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Background

Prevalence (Russ et al, 2003; Ching et al, 2006)
– ≥ 40 dB HL: 1.05/1000
– 36 % have 3FA >= 70 dB HL

CI more effective than HA for severe or 
profound hearing loss (Blamey et al, 2001; 
Boothroyd et al, 1991; Stacey et al, 2006; Ching et 
al, 2007)



With UNHS, 
Early detection and intervention is possible

Alleviate negative impact of childhood hearing 
loss 
– Auditory skills (Sininger et al, 1999; Ruben, 1997)

– Language (US Agency for Healthcare Research and Quality, 2001).

– Reading (US AHRQ, 2004).

– Academic achievement (Punch et al, 2004)

– Psychosocial development (Watson et al, 1990)



But, evidence is inconclusive
Program-based studies 
showed retrospective 
association between 
early detection and 
better language at 3 or 
5 years of age
(Yoshinaga-Itano et al, 1998; 
Moeller, 2000).

Recent studies 
showed that age of 
intervention was not 
a significant factor 
affecting speech 
performance (Kennedy 
et al, 2006; Fitzpatrick et al, 
2007)

The lack of strong evidence puts even well-
accepted programs at risk of their funders.



Does early intervention improve long-
term outcomes?

A prospective study that directly examines 
whether newborn hearing screening and 
earlier intervention result in improved speech, 
language, or educational development 
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In 2005, we commenced a study on
Longitudinal 
Outcomes of 
Children with
Hearing 
Impairment …



Aims
To establish an evidence base for the 
speech, language, functional, psycho-social 
and educational outcomes of children who 
use hearing aids and/or cochlear implants;
To quantify the effect of a range of factors, 
including age of intervention, on different 
outcomes.
To relate etiology to outcomes
To relate early performance to later 
outcomes



Genetic
Biological

Environment
At birth

Child - Race, ethnicity, 
gender, birth history, 
additional disabilities, AN, 
cognitive ability,
Hearing loss - Age at 
fitting, Severity of loss, 
Hearing aid prescription, 
Age of implantation, 
CI parameters

Family – SES, 
language at home, 
maternal education, 
parent-child interaction

Intervention – age at 
enrolment, amount & type, 
language at intervention, 
family involvement 

Physical well-being
Social & emotional dev.
Executive functioning

Binaural speech perception
Phonological development,
Speech intelligibility,
Auditory comprehension,
Expressive Communication
Functional performance

Reading, 
Writing,

Numeracy

Letter-naming
Phonological 
awareness
Non-word 
repetition
Vocabulary
No. operations



Participants

440 children who first received 
amplification under 3 years of age
– All children who first presented for hearing 

aids at Australian Hearing paediatric 
centres in NSW, Queensland and Victoria 
after April 2005 are invited to participate.  

– All children diagnosed via SWISH in NSW



Method

Randomised trial of prescription
Collect demographic, audiological 
information and information about non-
device intervention for each participant.
Assess non-verbal cognitive ability at 5 
years of age



Method (etiology)

Parental questions
Tests of newborn blood spots
– CMV    ~ 25% (Morton & Nance, 2006)

– mutations in GJB2 (Cx 26)   ~ 15-21%
– mutations in SLC26A4 (Pendred) ~3-7%
– A1555G mutations (aminoglycosides

ototoxicity)  ~ 1%



First
Fit

Multiple assessments over time 
– to track rate of development
– To assess relative impact of different 

factors at different age

Method
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Progress to date
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(Computed for covariates at their means)
Vertical bars denote 0.95 confidence intervals
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Six months after fitting
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Age at implantation

Age at implantation (months)
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At 6 months after implantation

< 12 months >= 12 months
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ANOVA/ MANOVA

Dependent variable
– Auditory comprehension 
– Expressive communication

Predictor variables
– Implant age 
– Subscale
– Test interval



At 6 and 12 months after implantation

Current effect: F(1, 17)=4.1290, p=.05808
Vertical bars denote 0.95 confidence intervals
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Functional performance 
Effect of age of implantation (p = 0.009)*

PEACH: 6 months post-implantation
Current effect: F(1, 28)=7.7508, p=.00951
Vertical bars denote 0.95 confidence intervals
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Interim findings

When measured at 6 and 12 months after 
implantation, children who received CI 
prior to 12 months of age developed 
language within normal levels, on average.
Children who received CI after 12 months 
of age performed at 2 SD below the mean.
Growth rate near normal on average, but 
considerable variability.



Reasons for variability 

Non-verbal cognitive ability
Aetiology
Ethnicity
Language used at home
SES
Maternal education
Amount and nature of intervention
Parent involvement in intervention



When all data become available  …

Investigate the effect of multiple factors on 
performance in different dimensions;
If early-identified children continue to 
develop normal-language ability
If later-identified children “catch-up”
Impact of age of intervention on speech, 
language, functional, psychosocial, 
educational attainment in the longer term. 



Message for clinicians 

Fit early by using a prescription ~ 8 months
Implant early, ~ 12 months
Monitor rate of development
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