child.  
  
Outcome measures  
mean pure-tone average ‘PTA’ (from 
language sample,  parent report & 
teacher ratings) 
 
Spoken language (2 pre-implant variables) 
a. length of time from receipt of HA to CI 
surgery, 
 b. sound-field threshold values when using 
HA 
 
Duration of CI use and sound-field 
thresholds obtained with use of CI to 
determine relation to spoken language 
outcomes.    
 

Means and standard deviations on all the 
language measures were presented. 
CLAN variables (total words, no. of 
different root words, bound morphemes, 
different morphemes, mean length 
utterance), CDI variables (vocabulary, 
irregular words, sentence complexity, 
longest sentence), and SECS variables 
(receptive scaled score, expressive scaled
score).  

 The longer the implant experience 
(≥1year) the better language 
development 

 Correlation coefficient between 
language measures: All variables 
correlated 0.52 or higher (p<0.001)  

 Correlation between Language 
Factor Score and independent 
variables (PTA, age first aided, 
months of hearing aid, age at 
implant, post-implant PTA threshold, 
and duration of implant use):  
Language factor scores increased 
significantly with younger age at 
amplification (diagnosis & 
intervention; r= -0.54), also increased 
with younger age at cochlear 
implantation (r= -0.62), and 
increased with longer duration of 
implant use(r= 0.63) 

 
 

Limitations 
 non randomised, not blind 
 no information on drop-outs 
 involved children from oral 

educational settings only 
(generalisation to other children 
attending other settings that use 
other language-teaching methods 
questionable) 

 
 Reported conclusions (by authors). 
Longer use of CI in infancy & very early 
childhood dramatically affects amount of 
spoken language exhibited by 3-yr-old, 
profoundly deaf children. In this sample, the
amount of pre-implant intervention with a 
hearing aid was not related to language 
outcome at 3.5 y of age. Rather, it was CI 
at a younger age that served to promote 
spoken language competence. The 
previously identified language-facilitating 
factors of early identification of hearing 
impairment and early educational 
intervention may not be sufficient for 
optimizing spoken language of profoundly 
deaf children unless it leads to early 
cochlear implantation. 
 
Reviewer comments. 
Although this study did not specifically 
evaluate the effect of age at implantation 
on spoken language skills it showed some 
linear relation between implant experience 
and language development.   

HA= Hearing aid, CI= cochlear implant, SD= standard deviation, CLAN= Child Language Analysis, CDI communication Development Inventory, SECS Scales of early communication skills for hearing impaired children, PTA= pre-implant-
aided  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Nicholas & 
Geers 2006 
 
USA & Canada 
 
continued 
 

… and no known 
problems with CI 
lasting more than 30 
days. 
Exclusion criteria: 
Evidence or suspicion 
that a child had 
normal hearing or 
progressive hearing 
loss.    

    Multiple regression linear and 
curvilinear regression of four 
independent variables used to 
predict language factor score 

 The relation between duration of 
implant use and language test 
scores, with the influence of pre-
implant aided threshold was 
estimated. 

 Curvilinear effects indicate that the 
simple slope relating duration of CI 
use to the Language Factor score 
changed as duration of implant use 
increased. 

 
Follow-up analyses for each level of 
duration of use were used to identify 
point at which the simple slope was 
significantly different from zero (in this 
case at 11-12 mo of use). The effect of CI 
use on language outcome is not 
apparent until after about 1 year of 
device use, after which a steady increase 
in language skill measured at age 3.5y for 
each additional month of use of a CI. 
 

There was good agreement between 
measures derived from direct observation 
of child and measures from parent reports. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Miyamoto 2005 
 
USA 

Cohort-sequential 
study 
 
Level III-2. 
 
Objectives 
To explore the benefits 
(in terms of speech 
perception & language
skills) of early cochlear 
implantation in newly 
identified deaf infants  
 
Inclusion/exclusion 
criteria:  
Not stated 
 

Study setting. Not stated 
 
Participants: n=26 infants with 
congenital profound hearing loss  
 
Intervention (n=8). 
CI = age at implantation <12m, mean 
9.19m, range 6.38-10.85m. 
 
Baseline characteristics of this group: 
Sex=4M, 4F, 
cause of hearing loss unknown in 7 
and auditory neuropathy in 1, 
7 received N24 implant, 1 Med-Ei,  
mode of communication was total in 
4 and oral in 4.    
 
Comparator (n=18). 
CI = age at implantation between 12-
24 months, mean 17.71m, range 
12.39-23.24m.  
 
Baseline characteristics of this group: 
Sex=11M, 7F, 
cause of hearing loss unknown in 13, 
genetic 1, auditory neuropathy1, 
Mondini 2, and LVA 1 
13 received N24 implant, 4 Med-Ei, 1 
Clarion  
mode of communication was total in 
7 and oral in 11    
 

Of 13 infants with profound hearing loss 
implanted between 6-12m, 8 infants 
participated in the two behavioural 
assessment methods. 
 
Measuring tools: VH (visual habituation) 
procedure assesses discrimination of sound 
& PLP (preferential looking paradigm) 
assesses ability to learn association 
between speech sounds & objects 
 
Three interval groups testings:  
Group1: tests at day 1, 1 week & 1month 
after implantation. 
Group 2: tests at 2m, 3m & 6m after 
implantation 
Group 3: at 9m, 12m &18m after 
implantation  
 
Outcome measures  
 
‘mean pure-tone average PTA’ 
 
Mean looking time difference(s) to 
checkerboard pattern for both VH 
procedure and PLP  
Mothers’ speech to infants. 
 
Mean looking time differences to the target 
versus the non-target video 

 

All infants showed a mean pure-tone 
average auditory detection of 50 dB HL or 
better within the first 3 months after CI 
(measured by visual reinforcement 
audiometry). 
 
VH procedure 
Longer looking times to the novel versus old
trials for both groups but longer in infants 
implanted under 12 months of age. 
CI<12m, (F(1,6) =9.20, P=0.02) 
CI 12-24m, (F(1,16) = 5.73, P =0.03) 
 
PLP 
CI <12m= Significant longer looking time 
differences to the target versus the non-
target video F(1,7) =6.45, P=0.04)  
CI 12-24m = did not exhibit longer looking 
times to the target versus the non-target 
video F(1,14) =0.16, P=0.7)    
 
 

Limitations 
 Discrepancies in reporting within the 

article  
 not randomised, no blinding of 

intervention provider, patient and 
outcome assessor  

 very small sample size 
 assessment tools not validated 
 no information on drop-outs  

 
Reported conclusions (by authors). 
No surgical or anaesthetic complications 
occurred in this group of infants, and the 
pattern of listening skill development mirrors 
that seen in normal-hearing infants. Mothers 
adjust their speech to suit the listening 
experience of their infants.  
 
Reviewer comments. 
Looked at infant assessment methods to 
determine whether CI before the age of 12 
months benefits deaf infants in terms of early
speech perception and language skills 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Miyamoto 2005 
 
USA 
 
Continued 

 Analyses comparing groups at 
baseline.  
 
Baseline characteristics included sex, 
cause of HL, age at surgery, age at CI 
activation, CI type, processor, 
processing strategy, and 
communication mode.   
20 used N24 implant 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Tomblin 2005 
 
Iowa  
USA  
 
 
 

Two designs (from an 
original longitudinal 
cohort) 
  
Cross-sectional and 
Growth curve analysis 
 
Level III-3  
 
Objectives 
To evaluate the effect 
of receiving CI early in 
infancy on the 
expressive language 
development 
 
Inclusion/exclusion 
criteria. 
Although not clearly 
stated but referred to 2 
reasons for selecting 
patients for this study:  

 Age at CI  <40m,  
 Implant 

experience ≥12m  
 
 

Study setting  
Not stated but referred to Children 
participating in comprehensive CI 
centre study 
 
Participants:  
 n=29 (15M, 14F) with profound 
bilateral sensorineural hearing loss 
(SNHL), normal hearing parents, no 
known visual abnormalities.  
 
26 families described total 
communication with children 
(combined use of aural, manual and 
oral modalities in communication with 
and teaching hearing impaired 
individuals). 
3 families followed oral/aural 
communication 
 
Spoken language was American 
English  
 
Within group comparison between 
individual participants according to 
age at implantation  
 
Analyses comparing groups at 
baseline. 
Age at CI placement:  
 range 11m+ 5d to 40m+11d 
  average 21m+6d 
     SD= 7m +2d 
 
 Type of Cochlear Implant (n=29) 
        Nucleus 24M (n=12,  
        Nucleus 24R  (n=17). 
 

Systematic follow-up of children 
participating in comprehensive CI centre 
study in terms of development of 
communication skills.  
 
Assessment tools  
Two instruments: 
1. MDCI (Minnesota Child 
Development Inventory) = parental response
inventory –educational & assessment tool for 
NH children. Parent record responses to 
questions on designated response forms by 
answering “yes” or “no” to each question 
regardless of the child’s modality of 
communication. Only the expressive 
language subscale (ranging from simple 
gestural behaviours to complex language 
expression) of this 8-subscale test used.  
 
2. PLS-3 (Preschool Language Scale) 
= diagnostic instrument to measure 
language development of NH children 
aged 0-83m. Requires direct assessment of 
child 
At child test session an experimenter 
observes and records all child’s expressive 
communication development regardless of 
modality. Only expressive language 
subscale of this 2-subscale test used. This 
evaluates expressive language skills in areas 
of: vocal development, social 
communication, semantics “content”, 
structure “form”, and integrative thinking 
skills.  

 
 

Comparison of expressive language status 
based on MCDI and PLS-3 of children with 
CI at 3 intervals relative to initial CI 
stimulation-  
 
In terms of the correlation of age at initial 
stimulation of CI with the ELQ results show: 
 

 Expressive language quotients (ELQs) 
showed pattern of general decline in 
language status relative to children 
with normal hearing across the three 
observational periods. 

 During peri-implant interval, no 
significant association between age 
of initial stimulation at this point in time
and ELQ for both tests existed. 

 One year after initial stimulation a 
strong and significant relationship 
between ELQ and age at initial 
stimulation of CI was found for both 
measures (MCDI: r =-.53, p=.004; PLS-3: 
r =-.65, p=.0005) 

 
Comparison of the mean, MCDI ELQ scores 
for the 14 children with CI between 12 and 
20m and 13 children with CI between 21 
and 48m at 2 intervals relative to initial CI 
stimulation: 
 
 Children implanted at older ages fell 

behind the children implanted at 
younger ages who showed only a 
small decline in ELQ scores following 
initial stimulation.  

 
 

Limitations 
 - Cross-sectional design (observational 

non- experimental) so does not assess 
outcomes over time  

 - Small sample size 
 - Discrepancy in administering 2 tests 

for children during peri-implant period 
 - Child compliance affected test 

administration of PLS-3 test 
 - Results based on data from infants 

with CI at or after 12m of age so results 
cannot be generalised to CI before this 
age.  

 
Reported conclusions (by authors). 
Results of this article highlight the importance 
of the National Early Hearing Detection and 
Intervention Program. When an infant is 
identified at birth as having profound SNHL, 
intervention can begin soon after the child 
leaves the birthing hospital. Many activities 
accompany this intervention, such as family 
education, family grieving, family 
acceptance, infant hearing-aid fittings, 
completing a reasonable hearing-aid trial, 
and measuring hearing and benefit. All of 
these preliminary activities become 
telescoped into a very short time interval as 
the age of cochlear implantation is moved 
downward. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Tomblin 2005 
 
Iowa  
USA  
 
continued 

 
 
 

 
 

 Outcomes:  (cross-sectional design) 
Language measures (using each child’s 
preferred modality of communication ‘oral 
or manual’) i.e. spoken and/or signed  
 
Conversion of scores for Statistical analysis: 
First- creation of norm referenced scores- 
Raw scores from both MCDI and PLS-3 
converted to age-equivalent scores and 
used in two ways: 
1. Descriptive character of functional 
and expressive language levels achieved by 
participants: Raw scores converted to 
language quotient scores  
 
2. Analysis of language growth rates 
of children as function of age at initial 
stimulation: Examined within-child growth 
parameters of scores derived from both 
MCDI and PLS-3 
 
PLS-3 provides language quotient (standard 
score, 100 represents mean for each child’s 
chronological age, 15 represents standard 
deviation). 
MCDI provides age equivalence scores the 
interpretation of which considers 
chronological age of child. Expressive 
language quotients (ELQs) obtained by 
dividing child’s age equivalent score by 
child’s chronological age at time of MCDI 
completion.  
   

 
 

Implantation during infancy ultimately 
“speeds up” the preimplant, decision- 
making process. However, it is important to 
acknowledge that it is unclear at this point 
whether early expressive language 
advantage will be robust later in these 
children’s lives. Thus, when faced with the 
decision to implant an infant one must 
consequently continue to weigh the relative, 
expressive language benefit against the 
individual needs of each family and the 
challenges associated with the clinical 
management of very young children.  
 
Reviewer conclusions 
This study highlighted important issues in 
relation to the impact of early cochlear 
implantation for children as young as 12 
months of age, although it should be noted 
the sample size was small. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Tomblin 2005 
 
Iowa  
USA  
 
continued 

To test for the impact of 
earlier implantation on 
expressive language 
growth rates 

 
 

Second- equating of MCDI and PLS-3 scores- 
Both measures used jointly to avoid multiple 
hypothesis testing as they measure same 
thing.  Means and variances of each test 
calculated (using only observation where 
both tests administered) resulting in 
observations of the sum of the two.  
 
Follow-up interval – supposed to be before 
CI, on day of CI, then each 2m during y1, 
6m during y2&y3 after CI.  
 
Actual intervals from available data- (peri-
implant n=27, at 12 months n=27, and at 24 
months n=21 after implantation). 
 
Growth curve analysis method using 
hierarchical linear modelling (HLM): 
Provides means of estimating linear growth 
rate and intercept of each individual, 
describing average group values of 
parameters, and provides for tests of 
association between predictors and 
individual differences in these predictors.  
 
Models of expressive language growth- 

 Unconditional model (regardless of 
age at initial stimulation) 

 Conditional model (age at initial 
implantation included in the   model 
along with parameters of intercept 
and slope) 

   

Growth curve analysis results 
 
Modelling results  
 
HLM modelling for a model of expressive 
language growth conditioned on age at 
initial stimulation of the CI device-  
Significant association of age at initial 
stimulation with both intercept and linear 
growth rate. Children who were implanted 
at younger ages had higher log 
transformed combined language raw 
scores than those implanted at older ages. 
 
Plot of expressive language growth based 
on parameters derived from combined 
language scores- 
Children implanted at younger ages initially 
had lower language scores than those 
implanted at older ages. After 3 years of 
implant experience, the children implanted 
earlier in life reached higher levels of 
expressive language proficiency than those 
implanted later in life, despite being at least 
3 years younger.  

   

Implantation during infancy ultimately 
“speeds up” the preimplant, decision- 
making process. However, it is important to 
acknowledge that it is unclear at this point 
whether early expressive language 
advantage will be robust later in these 
children’s lives. Thus, when faced with the 
decision to implant an infant one must 
consequently continue to weigh the relative, 
expressive language benefit against the 
individual needs of each family and the 
challenges associated with the clinical 
management of very young children.  
 
 
 

 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

20

Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Anderson 2004 
 
Austria + Other 
European 
countries 
 
 

Comparative, 
Prospective data 
analysis 
 
Level III-2 
  
Objectives 
To report on outcomes 
in children implanted 
under the age of two 
years, compared to 
those implanted at a 
later age. 
 
Inclusion/exclusion 
criteria. 
Not clearly stated, but 
authors stated only 
data from children 
involved in The MED-EL 
International Children’s 
study who have CI 
implanted before the 
age of 2y will be 
reported 
 
For the comparison 
group selection was 
based on children with 
complete 3-year data  

Study setting 28 clinics worldwide 
involved in the MED-EL International 
Children’s study (575 children 
implanted with MED-EL cochlear 
implants) 
 
Participants n=90 children with CI, 
age at CI between 10 m to 6years 
  
Intervention  
 n=37 children with CI, median age 
at implantation 20.4m (range 10m-
23.9m).  
 
2 comparator groups according to 
age at CI: 
Group 1CI between 2 and 4y 
Group 2 CI between 4 and 6y  
 
Baseline characteristics  
 Intervention group: 24 males, 13 
females 
Cause of HL unknown 30, meningitis 
4, hereditary 2, Waardenburg’s 
syndrome 1. No other medical 
problem 
 
 Comparator groups details not 
shown but authors stated the groups 
have similar aetiologies to the under 
2 group.  
 
 
 

Assessment tool 
Taken from EARS battery test (evaluation of 
auditory responses to speech) a multi-
language to track auditory development 
in children aged 1-18ys. EARS test battery 
include (for under 2y): 
LiP and MTP tests as well as the MAIS & 
MUSS questionnaires (for teachers/ 
parents).  
 
 Outcome measures: 
Mean scores of performance and 
standard deviation of LiP, MTP, MAIS, and 
MUSS tests/questionnaires 
 
Follow-up interval:  
Prior to CI, and then 2days, 1, 3, 6, and 12 
months after implantation then annually (2 
and 3ys after implantation) 
 

When the scores from children implanted 
<2y of age entered into a one-way 
repeated measure ANOVA, significant 
improvement over time was confirmed 
with every test (LIP, MTP) or questionnaire 
(MAIS, MUSS), with all p values <0.001. 
 
Data analysis shows early implanted 
children improve quicker than those 
implanted later only with the test MTP 
(significant interaction between age 
group and improvement over time, 
p=0.012) and with the MUSS (p=0.036), but 
not with the LiP and the MAIS.  
  
Results from the two tests: 
1. LiP test- LiP performance curves of 
children implanted at different ages and 
have complete 3-year LiP scores 
available:  CI between 2-4, mean 3.2 
(n=26), CI between 4-6 mean 4.11 (n=27)  
Quicker increase in test performance after 
implantation for all groups.  
Percent correct answer- preoperative very
low, 6m after CI 50%, and >90% after 2y  
CI Under 2 started at lowest level but 
showed rapid progress and equal 
performance to later implanted children 
at least 2y after implantation. 
 
2. MTP test- pattern perception/pattern 
recognition performance score % correct 
answer- CI between 2-4, mean 3.2 (n=24), 
CI between 4-6 mean 5.2 (n=21) 
CI <2y start at 0 level, 3 months after CI 
10% correct answers.  

 

Limitations 
 Non-randomised or blinded study 
 Small sample size 
 Comparator groups not similar in 

sample 
 Tests complexity (LiP & MTP) in 

linguistic and cognition made it 
difficult to perform for children 
implanted <2y despite some children 
demonstrating some open-skills 
clinically as reported by their parents 

 Questionnaires used (MAIS & MUSS) 
need at least 3 years for the under 
two group to catch up with and 
improve on the older implanted 
children 

 These questionnaires may not be the 
appropriate tool for assessing 
auditory behaviour skills and 
monitoring the development of these 
skills among very young children  

 
Reported conclusions (by authors). 
Results from the EARS test battery show the 
viability and benefit of cochlear 
implantation in children under the age of 
two. Children implanted at this young age 
develop auditory skills at an earlier 
chronological age, allowing for quicker 
language development, which would then 
have a knock on effect in reading, writing 
and other educational skills. The results also 
demonstrate that more sensitive measures 
are needed to assess the emerging 
auditory skills in this very young population.  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Anderson 2004 
 
Austria + Other 
European 
countries 
 
continued 

    
 

Compared to CI>2 they develop rapidly 
and by 18 months after CI they match 
those at later CI 
 
Results from the two questionnaires: 
1. MAIS scores 
CI between 2-4, mean 3.1 (n=36), CI 
between 4-6 mean 4.11 (n=25) 
Parents perceived a rapid improvement 
of their child’s auditory integration skills 
within first year of CI use. 
One and a half years after early CI 
children showed same level of auditory 
integration as later CI children. 
After 1.5-2y CI use better auditory listening 
skills in children implanted <2y than later 
which was constant over time (p<0.001) 
 
2. MUSS scores (assesses speech 
production skills, takes longer time to show 
improvement) 
CI<2y n=37, CI 2-4 n=16 mean age at CI 
3.1y, CI 4-6 n=13 mean age at CI 4.9y 
 
Marked improvement in progress (2nd &3rd 
y of CI use) in all groups. 
The increase in performance after 12 
months was the best among those 
implanted <2 years. This is shown as a 
steeper increase in mean scores from 
children implanted <2 years compared to 
those implanted at other later ages.  
 
Quick rates of improvement over time in 
interaction between age group and 
improvement over time among younger 
MUSS p=0.036  
 

Reviewer comments 
The study is liable for selection bias due to 
lack of randomisation, blinding and small 
sample size. Confounding and 
misclassification need to be considered 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Holt 2004 
 
Indianapolis 
USA  
 
 
 

Prospective 
Comparative  
 
Level III-2 
  
Objectives 
To compare speech 
perception of 
congenitally deaf 
children who received 
CIs in the 1st, 2nd, 3rd, or 
4th year of life. Also to 
examine whether 
children implanted in 
the first year of life 
demonstrate improved 
speech perception 
over children 
implanted at later 
intervals. 
 
Inclusion/exclusion 
criteria. 
Not stated 
 

Study setting Indiana University 
Medical Centre 
 
Participants (only ≤3y):  
 n=70 children with bilateral 
congenital profound deafness, all 
implanted with current devices 
before the age of 5ys, used the 
SPEAK or CIS stimulation strategies 
after their initial stimulation, had no 
handicapping conditions, 3 
comparative groups stratified by  
age at CI 
 
Baseline characteristics  
 Group 1 (n=5) age at CI 7-12m, 
mean=10.0 (87.5% use oral mode 
communication*)  
  
Group 2 (n=27), age at CI 13-24m, 
mean   =19.6, (73.7% use oral mode 
communication*) 
 
Group 3 (n=38), age at CI 25-36m, 
mean =30.0, (59.9% use oral mode 
communication*) 
* no supplemental signing used 
 
For each group, mean best-ear 
unaided pure tone average (PTA in 
dB HL) was also displayed 
 
 

Assessment tool 
A modified open-set test of spoken word 
recognition involving perception and 
understanding (Mr. Potato Head Task). This 
is based on auditory-only, live-voice, 
sentence-length instructions to the child to 
assemble the toy (Mr Potato Head)  
 
Outcome measures: 
Speech perception (Spoken word 
recognition) 
 
Follow-up interval:  
Prior to CI and at regular 6-month intervals 
after implantation 
 
 

Average performance = Group mean 
percent correct on the tool as a function 
of age at testing for each experimental 
group. 
 
Authors stated that children implanted in 
their first year of life were not yet old 
enough at each testing interval to be 
compared to the norms for normal-
hearing children. Also the pronounced 
increase in spoken word recognition 
following implantation was not observed 
for the group of children implanted in the 
first year of life.    
 
Statistical comparisons of early versus later 
CI implantation: 

 Children implanted in their second 
year of life showed better 
performance than those implanted 
in third year.  

 At 4years of age children implanted 
in their second year had average 
word recognition scores of 70% 
compared to those implanted at 
their third year (with scores of 52%).  

 
Children implanted during the first year of 
life show similar spoken word recognition 
skills to those implanted in the second 
year of life, at least through 2ys of age. 
 
 

Limitations 
 Non-randomised or blinded study 
 Very small sample for those 

implanted in their first year of life 
 Used single measure for speech 

perception as a measurement tool 
but no information on reliability and 
validity 

Some children were not tested at every 
interval due to missed appointments or 
fatigue (no information on how many 
children)  
 
Reported conclusions (by authors). 
The results from this single measure of 
spoken word recognition suggest that 
children implanted in the second year of 
life quickly develop an advantage of 10-20 
percentage points over children implanted 
in the third year of life, and this advantage 
persists for more than 3 years.  
The present results do suggest that 
cochlear implantation in the first 2years of 
life may result in an improved 
developmental trajectory of speech 
perception skills. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Lesinski-
Schiedat 2004 
 
Hannover 
Germany 
 
 
 

Comparative 
Retrospective analysis 
(pre-and-post 
implantation) 
 
Level III-3 
  
Objectives 
To do a retrospective 
analysis of a group of 
children implanted 
before the age of 12m 
and those implanted 
between 12-24m 
 
Inclusion/exclusion 
criteria. 
Not stated 
 

Study setting  
Cochlear implant centre in 
Hannover, medical check-ups at 
Medical University of Hannover’s 
Department of Otolaryngology 
 
Study period- between August 1996 
and May 2002 
 
Participants:  
Intervention group n=27 children, 
age at CI (unilateral) <12m, mean 
age at CI 0.8y (range 0.4-12m)  
 
Comparator group n=89 children, 
age at CI (unilateral) 12m-24m, 
mean age at CI 1.6y (range 1-2y)  
 
Baseline characteristics  
Intervention group: cause of 
deafness unidentified (40%), due to 
meningitis (26%), 73% used 
conventional HA, had bilateral HL 
and motor development disorder 
(18.5%) 
     
Comparison group: cause of 
deafness unidentified (75%), due to 
meningitis (17%), 88% used 
conventional HA, had bilateral HL 
and motor development disorder 
(22.5%) 

 
 
 

Assessment tool 
Closed-set and open-set methods 
 
Closed-set method:  
Pattern-perception test (12 cards-items of 
1-3 syllables as visual and auditory forms). 
Mono- and di- syllable testing preformed 
using 12 items for each test, minimal pairs 
(child shown 2 different pictures = 40 items 
presented with live voice, differ in one 
vowel or consonant.   
 
Open-set method: 
Mono-syllable tests, TAPS (Test of Auditory 
Perception of Speech for children-German 
version) to evaluate cognitive ability (10 
items) child has to repeat auditorily 
presented items consisting of words 1-4 
syllables in length, 
 and GASP test (Glendonald Auditory 
Screening Procedure) a textual context to 
evaluate individual ability to abstract (10 
questions presented by live voice to be 
answered by child) 
 
German versions of the MAIS and MUSS 
(Meaningful use of speech scale) 
questionnaires used to assess outcomes in 
children during first 6-12m of rehabilitation 
 
Outcome measures  
Speech rhythm recognition, consonant 
and vowel understanding, and 
discriminative ability  
Follow-up interval – 3, 6 and 12 months and 
annually, up to 2 years 
statistical analyses: t-test  

General post-operative (surgical & 
anaesthetics complications)- After the 
implantation the youngest child (0.4 years)
required 24-hour intensive medical care 
due to lack of blood volume 
 
Follow-up: 
After 3m= Group 1 (n=20) vs. group2 
(n=56)  
Very good response to noise 75% vs. 69%  
 Able to identify different noises 59% vs. 
48% 
After 12 m of CI use children implanted 
later showed better scores in TAPS and 
monosyllable tests (indicating better 
speech understanding) 
 
After 18-24m of CI use better lexical 
understanding in early implanted children 
than those implanted later  
 
Early implanted children vs. later  
implanted children: 
   -achieved 50% in GAST vs. 30%, 
   -achieved 66% in Common Phrase     test
vs. 53%    
    - better sentence understanding (67% in 
general sentence) vs. 20% 
 
 
 
 

 

Limitations 
 Retrospective design 
 No statistical analysis provided for the 

differences in baseline characters   
 Questionnaires used were referenced 

but no information on reliability or 
validity  

 Not all children had completed 
24months of cochlear implant use by 
the end of the study 

 Number of respondents to 
questionnaires and hearing and 
speech tests varied over time thus 
affecting the results  

 Open-set test not applied during the 
first 6-12 months of rehabilitation but 
used different questionnaires 
(referenced but not described)  

 7 children in group 1 (26%) and 42 
children from group 2 (47%) 
undergone rehabilitation for up to 2 
years during the analysis of data 

 Analyses were only from less than 50% 
of both groups (8 children from group 
1 and 44 children from group 2) 

 Generalisability of the study result is 
questioned as the sample size is small 
and there were baseline differences  

 
Reported conclusions (by authors). 
This study revealed that children implanted 
before the age of 1 year were subjected to 
no additional risks and showed superior 
development of speech understanding. 
Cochlear implantation should therefore be 
performed in very young children identified 
as suffering from profound bilateral hearing 
loss.  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Manrique 
2004(a) 
 
Spain  
 
 
 
 

Prospective cohort 
study   
 
Level III-2 
  
Objectives 
To compare the 
auditory abilities & 
speech perception of 
children with profound 
pre-lingual bilateral 
hearing impairment 
when subjected to CI 
before or after 2y of 
age. 
 
Inclusion/exclusion 
criteria. 
Not stated 
 
 

Study setting.  
Tertiary referral centre  
 
Participants: n=130 children <6y with 
profound pre-lingual bilateral hearing
impairment who received CI before 
the age of 2y (n=36), or between 2-
6y (n=94)  
 
Baseline characteristics  
Group 1 (n=36) 15M, 21F, age at 
implantation <2y, range 0-1y, mean 
0.94, 
Reason for hearing impairment: 
 Unknown cause= 15, Genetic n=7,  
Postnatal infection n=3, pre-natal 
infection n=1, ototoxic drugs n=1, 
and other causes n=6  
 
Group 2 (comparison) (n=94), 53M, 
41F, age at implantation 2-6y, mean 
3.3y, 
Reason for hearing impairment: 
 Unknown cause= 42, Genetic n=26, 
pre-natal infection n=2, ototoxic 
drugs n=1, and other causes n=10    
 
 
 

Children were evaluated before, and 
each year after the CI for up to 5 years  
 
Assessment tool 
Auditory testing-child completes 
audiologic evaluation according to pure-
tone audiometry and 4 tests of speech 
perception (vowel confusion, series of daily 
words, bi-syllabic words, and Central 
Institute for the Deaf ’CID’ sentences).  
 
Speech testing- to test speech perception 
and production using Peabody Picture 
Vocabulary and the Reynell general oral 
expression scale 
 
Outcome measures -  
PTA (in dB), performance of children in test 
of vowel identification (%vowels), 
performance levels in test of series of daily 
words (%daily words), performance in 
“bisyllabic words” %, performance of CID 
sentence test (%CID sentences), age 
performance in Peabody Language 
Development test versus chronologic age 
“in years”, and age performance on 
Reynell general oral expression scale versus
chronologic age “in years” 
 
Follow-up interval annually for up to 5years 
Statistical analysis 
Used SPSS statistical package, statistical 
comparison of mean values using t-test for 
independent or related samples at a 
significance level of p<0.05 

Children implanted <2y- versus children 
implanted between 2-6y: 
 
Auditory tests (Both group showed 
significant improvement in auditory tests)  
 
  The PTA thresholds were slightly lower in 
the younger children when compared 
with the PTA thresholds of older children, 
with significant differences being 
observed at 2 and 3 years after 
implantation p<0.05 
Better results for CI implant <2y in: 

 %vowel (4th y post-implant),  
 %daily words (1st & 4th y post-

implant),  
 % bisyllabic words closed-set test (3rd 

& 5th post-implant y),  
 and %CID sentences (3rd & 5th post-

implant y) 
 
Speech test results for CI implant before 
the age of 2y vs. older children: 

 Peabody Language Development 
test followed the normal population 
pattern compared to a 2-year lag 
for those implanted between 2 and 
6y of age 

 Reynell general oral expression scale
showed a 1-y lag with normal 
population compared to 3-year lag 
for those implanted at 2-6 years of 
age.   

 
 

Limitations 
 Design was a single-subject design 

(before-and-after) 
 Spanish speaking population 
 Inclusion-exclusion criteria not stated  
 Tools used referenced but no 

information on reliability and validity 
of the tests. 

 Follow-up was up to 5 years for some 
but others were of shorter duration 
(no stated reasons) 

 
Reported conclusions (by authors). 
When performed before 2 years of age, CI 
offers a quicker and better improvement of 
performance without augmenting the 
complications associated with such an 
intervention.  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Manrique 
2004(b) 
 
Spain 
 
 

Prospective cohort 
study  
 
Level III-2 
 
Objectives 

 Present long-
term auditory 
results of children 
with pre-lingual 
profound 
deafness who 
received CI 

 Analyse role of 
auditory 
stimulation in 
development of 
communicating 
abilities in early 
implanted 
children 

 Define limits of 
auditory critical 
period.  

 
 

Study setting.  
Tertiary referral centre  
 
Participants: n=182 children with 
congenital HL or pre-linguistic 
deafness (occurred before 2y of 
age) who consecutively received CI  
 
 

The same as Manrique 2004 (a) but with 
longer period of follow-up 
 
Follow-up interval 8-years 
 

Regardless of the follow-up time, the 
auditory and speech perception tests 
improved significantly in all children after 
cochlear implant. 
 
Better performance with earlier 
implantation.  
 
Speech tests showed the development of 
children implanted before 2y of age 
similar to normal children.  

Limitations 
As for Manrique 2004 (a)   
 
Reported conclusions (by authors). 
When performed before 2 years of age, CI 
offers a quicker and better improvement of 
performance without augmenting the 
complications associated with such an 
intervention 
 
 

ABR= auditory brainstem response,  



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

26

Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Manrique 
2004(b) 
 
Spain 
 
Continued 

Inclusion/exclusion 
criteria. 

 Child must have 
prelinguistic 
profound 
bilateral hearing 
impairment (PTA 
and ABR 
thresholds>91 dB 
HL in both ears) 

 No associated 
handicapping 
condition 

 Absence of 
medical 
contraindication 
for surgery  

 

     

ABR= auditory brainstem response,  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

McConkey-
Robbins 2004 
 
North America  
 
 

Comparative before-
and-after study  
+ retrospective 
comparison with 
previously published 
data  
 
Level III-3 
  
Objectives 
Investigate effect of 
age at CI on auditory 
development of 
children who 
underwent CI before 
age 3 years. 
 
Compare auditory 
development to peers 
with NH   
 
Inclusion/exclusion 
criteria. 
Not stated 
 

Study setting Clinical centres involved
in clinical trials for CLARION Multi-
Strategy CI in North America 
 
Participants:  
Intervention group n=107 hearing-
impaired children  (age range 12-
36m) who had received the Multi-
Strategy CI during clinical trials  
CI = 3 groups according to age at 
implantation 
Baseline characteristics  
Group 1 (n=45), age at CI 12-18m 
Group 2 (n=32), age at CI 19-23m. 
Group 3 (n=30), age at CI 24-36m 
 
   Comparator (n=109)  
(previously published data from NH 
cohorts), children with NH aged 5-36 
months (from parents) 
Baseline characteristics  
Aged 5-36months (mean age 12.5m).
52% <12m, 23% aged 12-18m, 10% 
aged 19-23m, 15% aged 24-36m.  
 
Analyses comparing groups at 
baseline. 
NS but included only those with the 
implant. Baseline characteristics 
included age at implant (months), 
mean pre-implant pure-tone 
average (dB HL) in both implant ear 
and non-implant ear  

Compared mean IT-MAIS scores over time 
for different groups (age at implantation) 
over time after implantation 
 
Also compared to children with NH 
 
Assessment tools 
Infant-Toddler Meaningful Auditory 
Integration Scale (IT-MAIS) defined as a 
structured parent interview tool developed 
to yield quantitative results in children as 
young as newborns.  
 
For comparison with NH subjects Hebrew 
translation version of the IT-MAIS (n=68) or 
Arabic (n=41) 
 
Outcome measures (IT-MAIS) scores before 
and after CI 
 
Follow-up interval (12-months) before and 
3 & 6 months after implantation  
also after 12-months 
 
 

Comparison of IT-MAIS scores between 
the 3 different age at CI groups 
(IT-MAIS) scores near zero before 
implantation 
Post-implant (showed rapid improvement 
over time): 

 All groups showed better scores 
post-CI 

 Both groups implanted before 2 
years of age showed better scores 
compared to those implanted 
between 24-36 months  

 No significant difference in mean 
scores over time between the two 
youngest groups at implantation.  

 

Compared to NH children 
The youngest children (CI <12-18m) 
showed 70% of the variance in data 
attributable to implant use, and more 
than two thirds of the children fell within 
the normal distribution of IT-MAIS scores 
after 6 and 12 months of CI experience.  
 
Those implanted at 19-23m showed 65% of
variance attributable to CI use, and one 
third of the children fell within the normal 
distribution of the IT-MAIS scores 6 and 12 
months after CI use. 
 
The later implanted age group IT-MAIS 
scores showed great variability in data not
predicted by duration of CI use, almost all 
the scores in this group continued to fall 
below the NH range after 6 and 12 
months of CI use.  

Limitations 
 Data compared to that obtained 

from parents of NH subjects 
retrospectively 

 Tools used non-English versions (either 
Hebrew or Arabic) 

 12-month data omitted from first 
analysis because of small sample 

 results based on parent report 
 
Reported conclusions (by authors). 
Children younger than age 3 years 
undergoing implantation demonstrated 
impressive auditory skill development 
during the first year of device use. These 
data suggest that performing implantation 
in children with profound hearing loss at the 
youngest age possible allows the best 
opportunity for them to acquire 
communication skills that approximate 
those of their NH peers.  
 
 

NH= Normal Hearing, NA= North America, NS = not stated, HL= Hearing Loss, CI= cochlear implant, F=female, M=male, oral mode= use exclusively spoken language, total mode= combination of spoken language with Signed Exact English, 
IT-MAIS = Infant-Toddler Meaningful Auditory Integration Scale   
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Svirsky 2004 
 
Indianapolis  
 
USA 
 
 

Prospective 
comparative 
  
Level III-2 
  
Objectives 

 To investigate 
the effect of age 
at CI on speech 
perception and 
language skills of 
congenitally 
deaf children 
using 
developmental 
trajectory 
analysis (DTA).  

 To compare 
language skills 
shown by 
profoundly deaf 
children with CIs 
to those of age-
matched 
children 

  
 

Study setting  
Indiana University Medical Centre & 
St. Joseph Institute for the Deaf in St. 
Louis 
 
Participants: N=75 congenitally deaf 
children divided into 3 groups based 
on age at CI  
 
Group 1 (n=12) CI implant at 16-
24months, mean age at implantation 
19.7 SD 1.9m  
Group 2 (n=34) CI implant at 25-
36months, mean age at implantation 
29.8 SD 3.4  
Group 3 (n=29) CI implant at 37-48 
months, mean age at implant 40.6 
months SD 2.5 
Analyses comparing groups at 
baseline 

 age at CI, 
  amount of residual hearing 

and  
 communication mode used by 

each group 
All children attended schools that 
promoted development of 
auditory/oral skills with or without 
using signs. Some children used oral 
communication (OC), others used 
total communication (TC) = oral 
English + signs.  

 

Subjects tested 2-8 times as follows: 
 1st session 1-3months before initial CI 

activation 
 After 2nd test, testing interval 

becomes 6months  
 Speech-language pathologist sees 

children 2-3 times per week.  
 Keep contact with schools and 

recommendations made to ensure 
appropriate rehabilitation for each 
child 

 
Outcome measures  
Underlying language abilities 
independently of ability of child to 
understand spoken language or to 
produce intelligible speech. Measures 
used:  

 Expressive & receptive language 
assessed using the RDLS-III (expressive 
language scores only). Scores 
expressed as age-equivalent scores   

 Early language development 
assessed using the MCDI (based on 
parent report). Provides 2 levels of 
complexity and administered 
according to age of child   

 Spoken word recognition was 
assessed using a modified open set 
test (Mr. Potato Head task).  

 
 

In general results indicated implantation in 
second year of life results in better speech 
perception & language development 
outcomes than later implantation. 

 On average, Language proficiency 
levels for those implanted at 12-24m 
close to 1 SD below NH means 
versus 2 SD below NH means for 
those implanted at 25-36m 

 DTA results indicated an average 
estimated language age for 
children in the first group 5.7m higher
than for children in second group at 
same chronological age (P<0.01) 

 CI at 37-48m showed children 
lagged behind CI at 25-36m by 5.6m
(P<0.05), by 10m behind CI at 12-
24m (P<0.001) 

 For speech perception DTA shows 
average advantage for CI 12-24m 
over CI at 25-36m of 12.2% and of 
26.5% over CI at 37-48m (P<0.001) 

 CI at 25-36m had advantage of 
15.8% over CI at 37-48m (P<0.001)  

 
      
 
  
 

Limitations 
 More than 90% of children who 

qualified for research protocol 
participated 

 Few children changed the mode of 
communication during course of 
study   

  Referred to using both scores as 
being normed on children with NH 
and also been applied to users of 
either OC or TC  

 Used only expressive language scores 
in assessing expressive and receptive 
language. (This was referred to as it is 
less likely than receptive language 
scores to be inflated by the use of 
iconic information when test 
administered using TC and also 
because the overall results were quite
similar using both types of scores)  

 
Reported conclusions (by authors). 
It was found that implantation before the 
age of 2 resulted in speech perception and
language advantages that were both 
statistically and from a practical point of 
view significant. Also the present results are 
consistent with the existence of a ‘sensitive 
period’ for language development, a 
gradual decline in language acquisition 
skills as a function of age. 
 
Reviewer comments 
Study was susceptible to bias and 
confounding due to the use of non-
randomised design 

RDLS-III =Reynell Developmental Language Scales, MCDI=MacArthur Communicative Development Inventories  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Svirsky 2004 
 
Indianapolis  
 
USA 
 
continued 
 
 

Inclusion/exclusion 
criteria. 
Monolingual English-
speaking children, 
implanted <5y, used 
SPEAK/ACE or CIS 
strategies since initial 
device fitting, and who
had no other 
handicapping 
conditions (mental 
retardation or speech 
motor problems) 
 

    

RDLS-III =Reynell Developmental Language Scales, MCDI=MacArthur Communicative Development Inventories  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Govaerts 2002 
 
Belgium 
  
 

1. Retrospective 
longitudinal (evidence 
Level III-3) 
 
Objectives 
To assess the 
relationship between 
cochlear implantation 
in young children and 
age at implantation 
  
Inclusion/exclusion 
criteria. 
 
Inclusions were all 
congenitally deaf 
children who:  

 Underwent CI 
between Jan 94 
& Aug 99, 

 Aged 1-6y at 
time of CI, with 
follow-up of 
2years,  

 Aged <1y at CI 
irrespective of 
follow-up time. 

  
Exclusions were all 
children with: 

 Severe mental 
retardation or  

 cochlear 
malformations 

 

Study setting  
St Augustinus Hospital  
 
Participants:  
Intervention group n=48 congenitally 
deaf children received CI, (15 child 
received CI before 24m). Participants 
received CI: 

 At median age 8m (n=6) (age 
range 5-10m),  

 At median age 19m (n=9) (age 
range 13-23m) 

 At median age 30m (n=7) (age 
range 25-35m) 

 At median age 40m (n=13) 
(age range 37-47m) 

 At median age 56m (n=7) (age 
range 50-60m) 

 At median age 70m (n=6) (age 
range 63-71m) 

CI = mutlichannel bipolar LAURA CI 
 
Comparator group (n=113) children 
with NH aged 11-32 months, four 
groups. 

 Age group12m (n=26), mean 
CAP score 2 

 Age group 18m (n=28), mean 
CAP score 5 

 Age group 24m (n=36), mean 
CAP score 6 

 Age group 30m (n=23), mean 
CAP score 7 

 
Analyses comparing groups at 
baseline. 
 

Questionnaire administered to parents and 
professional therapist monitoring the child.  
 
CAP score determined before CI and 3, 6, 
12 and 24 months after CI. 
 
Scores calculated according to responses 
by parents and professional therapist to 
questionnaires. 
 
Outcome measures  

 Auditory performance in the form of 
Categories of auditory performance 
scores (CAP) 

 Integration into mainstream school 
system 

Follow-up: 
2 years 
 
CAP scores: 

 0 = no awareness of environmental 
sound 

 1 = awareness of environmental 
sounds 

 2 = responds to speech sounds 
 3 = recognises environmental sounds 
 4 = discriminates at least 2 speech 

sounds 
 5 = understands common phrases 

without lip-reading 
 6 = understand conversation without 

lip-reading with a familiar talker 
 7 = can use telephone with familiar 

talker 

Results from the retrospective design: 
 

 All children achieved higher CAP 
scores after CI 

 Implantation between the age of 2 
and 4y of age always resulted in 
normal CAP score after 3years. 

 67% of children implanted before 
the age of 2y integrated in the 
mainstream school system. 

 
 
 
 

Limitations 
 Retrospective design 
 Small sample size 
 non randomised, not blind 

 
Reported conclusions (by authors). 
All children with congenital deafness who 
underwent implantation before the age of 
6 years appeared to benefit from the 
implant. However, these data add 
evidence to the importance of early 
implantation (before the age of 2 years). 
Intervention before the age of 4 years 
seemed to be critical to achieve optimal 
results.  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Govaerts 2002 
 
Belgium 
 
Continued 

2. cross-sectional 
(evidence Level III-3) 
 
Objectives 
To assess the 
relationship between 
cochlear implantation 
in young children and 
age at implantation 
  
Inclusion/exclusion 
criteria. 
Inclusions were all 
congenitally deaf 
children who:  

 Underwent CI 
between Jan 94 
& Aug 99, 

 Aged 9m-6y at 
time of CI 

  
Exclusions were all 
children with: 

 Severe mental 
retardation or  

 with cochlear 
malformations 

 
 

Baseline characteristics included 
median age at implantation and 
CAP scores 
 
Study setting  
St Augustinus Hospital  
 
Participants:  
Intervention group n=70 congenitally 
deaf children received CI (aged 12-
71 mths at CI), (21children received 
CI before 24m). Participants grouped 
into 7 groups according to age at CI: 

 At median age 13m (n=10) 
(age range 9-15m),  

 At median age 18m (n=11) 
(age range 16-20m) 

 At median age 23m (n=7) (age 
range 22-26m) 

 At median age 29m (n=4) (age 
range 28-30m) 

 At median age 37m (n=9) (age 
range 34-39m) 

 At median age 42m (n=9) (age 
range 40-45m) 

 At median age 58m (n=20) 
(age range 47-71m) 

CI = mutlichannel bipolar LAURA CI 
(for CI before Aug 99) and 
Multichannel monopolar Nucleus 24 
CI (for CI after Aug 99) 
 
 

Outcome measures  
 Percentage of children from each 

age group that reaches normal CAP 
scores when compared with NH 
children of the same age 

 Time taken for 50%, 75% and 90% of 
children with CI to reach normal CAP 
scores.  

 
 

Results from evaluating auditory 
performance using Categories of Auditory 
Performance (CAP) score: 

 3 months after CI all children 
implanted <2y of age obtained 
normal CAP scores 

 More than 25% of those implanted 
after 3y of age failed to reach 
normal CAP scores within 48m after 
CI 

 children implanted after the age of 
2y took longer than 3m to achieve 
CAP scores similar to their normal 
peer 

 It takes a median time of 3 months 
before 90% of children implanted 
before the age of 2y to reach 
normal CAP scores 

 
 

Limitations 
 Cross-sectional design, so change 

overtime is not assessed 
 Small sample size 
 non randomised, not blind 

 
Reported conclusions (by authors). 
All children with congenital deafness who 
underwent implantation before the age of 
6 years appeared to benefit from the 
implant. However, these data add 
evidence to the importance of early 
implantation (before the age of 2 years). 
Intervention before the age of 4 years 
seemed to be critical to achieve optimal 
results.  
 
Reviewer comments 
Study is susceptible to confounding due to 
the lack of a randomised design. 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Govaerts 2002 
 
Belgium 
 
Continued 

 Comparator group (n=113) children 
with NH aged 11-32 months, four 
groups. 

 Age group12m (n=26), mean 
CAP score 2 

 Age group 18m (n=28), mean 
CAP score 5, 

 Age group 24m (n=36), mean 
CAP score 6 

 Age group 30m (n=23), mean 
CAP score 7 
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Hammes 2002 
 
USA  
 
 
 

Retrospective 
longitudinal data 
analysis and additional 
comparative data 
 
Level III-3 
 
Objectives 
To present spoken 
language data for 
infants who underwent 
implantation at 18 
months of age or less. 
To compare 
performance of 
children with at least 6 
months of CI use to 
children who 
underwent CI at older 
ages.  
 
Inclusion/exclusion 
criteria. 
Included Children: 
Underwent CI at Clare 
Clinic and Foundation 
Hospital 
 
Excluded Children: Not 
clearly stated but 
authors indicated that 
children with the 
following were 
excluded from the 
analysis: 
  

 

Study setting  
Carle Clinic and Foundation Hospital 
 
Participants (n=47): 
Children underwent CI at the above 
settings, age range 9-48m at CI, 
assigned to four age groups 
according to time at CI. 

 CI at 9-18 m (n=12) 
 CI at 19-30 (n=13) 
 CI at 31-40m (n=11) 
 CI at 41-48m (n=11)  

  
Intervention group n=10 (children 
with CI implanted between 9 and 
18m, and who had at least 6 months 
of CI)  

 
 

Spoken language measures: 
 Skills for Hearing Impaired Children 

(SKI*HI) (designed for children with 
HL, based on parent report) 

 Preschool Language Scales-3 (PLS-3) 
(designed, normalised on NH 
children) 

 Clinical Evaluation of Language 
Fundamentals P or III (CELF-P or CELF-
III) (designed, normalised on NH 
children) 

 Oral and Written Language Scales 
(OWLS) (designed, normalised on NH 
children) 

For open set word recognition abilities a 
comparison measure used the Phonetically
Balanced-Kindergarten (PBK) word lists 
 
Outcome measures  
For comparative data: 

 Open-set word recognition (abilities), 
 Communication mode and  
 Spoken language achievement 

levels. 
 
Speech perception scores for the best 
performance demonstrated by each child 
reviewed. 
Spoken language abilities analysed in 
relation to outcomes at the most recent 
test interval. 
 
Follow-up 
Retrospective for 84months 
 

Longitudinal data for spoken language 
outcomes (SKI*HI):  

 Similar language-learning rates from 
both NH children and the majority of 
infants with HL 

 
Comparative data 

 (PBK): Children who underwent CI at 
≤18m showed that infant group 
achieved a word score average of 
close to 80% correct compared to 
60% for those implanted between 
19-30m or 31-40m, and to 40% of 
those implanted between 41-48m 

 Communication: Spoken language- 
Children implanted before the age 
of 30m were more likely to have 
spoken language skills within 12m of 
their chronological age than 
children implanted after that age 

 Children with CI ≤30m showed 
better open-set word recognition 
abilities compared to CI >30m 

 Children implanted at or before the 
age of 18m were most likely to rely 
solely on spoken language for 
communication 

 
 
  

Limitations 
 Retrospective  
 Very small sample size 
  non randomised, not blind 

 
Reported conclusions (by authors). 
Early implantation is desirable. Children 
who undergo implantation as infants may 
develop language skills commensurate 
with those of their hearing peers.  
 
Reviewer comments 
Study susceptible to confounding due to 
lack of a randomised design and blinding.  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Hammes 2002 
 
USA  
 
continued 
 

Significant cognitive 
delays with hearing 
loss, progressive 
hearing loss, or 
stopped using device  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Szagun  2001 
 
Germany 
 
 
 

Prospective 
Longitudinal 
comparative study 
 
Level III-2 
  
Objectives 
To assess the 
relationship between 
age at cochlear 
implantation, pre-
operative hearing and 
subsequent linguistic 
development 
(particularly progress in 
grammar and 
vocabulary 
acquisition). 
   
Inclusion/exclusion 
criteria. 
Intervention group: 
Only children with CI: 

 <4y at CI 
 Attend Hannover 

CI Centre 
 Starting 

rehabilitation 
between 1996-
1997 

 Mono-lingual 
environments 

 
Exclusions 

 Sign language 
 Diagnosed with 

other handicap 
besides HL 

Study setting 
Intervention group Hannover Medical
School (20 children) and Freiburg 
University Teaching Hospital (2 
children)  
Control group-3 paediatricians’ 
practices + 2 day care centres 
(Oldenburg, northern Germany) 
 
Participants: n= 44 German speaking 
children (24 girls, 20 boys) 
 
Intervention: n= 22 deaf children with 
CI, (5 children had their CI implanted 
<24m of age, 14 children at <36m, 
and 3 children implanted at ≥ 36m of 
age)  
 
Baseline characteristics of 
intervention group: 

 12 girls, 10 boys, age at CI=14-
46m, mean 29m ±SD 9m   

 All attend CI Centre for aural 
rehabilitation program (hearing 
+ speech + language 
education). 

 
Comparator n=22 NH children (12 
girls, 10 boys) aged 16m at time of 
data collection, age-appropriate 
levels of cognitive development as 
measured by object permanence 
tests of Infant Psychological 
Developmental Scales 
 
 
 

Data collection took place in playroom at 
the Cochlear Implant Centre for CI 
children, and in playroom at the University 
of Oldenburg for NH children. 
 
Pre-operative audiometric assessment 
 
First 2y post-implantation 

 At the centre, 5-day rehabilitation 
every 10wks (1-2 language training 
sessions of 45-min long) 

 At home one session per week 
 
NH children & CI children matched for 
initial language level (measured by MLU) & 
number of words.  
  
Everything spoken by child transcribed 
using CHILDES system for transcribing & 
analysing child speech. 
 
Outcome measures  
Mean length of utterance (MLU) for 
grammatical progress. Number of words 
(vocabulary) 
  
Follow-up interval 27-36 months 
 
Used correlation analyses (Pearson 
product moment correlation coefficients).  
Linguistic progress measured by MLU in 
terms of total number of words a child 
produced (as indicated by parent 
questionnaire).  

Grammatical development: 
CI children-MLU ranged 1-1.23 (mean 1.04 
SD 0.06), NH children-MLU ranged 1-1.2 SD 
0.08 
CI children-vocabulary assessed by 
parent report 0-72 words mean 20.9 SD 
20.8, NH children- vocabulary parent 
report 0-88 words mean 17.5 SD 19.4 
 
Relation between implantation age, pre-
operative hearing and linguistic growth: 
 
Partial correlation calculated between 
language growth measures and 
chronological age at implantation.  
Age at implantation correlated 
significantly with linear growth in MLU at 
three data points, but less strongly, 
accounting for 25% of the variability. 
 
 

Limitations 
 Non randomised study 
 Very small sample size 
 Acquired deafness in 3/5 children 

implanted <2y (meningitis), lost 
hearing at 1, 8, and 18m (all 
considered pre-lingually deaf)  

 Child who lost hearing at 18m had 
limited verbal skills  

 Children are German speaking and 
the outcomes were mainly about 
language acquisition including 
progress in grammar and vocabulary 
acquisition (which may not be 
applied to English language) 

  
Reported conclusions (by authors). 
For children who undergo CI before 4 years 
of age, it becomes evident around 2 – 2 
1/2 years after the operation whether a 
child develops language near normal or 
not. From a practical point of view the 
question arises how to support those 
children who are not acquiring language 
naturally. All the children in the present 
sample received aural language training 
programs, which is the favoured method in 
Germany. It is conceivable that a program 
of total communication – as is practiced in 
countries such as the USA, Great Britain, or 
Israel, would promote the use of symbols, 
which is an essential component of 
cognitive development, and could prevent 
a possible negative influence of insufficient 
symbol use on cognitive development.  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Szagun  2001 
 
Germany 
 
continued 

Inclusion/exclusion 
criteria. 
Control group were NH 
children: 

 With no 
diagnosed 
developmental 
delays or hearing 
problems 

 Monolingual 
environment  

  
 

 Reviewer comments 
The use of an observational design did not 
allow for control of confounding. The lack 
of blinding and selection of the two 
different groups from different settings result 
in the study being more liable for bias.  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Kirk 2000 
 
USA  
 

Longitudinal 
(prospective) 
 
Level III-2  
 
Objectives 
To examine the effect 
of age at implantation 
on the development of
communication 
abilities in children 
implanted with CI 
before the age of 3y.  
 
Inclusion/Exclusion 
criteria: 
Included children were 

 Pre-lingually 
deafened and 
have severe to 
profound 
hearing loss and 
no additional 
disabilities. 

 Fit originally with 
current 
generation of CI 
speech 
processors and 
speech 
processing 
strategies (ACE, 
CIS, or SPEAK). 

 
  

Study setting 
Indiana University School of Medicine 
 
Participants: pre-lingually deaf 
children with CI, n=106, divided into 2 
groups according to method of 
communication and 3 subgroups 
according to age at CI 

 Oral communication (OC) 
n=56, age at CI <2y n=8, CI 2-4y
n=37, and CI≥5y n=11     

 Total communication (TC) 
n=50, age at CI <2y n=6, CI 2-4y
n=33, and CI≥5y n=11     

 
Analyses comparing groups at 
baseline 
Variables within each group 
included: 

 Mean age at onset of 
deafness, 

 Mean age at fit with CI,  
 Mean unaided pure-tone 

average 
 
Also included number of participants 
for each device type used for the 3 
groups of age at CI irrespective of 
type of communication. 

Battery of speech and language tests 
performed on children before and every 6 
months after CI 

 
Measuring tools:  
Spoken word recognition tests 2 measures  

 Closed-set using the Grammatical 
Analysis of Elicited Language-Pre-
Sentence Level (GAEL-P), test first 
familiarise child with 30 objects in 
auditory-plus-visual modality, then 
child must identify target word 
through listening only 

 Open-set using Mr Potato Head Task, 
child asked to assemble toy in 
response to 10 verbal commands 
presented in auditory-only modality 

 
Test instructions administered according to 
child’s preferred modality, child with OC = 
audition + speech reading used & child 
with TC=  simultaneous signed + spoken 
English used 
 
Outcome measures  
Average rate of improvement in GAEL-P 
scores (percent of words correctly 
identified) as function of age at 
implantation in both communication 
groups 
 
Performance on open-set word 
recognition test indicated (rate of 
improvement in the percent of words 
correctly identified) as function of age at 
implantation for both communication 
groups 

 

Average rate of improvement in GAEL-P  
scores as function of age at implantation 
indicated - 

 No interaction between age at 
implantation and length of device 
use 

 No significant relationship between 
age at implantation and rate of 
improvement in close-set word 
recognition skills.  

 
Performance on open-set word 
recognition test  (Mr Potato Head) 
indicated – 

 There was no interaction between 
age at implantation and length of 
device use 

 Rate of improvement in open-set 
word recognition abilities did not 
differ among the three age-at-
implantation groups 

 There was a significant effect of 
communication mode on open-set 
spoken word recognition 
performance (p <.01) 

 Children communicating orally 
showed significantly higher open-set 
recognition scores than those who 
use total communication modality 

  
 

Limitations 
 non randomised, not blind 
 length of CI use varied across 

children 
  incomplete tests conducted due to 

time constraints on family, child’s 
attention span 

  incomplete testing at every interval 
of interest 

 number of data points varied across 
tests and children  

 small numbers in < 2 year group 
  
Reported conclusions (by authors). 
Age effects on the development of 
receptive and expressive language 
differed from those on spoken word 
recognition. Earlier implanted children 
demonstrated superior language abilities. 
Children implanted prior to 2 years of age 
had significantly faster rates of receptive 
vocabulary and language development 
than later-implanted children. Furthermore, 
children implanted prior to age 2 had 
superior expressive language abilities 
compared with those implanted after that 
age. There were no significant differences 
in rates of language development 
between the oral and total communication
groups.    
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Kirk 2000 
 
USA  
 
continued 

Excluded children 
were 

 Using previous-
generation 
speech 
processors or 

 Previously used 
earlier versions 
and then 
upgraded to 
current CI 
speech 
processors/strate
gies. 

 

 Measuring tools:  
Receptive and expressive language 
measures: 

 Measure of receptive vocabulary 
using the Peabody Picture 
Vocabulary Test-Third Edition (PPVT-III)

 Measure of receptive + expressive 
language using the Reynell 
Developmental Language Scales 
(RDLS). 

Instructions & tests administered in child’s 
preferred modality.   
 
Outcome measures  
All language measures include test battery 
with raw scores converted to age 
equivalency using normative data from 
children with NH. 
 
 Age-equivalency scores converted to 
language quotients (<1.0 indicates 
language age less than chronological 
age, >1.0 = language age > chronological 
age) 
 
Follow-up interval (6 monthly for at least 
3years). 
 
Data analysis 
Subjects as random effect with the 
following as covariates: 

 Length of device use,  
 age at CI,  
 communication mode 

 

Growth in receptive vocabulary 
knowledge over time as a function of age 
at implantation for the two 
communication groups – 

 Language quotient scores increased
significantly with increased length of 
device use (p<.0001) 

 Significant effect of age at CI on 
rate of growth in receptive 
vocabulary.  

 Significantly faster growth rates in 
PPVT-III language quotient scores in 
children implanted before the age 
of 2y compared to those implanted 
between 2-4y (p<.0001)   

 Growth in RDLS receptive language 
quotient scores over time as a 
function of age at implantation for 
the two communication groups – 

 No significant effect of age at 
implantation or communication 
mode on receptive language skills 

 A significant interaction between 
age at CI and length of CI use 
(p<.0001) 

Rate of improvement in RDLS receptive 
language quotients over time increased 
significantly faster in children implanted 
before the age of 2y compared to those 
implanted between 2-4y (p<.0001)  
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Table 2. Evidence table of appraised articles relating to effectiveness of cochlear implantation at a young age compared to an older age (population with a mean 
age of less than 36 months and containing some aged less than 2 years of age at implantation) (continued) 

Authors 

Country 

Study Design / 
Objectives/ 
Inclusion-exclusion 
criteria 

Sample and Interventions Methods Results Limitations and Conclusions 

Kirk 2000 
 
USA  
 
continued 

    Rate of improvement in RDLS expressive 
language quotients as function of age at 
CI (2 communication groups) 

 Significant improvement of 
expressive language abilities with 
increased use of CI (p<.0001) 

 Age at CI significantly affected 
development of expressive 
language abilities (p<.01) 

 Children implanted at an age <2y 
had significantly higher RDLS 
expressive language quotients than 
children implanted between 2-4y 
(p<.01). 

 
 
 

 

 

 

 
 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

40

SUMMARY AND CONCLUSIONS 

Summary of designs and levels of evidence 

The search yielded a total of 946 articles. From 155 articles identified from abstracts and titles as being 
potentially eligible for inclusion, a final group of 16 were selected for appraisal, all of which were 
primary research. 

All 15 papers were cohort (13) or cross sectional studies (3) as one study used two designs Govaerts et 
al. (2002) and all studies were graded III-2 or III-3 as per NHMRC. The best possible design to 
determine the effectiveness of cochlear implantation at a young age compared to an older age would be 
a randomised controlled trial which would assign children to have the cochlear implantation at either a 
young age or an older age. However, this design is likely to be unacceptable to parents and clinicians as 
there is already evidence that younger age at implantation is more effective than at an older age, just 
not what the age limit of this effect is.  

Key results 

While the tests used to measure outcomes were mixed there was consensus that, in general, 
implantation at a younger age improves the effectiveness of cochlear implantation in terms of 
communication outcomes.  Also those children achieved stronger skills after sustained implant use than 
did children who received the implants more recently.  Studies by Manrique et al. (2004a; 2004b), 
Svirsky et al. (2004) and Tomblin et al. (2005) showed stronger receptive and expressive vocabulary 
scores and stronger language development when children were implanted early in life. 

These children develop auditory skills at an earlier chronological age (Anderson et al. 2004).  This 
allows for quicker language development, which would then affect reading, writing and other 
educational skills.  Auditory perception was better in children implanted before the age of  2 years than 
those implanted later (Govaerts et al. 2002; Manrique et al. 2004a).  The latter study also showed better 
integration into the mainstream system with the decrease of age at implantation.  Level of speech 
perception and production was also better in children implanted before the age of 2 years (Manrique et 
al. 2004a; Manrique et al. 2004b; Svirsky et al. 2004).  Speech recognition was better in children 
implanted in their second year of life than children implanted later (Holt et al. 2004).  The rate of 
growth in word recognition and language skills was affected by the age at which a child received 
cochlear implantation (Kirk et al. 2000).  Significant improvement in spoken word recognition and 
receptive and expressive language skills were shown with children implanted before the age of 2 years.  
However all studies were level III2/3 as per the NHMRC. 

Three studies compared implantation prior to the age of 18 months to implantation at an older age and 
showed similar results (Hammes et al. 2002; McConkey Robbins et al. 2004; Miyamoto et al. 2005).   

A number of studies compared implantation prior to the age of 12 months to implantation at an older 
age.  For example Holt et al. (2004) found no advantage for five children implanted at 6 to 12 months 
of age compared with those implanted at 12 to 24 months in terms of speech perception results. Three 
other studies were documented as including children under 12 months of age. Lesinski-Schiedat (2004) 
included 27 children aged under 12 months at implantation. In general, these children had poorer short-
term outcomes but improved outcomes more than 24 months after implantation when compared with 
children implanted at a later age. Miyamoto et al. (2005) included eight patients who were implanted at 
under 12 months of age. There was some suggestion of improved outcome with early implantation. 
Finally, Govaerts et al. (2002) included six patients aged between five and 10 months at implantation. 
However, the results presented focussed on two years as the cut off of interest. Based on the above 
findings, there was no clear evidence that implantation of a cochlear implant prior to the age of 12 
months improves effectiveness when compared to implantation after 12 months of age.  

Because of the short length of time that implantation has been used in large numbers of infants and 
young children, evidence of an increase in effectiveness is only available for immediate outcomes such 
as communication skills and has only been observed up to about 5-8 years after implantation. 
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Differences in long-term effects such as educational achievement and quality of life will take many 
years to become evident, if they exist, or if the effects are large enough to be detected. 

Children implanted at an early age showed improved expressive and receptive language capabilities 
and also similar rates of speech development and language skills as their normal hearing peers 
(Govaerts et al. 2002; Hammes et al. 2002). 

Other important outcomes are the rate of language acquisition as it is possible that those implanted at 
an older age develop at a slower rate but eventually reach equivalent developmental milestones. 

Implications for practice 

Whilst the current evidence base is limited, several implications for practice have been suggested by 
the appraised systematic studies. Implantation prior to the age of 18 months may increase the 
effectiveness of cochlear implantation in terms of immediate outcomes such as communication skills. 
This should be one of the considerations when weighing up the harms and benefits associated with 
cochlear implantation in this age group. 

When considering cochlear implantation before the age of 12 months, the harms and benefits of 
cochlear implantation at this age, other than effectiveness compared to an older age, will need to be 
weighed up. Outcomes such as surgical outcomes/complications were not included in the protocol for 
this technical brief but would be one of the considerations when weighing up harms and benefits of 
implanting children younger than 12 months of age. 

Other issues to be considered are understanding that while a cochlear implant can dramatically aid 
speech and language development for deaf children, using the device alone does not guarantee spoken 
communication. In considering how cochlear implants affect communicative development, it is helpful 
to distinguish between speech perception (understanding sounds), speech production (using sounds to 
convey messages), and receptive and expressive language (understanding and using words for 
communication).  

Methodological issues and recommendation for future research 

All of the studies included in this review were cross sectional surveys or cohort studies with relatively 
small sample sizes (range between 26-216 participants). This is because of the low incidence of severe 
to profound hearing loss and the small number of children in any centre at any given time being fitted 
with a cochlear implant (Geers 2006). Because of this, often the study populations were heterogeneous 
(or details were lacking) in terms of the degree of hearing loss, congenital versus acquired loss, mode 
of communication, socio-economic status or educational status of parents. Where studies were 
conducted over a long time period children were also fitted with different models of cochlear implant 
which may vary in effectiveness. These factors will increase the possibility that confounding or bias 
has influenced some of the study outcomes. For instance children from higher socio-economic groups 
are likely to be detected earlier, be implanted earlier, and have greater access to rehabilitation 
programmes. They will also have parents of higher educational levels. In an ideal situation it would be 
important for study groups to be comparable in terms of confounding factors such as socio-economic 
status but this may not be possible in many countries/centres.  

While the best possible design to determine the effectiveness of cochlear implantation at a young age 
compared to an older age would be a randomised controlled trial this design is likely to be unacceptable 
to parents and clinicians as there is already evidence that younger age at implantation is more effective 
than at an older age, just not what the age limit of this effect is. Also, theories around sensory 
deprivation, and sensitive and critical periods indicate that younger age is likely to be more effective as 
it reduces the period of sensory deprivation. 

Further well-designed observational studies with large sample sizes and long-term follow-up are 
required, especially in younger age groups. It is important to disentangle the effects of age at implant 
and length of use of implant. 
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Issues raised by the included studies 
In general results of studies on the effect of the duration of implant use or corresponding age-of-
implantation effects may be confounded by the fact that those children who are getting a CI at the 
youngest age may also have the advantage of earlier diagnosis, earlier hearing aid intervention, and 
earlier educational intervention (Nicholas and Geers 2006).  

Nicholas and Geers (2006) argued that the time interval between the onset of deafness and receipt of a 
cochlear implant may play a critical role in achieving the optimum success of cochlear implantation. 

Advantages of early implantation include improved auditory experience and spoken language during a 
critical developmental period (Svirsky et al. 2004). Early implantation would provide an earlier start in 
language learning as well as capitalising on brain systems that are better suited for language learning 
during infancy (Tomblin et al. 2005).  

Tomblin et al. (2005) highlighted the need to characterise the growth trajectory or rate. Previous studies 
typically have not distinguished between the benefits of early implantation that come from simply 
“starting early,” versus those benefits that come from faster growth rates. Only one study (Svirsky et al. 
2000) to date has formally examined both the paediatric CI users’ mean differences in language test 
scores and their language growth over time, but this particular study did not address age at initial 
stimulation as a factor in these children’s growth; thus, cochlear implantation’s long-term benefit on 
language development in infants implanted before the age of 36 months remains unclear.   

For children implanted before the age of 5 years language growth rates were similar to growth rates in 
hearing children once the deaf child received an implant. Differences between children with implants 
and their hearing-age counterparts in terms of their language performance may be due primarily to the 
existing delay in performance at the time of implantation (Nicholas and Geers 2006). They concluded 
that implantation should occur before delays are present and not only early enough for normal language 
progress to be achieved (Nicholas and Geers 2006).  

Other issues not specifically raised by included studies  

Candidacy issues were raised by Edwards et al. (2006) as they may play a role in predicting the degree 
of benefit from a cochlear implant in childhood. The paper referred to the wide spectrum of outcomes 
in terms of speech and language development cited in the literature, and on the difficulty in accurately 
predicting the degree of benefit in any individual case. They referred to the criteria for selecting 
appropriate paediatric cochlear implant candidates, which seems to be broadened to include 
audiological criteria, age of the child and the presence of additional disabilities. They also highlighted 
that outcomes of cochlear implants may be affected by type of school placement, signed versus oral 
language, duration of implant use, family size, and gender. However, Edwards et al. stated that age at 
implantation was the most robust recent finding in the literature to be of critical importance in 
determining outcome in congenitally and pre-lingually deaf children. 

Conclusions 

The purpose of this review was to determine whether early cochlear implantation in young children and 
infants is better than later implantation. This technical brief identified 16 eligible papers investigating 
the effectiveness of cochlear implantation in young children and infants compared to an older age 
group. These papers were all cross sectional surveys or cohort studies. There was a consistent finding 
that implantation  a younger age group (before 18 months of age) was more effective in terms of than 
implantation in an older age group. However, the evidence was less certain among children receiving 
implants before 12 months of age. 

Studies to date have examined only a small number of children in this age group which challenges 
generalising the findings across the infant cochlear implant population. Other studies have used 
retrospective designs, which have resulted in inconsistent and incomplete language measures.  
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APPENDIX 1:  LEVELS OF EVIDENCE∗ 

Level I Evidence obtained from a systematic review (or meta-analysis) of relevant randomised 
controlled trials. 

Level II Evidence obtained from at least one randomised controlled trial. 

Level III.  1 Evidence obtained from pseudorandomised controlled trials (alternate allocation or 
some other method). 

 2 Evidence obtained from comparative studies (including systematic reviews of such 
studies) with concurrent controls and allocation not randomised, cohort studies, case 
control studies or interrupted time series with a control group). 

 3 Evidence obtained from comparative studies with historical control, two or more 
single-arm studies or interrupted time series without a parallel control group. 

Level IV Evidence obtained from case series, either post-test or pretest/post-test. 

 
 

                                                      
∗ From NMHRC 2000 
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APPENDIX 2:  SEARCH STRATEGY 

 
SEARCH STRATEGIES 
 

Medline 
1     cochlear implants/ (4049) 
2      cochlear implantation/ (1495) 
3      1 or 2 (5142) 
4      treatment outcome/ (292366) 
5      child language/ (2109) 
6      speech perception/ (11208) 
7      quality of life/ (59499) 
8      language development/ (5745) 
9      vocabulary/ (4375) 
10 verbal behavior/ (11697) 
11      auditory perception/ (15555) 
12      postoperative complications/ (221123) 
13      voice quality/ (2687) 
14      auditory threshold/ (11346) 
15      or/4-14 (596436) 
16      (preschool or pre-school).tw. (11432) 
17      months.ti. (9219) 
18      infan$.tw. (220072) 
19      (12 months or 24 months or 36 months).tw. (82208) 
20      (1 year or 2 years or 3 years).tw. (162455) 
21      (one year or two years or three years).tw. (85937) 
22    (twelve months or twenty four months or thirty six months).tw. (2836) 
23  time factors/ (757519) 
24  age factors/ (288167) 
25  *child, preschool/ (570) 
26   young child$.tw. (21374) 
27      (pediatr$ or paediatr$).tw. (121742) 
28      or/16-27 (1572467) 
29      3 and 15 and 28 (745) 
30      clinical trial.pt. (467833) 
31      randomized controlled trial.pt. (242391) 
32      trial.ti. (69131) 
33      random$.tw. (380181) 
34      animals/ (4163880) 
35      humans/ (9958560) 
36      34 not (34 and 35) (3147770) 
37      or/30-33 (700210) 
38      37 not 36 (650487) 
39      3 and 28 and 38 (61) 
40      meta-analysis.pt. (14993) 
41      (systematic$ adj3 (review$ or overview)).tw. (12318) 
42      (meta-analy$ or metaanaly$).tw. (17787) 
43      exp epidemiologic studies/ (972389) 
44      exp case control studies/ (350868) 
45      exp cohort studies/ (625301) 
46      cross-sectional studies/ (74304) 
47      (case control or cohort analy$ or cross sectional).tw. (103115) 
48      (longitudinal or retrospective).tw. (201674) 
49      (cohort adj (study or studies)).tw. (28976) 
50      ((follow up or observational) adj (study or studies)).tw. (38748) 
51      or/40-50 (1107069) 
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52      3 and 28 and 51 (450) 
53      29 or 39 or 52 (887) 
54      limit 53 to english (808) 
55      (letter or news).pt. (694633) 
56      54 not 55 (806) 
57      aged/ or middle aged/ or "aged, 80 and over"/ (2772110) 
58      56 not 57 (597) 
59      "Case Reports [Publication Type]"/ (1306615) 
60      58 not 59 (549) 

Embase 
1      cochlea prosthesis/ (2895) 
2      implantation/ (11854) 
3      1 and 2 (472) 
4      cochlear implant$.mp. (2897) 
5      3 or 4 (2959) 
6      age/ (66044) 
7      (preschool or pre-school).tw. (3705) 
8      Preschool Child/ (40738) 
9      months.ti. (3775) 
10      infan$.tw. (76834) 
11      (12 months or 24 months or 36 months).tw. (46117) 
12      (twelve months or twenty four months or thirty six months).tw. (1322) 
13      (one year or two years or three years).tw. (37023) 
14      (1 year or 2 years or 3 years).tw. (87439) 
15      young child$.tw. (9295) 
16      (pediatr$ or paediatr$).tw. (66154) 
17      *Time/ (559) 
18      infant/ (80964) 
19      infant disease/ (1983) 
20      age distribution/ (26303) 
21      or/6-20 (421285) 
22      5 and 21 (871) 
23      (age adj implant$).mp. (210) 
24      5 and 23 (38) 
25      22 or 24 (871) 
26      clinical trial/ (338713) 
27      randomized controlled trial/ (98926) 
28      randomization/ (19175) 
29      single blind procedure/ or double blind procedure/ (48311) 
30      crossover procedure/ (14182) 
31      placebo/ (54760) 
32      (randomized controlled trial$ or randomised controlled trial$).tw. (19890) 
33      rct.tw. (1472) 
34      (random$ adj2 allocat$).tw. (6634) 
35     ((singl$ or doubl$ or tripl$ or trebl$) adj (blind$ or mask$ or dummy)).tw. (43881) 
36      prospective study/ (53621) 
37      case study/ (2456) 
38      case report.tw. (58880) 
39      abstract report/ or letter/ (223934) 
40      or/37-39 (283989) 
41      or/26-36 (412623) 
42      41 not 40 (398939) 
43      exp meta-analysis/ (25321) 
44      (meta-analy$ or metaanaly$).tw. (13552) 
45      (systematic$ adj3 (review$ or overview)).tw. (10775) 
46      (reference list$ or manual search$ or hand search$ or relevant journals or bibliograph$).tw. 

(6176) 
47      (data extraction or selection criteria or medline or embase or cinahl or psychlit or psychinfo).ab. 

(19129) 
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48      review.pt. (562248) 
49      or/43-48 (589819) 
50      (letter or editorial).pt. (357910) 
51      animal/ (913) 
52      human/ (3131530) 
53      51 not (51 and 52) (519) 
54      50 or 53 (358400) 
55      49 not 54 (587125) 
56      clinical study/ (7663) 
57      case control study/ (12653) 
58      family study/ (4273) 
59      longitudinal study/ (12484) 
60      retrospective study/ (66488) 
61      prospective study/ (53621) 
62      cohort analysis/ (36212) 
63      (cohort adj (study or studies)).mp. (22793) 
64      (case control adj (study or studies)).mp. (23917) 
65      (observational adj (study or studies)).tw. (11651) 
66      (epidemiologic$ adj (study or studies)).tw. (19599) 
67      (follow up adj (study or studies)).tw. (10804) 
68      (cross sectional adj (study or studies)).tw. (15729) 
69      or/56-68 (240806) 
70      25 and 69 (138) 
71      25 and 42 (70) 
72      25 and 55 (101) 
73      or/70-72 (251) 
74      speech discrimination/ (1975) 
75      speech perception/ (1919) 
76      treatment outcome/ (267047) 
77      speech articulation/ (2449) 
78      verbal communication/ (3019) 
79      language development/ (2309) 
80      speech/ (5353) 
81      speech development/ (828) 
82      vocalization/ (2030) 
83      phonation/ (1385) 
84      language ability/ (2644) 
85      Speech Articulation/ (2449) 
86      Linguistics/ (4159) 
87      verbal behavior/ (2382) 
88      verbalization/ (743) 
89      Auditory Threshold/ (2725) 
90      Postoperative Complication/ (66975) 
91      "Quality of Life"/ (63264) 
92      or/74-91 (390537) 
93      22 and 92 (548) 
94      24 or 73 or 93 (623) 
95      aged/ or veteran/ (576805) 
96      ((elder$ or geriatric$ or adult$) not (child$ or infan$)).ti. (78933) 
97      94 not (95 or 96) (543) 

Cinahl 
1      Cochlear Implant/ (1301) 
2      limit 1 to (newborn infant <birth to 1 month> or infant <1 to 23 months> or preschool child <2 

to 5 years>) (416) 
3      ((elder$ or geriatric or adult$) not (infan$ or child$)).tw. (56340) 
4      2 not 3 (413) 
5      limit 4 to english (413) 
6      limit 5 to yr=1996-2006 (389) 
7     exp clinical trials/ (40905) 
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8      clinical trial.pt. (19179) 
9     (clinic$ adj trial$).tw. (9631) 
10      ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).tw. (5806) 
11      randomi?ed control$ trial$.tw. (8332) 
12      random assignment/ (14138) 
13      random$.af. (86080) 
14      quantitative studies/ (2975) 
15      meta-analysis/ (4981) 
16      (meta analy$ or metaanaly$).tw. (3374) 
17      exp literature review/ (5092) 
18      (systematic$ adj (review$ or overview)).tw. (6212) 
19      or/7-18 (114498) 
20      prospective studies/ (51653) 
21      exp case control studies/ (11697) 
22      correlational studies/ (7184) 
23      nonconcurrent prospective studies/ (22) 
24      cross sectional studies/ (18170) 
25      (cohort adj (study or studies)).tw. (5289) 
26      (observational adj (study or studies)).tw. (2313) 
27      or/20-26 (85209) 
28      letter.pt. (38286) 
29      Animals/ (798) 
30      28 or 29 (39053) 
31      19 not 30 (112876) 
32      27 not 30 (84631) 
33      6 and 19 (13) 
34      6 and 32 (125) 
35      33 or 34 (135) 
36      treatment outcome/ (31278) 
37      Language Development/ (1587) 
38      Speech Perception/ (1507) 
39      "Quality of Life"/ (14055) 
40      VOCABULARY/ (290) 
41      Verbal Behavior/ (423) 
42      Auditory Perception/ (696) 
43      Auditory Threshold/ (759) 
44      Postoperative Complications/ (7166) 
45      Voice Quality/ (623) 
46      Time Factors/ (20848) 
47      Age Factors/ (23419) 
48      or/36-47 (92595) 
49      6 and 48 (225) 
50      limit 49 to abstracts (149) 
51      limit 49 to review (10) 
52      50 or 51 or 35 (214) 

PsychInfo 
1      exp Cochlear Implants/ (534) 
2    limit 1 to english (527) 
3      limit 2 to yr=1996-2006 (477) 
4      limit 3 to (120 neonatal <birth to age 1 mo> or 140 infancy <age 2 to 23 mo> or 160 preschool 

age <age 2 to 5 yrs>) (103) 
5      limit 4 to all journals (91) 

Cochrane Central Register of Controlled Trials 
1      cochlear implants/ (42) 
2      cochlear implantation/ (15) 
3      1 or 2 (53) 
4      treatment outcome/ (34737) 
5      child language/ (31) 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

50

6      speech perception/ (254) 
7      quality of life/ (4952) 
8      language development/ (97) 
9      vocabulary/ (121) 
10      verbal behavior/ (417) 
11      auditory perception/ (272) 
12      postoperative complications/ (8685) 
13      voice quality/ (57) 
14      auditory threshold/ (150) 
15      or/4-14 (46351) 
16      (preschool or pre-school).tw. (823) 
17      months.ti. (1606) 
18      infan$.tw. (10453) 
19      (12 months or 24 months or 36 months).tw. (11830) 
20      (1 year or 2 years or 3 years).tw. (15725) 
21      (one year or two years or three years).tw. (7811) 
22      (twelve months or twenty four months or thirty six months).tw. (387) 
23     time factors/ (30149) 
24      age factors/ (4221) 
25      *child, preschool/ (0) 
26      young child$.tw. (1257) 
27      (pediatr$ or paediatr$).tw. (5406) 
28      or/16-27 (75527) 
29      3 and 15 and 28 (9) 

Current Contents 
1. TS=Cochlear implant* 
2. TS=Age SAME implant* 
3. #1 AND #2 
4. TS=infan* OR child* 
5. #3 AND #4 
6. TS=12 months OR 24 months OR 36 months 
7. TS=Twelve months OR twenty four months OR thirty six months 
8. TS=One year OR two years OR three years 
9. TS=1 year OR 2 years OR 3 years 
10. TI=months 
11. TS= (preschool OR pre-school) 
12. #6 OR 37 OR #8 OR #9 OR #10 OR #11 
13. #5 OR #13 
14. TI=((elder* OR geriatric) NOT (child* OR infan*)) 
15. #14 NOT #15 

Cross database additional searches – Medline, Embase, Cinahl, Psychinfo 
1      ((neonatal or newborn) and screening and hearing).mp. (2337) 
2      cochlear implant$.mp. (8157) 
3      1 and 2 (94) 
4      limit 3 to english (75) 
5      remove duplicates from 4 (55) 
6      (audioverbal therapy or audio-verbal therapy or audioverbal training or audio-verbal training or 

auditory verbal therapy or auditory verbal training).mp. (27) 
7      limit 6 to english (21) 
8      remove duplicates from 7 (16) 
9      8 and 2 (6) 
10      5 or 9 (61) 

Current Contents additional search 
1. TS=(audioverbal therapy OR audio-verbal therapy OR auditory verbal therapy) 
2. TS=(audioverbal training OR audio-verbal training OR auditory verbal training) 
3. TS=((neonatal OR newborn) SAME hearing screening) 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

51

4. TS=cochlear implant* 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

52

APPENDIX 3:  EXCLUDED RETRIEVED PAPERS 

Allen, M. C., Nikolopoulos, T. P., & O'Donoghue, G. M. (1998). Speech intelligibility in children after 
cochlear implantation. American Journal of Otology, 19, 742-746. 

Allum, J. H., Greisiger, R., Straubhaar, S., & Carpenter, M. G. (2000). Auditory perception and speech 
identification in children with cochlear implants tested with the EARS protocol. British 
Journal of Audiology, 34, 293-303. 

Anderson, I., Weichbold, V., & D'Haese, P. (2004). Three-year follow-up of children with open-set 
speech recognition who use the MED-EL cochlear implant system. Cochlear Implants 
International, 5, 45-57. 

Anonymous (1995). Cochlear implants in adults and children, NIH Consensus Statement (pp. 1-30). 

Archbold, S., Nikolopoulos, T. P., O'Donoghue, G. M., & Lutman, M. E. (1998). Educational 
placement of deaf children following cochlear implantation. British Journal of Audiology, 32, 
295-300. 

Archbold, S. M., Nikolopoulos, T. P., Tait, M., O'Donoghue, G. M., Lutman, M. E., & Gregory, S. 
(2000). Approach to communication, speech perception and intelligibility after paediatric 
cochlear implantation. British Journal of Audiology, 34, 257-264. 

Balkany, T. J., Hodges, A. V., Eshraghi, A. A., Butts, S., Bricker, K., Lingvai, J., Polak, M., & King, J. 
(2002). Cochlear implants in children -- a review. Acta Oto-Laryngologica, 122, 356-362. 

Barker, B. A., & Tomblin, J. B. (2004). Bimodal speech perception in infant hearing aid and cochlear 
implant users. Archives of Otolaryngology -- Head & Neck Surgery, 130, 582-586. 

Barton, G. R., Stacey, P. C., Fortnum, H. M., & Summerfield, A. Q. (2006). Hearing-impaired children 
in the United Kingdom, IV: Cost-effectiveness of pediatric cochlear implantation. Ear & 
Hearing, 27, 575-588. 

Baumgartner, W. D., Pok, S. M., Egelierler, B., Franz, P., Gstoettner, W., & Hamzavi, J. (2002). The 
role of age in pediatric cochlear implantation. International Journal of Pediatric 
Otorhinolaryngology, 62, 223-228. 

Beadle, E. A., McKinley, D. J., Nikolopoulos, T. P., Brough, J., O'Donoghue, G. M., & Archbold, S. 
M. (2005). Long-term functional outcomes and academic-occupational status in implanted 
children after 10 to 14 years of cochlear implant use. Otology & Neurotology, 26, 1152-1160. 

Bergeson, T. R., Pisoni, D. B., & Davis, R. A. O. (2001). A longitudinal study of audiovisual speech 
perception by children with hearing loss who have cochlear implants. Volta Review, 103, 347-
370. 

Blamey, P., & Sarant, J. (2002). Speech perception and language criteria for paediatric cochlear 
implant candidature. Audiology & Neuro-Otology, 7, 114-121. 

Blamey, P. J., Sarant, J. Z., Paatsch, L. E., Barry, J. G., Bow, C. P., Wales, R. J., Wright, M., Psarros, 
C., Rattigan, K., & Tooher, R. (2001). Relationships among speech perception, production, 
language, hearing loss, and age in children with impaired hearing. Journal of Speech 
Language & Hearing Research, 44, 264-285. 

Bosco, E., Mancini, P., D'Agosta, L., Ballantyne, D., & Filipo, R. (2005). Schooling and educational 
performance in children and adolescents wearing cochlear implants. Cochlear Implants 
International, 6, 147-156. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

53

Brinton, J. (2001). Measuring language development in deaf children with cochlear implants. 
International Journal of Language & Communication Disorders, 36 Suppl, 121-125. 

Brown, C., & McDowall, D. W. (1999). Speech production results in children implanted with the 
CLARION implant. Annals of Otology, Rhinology, & Laryngology - Supplement, 177, 110-
112. 

Cheng, A. K., Grant, G. D., & Niparko, J. K. (1999). Meta-analysis of pediatric cochlear implant 
literature. Annals of Otology, Rhinology, & Laryngology - Supplement, 177, 124-128. 

Cheng, A. K., Rubin, H. R., Powe, N. R., Mellon, N. K., Francis, H. W., & Niparko, J. K. (2000). Cost-
utility analysis of the cochlear implant in children. JAMA, 284, 850-856. 

Cohen, N. L. (2004). Cochlear implant candidacy and surgical considerations. Audiology & Neuro-
Otology, 9, 197-202. 

Colletti, V., Carner, M., Miorelli, V., Guida, M., Colletti, L., & Fiorino, F. G. (2005). Cochlear 
implantation at under 12 months: report on 10 patients. Laryngoscope, 115, 445-449. 

Connor, C. M., Hieber, S., Arts, H. A., & Zwolan, T. A. (2000). Speech, vocabulary, and the education 
of children using cochlear implants: oral or total communication? Journal of Speech Language 
& Hearing Research, 43, 1185-1204. 

Connor, C. M., & Zwolan, T. A. (2004). Examining multiple sources of influence on the reading 
comprehensive skills of children who use cochlear implants. Journal of Speech, Language, & 
Hearing Research, 47, 509-526. 

Conseil d'Evaluation des Technologies de la Sante du Quebec (CETS) (1997). The cochlear implant in 
adults, adolescents and children (CETS 96-6 RE). Montreal: CETS. 

Cullington, H., Hodges, A. V., Butts, S. L., Dolan-Ash, S., & Balkany, T. J. (2000). Comparison of 
language ability in children with cochlear implants placed in oral and total communication 
educational settings. Annals of Otology, Rhinology, & Laryngology - Supplement, 185, 121-
123. 

Das, S., & Buchman, C. A. (2005). Bilateral cochlear implantation: current concepts. Current Opinion 
in Otolaryngology & Head & Neck Surgery, 13, 290-293. 

Daya, H., Ashley, A., Gysin, C., & Papsin, B. C. (2000). Changes in educational placement and speech 
perception ability after cochlear implantation in children. Journal of Otolaryngology, 29, 224-
228. 

Dolan-Ash, S., Hodges, A. V., Butts, S. L., & Balkany, T. J. (2000). Borderline pediatric cochlear 
implant candidates: preoperative and postoperative results. Annals of Otology, Rhinology, & 
Laryngology - Supplement, 185, 36-38. 

Edwards, L. C., Frost, R., & Witham, F. (2006). Developmental delay and outcomes in paediatric 
cochlear implantation: Implications for candidacy. International Journal of Pediatric 
Otorhinolaryngology, 70, 1593-1600. 

Eisenberg, L. S., Johnson, K. C., Martinez, A. S., Cokely, C. G., Tobey, E. A., Quittner, A. L., Fink, N. 
E., Wang, N. Y., Niparko, J. K., & Team, C. D. I. (2006). Speech recognition at 1-year follow-
up in the childhood development after cochlear implantation study: Methods and preliminary 
findings. Audiology & Neuro-Otology, 11, 259-268. 

El-Hakim, H., Abdolell, M., Mount, R. J., Papsin, B. C., & Harrison, R. V. (2002). Influence of age at 
implantation and of residual hearing on speech outcome measures after cochlear implantation: 
binary partitioning analysis. Annals of Otology, Rhinology, & Laryngology - Supplement, 189, 
102-108. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

54

El-Hakim, H., Levasseur, J., Papsin, B. C., Panesar, J., Mount, R. J., Stevens, D., & Harrison, R. V. 
(2001). Assessment of vocabulary development in children after cochlear implantation. 
Archives of Otolaryngology -- Head & Neck Surgery, 127, 1053-1059. 

El-Hakim, H., Papsin, B., Mount, R. J., Levasseur, J., Panesar, J., Stevens, D., & Harrison, R. V. 
(2001). Vocabulary acquisition rate after pediatric cochlear implantation and the impact of age 
at implantation. International Journal of Pediatric Otorhinolaryngology, 59, 187-194. 

El-Kashlan, H. K., Ashbaugh, C., Zwolan, T., & Telian, S. A. (2003). Cochlear implantation in 
prelingually deaf children with ossified cochleae. Otology & Neurotology, 24, 596-600. 

Farhadi, M., Daneshi, A., Emamjomeh, H., & Hasanzadeh, S. (2000). Cochlear implantation in Iran: a 
report of 190 cases. Advances in Oto-Rhino-Laryngology, 57, 435-438. 

Fayad, J. N., Tabaee, A., Micheletto, J. N., & Parisier, S. C. (2003). Cochlear implantation in children 
with otitis media. Laryngoscope, 113, 1224-1227. 

Francis, H. W., & Niparko, J. K. (2003). Cochlear implantation update. Pediatric Clinics of North 
America, 50, 341-361. 

Fryauf-Bertschy, H., Tyler, R. S., Kelsay, D. M., Gantz, B. J., & Woodworth, G. G. (1997). Cochlear 
implant use by prelingually deafened children: the influences of age at implant and length of 
device use. Journal of Speech Language & Hearing Research, 40, 183-199. 

Funasaka, S. (2000). Factors influencing speech development in infants with cochlear implants. 
Advances in Oto-Rhino-Laryngology, 57, 192-198. 

Gantz, B. J., Rubinstein, J. T., Tyler, R. S., Teagle, H. F., Cohen, N. L., Waltzman, S. B., Miyamoto, R. 
T., & Kirk, K. I. (2000). Long-term results of cochlear implants in children with residual 
hearing. Annals of Otology, Rhinology, & Laryngology - Supplement, 185, 33-36. 

Geers, A., & Brenner, C. (2003). Background and educational characteristics of prelingually deaf 
children implanted by five years of age. Ear and Hearing, 24, Suppl: 2S-14S. 

Geers, A., Brenner, C., & Davidson, L. (2003). Factors associated with development of speech 
perception skills in children implanted by age five. Ear & Hearing, 24, 24S-35S. 

Geers, A. E. (2002). Factors affecting the development of speech, language, and literacy in children 
with early cochlear implantation. Language, Speech, and Hearing Services in Schools, 33, 
172-183, 222-178. 

Geers, A. E. (2003). Predictors of reading skill development in children with early cochlear 
implantation. Ear & Hearing, 24, 59S-68S. 

Geers, A. E. (2004). The ears of the deaf unstopped: changes associated with cochlear implantation. 
Seminars in Hearing, 25, 257-268, C3-10. 

Geers, A. E. (2004). Speech, language, and reading skills after early cochlear implantation. Archives of 
Otolaryngology -- Head & Neck Surgery, 130, 634-638. 

Geers, A. E. (2006). Factors influencing spoken language outcomes in children following early 
cochlear implantation. Advances in Oto-Rhino-Laryngology, 64, 50-65. 

Geers, A. E., Nicholas, J. G., & Sedey, A. L. (2003). Language skills of children with early cochlear 
implantation. Ear & Hearing, 24, 46S-58S. 

Gibson, W. P., Herridge, S., & Rennie, M. (1997). Importance of age in the selection of congenitally 
deaf children for cochlear implant surgery. Advances in Oto-Rhino-Laryngology, 52, 78-81. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

55

Goller, Y. (2006). Cochlear implantation in children: implications for the primary care provider. 
Journal of the American Academy of Nurse Practitioners, 18, 397-408. 

Gordon, K. A., Daya, H., Harrison, R. V., & Papsin, B. C. (2000). Factors contributing to limited open-
set speech perception in children who use a cochlear implant. International Journal of 
Pediatric Otorhinolaryngology, 56, 101-111. 

Gordon, K. A., Papsin, B. C., & Harrison, R. B. (2003). Activity-dependent developmental plasticity of 
the auditory brain stem in children who use cochlear implants. Ear and Hearing, 24, 485-500. 

Gordon, K. A., Twitchell, K. A., Papsin, B. C., & Harrison, R. V. (2001). Effect of residual hearing 
prior to cochlear implantation on speech perception in children. Journal of Otolaryngology, 
30, 216-223. 

Gstoettner, W. K., Hamzavi, J., Egelierler, B., & Baumgartner, W. D. (2000). Speech perception 
performance in prelingually deaf children with cochlear implants. Acta Oto-Laryngologica, 
120, 209-213. 

Harrison, R. V., Gordon, K. A., & Mount, R. J. (2005). Is there a critical period for cochlear 
implantation in congenitally deaf children? Analyses of hearing and speech perception 
performance after implantation. Developmental Psychobiology, 46, 252-261. 

Harrison, R. V., Nedzelski, J., Picton, N., Papsin, B. C., Russell, S., Margar-Bacal, F., Ross, D., 
Papaioannou, V., Gordon, K., Lockyer, L., Ingrams, J., & Barnett, S. (1997). The Paediatric 
Cochlear Implant Program at the Hospital for Sick Children, Toronto. Journal of 
Otolaryngology, 26, 180-187. 

Harrison, R. V., Panesar, J., El-Hakim, H., Abdolell, M., Mount, R. J., & Papsin, B. (2001). The effects 
of age of cochlear implantation on speech perception outcomes in prelingually deaf children. 
Scandinavian Audiology, Supplementum, 73-78. 

Hassanzadeh, S., Farhadi, M., Daneshi, A., & Emamdjomeh, H. (2002). The effects of age on auditory 
speech perception development in cochlear-implanted prelingually deaf children. 
Otolaryngology - Head & Neck Surgery, 126, 524-527. 

Hehar, S. S., Nikolopoulos, T. P., Gibbin, K. P., & O'Donoghue, G. M. (2002). Surgery and functional 
outcomes in deaf children receiving cochlear implants before age 2 years. Archives of 
Otolaryngology -- Head & Neck Surgery, 128, 11-14. 

Hildesheimer, M., Teiltelbaum, R., Segal, O., Tenne, S., Kishon-Rabin, L., Kronenberg, Y., & 
Muchnik, C. (2001). Speech perception results--the first 10 years of a cochlear implant 
program. Scandinavian Audiology, Supplementum. 39-41. 

Hodges, A. V., Dolan Ash, M., Balkany, T. J., Schloffman, J. J., & Butts, S. L. (1999). Speech 
perception results in children with cochlear implants: contributing factors. Otolaryngology - 
Head & Neck Surgery, 121, 31-34. 

Holt, R. F., & Kirk, K. I. (2005). Speech and language development in cognitively delayed children 
with cochlear implants. Ear & Hearing, 26, 132-148. 

Holt, R. F., Kirk, K. I., Eisenberg, L. S., Martinez, A. S., & Campbell, W. (2005). Spoken word 
recognition development in children with residual hearing using cochlear implants and hearing 
AIDS in opposite ears. Ear & Hearing, 26, 82S-91S. 

Horn, D. L., Davis, R. A., Pisoni, D. B., & Miyamoto, R. T. (2005). Behavioral inhibition and clinical 
outcomes in children with cochlear implants. Laryngoscope, 115, 595-600. 

Houston, D. M., Pisoni, D. B., Kirk, K. I., Ying, E. A., & Miyamoto, R. T. (2003). Speech perception 
skills of deaf infants following cochlear implantation: a first report. International Journal of 
Pediatric Otorhinolaryngology, 67, 479-495. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

56

Houston, D. M., Ying, E. A., Pisoni, D. B., & Kirk, K. I. (2001). Development of pre-word-learning 
skills in infants with cochlear implants. Volta Review, 103, 303-326. 

Huang, C. Y., Yang, H. M., Sher, Y. J., Lin, Y. H., & Wu, J. L. (2005). Speech intelligibility of 
Mandarin-speaking deaf children with cochlear implants - "have already". International 
Journal of Pediatric Otorhinolaryngology, 69, 505-511. 

Illg, A., von der Haar-Heise, S., Goldring, J. E., Lesinski-Schiedat, A., Battmer, R. D., & Lenarz, T. 
(1999). Speech perception results for children implanted with the CLARION cochlear implant 
at the Medical University of Hannover. Annals of Otology, Rhinology, & Laryngology - 
Supplement, 177, 93-98. 

Inscoe, J. (1999). Communication outcomes after paediatric cochlear implantation. International 
Journal of Pediatric Otorhinolaryngology, 47, 195-200. 

James, A. L., & Papsin, B. C. (2004). Cochlear implant surgery at 12 months of age or younger. 
Laryngoscope, 114, 2191-2195. 

Kiefer, J., Gall, V., Desloovere, C., Knecht, R., Mikowski, A., & von Ilberg, C. (1996). A follow-up 
study of long-term results after cochlear implantation in children and adolescents. European 
Archives of Oto-Rhino-Laryngology, 253, 158-166. 

Kirk, K. I., Miyamoto, R. T., Lento, C. L., Ying, E., O'Neill, T., & Fears, B. (2002). Effects of age at 
implantation in young children. Annals of Otology, Rhinology, & Laryngology - Supplement, 
189, 69-73. 

Knutson, J. F., Wald, R. L., Ehlers, S. L., & Tyler, R. S. (2000). Psychological consequences of 
pediatric cochlear implant use. Annals of Otology, Rhinology, & Laryngology - Supplement, 
185, 109-111. 

Lee, K. Y., & van Hasselt, C. A. (2005). Spoken word recognition in children with cochlear implants: a 
five-year study on speakers of a tonal language. Ear & Hearing, 26, 30S-37S. 

Lenarz, T. (1997). Cochlear implantation in children under the age of two years. Advances in Oto-
Rhino-Laryngology, 52, 204-210. 

Lesinski, A., Battmer, R. D., Bertram, B., & Lenarz, T. (1997). Appropriate age for cochlear 
implantation in children--experience since 1986 with 359 implanted children. Advances in 
Oto-Rhino-Laryngology, 52, 214-217. 

Lin, F. R., & Niparko, J. K. (2006). Measuring health-related quality of life after pediatric cochlear 
implantation: A systematic review. International Journal of Pediatric Otorhinolaryngology, 
70, 1695-1706. 

Loundon, N., Busquet, D., Roger, G., Moatti, L., & Garabedian, E. N. (2000). Audiophonological 
results after cochlear implantation in 40 congenitally deaf patients: preliminary results. 
International Journal of Pediatric Otorhinolaryngology, 56, 9-21. 

Manrique, M., Huarte, A., Cervera-Paz, F. J., Espinosa, J. M., Molina, M., & Garcia-Tapia, R. (1998). 
Indications and counterindications for cochlear implantation in children. American Journal of 
Otology, 19, 332-336. 

McConkey Robbins, A., Green, J. E., & Waltzman, S. B. (2004). Bilingual oral language proficiency in 
children with cochlear implants. Archives of Otolaryngology -- Head & Neck Surgery, 130, 
644-647. 

Meyer, T. A., Svirsky, M. A., Kirk, K. I., & Miyamoto, R. T. (1998). Improvements in speech 
perception by children with profound prelingual hearing loss: effects of device, 
communication mode, and chronological age. Journal of Speech Language & Hearing 
Research, 41, 846-858. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

57

Miyamoto, R. T., Houston, D. M., Kirk, K. I., Perdew, A. E., & Svirsky, M. A. (2003). Language 
development in deaf infants following cochlear implantation. Acta Oto-Laryngologica, 123, 
241-244. 

Miyamoto, R. T., Kirk, K. I., Svirsky, M., & Seghal, S. (2000). Longitudinal communication skill 
acquisition in pediatric cochlear implant recipients. Advances in Oto-Rhino-Laryngology, 57, 
212-214. 

Miyamoto, R. T., Kirk, K. I., Svirsky, M. A., & Sehgal, S. T. (1999). Communication skills in pediatric 
cochlear implant recipients. Acta Oto-Laryngologica, 119, 219-224. 

Moller, A. R. (2001). Neurophysiologic basis for cochlear and auditory brainstem implants. American 
Journal of Audiology, 10, 68-77. 

Mondain, M., Sillon, M., Vieu, A., Lanvin, M., Reuillard-Artieres, F., Tobey, E., & Uziel, A. (1997). 
Speech perception skills and speech production intelligibility in French children with 
prelingual deafness and cochlear implants. Archives of Otolaryngology -- Head & Neck 
Surgery, 123, 181-184. 

Moore, J. A. (2000). Vowel production in children using cochlear implants. Annals of Otology, 
Rhinology, & Laryngology - Supplement, 185, 119-121. 

Nakisa, M. J., Summerfield, A. Q., Nakisa, R. C., McCormick, B., Archbold, S., Gibbin, K. P., & 
O'Donoghue, G. M. (2001). Functionally equivalent ages and hearing levels of children with 
cochlear implants measured with pre-recorded stimuli. British Journal of Audiology, 35, 183-
198. 

National Health and Medical Research Council (2000). How to use the evidence: assessment and 
application of scientific evidence. Canberra: NHMRC. 

National Screening Unit (2005). Universal newborn hearing screening for New Zealand 2005: a report 
of the Universal Newborn Hearing Advisory Group to the National Screening Unit. 
Wellington: National Screening Unit. 

Nicholas, J. G., & Geers, A. E. (2003). Personal, social, and family adjustment in school-aged children 
with a cochlear implant. Ear and Hearing, 24, Suppl: 69S-81S. 

Nikolopoulos, T. P., Archbold, S. M., & Gregory, S. (2005). Young deaf children with hearing aids or 
cochlear implants: early assessment package for monitoring progress. International Journal of 
Pediatric Otorhinolaryngology, 69, 175-186. 

Nikolopoulos, T. P., Archbold, S. M., & O'Donoghue, G. M. (1999). The development of auditory 
perception in children following cochlear implantation. International Journal of Pediatric 
Otorhinolaryngology, 49, S189-191. 

Nikolopoulos, T. P., Archbold, S. M., & O'Donoghue, G. M. (2006). Does cause of deafness influence 
outcome after cochlear implantation in children? Pediatrics, 118, 1350-1356. 

Nikolopoulos, T. P., Gibbin, K. P., & Dyar, D. (2004). Predicting speech perception outcomes 
following cochlear implantation using Nottingham children's implant profile (NChIP). 
International Journal of Pediatric Otorhinolaryngology, 68, 137-141. 

Nikolopoulos, T. P., Lloyd, H., Archbold, S., & O'Donoghue, G. M. (2001). Pediatric cochlear 
implantation: the parents' perspective. Archives of Otolaryngology -- Head & Neck Surgery, 
127, 363-367. 

Nikolopoulos, T. P., Lloyd, H., Starczewski, H., & Gallaway, C. (2003). Using SNAP Dragons to 
monitor narrative abilities in young deaf children following cochlear implantation. 
International Journal of Pediatric Otorhinolaryngology, 67, 535-541. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

58

Nikolopoulos, T. P., O'Donoghue, G. M., & Archbold, S. (1999). Age at implantation: its importance in 
pediatric cochlear implantation. Laryngoscope, 109, 595-599. 

Niparko, J. K. (2004). Speech, language, and reading skills after early cochlear implantation.  JAMA, 
291, 2378-2380. 

Novak, M. A., Firszt, J. B., Rotz, L. A., Hammes, D., Reeder, R., & Willis, M. (2000). Cochlear 
implants in infants and toddlers. Annals of Otology, Rhinology, & Laryngology - Supplement, 
185, 46-49. 

O'Donoghue, G. M. (1996). Cochlear implants in children: principles, practice and predictions. Journal 
of the Royal Society of Medicine, 89, 345P-347P. 

O'Donoghue, G. M., Nikolopoulos, T. P., & Archbold, S. M. (2000). Determinants of speech 
perception in children after cochlear implantation. Lancet, 356, 466-468. 

Oh, S. H., Kim, C. S., Kang, E. J., Lee, D. S., Lee, H. J., Chang, S. O., Ahn, S. H., Hwang, C. H., Park, 
H. J., & Koo, J. W. (2003). Speech perception after cochlear implantation over a 4-year time 
period. Acta Oto-Laryngologica, 123, 148-153. 

O'Neill, C., O'Donoghue, G. M., Archbold, S. M., Nikolopoulos, T. P., & Sach, T. (2002). Variations in 
gains in auditory performance from pediatric cochlear implantation. Otology & Neurotology, 
23, 44-48. 

Osberger, M. J. (1997). Cochlear implantation in children under the age of two years: candidacy 
considerations. Otolaryngology - Head & Neck Surgery, 117, 145-149. 

Osberger, M. J., Kalberer, A., Zimmerman-Phillips, S., Barker, M. J., & Geier, L. (2000). Speech 
perception results in children using the Clarion Multi-Strategy Cochlear Implant. Annals of 
Otology, Rhinology, & Laryngology - Supplement, 185, 75-77. 

Owens, D., Espeso, A., Hayes, J., & Williams, R. G. (2006). Cochlear implants: Referral, selection and 
rehabilitation. Current Paediatrics, 16, 360-365. 

Papsin, B. C., Gysin, C., Picton, N., Nedzelski, J., & Harrison, R. V. (2000). Speech perception 
outcome measures in prelingually deaf children up to four years after cochlear implantation. 
Annals of Otology, Rhinology, & Laryngology - Supplement, 185, 38-42. 

Peng, S. C., Spencer, L. J., & Tomblin, J. B. (2004). Speech intelligibility of pediatric cochlear implant 
recipients with 7 years of device experience. Journal of Speech Language and Hearing 
Research, 47, 1227-1236. 

Peterson, A., Shallop, J., Driscoll, C., Breneman, A., Babb, J., Stoeckel, R., & Fabry, L. (2003). 
Outcomes of cochlear implantation in children with auditory neuropathy. Journal of the 
American Academy of Audiology, 14, 188-201. 

Pisoni, D. B., & Geers, A. E. (2000). Working memory in deaf children with cochlear implants: 
correlations between digit span and measures of spoken language processing. Annals of 
Otology, Rhinology, & Laryngology - Supplement, 185, 92-93. 

Ponton, C. W., Moore, J. K., & Eggermont, J. J. (1999). Prolonged deafness limits auditory system 
developmental plasticity: evidence from an evoked potentials study in children with cochlear 
implants. Scandinavian Audiology Supplementum, 51, 13-22. 

Project HIEDI, & National Foundation for the Deaf (2004). Project HIEDI.  Hearing impairment: 
early detection and intervention.  Improving outcomes for children with permanent congenital 
hearing impairment: the case for a national newborn hearing screening and early intervention 
programme for New Zealand. Auckland: The Foundation. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

59

Pulsifer, M. B., Salorio, C. F., & Niparko, J. K. (2003). Developmental, audiological, and speech 
perception functioning in children after cochlear implant surgery. Archives of Pediatrics & 
Adolescent Medicine, 157, 552-558. 

Purdy, S. C., Farrington, D. R., Moran, C. A., Chard, L. L., & Hodgson, S. A. (2002). A parental 
questionnaire to evaluate children's Auditory Behavior in Everyday Life (ABEL). American 
Journal of Audiology, 11, 72-82. 

Rajput, K., Brown, T., & Bamiou, D. E. (2003). Aetiology of hearing loss and other related factors 
versus language outcome after cochlear implantation in children. International Journal of 
Pediatric Otorhinolaryngology, 67, 497-504. 

Richter, B., Eissele, S., Laszig, R., & Lohle, E. (2002). Receptive and expressive language skills of 106 
children with a minimum of 2 years' experience in hearing with a cochlear implant. 
International Journal of Pediatric Otorhinolaryngology, 64, 111-125. 

Rizer, F. M., & Burkey, J. M. (1999). Cochlear implantation in the very young child. Otolaryngologic 
Clinics of North America, 32, 1117-1125. 

Robbins, A. M., Green, J., & Bollard, P. (2000). Language development in children following one year 
of Clarion implant use. Annals of Otology, Rhinology, & Laryngology - Supplement, 185, 94-
95. 

Sach, T. H., & Whynes, D. K. (2005). Paediatric cochlear implantation: the views of parents. 
International Journal of Audiology, 44, 400-407. 

Sarant, J. Z., Blamey, P. J., Dowell, R. C., Clark, G. M., & Gibson, W. P. R. (2001). Variation in 
speech perception scores among children with cochlear implants. Ear and Hearing, 22, 18-28. 

Schauwers, K., Gillis, S., Daemers, K., De Beukelaer, C., & Govaerts, P. J. (2004). Cochlear 
implantation between 5 and 20 months of age: the onset of babbling and the audiologic 
outcome. Otology & Neurotology, 25, 263-270. 

Schlumberger, E., Narbona, J., & Manrique, M. (2004). Non-verbal development of children with 
deafness with and without cochlear implants. Developmental Medicine & Child Neurology, 
46, 599-606. 

Schorr, E. A., Fox, N. A., van Wassenhove, V., & Knudsen, E. I. (2005). Auditory-visual fusion in 
speech perception in children with cochlear implants. Proceedings of the National Academy of 
Sciences of the United States of America, 102, 18748-18750. 

Schulze-Gattermann, H., Illg, A., Schoenermark, M., Lenarz, T., & Lesinski-Schiedat, A. (2002). Cost-
benefit analysis of pediatric cochlear implantation: German experience. Otology & 
Neurotology, 23, 674-681. 

Seifert, E., Oswald, M., Bruns, U., Vischer, M., Kompis, M., & Haeusler, R. (2002). Changes of voice 
and articulation in children with cochlear implants. International Journal of Pediatric 
Otorhinolaryngology, 66, 115-123. 

Sharma, A., Dorman, M. F., & Spahr, A. J. (2002). A sensitive period for the development of the 
central auditory system in children with cochlear implants: implications for age of 
implantation. Ear and Hearing, 23, 532-539. 

Spencer, L. J., Gantz, B. J., & Knutson, J. F. (2004). Outcomes and achievement of students who grew 
up with access to cochlear implants. Laryngoscope, 114, 1576-1581. 

Spencer, P. E. (2004). Individual differences in language performance after cochlear implantation at 
one to three years of age: child, family, and linguistic factors. Journal of Deaf Studies & Deaf 
Education, 9, 395-412. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

60

Stacey, P. C., Fortnum, H. M., Barton, G. R., & Summerfield, A. Q. (2006). Hearing-impaired children 
in the United Kingdom, I: Auditory performance, communication skills, educational 
achievements, quality of life, and cochlear implantation. Ear & Hearing, 27, 161-186. 

Staller, S., Parkinson, A., Arcaroli, J., & Arndt, P. (2002). Pediatric outcomes with the nucleus 24 
contour: North American clinical trial. Annals of Otology, Rhinology, & Laryngology - 
Supplement, 189, 56-61. 

Stern, R. E., Yueh, B., Lewis, C., Norton, S., & Sie, K. C. (2005). Recent epidemiology of pediatric 
cochlear implantation in the United States: disparity among children of different ethnicity and 
socioeconomic status. Laryngoscope, 115, 125-131. 

Summerfield, A. Q., & Marshall, D. H. (1999). Paediatric cochlear implantation and health-technology 
assessment. International Journal of Pediatric Otorhinolaryngology, 47, 141-151. 

Szuchnik, J., Skarzynski, H., Geremek, A., & Zawadzki, R. (2001). Results of total deafness treatment 
in young pre- and postlingually deafened children. Scandinavian Audiology, Supplementum, 
42-44. 

Tait, M., Nikolopoulos, T. P., Archbold, S., & O'Donoghue, G. M. (2001). Use of the telephone in 
prelingually deaf children with a multichannel cochlear implant. Otology & Neurotology, 22, 
47-52. 

Taitelbaum-Swead, R., Kishon-Rabin, L., Kaplan-Neeman, R., Muchnik, C., Kronenberg, J., & 
Hildesheimer, M. (2005). Speech perception of children using Nucleus, Clarion or Med-El 
cochlear implants. International Journal of Pediatric Otorhinolaryngology, 69, 1675-1683. 

Tobey, E. A., Geers, A. E., Brenner, C., Altuna, D., & Gabbert, G. (2003). Factors associated with 
development of speech production skills in children implanted by age five. Ear & Hearing, 
24, 36S-45S. 

Tobey, E. A., Geers, A. E., Douek, B. M., Perrin, J., Skellet, R., Brenner, C., & Toretta, G. (2000). 
Factors associated with speech intelligibility in children with cochlear implants. Annals of 
Otology, Rhinology, & Laryngology - Supplement, 185, 28-30. 

Toh, E. H., & Luxford, W. M. (2002). Cochlear and brainstem implantation. Otolaryngologic Clinics of 
North America, 35, 325-342. 

Tomblin, J. B., Spencer, L., Flock, S., Tyler, R., & Gantz, B. (1999). A comparison of language 
achievement in children with cochlear implants and children using hearing aids. Journal of 
Speech Language & Hearing Research, 42, 497-509. 

Tyler, R. S., Kelsay, D. M., Teagle, H. F., Rubinstein, J. T., Gantz, B. J., & Christ, A. M. (2000). 7-
year speech perception results and the effects of age, residual hearing and preimplant speech 
perception in prelingually deaf children using the Nucleus and Clarion cochlear implants. 
Advances in Oto-Rhino-Laryngology, 57, 305-310. 

Tyler, R. S., Teagle, H. F., Kelsay, D. M., Gantz, B. J., Woodworth, G. G., & Parkinson, A. J. (2000). 
Speech perception by prelingually deaf children after six years of Cochlear implant use: 
effects of age at implantation. Annals of Otology, Rhinology, & Laryngology - Supplement, 
185, 82-84. 

Uziel, A. S., Reuillard-Artieres, F., Sillon, M., Vieu, A., Mondain, M., Piron, J. P., & Tobey, E. A. 
(1996). Speech-perception performance in prelingually deafened French children using the 
nucleus multichannel cochlear implant. American Journal of Otology, 17, 559-568. 

Waltzman, S. B., & Cohen, N. L. (1998). Cochlear implantation in children younger than 2 years old. 
American Journal of Otology, 19, 158-162. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

61

Waltzman, S. B., Cohen, N. L., Gomolin, R. H., Green, J. E., Shapiro, W. H., Hoffman, R. A., & 
Roland, J. T., Jr. (1997). Open-set speech perception in congenitally deaf children using 
cochlear implants. American Journal of Otology, 18, 342-349. 

Waltzman, S. B., Cohen, N. L., Green, J., & Roland, J. T., Jr. (2002). Long-term effects of cochlear 
implants in children. Otolaryngology - Head & Neck Surgery, 126, 505-511. 

Waltzman, S. B., Robbins, A. M., Green, J. E., & Cohen, N. L. (2003). Second oral language 
capabilities in children with cochlear implants. Otology & Neurotology, 24, 757-763. 

Waltzman, S. B., & Roland, J. T., Jr. (2005). Cochlear implantation in children younger than 12 
months. Pediatrics, 116, e487-493. 

Willstedt-Svensson, U., Lofqvist, A., Almqvist, B., & Sahlen, B. (2004). Is age at implant the only 
factor that counts? The influence of working memory on lexical and grammatical development 
in children with cochlear implants. International Journal of Audiology, 43, 506-515. 

Wu, J. L., Lin, C. Y., Yang, H. M., & Lin, Y. H. (2006). Effect of age at cochlear implantation on 
open-set word recognition in Mandarin speaking deaf children. International Journal of 
Pediatric Otorhinolaryngology, 70, 207-211. 

Wu, J. L., & Yang, H. M. (2003). Speech perception of Mandarin Chinese speaking young children 
after cochlear implant use: effect of age at implantation. International Journal of Pediatric 
Otorhinolaryngology, 67, 247-253. 

Yoon, M. S., Kim, C. S., Chang, S. O., & Sim, H. S. (2004). The predicting variables of speech-
production abilities in prelingually deafened children with cochlear implantation. Cochlear 
Implants International, 5, 130-132. 

Young, N. M., Grohne, K. M., Carrasco, V. N., & Brown, C. (1999). Speech perception of young 
children using nucleus 22-channel or CLARION cochlear implants. Annals of Otology, 
Rhinology, & Laryngology - Supplement, 177, 99-103. 

Zimmerman-Phillips, S., Osberger, M. J., Geier, L., & Barker, M. (1997). Speech recognition 
performance of pediatric Clarion patients. American Journal of Otology, 18, S153-154. 

Zwolan, T. A., Ashbaugh, C. M., Alarfaj, A., Kileny, P. R., Arts, H. A., El-Kashlan, H. K., & Telian, S. 
A. (2004). Pediatric cochlear implant patient performance as a function of age at implantation. 
Otology & Neurotology, 25, 112-120. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

62

APPENDIX 4:  APPRAISED RETRIEVED PAPERS 

Anderson, I., Weichbold, V., D'Haese, P. S., Szuchnik, J., Quevedo, M. S., Martin, J., Dieler, W. S., & 
Phillips, L. (2004). Cochlear implantation in children under the age of two--what do the 
outcomes show us? International Journal of Pediatric Otorhinolaryngology, 68, 425-431. 

Connor, C. M., Craig, H. K., Raudenbush, S. W., Heavner, K., & Zwolan, T. A. (2006). The age at 
which young deaf children receive cochlear implants and their vocabulary and speech-
production growth: is there an added value for early implantation? Ear and  Hearing, 27, 628-
644. 

Govaerts, P. J., De Beukelaer, C., Daemers, K., De Ceulaer, G., Yperman, M., Somers, T., Schatteman, 
I., & Offeciers, F. E. (2002). Outcome of cochlear implantation at different ages from 0 to 6 
years. Otology & Neurotology, 23, 885-890. 

Hammes, D. M., Novak, M. A., Rotz, L. A., Willis, M., Edmondson, D. M., & Thomas, J. F. (2002). 
Early identification and cochlear implantation: critical factors for spoken language 
development. Annals of Otology, Rhinology, & Laryngology - Supplement, 189, 74-78. 

Holt, R. F., Svirsky, M., Neuburger, H., & Miyamoto, R. T. (2004). Age at implantation and 
communicative outcome in pediatric cochlear  implant users: is younger always better. 
International Congress Series, 1273, 368-371. 

Kirk, K. I., Miyamoto, R. T., Ying, E. A., Perdew, A. E., & Zuganelis, H. (2000). Cochlear 
implantation in young children: Effects of age at implantation and communication mode. 
Volta Review, 102, 127-144. 

Lesinski-Schiedat, A., Illg, A., Heermann, R., Bertram, B., & Lenarz, T. (2004). Paediatric cochlear 
implantation in the first and in the second year of life: A comparative study. Cochlear 
Implants International, 5, 146-159. 

Manrique, M., Cervera-Paz, F. J., Huarte, A., & Molina, M. (2004). Advantages of cochlear 
implantation in prelingual deaf children before 2 years of age when compared with later 
implantation. Laryngoscope, 114, 1462-1469. 

Manrique, M., Cervera-Paz, F. J., Huarte, A., & Molina, M. (2004). Prospective long-term auditory 
results of cochlear implantation in prelinguistically deafened children: the importance of early 
implantation. Acta Oto-Laryngologica Supplement, 55-63. 

McConkey Robbins, A., Koch, D. B., Osberger, M. J., Zimmerman-Phillips, S., & Kishon-Rabin, L. 
(2004). Effect of age at cochlear implantation on auditory skill development in infants and 
toddlers. Archives of Otolaryngology -- Head & Neck Surgery, 130, 570-574. 

Miyamoto, R. T., Houston, D. M., & Bergeson, T. (2005). Cochlear implantation in deaf infants. 
Laryngoscope, 115, 1376-1380. 

Nicholas, J. G., & Geers, A. E. (2006). Effects of early auditory experience on the spoken language of 
deaf children at 3 years of age. Ear & Hearing, 27, 286-298. 

Svirsky, M. A., Teoh, S. W., & Neuburger, H. (2004). Development of language and speech perception 
in congenitally, profoundly deaf children as a function of age at cochlear implantation. 
Audiology & Neuro-Otology, 9, 224-233. 

Szagun, G. (2001). Language acquisition in young German-speaking children with cochlear implants: 
individual differences and implications for conceptions of a 'sensitive phase'. Audiology & 
Neuro-Otology, 6, 288-297. 



 

THE EFFECTIVENESS OF EARLY COCHLEAR IMPLANTATION FOR INFANTS AND YOUNG CHILDREN WITH HEARING LOSS 

63

Tomblin, J. B., Barker, B. A., Spencer, L. J., Zhang, X., & Gantz, B. J. (2005). The effect of age at 
cochlear implant initial stimulation on expressive language growth in infants and toddlers. 
Journal of Speech Language & Hearing Research, 48, 853-867. 

 


