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Abstract
Hearing loss is a relatively common congenital disorder, affecting an estimated one to three in every 1,000 live births. Untreated hearing
loss in early childhood affects the development of speech and language, and later, academic success. Prior to universal newborn hearing
screening, the age of identification of permanent congenital hearing loss in infants was quite delayed, due in part to the absence of risk
factors in the majority children with congenital hearing loss. This article provides a brief overview of the causes and impact of permanent
childhood hearing impairment, and introduces the universal newborn hearing screening program in British Columbia (BC). The BC
Early Hearing Program, announced by the provincial government in March 2005, provides newborn hearing screening, diagnostic
assessments, the first set of hearing devices, and ongoing communication and family support services.
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Development of Speech and Language,
and the Impact of Hearing Loss

Permanent Congenital Hearing
Impairment

nfants tune in to the surrounding linguistic world early in
development. They are able to discriminate subtle speech
sounds at birth; by six to twelve months of age, they begin to
show a decline in their ability to discriminate non-native speech
sounds and an enhancement in their ability to discriminate native
speech sounds.1 Thus, infants develop a bias towards their native
language from a very early age.
Congenital hearing loss affects the quality and quantity of
these early listening experiences. Prelingual auditory deprivation
leads to language delay, the severity of which correlates with the
severity of the hearing loss. Children with hearing loss have poorer
language measures than their normal-hearing peers; language
outcomes in children with hearing loss are much poorer than
would be predicted by their non-verbal intelligence.2-5 Language
skills are critical for attaining literacy as well as other cognitive
skills; as such, deaf children have notably poorer academic
success (for a review, see Helfand et al.6). Additionally, children
with hearing loss exhibit more behavioural problems than their
normal-hearing peers.7, 8

Hearing loss is a relatively common congenital disorder.
Approximately one to three in every 1,000 infants are born with
permanent hearing loss; the number increases to one in every
40 for infants who require care in the Neonatal Intensive Care
Unit (NICU).9-12 The causes of congenital hearing loss in infants
include:
1. anatomic abnormalities of the ear (outer, middle and/
or inner);
2. syndromal genetic disorders (e.g., Down Syndrome,
Waardenburg syndrome);13
3. non-syndromal hereditary hearing loss (i.e., hearing loss
in isolation) – patterns of inheritance include autosomal
dominant, autosomal recessive, mitochondrial, and
X-linked13 (see the Hereditary Hearing Loss Homepage
for an overview of the genetic causes of hearing loss14);
4. in utero infections (toxoplasmosis, rubella,
cytomegalovirus, herpes, syphilis);15 and
5. exposure to ototoxic drugs such as alcohol, cisplatinum,
and isotretinoin during pregnancy.15
Risk factors for hearing loss include meningitis, hyperbilirubinemia
requiring exchange transfusion, low birth weight, respiratory
distress, prolonged mechanical ventilation, low Apgar scores,
exposure to ototoxic medications such as gentamicin and loop
diuretics, and family history of childhood hearing impairment.16
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Universal newborn hearing
screening is the best way to
ensure that all children with significant
congenital hearing loss will be
identified early.

Genetic causes account for over half of children with
permanent congenital hearing loss.13 Of these, approximately
75% have non–syndromal hereditary hearing loss, i.e., they
have hearing loss in isolation, with no other associated medical
issues.17 At least half of non-syndromal hereditary hearing loss
is associated with a defect in the Cx26 gene, which encodes a
connexin gap junction protein.18 This genetic defect displays a
recessive pattern of inheritance.

Identification of Permanent Childhood
Hearing Loss Before Universal Screening
Infants with hearing loss generally develop normal early
communication skills such as eye contact, smiling, gesturing, and
babbling.19 For this reason, it is difficult to identify infants who
have hearing loss based on behavioural observation alone.
Before the advent of universal newborn hearing screening,
children were usually assessed for hearing loss based on whether
they had known risk factors (such as a lengthy stay in the NICU,
or a family history of hearing loss) or when there was parental
concern. However, at least half of the children found to have
permanent congenital hearing loss do not have risk factors.20
Historically, assessment of children based on the presence
of risk factors led to diagnosis by approximately 12 months of
age.20 Children who had a severe or profound degree of hearing
loss were typically identified earlier than those children with a
lesser degree of hearing loss, as behaviours associated with a
severe to profound loss are more apparent.5 The average age of
identification in children with mild to moderate degrees of hearing
loss was approximately two years of age.20
Given that at least half of all children with permanent
congenital hearing loss will have no apparent risk factor, and
given the lack of early reliable behavioural indicators of hearing
loss, targeted screening would miss many children with hearing
loss. Universal newborn hearing screening is the best way to
ensure that all children with significant congenital hearing loss
will be identified early.
The U.S. Preventive Services Task Force recommends
screening for hearing loss in all newborns (B recommendation21);
with recent advances in hearing assessment techniques, this has
become feasible. Universal newborn hearing screening programs
are in place or under development in many countries such as the
United States, the United Kingdom, Canada, Australia, and New
Zealand.

The British columbia Early Hearing
Program (BCEHP)
The BC Early Hearing Program (BCEHP) is the first provincewide hearing screening program in British Columbia. The program
was announced in March 2005 and was fully implemented across
all health authorities by 2009. The program provides newborn
hearing screening, follow-up diagnostic assessments, the first set
of hearing aids, and ongoing communication and family support
services. It is delivered by approximately 350 service providers
and professionals in British Columbia’s six regional health
authorities.22

Hearing Screening in the Newborn
Most infants have their hearing screened before they are
discharged from the hospital; for those who do not have screening
completed by the time of discharge, the family is offered a followup appointment, usually at the local community public health
audiology clinic.
Similar to universal newborn hearing screening programs in
other countries, there are two screening methods in use in British
Columbia:
1. Automated Otoacoustic Emissions: Otoacoustic
emissions (OAEs), first characterized by Kemp in
1978, are sounds actively generated by the outer hair
cells of the inner ear in response to incoming sound.23
A probe is placed in the infant’s ear, and soft clicks are
presented. The probe automatically detects the presence
or absence of the OAEs in response to the clicks. OAEs
reflect the status of the peripheral auditory system
(outer, middle, and inner ears).
2. Automated Auditory Brainstem Response: The
auditory brainstem response (ABR) is generated by the
synchronous firing of neurons in the auditory nerve and
brainstem in response to sound.24 Electrodes are placed
on the forehead and nape of the neck, and sounds are
presented to the ears via earphones. For the purpose of
screening, response detection is automated. The ABR
reflects the status of the peripheral auditory system and
auditory neural pathway to the level of the brainstem.
Hearing screening is a two-stage process:
1. Infants who pass the first screening do not need any
further testing. Sensitivity of hearing screening is
estimated at 94%;25 i.e. very few infants who have
significant hearing loss will have a “pass” result.
2. Those who do not pass the first screening will have a
second screening. This increases the specificity of the
screening by reducing the number of false positives. The
referral rate from first stage screening is approximately
eight percent.26
3. Those who do not pass the second screening will
be referred for a full diagnostic assessment with an
audiologist. The referral rate to diagnostics from
screening for the 2008/2009 fiscal year was two percent
in BC, which is below the benchmark of four percent
set by the American Academy of Pediatrics.16,27
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history and physical examination,
imaging of the ear, and targeted
genetic testing.29 At this time, the
only genetic screening available
in British Columbia for nonsyndromic hereditary hearing loss
is for the Cx26 gene, as discussed
above. A full review of the
BCEHP guidelines for the medical
management of children newly
diagnosed with permanent hearing
loss is available on the BCEHP
website.22
Additionally, the child will
receive a fitting with hearing
aid(s) (if appropriate), and the
family will enrol in an early
intervention program to aid in the
development of speech, listening,
Figure 1. Timeline of the first six months of life for a typical child diagnosed with permanent congenital hearing loss through and language skills. The first set
the BCEHP.
of hearing aids, including batteries
and
earmolds,
are
provided
by
the
BCEHP at no cost to the family.
Diagnosis and Management of
For
more
information
about
Early
Intervention and the Hearing
Congenital Permanent Hearing Loss
Aid Program, please see the BCEHP website.22
Infants who do not pass screening are seen for a full diagnostic
Figure 1 shows the timeline of events from birth through the
assessment with an audiologist at one to two months of age. Infants
first six months of a child identified with permanent congenital
at this age are too young for reliable behavioural testing: the goldhearing loss through the BCEHP. The BCEHP protocol, which
standard method of infant hearing assessment is by diagnostic
requires screening by one month, diagnosis of hearing loss by
tone-evoked ABR in conjunction with other supportive tests.16
three months, and early intervention (including hearing devices)
The diagnostic tone ABR is very similar to the screening ABR,
by six months of age, is in line with the Joint Committee on Infant
but does not employ automatic response detection, providing a
Hearing recommendations.16
much larger degree of diagnostic detail about hearing status. It
is performed by an audiologist with training in infant assessment
The Role of the Family Physician/
techniques. An infant is fit with electrodes and headphones, and
Paediatrician
the elicited ABR waveforms are interpreted by an audiologist. The
Identification of permanent hearing loss in a newborn is often
infant must be asleep, as any muscle movement or tension creates
a time of intense emotions for the family.30 While children who
myogenic artefacts that interfere with waveform interpretation.
are identified with hearing loss, fitted with hearing aids, and
This test takes approximately one hour of sleep time (often less
enrolled in an early intervention program by age six months have
if hearing is normal).28 When hearing loss is identified, a second
a good prognosis for speech and language development, it is still
appointment is often required to obtain more information.28 In the
a difficult time of adjustment for the family, and family-centred
case of normal hearing it is sufficient to determine that hearing
support is important during this period.31,32 Good interdisciplinary
sensitivity is within the normal range; however, when there is
communication between the audiologist and the primary
hearing loss present, more ABR waveforms must be obtained to
care physician is critical to ensure families receive consistent
accurately characterize the hearing loss for optimal habilitation
information.
with amplification devices such as hearing aids.
It is important to be aware that not all permanent childhood
Once the hearing loss has been confirmed and quantified,
hearing loss is present at birth; some children will develop
the child requires a medical evaluation by an otolaryngologist.
hearing loss later in childhood. Within the BCEHP, children
The purpose of the medical evaluation is to investigate the
who pass screening at birth but have risk factors for progressive
etiology of the hearing loss, to evaluate for other complications or
hearing loss* are monitored until three years of age. However, as
concomitant disorders, and to prevent/manage future deterioration
discussed, not all children with hearing loss have identifiable risk
of the hearing loss. Investigation of etiology involves a thorough
*Risk factor criteria for BCEHP monitoring27 are: craniofacial anomalies (not ear pits or tags); close relative (parent, sibling, uncle, aunt, cousin, grandparent) who had
permanent hearing loss before 12 years of age; syndrome associated with late onset/progressive hearing loss; birthweight less than 1200 grams; five-minute Apgar score less
than or equal to 3; hypoxic-ischemic encephalopathy (HIE) moderate/severe (Sarnat II or III); congenital diaphragmatic hernia (CDH); extra-corporeal membrane oxygenation
(ECMO), or inhaled Nitrous Oxide (iNO) or High-Frequency Oscillatory (HFO) or Jet (HFJ) ventilation; intra-ventricular hemorrhage (IVH), Grade III or IV; peri-ventricular
leukomalacia (PVL); hyperbilirubinemia > 400 μmol or meeting any standard criteria for exchange; perinatal (in the baby) TORCHS infection (toxoplasmosis, rubella, cytomegalovirus (CMV), herpes, syphilis); meningitis, irrespective of the pathogen; and accidental overdose of gentamicin or other aminoglycosides, five-fold or greater.
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factors. If there is a speech-language delay, or parental concern
about hearing, then the child should be referred for a hearing
assessment at the nearest public health audiology clinic regardless
of screening results or the absence of risk factors.
The American Academy of Pediatrics16 outlines the following
roles for the pediatrician/primary care physician:
1. Monitor the general health, development, and wellbeing of the infant, including developmental milestones;
2. Ensure that families follow through with hearing
screening and diagnostic audiology appointments;
3. Initiate medical referrals for medical specialty
evaluations for the determination of etiology of the
hearing loss;#
4. Monitor middle ear status for temporary outer/middle
ear pathology such as otitis media, as this can impede
screening and diagnostic testing, or add to the degree of
loss in the case of permanent hearing loss;
5. Review the infant’s medical and family history for the
presence of risk factors that require monitoring for
progressive or delayed-onset hearing loss;
6. Attend to parental concerns regarding speech
and language development, hearing, and other
developmental milestones.
The BCEHP is quite new, and permanent childhood hearing
impairment, while not rare, is not a common diagnosis; for these
reasons, primary care physicians may not be aware of the BCEHP,
and may not know how to communicate with families who have
just had their child diagnosed with hearing loss. The BCEHP
website has information for physicians about hearing screening,
diagnostic assessment of hearing loss, early intervention programs,
and the BCEHP guidelines for medical management of children
newly diagnosed with hearing loss.22
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The BCEHP has an expedited medical referral process whereby designated otolaryngologists will accept referrals and ensure prompt medical evaluation of the child newly
diagnosed with hearing loss. Please see the BCEHP website www.phsa.ca/earlyhearing for more information.
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