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EARLY HEARING DETECTION AND INTERVENTION 
SYSTEMS (EHDI) IN THE NEW MILLENNIUM 

 
 

Dr. Betty Vohr, Department of Pediatrics, Women and Infants Hospital, Brown University, 
Providence, Rhode Island, United States 
Thursday, January 23, 2003, 9:00 to 10:00 AM 
 
 
Newborn hearing screening for permanent hearing loss fulfills the recommended criteria for 
universal screening. The incidence of permanent hearing loss is between 2 and 3 per 1000  

which is higher than any of the metabolic disorders; there are reliable  methods available 
(automated auditory evoked response and transient evoked otoacoustic emissions); late 
identification has serious negative effects on outcome, and treatments and interventions are 
available to modify the outcome.   In 1999, the American Academy of Pediatrics Task Force on 
Newborn and Infant Hearing endorsed universal newborn hearing screening programs to 
provide screening, early assessment and intervention.  Thirty-eight states in the U.S. now 
recommend or mandate such screening. 
 
Three protocols are commonly used for universal newborn hearing screening programs:  
(1) transient evoked otoacoustic emissions (TEOAE) or distortion product otoacoustic 

emissions (DPOAE),  
(2) automated auditory brainstem response (AABR), and  
(3) a “two-step” program in which infants are first screened with OAE followed by an AABR 

screen for those infants who fail the OAE screen.   
 
Access to audiologists experienced with infants and young children, working in appropriately 
equipped facilities sensitive to the impact of diagnostic news on parents, undergirds successful 
universal newborn hearing screening.  Timely follow-up, empathetic counselling, reasonable 
reimbursement for services, and a system-wide collaboration that supports families are also 
needed.  For most infants with hearing loss, a key component of intervention will be the use of 
amplification and other assistive listening devices. The goal of providing auditory input, 
specifically the best amplified speech signal possible through amplification by no later than six 
months of age, is recommended. 
 
Children ages birth to 3 years identified with hearing loss are eligible and should receive early 
intervention services. Early identification of hearing loss in conjunction with early intervention 
holds with it the promise of early and beneficial experiences that enable parents to help their 
child develop language and communication.   
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WHAT ARE THE ADVANTAGES AND DISADVANTAGES FOR EARLY 
DETECTION AND INTERVENTION OF CHILDREN WITH HEARING LOSS 

 
 

Dr. Christine Yoshinaga-Itano, Speech, Language and Hearing Sciences Department, 
University of Colorado, Boulder, Colorado, United States 
Thursday, January 23, 2003, 10:30 AM to 12:00 PM 
 
 
This session will present research data that led to the support for establishing early hearing 
detection and intervention (EHDI) programs begun through universal newborn hearing 
screening programs (UNHS) in the United States.  Evidence that there are sensitive periods in 
the development of children with significant hearing loss and that the first six months of life are 
critical to age-appropriate language development will be presented.  Both cross-sectional and 
longitudinal information will be presented.  Once a language path, rate of language growth, is 
established, the path is resistant to change. The sensitive periods for different aspects of 
language development differ.  The development of vocabulary, phonology, syntax and 
morphology appear to have different sensitive periods.  Vocabulary development is very 
sensitive to early identification and the rate of growth is established early in life.  Vocabulary can 
serve as a gateway to other aspects of language development.  Parental involvement and other 
parent variables can impact changes in the rate of development. Language, speech, and social-
emotional developmental outcomes as a result of early-identification and earlier intervention of 
children with hearing loss will be discussed.  Universal newborn hearing screening programs 
result in earlier identification (an average of 2 to 3 months of age), earlier initiation of 
intervention (within 2 months of identification of the hearing loss), and better developmental 
outcomes.  UNHS/EHDI programs have identified new populations of children for which 
intervention protocols need to be developed:  unilateral hearing loss, auditory neuropathy, and 
infant/toddler cochlear implant candidates.  Some children with unilateral hearing loss progress 
to bilateral hearing loss.  About 34% of the unilaterals followed longitudinally have significant 
language delays.  These unilateral hearing losses were identified but did not have treatment or 
use of amplification. 
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COST EVALUATION OF EARLY HEARING DETECTION 
AND INTERVENTION (EHDI) SYSTEMS 

 
 

Dr. Betty Vohr, Department of Pediatrics, Women and Infants Hospital, Brown University, 
Providence, Rhode Island, United States 
Thursday, January 23, 1:30 to 3:00 PM 
 
 
In the current economy program cost containment is a high priority.  Hearing screening, 
audiology services, otolaryngology services, genetic counselling and early intervention for 
infants identified early with hearing loss all have associated costs for the hospital, the family and 
the service provider.  These costs, however, must be viewed with the knowledge that 
undetected hearing loss significantly affects language, speech, cognitive and behavioural 
development resulting in higher family and societal costs. 
 
Factors affecting newborn hearing screening costs including hospital costs, operating expenses, 
screening skills, follow-up costs and number of babies screened.  Studies evaluating the costs 
of TEOAE (transient evoked otoacoustic emissions), AABR (automated auditory brainstem 
response) and a two-step protocol using TEOAE and AABR will be presented.  Post discharge 
costs will be evaluated. 
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AUDITORY SYSTEM DEVELOPMENT AND PLASTICITY: 
IS EARLY INTERVENTION NECESSARY? 

 
 

Gaspard Montandon, Laboratoire de physiologie de l’audition de Bordeaux, Bordeaux, 
France 
Thursday, January 23, 2003, 1:30 to 3:00 PM 
 
 
From the moment of birth, the newborn child is plunged into a world that is rich in auditory 
stimulation. The child progressively learns to receive and decrypt this information, and to 
integrate and relate it to other sensory information. This sonic information, by way of several 
episodes of greater sensitivity, will gradually foster the development of the auditory system and 
the maturation of the auditory areas of the brain, and eventually enable the child to acquire a 
language. The role of audition highlights the possible consequences hearing impairment can 
have on a child’s cognitive development. 
 
The importance of sensory activity on cerebral development can be understood by observing 
the auditory development of children with normal hearing, children with deafness and children 
with hearing aids. Recent behavioural and neurobiological data for these three types of listeners 
will be presented along with the critical stages of cerebral development. These data will be 
completed by data from animal models. This comparison will demonstrate the consequences of 
hearing impairment on maturation and will help in understanding the possible benefits of hearing 
aids such as cochlear implants. Even though the auditory system is highly plastic, certain stages 
are irreversible. Defining these stages of development and understanding why they are 
fundamental to the normal development of the auditory system will follow. 
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EVALUATING A PROGRAM: INFRASTRUCTURE AND QUALITY STANDARDS 
 
 

Dr. David K. Brown, Auditory Research Program, University of Calgary, Alberta, Canada 
Thursday, January 23, 2003, 3:30 to 5:30 PM 
 
 
Screening a newborn’s hearing has become easier as technology has evolved.   Numerous 
automated devices are now available, which provide an objective physiologic screening and can 
be preformed by non-audiologists.  However, the act of hearing screening is in reality a small 
part of the overall objective in a screening program.  Screening a newborn may in fact be the 
easiest part of the program.  Once the newborn has been screened, their results need to be 
tracked.  This is especially true in the case of a “refer” result, where it is the underlying objective 
of the program for that child to receive follow-up evaluations to determine their hearing status.  
Therefore tracking infants as they flow through Early Hearing Detection and Intervention (EDHI) 
Programs is vital so that they are not lost somewhere in the system.  The tracking system is 
also an integral part of the evaluation of the Program.   
 
Program evaluation and quality improvement are essential components of any high-quality 
EDHI Program.  They must exist as sub-programs of the overall EHDI program and should 
address structure, process and outcome elements of the entire Program.  Goals and objectives 
must be developed, to not only guide a program but also to measure its success.  Quality 
improvement is a conceptual approach that incorporates ongoing and continuous re-
examination of the program components in order to determine proactively whether the program 
is functioning as effectively and efficiently as possible.  It also can determine when and where 
problems or concerns arise, so that the components can be maintained, repaired and wherever 
feasible, enhanced.  Program evaluation is a formal method to ascertain if the overall goals and 
specific objectives are actually being achieved.  Both of these components must be present not 
only to determine the success of an EDHI program but to effect change to ensure its success. 
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THRESHOLD ESTIMATION USING THE TONE-EVOKED AUDITORY 
BRAINSTEM RESPONSE: FUNDAMENTALS AND RESULTS 

 
 

Dr. David R. Stapells, School of Audiology & Speech Sciences, University of British 
Columbia, Vancouver, Canada 
Thursday, January 23, 2003, 3:30 to 5:30 PM 
 
 
The auditory brainstem response (ABR) is an essential tool for the audiology clinician. With the 
advent of universal newborn hearing screening and subsequent need for timely and appropriate 
diagnostic evaluation for young infants, ABRs have actually increased in their importance for 
audiologists. It is now essential to obtain the information necessary to fit amplification in a 3-
month-old infant. Currently, only the tone-evoked ABR can adequately provide the frequency-
specific air- and bone-conduction threshold information required. This presentation cover: 
 
(i) what are the current problems with ABR audiometry by clinicians,   
(ii) why tone-ABRs are required,   
(iii) results with tone-ABRs,  
(iv) bone-conduction tone-ABR assessment, and  
(v) test protocols, procedures and sequence. 
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THE CANADIAN WORKING GROUP ON CHILDHOOD HEARING  
 
 

Sharon Bartholomew, Health Canada, Ottawa, Ontario, Canada 
Dr. Andrée Durieux-Smith, Vice-dean, Faculty of Health Sciences, University of Ottawa, 
Ontario, Canada 
for the Canadian Working Group on Childhood Hearing 
Friday, January 24, 2003, 8:30 to 10:00 AM 
 
 
Introduction 
The Canadian Working Group on Childhood Hearing (CWGCH) was established in September 
2000 by Health Canada. It was formed in response to recent growing interest in the 
identification and management of newborn hearing loss by various groups of health 
professionals, educators and consumers and at different levels of government. Membership in 
the CWGCH includes professional associations; consumers/parents; and experts in 
otolaryngology, audiology, speech-language pathology, nursing, child health and public health. 
 
 
Objectives 
The mandate of the CWGCH is to develop an evidence-based resource manual for early 
hearing detection and intervention to address the needs of children with hearing loss and their 
families in Canada. The resource manual will address the following: target group, screening, 
audiological and medical assessment, interventions, and infrastructure. The Working Group is 
committed to four guiding principles: National Role, Evidence-Based Approach, Family-centred 
Approach, and Partnership and Collaboration. 
 
 
Methodology 
The resource manual is being developed by a process which includes: systematic and critical 
reviews of the evidence; drafting of the manual by Working Group members with various 
content expertise; and a process of consultation with various stakeholders in Canada. The 
consultations will provide an opportunity for provincial and territorial governments and 
healthcare professionals, educators and consumers to contribute towards the finalization of the 
manual. 
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Conclusion 
The Working Group aims to foster collaboration among all stakeholders to build on experiences, 
create linkages and provide opportunities for the promotion of best practices in early hearing 
detection and intervention across Canada. The Working Group will contribute to the field by 
producing a science-based report which will be a useful reference document for jurisdictions in 
Canada for their policy and programming decisions in early hearing detection and intervention. 
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EXAMPLES OF EARLY DETECTION AND INTERVENTION OF 
DEAFNESS PROGRAMS AT DIFFERENT STAGE OF IMPLANTATION: 

NEW YORK STATE, ONTARIO, ALBERTA AND NEW BRUNSWICK 
 
 

Dr. David K. Brown, Auditory Research Program, University of Calgary, Alberta, Canada 
Dr. Judith S. Gravel, Hunter College of the City University of New York, New York, 
New York State, United States 
Dr. Martyn Hyde, Hearing and Balance Unit, Mount Sinai Hospital, University of Toronto, 
Ontario, Canada 
Dr Johanne Roussel-Maltais, Hôpital Dr G.-L. Dumont, Moncton, Nouveau-Brunswick, 
Canada 
Friday, January 24, 2003, 10:30 AM to 12:00 PM 
 
 
 
The abstracts are not available. 
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The PowerPoint is not available. 
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SCREENING TEST PERFORMANCE 
 
 

Dr. Martyn Hyde, Hearing and Balance Unit, Mount Sinai Hospital, University of Toronto, 
Ontario, Canada 
Friday, January 24, 2003, 1:30 to 3:00 PM 
 
 
A review is presented of hearing screening tests in common use in programs for Universal 
Newborn Hearing Screening (UNHS)/Early Hearing Detection and Intervention (EHDI).  The 
focus is upon the operating characteristics, strengths and limitations of Otoacoustic Emissions 
(OAE) and Automated Auditory Brainstem Response (AABR) screening. 
 
The review begins with principles of test evaluation, including definition and explanation of 
sensitivity and specificity, and associated false-negative and false-positive error rates.  
Sensitivity and specificity are not fixed, but vary inversely as the pass-refer criteria change; their 
relationship is summarized by the relative (receiver) operating characteristic (ROC). 
 
It is common to repeat a screening test of a given type or to combine tests of different types into 
a serial, multi-stage protocol.   The usual aim is to increase the protocol specificity while 
maintaining the highest possible overall sensitivity.  The principles of test combination and the 
resulting effects on sensitivity and specificity are discussed. 
 
When screening tests or multi-test protocols are used, they assign infants to categories of high 
or low risk of impairment.  The outcomes are quantified by measures such as positive and 
negative predictive values, referral rates and yield.  These are defined and explained. 
 
The definition and prevalence of the target disorder can affect sensitivity and specificity, and 
have strong effects on the screening outcome measures.  These interactions are explained. 
Recent evidence on prevalence of hearing impairment is outlined, including the effects of 
hearing loss severity, frequency profile, laterality and time of expression.  Variations in the 
definition of the target disorder are discussed. 
 
Characteristics of typical, commercial OAE and AABR screening devices are outlined.  Some 
current evidence about their performance is summarized.  Difficulties in obtaining accurate and 
consistent values for sensitivity include extreme sample size demands, the requirement for 
complete follow-up of the screened cohort, limitations of 'gold standard' tests, and changes in 
true hearing status over time. 
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The review concludes with comments on operational issues in screening programs.  These 
include choice of screening test(s) for different sub-populations, the timing and exact conduct of 
screening, environmental and personnel factors.  These variables contribute to performance 
variations across programs and among centres, and also to trends over time in test, protocol 
and program performance. 
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POTENTIAL PITFALLS IN DETERMINING AUDITORY STATUS 
IN BEHAVIORAL AUDIOLOGIC ASSESSMENT 

 
 
Dr. Judith S. Gravel, Hunter College of the City University of New York, New York, 
New York State, United States 
Friday, January 24, 2003, 1:30 to 3:00 PM 
 
 
Remarkable progress made in North America over the last several years towards the early 
identification, assessment and management of permanent childhood hearing loss.  Recently, 
the Joint Committee on Infant Hearing (2000) recommended that medical and audiologic 
assessment of hearing loss be completed by 3-months of age in an infant identified as risk in 
the newborn period.  The time line of identification by one month, confirmation by three months 
and intervention by six months has become the goal of early hearing detection and intervention 
(EHDI) programs.   
 
Along with this long-desired opportunity for EHDI services delivery comes the challenge for 
audiologists of accurately determining the type, degree and configuration of the infant’s hearing 
loss.  This allows the counseling of parents, medical intervention when appropriate, 
amplification selection and fitting, management and follow-up to proceed in a timely manner.  A 
key in this process is the provision of comprehensive and on-going audiologic assessment.  
During the audiologic assessment, the auditory status of the infant is determined: information 
regarding threshold sensitivity is obtained across the speech frequency range and monitoring 
for change in auditory status (due to temporary or permanent changes in hearing sensitivity) is 
undertaken.  As more is learned about the infant’s hearing loss, personal amplification devices, 
initially fit on somewhat limited data, are individualized.   
 
As clinicians are learning rapidly, there are numerous ‘audiologic pitfalls’ that must be 
anticipated when evaluating infants and young children. These pitfalls can influence the 
accuracy of the diagnosis of the hearing loss, delay the initiation of appropriate management, 
and create stress and uncertainty in parents and caregivers. This presentation will address 
when to anticipate the unique audiologic pitfalls that arise in the audiologic evaluation of infants, 
particularly those relevant to the behavioral audiologic assessment.  Where and why these 
pitfalls arise will be reviewed and ways to avoid them will be suggested.  A comprehensive test 
battery approach will be encouraged.  This approach encourages the audiologist to continually 
examine the accord among physiologic and behavioral measures of auditory status.   
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ACQUIRED HEARING LOSS IN CHILDREN 
 
 

Dr Michel Picard, École d’orthophonie et d’audiologie, Université de Montréal, Québec, 
Canada 
Friday, January 24, 2003, 4:00 to 4:30 PM 
 
 
The prevalence of acquired irreversible bilateral hearing loss to a degree greater than 40 dB 
increases with age, especially between three and nine years of age. From 1,06 case per 1000 
births by age three, this increases to 2.05 cases per 1000 births by age nine. This trend appears 
to have two leading causes. First, the effects of progressive hearing loss of genetic origin seems 
to delay the diagnosis of the problem because of a history of natural sensory loss occurring at a 
later age. The second cause seems to be related to the fact that lesser degrees of hearing loss 
are detected at later ages: in Germany, light deafness is diagnosed at age six, moderate 
deafness at age four, severe deafness at age two and a half, and profound deafness at just 
under two years of age. Advances in neonatal medicine have contributed to a decrease in 
newborn mortality (including the severely premature), but have been linked to an increased 
prevalence of acquired deafness. On another level, certain ethnic groups that have emigrated to 
heavily industrialized western countries are being singled out because they seem more prone to 
manifestations of significant deafness during childhood. These groups include people from 
Pakistan, Asia, Cuba, Puerto Rico, and Mexico.  
 
It is estimated that in the United-States, at least one school-aged child out of six (16.6%) has 
irreversible hearing loss either from birth or from endogenous causes. Added to this is 
occupational hearing loss, which has been documented in children in the US since the late 
Sixties, and which is on the rise because of a universal increase in noisy leisure activities. Loud 
music in all its forms is increasingly well documented as a propagation vector. In the US, 
exposure to firearm and firework detonations appears to be a more important vector than loud 
music. Participation in noisy sport activities, such as watching car races or driving race cars, is 
frequently part of the history of exposure. Adolescents engaged in farm work face a special risk. 
Because of cultural factors, boys are affected by deafness in greater numbers than girls (9:1). 
Occupational deafness is more prevalent in areas with high levels of poverty, in rural areas, and 
in the southern and western parts of the US.  
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The majority of new cases of deafness are found in adolescents (12-19 years), but 26% of 
diagnoses concern children aged ten years or less. Boys represent the majority of these cases, 
owing to the fact that they are more inclined to participate in noisy activities with a parent 
(motorcycle and snowmobile riding, use of noisy tools, exposure to firearm detonations, etc.). 
Occupational deafness in the US is estimated to affect 12.5% of children and adolescents aged 
from 6 to 19 years. There is no reason to believe the situation is any different in Canada. All 
things considered, acquired hearing loss would seem to affect one out of three children. 
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THE USER’S PERSPECTIVE 
 
 

Marc Choquette, Quebec’s association for children with hearing problems (AQEPA) 
Nicole De Rouin, Quebec’s association for children with hearing problems (AQEPA) 
Friday, January 24, 2003, 4:30 to 5:00 PM 
 
 
The Quebec Association for Children with Hearing Impairment is a provincial non-governmental 
organization that was established in 1969. It has almost 600 members, most of whom are 
parents of hearing-impaired children. The Association’s mission is to promote and develop all 
the services needed for the social integration of young people with hearing impairment. 
 
The Association works to meet the following objectives: 
 
• To promote the dissemination of information and to support the parents of hearing-impaired 

children. 
• To promote early screening, early childhood intervention and use of appropriate 

amplification devices. 
• To promote parents’ and children’s rights to take full part in decisions relating to them. 
• To act as advocate for parents and children in their dealings with authorities in order to 

foster the development of resources that better meet the needs of hearing-impaired children. 
 
In December 1999, a committee for “adaptation-readaptation” was created in order to identify 
strategies to help prepare hearing-impaired children for school. Why are our children not ready 
for their first year in school? A final report, tabled in May 2002, contains several 
recommendations. Among other things, it calls for universal neonatal hearing screening, early 
diagnosis and fitting of appropriate amplification devices and intensive early childhood 
readaptation. 
 
We understand that the family plays a primordial role in children’s development. We wish to 
learn how to communicate with them as soon as possible. Why not give hearing-impaired 
children the tools they need to become fully functioning members of society, and to use their 
differences and talents to help make it better? 
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The PowerPoint is not available. 
 
 




