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Abstract

Can a ten-minute test in the first 48 hours of life reliably predict whether a baby will need hearing
support? This research examined the diagnostic accuracy and clinical value of audiological screening
protocols across 239 newborns in four maternity hospitals in Sydney, Australia. Infants were assessed
between April 2020 and September 2023 using a two-stage protocol: transient evoked otoacoustic
emissions (TEOAE) at birth followed by automated auditory brainstem response (AABR) for those
who did not pass the initial screen. Of the 239 neonates, 83 were eventually confirmed to have
permanent hearing loss of varying degrees. The TEOAE screen alone showed a sensitivity of 91.6%
and specificity of 87.2%, while the combined TEOAE-AABR protocol raised sensitivity to 97.6% and
specificity to 94.9%. Gestational age emerged as a significant predictor of initial screening outcomes,
with very preterm infants (<32 weeks) showing higher false-refer rates (18.7%) compared to term
infants (4.2%). Mean time from initial screen to confirmed diagnosis was 2.4 months for the combined
protocol, meeting the recommended three-month target. The data confirm that a staged audiological
approach can identify hearing loss with high accuracy in the neonatal period, though preterm infants
require adjusted interpretation criteria to reduce unnecessary referrals.

Keywords: Audiological assessment, newborn hearing screening, otoacoustic emissions, auditory
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Introduction

Every year in Australia, roughly 3 in every 1,000 babies are born with some degree of
permanent hearing loss ™. For most of these children, the outcome hinges less on the
severity of their impairment and more on how quickly someone catches it. A baby whose
hearing loss is detected and addressed within the first few months of life stands a realistic
chance of developing spoken language on schedule. A baby whose loss goes unnoticed until
age two does not 2,

Australia's national newborn hearing screening program, rolled out fully by 2010 after a
decade of state-by-state implementation, has made early detection the default rather than the
exception Bl But the screening tools themselves, primarily otoacoustic emissions and
automated auditory brainstem response, are imperfect instruments applied to a complex
biological system. They produce false positives that alarm parents unnecessarily and, less
commonly, false negatives that allow hearing loss to slip through the net I,

The challenge is especially acute for preterm newborns. Infants born before 32 weeks
gestation have auditory pathway immaturity that can mimic hearing loss on
electrophysiological tests, driving up referral rates without corresponding increases in
confirmed diagnoses . Neonatal intensive care unit (NICU) graduates already carry
elevated risk for hearing loss, approximately 2 to 4 percent compared to 0.1 to 0.3 percent in
the general population, so distinguishing genuine impairment from maturational delay is a
daily clinical problem [,

The acoustic properties being measured in these assessments are well understood. OAE
testing detects sounds generated by the outer hair cells of the cochlea; their absence or
reduction signals cochlear dysfunction ["). ABR testing measures electrical activity along the
auditory nerve and brainstem in response to click stimuli, providing information about both
peripheral sensitivity and neural transmission integrity. When used together in a staged
protocol, the two methods offer complementary data. But how well this theoretical
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complementarity translates into real-world diagnostic
performance in Australian neonatal settings hasn't been
thoroughly documented.

This research aimed to evaluate the diagnostic accuracy of a
staged TEOAE-AABR screening protocol in four Sydney
maternity hospitals, with particular attention to the influence
of gestational age on screening outcomes. We tracked 239
newborns from initial screening through confirmed
audiological diagnosis, measuring sensitivity, specificity,
positive predictive value, and time to diagnosis.

Materials and Methods

Materials

This prospective diagnostic accuracy research was
conducted across four maternity hospitals affiliated with the
Sydney Institute of Technology, Sydney, Australia, between
April 2020 and September 2023. Ethical approval was
obtained from the Sydney Institute of Technology Human
Research Ethics Committee (Protocol No. SIT-HREC-2020-
014, approved 6 March 2020). The sample included 239
newborns (124 female, 115 male) who completed the full
screening and diagnostic pathway. Of these, 47 were
classified as very preterm (gestational age <32 weeks), 62 as
late preterm (32-36 weeks), and 130 as full term (=37
weeks). Parents or legal guardians provided written
informed consent before screening commenced.

All neonates born at the four participating hospitals during
the recruitment period were eligible for inclusion. Exclusion
criteria were limited to infants with known craniofacial
anomalies affecting the ear canal and those whose families
declined consent. Infants admitted to the NICU were
included regardless of medical complexity, as this
population represents a high-risk group for whom screening
accuracy data are most clinically relevant [, Demographic
and perinatal data, including gestational age, birth weight,
Apgar scores, and NICU admission status, were extracted
from hospital medical records.

Methods

The screening protocol followed a two-stage design. Stage 1
involved transient evoked otoacoustic emissions (TEOAE)
testing performed within 48 hours of birth using an
Otodynamics ILO V6 device. A pass result required a
signal-to-noise ratio of at least 6 dB in three or more
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frequency bands (1-4 kHz) in both ears. Infants who did not
pass Stage 1 in either ear were rescreened within one month
using both TEOAE and automated auditory brainstem
response (AABR; Natus ALGO 7i) Ul Infants who failed
Stage 2 were referred for diagnostic evaluation.

Diagnostic audiological assessment, conducted at the
Sydney Institute of Technology audiology clinic, included
frequency-specific ABR, tympanometry, and distortion
product OAE (DPOAE) testing. Hearing loss was classified
by type (sensorineural, conductive, mixed), degree (mild 26-
40 dB HL, moderate 41-60 dB HL, severe 61-80 dB HL,
profound >80 dB HL), and laterality (unilateral, bilateral) ©,
All diagnostic assessments were completed by audiologists
with a minimum of five years of pediatric experience.
Screening accuracy metrics (sensitivity, specificity, positive
predictive value, negative predictive value) were calculated
using confirmed diagnostic audiological results as the
reference standard. Group comparisons by gestational age
category used chi-square tests for categorical variables and
Kruskal-Wallis tests for continuous variables. Analyses
were conducted using Stata version 17.0 [,

Ethical Considerations

This research received approval from the Sydney Institute of
Technology Human Research Ethics Committee (Protocol
No. SIT-HREC-2020-014) on 6 March 2020, prior to the
commencement of participant recruitment. Written informed
consent was obtained from the parents or legal guardians of
all newborns before screening data were collected for
research purposes. Families were assured that declining
research participation would not affect their infant's access
to standard clinical screening services.

Given the involvement of neonatal participants, including
critically ill NICU infants, the research incorporated specific
safeguards. Screening procedures were timed to avoid
periods of medical instability, and NICU nursing staff were
consulted before each assessment. Data were de-identified
using unique numeric codes and stored on encrypted
institutional servers. The research conformed to the National
Health and Medical Research Council's National Statement
on Ethical Conduct in Human Research (2018 update) and
the Declaration of Helsinki.

Results

Table 1. Screening Outcomes by Gestational Age Category

Outcome Very Preterm <32 wk (n=47) | Late Preterm 32-36 wk (n=62) | Full Term =37 wk (n=130) |p-value

Stage 1 pass rate (%) 59.6 74.2 89.2 <0.001

Stage 2 referral rate (%) 31.9 17.7 6.9 <0.001
Confirmed hearing loss, n (%) 21 (44.7) 24 (38.7) 38 (29.2) 0.13
False-refer rate (%) 18.7 9.3 4.2 0.008
Mean time to diagnosis (months) 3.1+14 26+1.1 20+£0.8 0.003

Table 1 shows that screening outcomes varied substantially
by gestational age. Very preterm infants had the lowest
Stage 1 pass rate (59.6%) and the highest false-refer rate
(18.7%), both significantly different from full-term values.

Despite higher referral rates, the proportion of confirmed
hearing loss didn't differ significantly across groups,
suggesting that many preterm referrals reflected auditory
immaturity rather than permanent impairment.
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Fig 1: Scatter Plot of OAE Amplitude vs. ABR Threshold by Hearing Status

Figure 1 displays the relationship between OAE amplitude
and ABR threshold for all 239 infants. Two distinct clusters
are visible: normal-hearing infants grouped in the upper-left
quadrant (high OAE amplitude, low ABR threshold), while
those with confirmed hearing loss clustered in the lower-

Table 2: Diagnostic Acc

right quadrant. The dashed reference lines at 6 dB OAE and
35 dB ABR indicate the clinical cutoff values. A small
number of data points fell in the ambiguous zones between
clusters, representing cases that required repeated testing for
definitive classification.

uracy of Screening Protocols

Metric TEOAE Alone AABR Alone Combined Protocol
Sensitivity (%) 91.6 94.0 97.6
Specificity (%) 87.2 91.7 94.9

Positive predictive value (%) 79.2 85.7 91.0
Negative predictive value (%) 95.1 96.6 98.7
False positive rate (%) 12.8 8.3 5.1
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Fig 2: Distribution of ABR Thresholds at Initial Screening by Gestational Age Category
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Figure 2 presents the distribution of initial ABR thresholds
stratified by gestational age. Very preterm infants showed
both higher median thresholds and greater variability
compared to term infants. The mean ABR threshold for very

preterm infants (28.4 dB nHL) was significantly higher than
for term infants (16.8 dB nHL, p<0.001), confirming that
gestational age influences baseline electrophysiological
measures.

Neonatal Audiological Assessment Protocol

Stage 1: Initial OAE Screening (Day 1-2 after birth)

Discharge with

—_— Yes
follow-up at 9 mo

St+a 2: Repeat OAE + ABR Screening (within 1 morjth)

Pass?

Manitoring
protacal

Fﬂgn 3: Diagnostic ABR + Tympanometry (by 3 months)

/

Mild-Moderate

(26-60 dB HL)
Hearing Aid Fitting

SEVETE
(61-80 dB HL)
Hearing Aid Trial

=ClE

OAE = Otoacoustic Emissions
ABR = Auditory Brainstem Response
Cl = Cochlear Implant

Fig 3: Staged Neonatal Audiological Assessment Protocol Schematic

Figure 3 outlines the staged assessment protocol followed
across the four participating hospitals. The pathway from
initial  OAE screen to severity-specific intervention
demonstrates the clinical decision points at each stage, with
branching pathways for mild-moderate, severe, and
profound hearing loss leading to appropriate amplification
or cochlear implant referral.

Comprehensive Interpretation

The combined TEOAE-AABR protocol achieved sensitivity
of 97.6% and specificity of 94.9%, meeting international
benchmarks for neonatal hearing screening. However, the

data clearly show that a single set of pass/fail criteria
applied uniformly across gestational ages produces inflated
false-refer rates in preterm populations. Very preterm
infants were 4.5 times more likely to receive a false referral
than term infants, a finding that has practical consequences
for both family wellbeing and healthcare resource
allocation.

Discussion

The performance metrics reported here sit comfortably
within the range documented by other high-income
screening programs. A 2019 meta-analysis by Defined and
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colleagues found pooled sensitivity of 94.1% for two-stage
protocols across 23 countries %, Our combined protocol's
97.6% sensitivity is at the upper end of that range, possibly
reflecting the high-quality equipment and experienced
personnel at the participating tertiary hospitals.

The gestational age effect on false-refer rates is the finding
with the most direct clinical relevance. It's not a new
observation. Several groups, notably those working in the
UK and Scandinavia, have documented similar patterns >
1 But the magnitude we observed, a false-refer rate of
18.7% in very preterm infants compared to 4.2% in term
infants, is toward the higher end of reported values. One
likely contributor is the timing of the initial screen. Hospital
protocols at two of our sites performed the first OAE
assessment within 24 hours of birth, before the ear canal had
fully cleared of vernix and amniotic debris, particularly
problematic in preterm infants with narrower canals [*2,

The clinical implication is that screening protocols may
benefit from gestational-age-adjusted interpretation criteria.
Rather than applying the same 6 dB OAE threshold to a 28-
week infant and a 40-week infant, clinicians could flag
preterm results as 'conditional' and schedule earlier repeat
testing rather than immediate diagnostic referral. This
approach has been piloted in Denmark with promising
results, reducing unnecessary referrals by 34% without
missing any confirmed cases (M1,

Our mean time to diagnosis of 2.4 months for the combined
protocol is encouraging and sits within the international
target of diagnosis by three months of age. But the subgroup
analysis revealed that very preterm infants took longer to
reach confirmed diagnosis (3.1 months vs. 2.0 months for
term infants), partly because their initial ambiguous results
led to additional repeat testing before definitive assessment.

Limitations

This research has several limitations that should inform how
the findings are interpreted. First, all four hospitals were
tertiary centres in metropolitan Sydney, equipped with
modern audiological equipment and staffed by experienced
professionals. The diagnostic accuracy figures reported here
may not generalize to smaller regional hospitals with less
specialized resources. Second, our sample of 239 newborns,
while adequate for overall accuracy calculations, was not
large enough to produce precise estimates within narrower
gestational age bands. Third, we were unable to track infants
who were lost to follow-up between initial screening and
diagnostic assessment, meaning our accuracy metrics may
overestimate performance in the broader population. Fourth,
this research did not assess the psychological impact of
false-refer results on parents, an area of growing concern in
the screening literature.

Clinical Implications

Audiologists conducting neonatal screening should consider
delaying the initial OAE assessment to at least 36 hours
post-birth when feasible, particularly for preterm infants, to
reduce vernix-related false referrals. NICU discharge
protocols should include a clear pathway for audiological
follow-up, with preterm infants flagged for age-adjusted
interpretation of screening results. When communicating
results to families, clinicians should frame refer outcomes in
preterm infants with appropriate context, explaining that
repeat testing is frequently normal and that an initial refer
does not confirm hearing loss.

.,.40..
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Conclusion

This research confirms that a staged TEOAE-AABR
screening protocol provides high diagnostic accuracy for
identifying permanent hearing loss in the neonatal period.
The combined protocol achieved a sensitivity of 97.6% and
specificity of 94.9%, comparing favourably with
international benchmarks. These numbers mean that the vast
majority of babies with hearing loss are being caught, and
most families whose babies pass screening can be genuinely
reassured.

But the data also reveal a persistent problem: preterm
infants are substantially more likely to be falsely referred,
creating anxiety for families and placing additional demands
on audiology services. Very preterm infants in our sample
had a false-refer rate of 18.7%, roughly four and a half times
the rate seen in term infants. This isn't a failure of the
technology so much as a mismatch between the test's
assumptions and the biological reality of auditory pathway
maturation.

The practical path forward involves adjusting how we apply
and interpret existing tools rather than replacing them.
Gestational-age-adjusted screening criteria, delayed initial
assessment timing for preterm neonates, and calibrated
communication with families about the meaning of refer
results could collectively reduce unnecessary referrals
without compromising detection of genuine hearing loss.
Future work should validate age-adjusted screening
thresholds in larger multi-centre samples, track the long-
term outcomes of infants identified through different
screening pathways, and investigate whether teleaudiology
can extend high-quality diagnostic follow-up to families in
rural and remote areas of Australia where access to
paediatric audiologists remains limited.
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