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TEOAEs Refer
AABR Pass
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Babies with TEOAEs Refer AABR Pass need a comprehensive
audiological assessment regardless of risk factors. This
approach is essential to diagnose progressive or late onset
and mild hearing loss.

Cover figure. Follow-up of newborns with discordant outcomes of transient evoked otoacus-
tic emissions (TEOAEs) and automated auditory brain response (AABR) tests by the click-evoked
ABR (ck-ABR) to detect permanent hearing impairment.

Summary

Objective. Early detection and prompt intervention of permanent hearing impairment (PHI) can only be
achieved through universal newborn hearing screening (UNHS) in the first month of life. The most common
screening protocols worldwide involve a combined approach with transient evoked otoacoustic emissions
(TEOAEs) and automated auditory brainstem response (AABR). Our study aims to evaluate the proportion
of infants with PHI in a population with discordant outcome TEOAEs/AABR through audiological follow-up.
Methods. The present study enrolled 637 healthy babies who failed TEOAEs at birth and were
referred for a secondary level audiological evaluation with TEOAEs and AABR. Ninety babies with
discordant outcome (TEOAEs refer/AABR pass) underwent audiological retest adding tympanometry
and clinical click-evoked auditory brainstem response.

Results. PHI was confirmed in 12 babies (7 bilaterally and 5 unilaterally) and the degree was mild
to moderate in 8 and in 4 babies, respectively. There were no risk factors for delayed onset of hear-
ing loss in half of PHI.

Conclusions. The discordant TEOAEs refer/AABR pass suggests that follow-up should be recom-
mended independently of risk factors for PHI to avoid misleading diagnosis of mild or late-onset
hearing loss.

Key words: universal newborn hearing screening, hearing loss, transient evoked otoacoustic
emissions, automated auditory brainstem response



Introduction

Disabling hearing impairment (hearing threshold >35 dB
nHL) affects 7.5 million children of 5 years old or younger
with a global prevalence of 2.14 per 1000 deliveries world-
wide 2. A marked difference exists in different studies
reaching prevalence rates of 1 to 6 per 1000. Overall, the
prevalence tends to be higher in countries with lower in-
comes compared to Western countries. Accordingly, a high-
er prevalence rate was reported in Nigeria, India and some
regions of China, while lower rates in Ireland and some
states in USA 2. Without timely detection and appropriate
intervention, children with permanent hearing impairment
(PHI), even in mild cases, are unlikely to develop optimal
speech and language skills, which are essential for educa-
tion and vocational achievement in today’s world '.

Early detection and prompt intervention of significant PHI,
including neural loss, can only be achieved through univer-
sal newborn hearing screening (UNHS) in the first month
of life '. Children diagnosed early can benefit from timely
fitting of hearing aids or cochlear implants which improve
outcomes by avoiding delay of speech, language and cogni-
tive development °.

Screening protocols within UNHS programmes differ world-
wide with some countries and/or regions using one or more
screening step *°. Interestingly, only one-third of the world’s
newborns and infants were enrolled in UNHS programmes
covering at least 85% of all babies, even if there is evidence
of the efficacy of this strategy for early hearing rehabilitation .
The choice to adopt a screening programme in any country
depends on different reasons related to the context and con-
straints imposed within certain health care environments °.

A variety of objective screening measures may be used to per-
form UNHS as transient evoked otoacoustic emissions (TE-
OAESs), distortion product otoacoustic emissions (DPOAEs),
automated auditory brainstem response (AABR). Otoacous-
tic emissions (OAEs) represent acoustic signals produced
by the outer hair cells located in the cochlea, reflecting the
mechanical processes that serve as an indicator of cochlear
integrity. These emissions are based on the presence or ab-
sence of an eliciting stimulus, whether pure tone or transient
stimuli °. AABR is a rapid, non-invasive and reliable test.
Namely, it provides information on the auditory pathway up
to the brainstem based on an algorithm peak detection, and
thus no operator interpretation is needed ’. The results are
solely defined as “pass” or “refer” criteria .

The selection of screening methods and the strategy for
screening procedure should be guided by evidence derived
from well executed pilot studies conducted in each respec-
tive country*. Achieving a low false positive rate is crucial
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for the effectiveness of a UNHS programme, and reducing
this rate stands as a primary objective in the development of
a more reliable UNHS programme. Nevertheless, TEOAEs
stand as one of the most prevalent and reliable screening
tests utilised in UNHS programmes worldwide due to its
ease of administration, speed, and cost-effectiveness.
However, an initial “refer” outcome within the first 24 hours
after birth can sometimes result from the presence of debris,
vernix caseosa, or amniotic fluid in the external ear canal.
This condition requires subsequent retesting and often the
introduction of a second-stage screening involving AABR,
primarily aimed at reducing referral rates °.

AABR offers the advantage of evaluating not only the pe-
ripheral auditory system, but also the 8th cranial nerve and
the auditory pathway within the brainstem.

Therefore, AABR screening is recommended in infants admit-
ted to a neonatal intensive care unit (NICU) with higher risk
for auditory spectrum disorders, mainly auditory neuropathy.
In fact, in these infants TEOAESs can be detected because of
normal outer hair cell electromechanical properties . Moreo-
ver, it is less prone to false positive results if amniotic fluid or
other material residue is present in the external auditory canal.
Nevertheless, AABR requires a longer time of execution and a
higher cost for devices compared to a TEOAESs only test.
Therefore, AABR generally reduces the false positive rate,
minimising unnecessary referrals to the hearing clinic.
However, it is not without limitations, particularly in detect-
ing mild or high-frequency sensorineural hearing loss 7.
Currently a two-stage TEOAEs/AABR newborn hearing
screening protocol is recommended in both healthy babies
and newborns recovered in NICU 2.

According to this protocol, healthy babies receive AABR
only in case of failed TEOAEs at the primary level and
in case of failed AABR independently from the results of
TEOAE:s at the secondary level ' whereas NICU babies
receive both tests at the same stage. The major concern of
this protocol is indeed the management of the discordant
outcome TEOAESs refer/AABR pass.

The discrepancy in outcomes is often discussed in the lit-
erature due to a transient disease affecting the middle ear,
which is not considered worthy of follow-up ’.
Interestingly, by using a two-stage screening protocol,
Johnson et al.” estimated that ~23% of infants who showed
an outcome discrepancy TEOAEs refer/AABR pass were
diagnosed with a hearing loss (HL) at 8-9 months of life
using a behavioural hearing evaluation.

Thus, our study aims to evaluate the rate of infants with
confirmed HL who failed the TEOAEs but passed the
AABR through follow-up using clinical click-evoked ABR
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(ck-ABR) measurement to detect all congenital mild HL or
late onset HL.

Materials and methods

A retrospective cross-sectional observational study was
performed at the Hearing and Balance Unit, Federico II
University Hospital, the Regional Reference Center (RCC)
for early diagnosis of deafness of the Campania Region,
between September 2019 and July 2021.

In the study period, all infants with discordant outcome TE-
OAEs refer/AABR pass at the secondary level of UNHS in
Campania region were recruited by RRC in order to detect HL.
Since October 31, 2003, the Campania region in Italy im-
plemented regional Law No. 3130 concerning UNHS,
which introduced an organizational framework comprised
of 3 levels. The primary level includes 49 birthing centers
and 18 NICU, while the secondary level involves 13 cen-
tres. The tertiary level is supervised by the Hearing and Bal-
ance Unit, Federico II University Hospital '

At the primary level, healthy babies were screened via 2 stag-
es using TEOAEs 48 hours after birth while the combined
approach with TEOAEs and AABR was adopted for NICU
infants prior to hospital discharge. Infants who failed both
bilateral or unilateral tests were referred to the nearest pae-
diatric audiology service at the secondary level to perform
TEOAEs and AABR. In case of discordance, babies under-
went to ck-ABR as well infants at risk for late onset and/
or progressive and acquired HL required audiological evalu-
ations following the tabular reference of the 2007 Position
Statement, even if they had passed TEOAEs '% In case of
the detection of hearing impairment, a multidisciplinary di-
agnostic work-up at the tertiary level including ck-ABR and
impedenzometry was provided by the RRC, the Hearing and
Balance Unit, Federico II University Hospital (Fig. 1).

All babies enrolled in the study received a complete ENT
evaluation and an audiological retest adding the tympa-
nometry to exclude middle ear effusion and/or external ear
dysfunction which may be a common cause of discordant
outcome TEOAEs/AABR before performing ck-ABR.
Both TEOAEs and AABR assessments were conducted
within the paediatric audiology service, in a quiet envi-
ronment, typically when the infants were either asleep or
after feeding and administered by trained personnel. The
device employed for these assessments was the Accuscreen
Madsen newborn hearing screener (Natus Inc, Monte Grot-
to Terme, Italy), capable of detecting both TEOAEs and
AABR. This automated device provides a straight forward
“pass” or “refer” result. TEOAES testing involved the inser-
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tion of earplugs into each ear, one ear at a time. The evalu-
ation was based on noise-weighted averaging, focusing on
the counting of significant signal peaks. Stimuli comprised
non-linear click sequences at 70-80 dB SPL, within a fre-
quency range of 1.4-4 kHz.

For the AABR test, infants also wore earplugs, and 3 elec-
trodes were attached with an impedance of < 3 k(). The active
electrode was placed on the forehead, the exploring electrode
on the mastoid of the same side, and the ground electrode
on the cheek. AABR stimuli were delivered at a fixed inten-
sity of 35 dB nHL. Test parameters did not require manual
adjustment after the initial calibration. The device automati-
cally initiated the recording session and stopped when the
default “pass” criteria were met or after a predetermined time
elapsed. In the latter case, the result was recorded as “refer.”
Throughout the recording session, the tester had the option to
repeat the recording based on qualitative feedback from the
device regarding stimulus stability and artifacts.
Accordingly, in our protocol tympanometry was performed
using the Resonance R36M (Resonance Inc, Gazzaniga, Italy)
with a 1000 Hz-tone probe to confirm the diagnosis of sensori-
neural hearing loss. Thus, exclusion criteria were the presence
of external and/or middle ear dysfunction and the evidence of
inflammatory pathologies leading to altered tympanometry.
As indicated, the diagnostic ABR evaluation with threshold
identification was performed by expert audiologist technicians
in a soundproof and faradized room during natural sleep by us-
ing ck-ABR Neuro-Audio device (Inventis Inc, Padua, Italy).
The standard procedure involved skin preparation and a 3-elec-
trode montage with an impedance of < 3 k(). An active elec-
trode was applied to the forehead, an exploring electrode was
placed on the mastoid of the same side, and the third electrode
served as a contralateral mass electrode. The protocol entailed
alternate clicks at a rate of 21 pulses per second, each lasting
0.1 ms, with filter settings of 100-2000 Hz and an analysis time
of 12 ms. The process commenced with monaural stimulation
at 80 dB nHL to identify the 3 primary waves (I, III, and V) for
determining peak and inter-peak latencies. Following this step,
the stimulus was reduced in 10 dB increments until reaching a
minimum of 20 dB nHL. Normal hearing was defined based on
the presence and persistence of the V wave for acoustic stimuli
< 30 dB nHL, while HL was defined by the presence and per-
sistence of the V wave for acoustic stimuli > 30 dB nHL. The
categorization of HL in this study adhered to the Bureau Inter-
national for Audiophonology (BIAP) classification .

Statistical analysis
Statistical analyses were performed with IBM SPSS Statis-
tics for Windows, Version 26.0 (Armonk, NY, USA: IBM
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Figure 1. Flow chart of the universal newborn hearing screening (UNHS) protocol employed during data collection. The instrumental audiological
evaluation involves the following tests: transient evoked otoacoustic emissions (TEOAES), automated auditory brainstem responses (AABR) and click-
evoked auditory brainstem response (ck-ABR)

Corp). After testing (Shapiro-Wilk test, p < .05) the non-  egorical variables expressed as frequencies and percentages
normal distribution of the data, non-parametric statistical ~were compared using Fisher’s exact test or Chi-Square-test.
tests were used for the analysis. Continuous variables were ~ Univariable logistic regression analyses were used to inves-
reported as mean and standard deviation, or median and in-  tigate the variables associated with HL, with risk expressed
terquartile range (IQR), according to their distribution. Cat-  as risk ratio (RR) with 95% confidence intervals (CI).
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Results

In the study period, 637 healthy infants failed TEOAEs at
birth and were referred for a secondary level audiological
evaluation with TEOAEs and AABR. As a result of the sec-
ondary level, 285 infants (44.7%) passed the test bilaterally
while 216 newborns (33.9%) failed the test either bilaterally
or unilaterally and were referred to the tertiary level centre
for clinical diagnosis of HL. One hundred thirty-six infants
(21.4%) with TEOAEs refer/AABR pass were recruited in
order to detect HL. Among these, 90 babies were enrolled in
the study at a median age of 6 months (IQR 5-7). Fifty-three
(58.9%) babies had decreased or unmeasurable middle ear
pressure with a normal volume of the ear canal and the pres-
ence of external or middle ear dysfunction or external and
middle ear pathology as detected by ENT evaluation.
Thirty-seven (41.1%) infants exhibited TEOAESs refer/ABR
pass at least in one ear, with both normal otoscopy and tym-
panometry. We collected demographic and risk factors for
PHI from paediatric reports and following Joint Committee
of infant hearing (JCIH) 2007 recommendations '> (Tab. I).
In detail, we enrolled children with the following audiologi-
cal risk factors: prematurity, low birth weight, NICU admis-
sion more than 5 days, TORCH complex in utero infections
such as Cytomegalovirus (CMV), Herpes, Rubella and
Toxoplasmosis, hyperbilirubinaemia, respiratory distress,
mechanical ventilation, exposure to ototoxic medications
more than 5 days, birth asphyxia, and Down syndrome.

In all, 28 (75.7%) babies failed TEOAE:s in both ears and 9
(24.3%) in one ear, of which 35 (94.5%) on the right side and
30 (81%) on the left side (p = 0,15). Among these babies,
12 (32.4%) with discordant outcome TEOAESs refer/AABR
pass received a diagnosis of HL using cK-ABR, 7 (18.9 %)
bilaterally and 5 (13.5%) unilaterally, 9 on the right and 10
on the left side. The degree of confirmed HL resulted mild
in 8 (66.6%) babies and moderate in 4 (33.3%).

Among these, 6 of 12 babies (50%) with PHI had one or more
risk factors including prematurity (2 babies), low birth weight
(2), NICU recovery (3), CMV infection (2 babies), respiratory
distress (one), and severe hyperbilirubinaemia (3) (Tab. II).
There was no statistical significance between TEOAEs/
AABR discordance and risk factors for PHI as shown in
Table I11.

Discussion

This study suggests the importance of carefully evaluating
babies with a discordant outcome TEOAEs refer/AABR
pass. In our sample, accordingly to the literature *!' more
than half of patients with TEOAEs refer and AABR pass (53
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Table I. Audiological risk factors in babies with TEOAEs refer and AABR
pass.

Babies | n
Sample 37
Male 24 (64.8)
Female 13(35.1)
Prematurity 3(8.1)
Low birth weight 2 (5.4)
Neonatal intensive care unit 14 (37.8)
Toxoplasmosis, Rubeola, 3(8.1)
Cytomegalovirus, Herpes infections

Hyperbilirubinaemia 9(24.3)
Respiratory distress 6(16.2)
Mechanical ventilation 2(5.4)
Ototoxic medications 2(5.4)
Birth asphyxia 1(2.7)
Down syndrome 1(2.7)

of 90 babies, 58.9%) were affected by middle ear effusion
and/or external ear dysfunctions. This confirms that external
and middle ear pathologies are a common cause of discord-
ant outcome *!!, although in about 40% of cases this discord-
ance supports the need for audiological surveillance .
Namely, of the remaining 37 babies (41.1%) with discord-
ant results (TEOAEs refer/AABR pass) who were tested
with cK-ABR, 12 of 37 (32.4%) received a diagnosis of
PHI, of whom 7 babies had bilateral HL (6 mild and 1 mod-
erate) and 5 had unilateral HL (2 mild and 3 moderate).
The early detection of PHI in childhood is crucial to plan
the intervention programme promptly in order to avoid the
consequences of HL such as language delay, neurodevelop-
mental disorders and learning disabilities '%.

Over the past decades, the application of UNHS has spread
worldwide becoming the best method to detect PHI °.
Recent literature emphasises the importance of reducing the
rates of refer and false positives in current newborn hearing
screening programmes, increasing compliance with follow-
up evaluations, and decreasing the age of confirmed diag-
nosis and intervention of HL 73,

To achieve these goals, some protocols propose the use of
AABR as the first screening test for healthy babies, alongside
OAEs *8. The latter exhibit high sensitivity towards the exam-
ined pathology, but lower specificity compared to the AABR.
Screening protocols based on the 2-step registration of TEO-
AEs show sensitivity rates of 100% with a specificity of 92%
when conducted under controlled conditions 8. The improved
specificity offered by AABR in the healthy baby protocol al-



Hearing impairment in infants with discordant outcome TEOAEs-AABR

Table Il. Clinical characterisation of hearing loss.

Babies ABR (R) ABR (L) NICU Gestational age ‘ Birth weight ‘ Other risk factors
dB nHL dB nHL (days) (weeks) (9)

1 40 40 - 38 2940 Hyperbilirubinaemia
2 40 40 - 39 2970
3 70 40 - 38 3020 Cytomegalovirus
4 60 20 40 31 2190 Hyperbilirubinaemia
5 60 20 - 38 3100
6 20 40 75 34 1700 Respiratory distress
7 40 50 - 38 2970
8 20 50 - 38 2950
9 50 50 - 37 2860 Cytomegalovirus
10 40 40 - 39 2660
11 40 40 - 38 3670
12 20 40 5 35 2840 Hyperbilirubinaemia

Table Ill. Relative risk of risk factors according to the degree of HL.

| Mild HL | Moderate HL | Risk ratio and 95% confidence interval
Risk factors n (%) 4 (50) 2 (50) 1[0.3,3.32] 1

lows for overall reduction in false positives and, consequently,  reduces the referral rate from 5.8% to 1.6% '". Although the
a decrease in the number of visits to healthcare facilities. How-  evidence that 2-step OAEs/AABR referral rate provides a
ever, it requires more time, trained staff, and use of consuma-  major quality factor of a screening programme, there is no
bles, slightly increasing overall costs and re-testing, because  universally accepted algorithm and the interpretation of out-
only fail outcome with probable HL will be directed to sec- come remains debated. In a recent review, worldwide pro-
ondary level healthcare facilities. The AABR based protocol,  tocols have been discussed, focusing on several markers of
implemented in one or more steps, indeed presents the lowest — quality including sensitivity and specificity. A major feature
referral rate (0.8%) '*. Furthermore, this test can identify au-  in this review of literature was that the incorporation of the
ditory neuropathy spectrum disorder (ANSD) thus enhancing ~AABR improves the effectiveness of screening programs
the overall accuracy of the programme °. increasing the true positive rate. However, the AABR is in-
However, AABR has limitations in identifying mild or high-  cluded in worldwide screening algorithms at different levels.
frequency sensorineural hearing impairments using a stimu-  Briefly, in Italy, a 3-tiered screening programme is employed,
lus with an intensity level of 35 dB HL, as currently provided  starting with TEOAE:s. Infants referred from this stage un-
by AABR devices, leading to false negative cases . dergo a combined TEOAEs/AABR test at the second level,
Nowadays, the combined use of TEOAEs and AABR ap-  with a clinical ABR performed at the third level if needed.
pears to be the most effective protocol to perform newborn  This protocol ensures 100% sensitivity.

hearing screening by providing a complete information about ~ Otherwise, among different proposed protocols introduced
auditory function. Namely, it has been reported that the adop-  in Brazil, the algorithm combining TEOAE:S at the first level
tion of a 2-stage OAEs/AABR newborn hearing screening  with AABR at the second level seems to be more effective,
protocol resulted in lower referral rates in accordance with ~ with a specificity of 94% and a false positive rate of 6%.
the quality standards recommended by the JCIH 6. Indeed,  Furthermore, in Sweden, a comprehensive 3-level screen-
when comparing the effectiveness of a hearing screening  ing protocol with TEOAESs is implemented. If an infant is
programme using TEOAESs alone to one that incorporates a  referred at the third level, a clinical ABR is conducted. This
2-step TEOAEs and AABR protocol, the latter significantly — approach achieves both 100% sensitivity and specificity,
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ensuring highly accurate identification of hearing impair-
ment ®.

Thus, integration of AABR in the screening protocol sig-
nificantly improves the effectiveness and sensitivity in im-
proving the early diagnosis and appropriate intervention.
Furthermore, a recent study performed in a population of
German newborns reported that the discordance between
TEOAES refer and AABR pass screening is associated with
a high prevalence of PHI at follow-up, mainly when risk
factors have been detected '8.

Indeed, a critical issue for hearing screening is that children
can be diagnosed as having HL despite passing the UNHS
at birth. These children might have mild bilateral or unilat-
eral HL, frequency-limited, progressive or late-onset HL .
Therefore, the JCTH was proposed in 2007 '*and a list of risk
factors associated with permanent congenital, delayed onset
or progressive HL in childhood was modified in 2019 . It
was proposed that infants who passed at UNHS but with risk
factors listed should be referred for targeted audiological
surveillance. The prevailing recommendation in the interna-
tional literature is the adoption of a 2-stage hearing screening
protocol with initial TEOAESs followed by AABR 2.
Currently, in the protocol with the combined TEOAEs/
AABR approach in healthy babies, the AABR is performed
only in those who failed TEOAEs. Subsequently, the sec-
ondary level evaluation is required only if AABR failed %.
However, the discordant TEOAEs/AABR outcome is chal-
lenging, particularly in cases with failed TEOAEs and passed
AABR either due to persistent middle ear effusion or con-
ductive or permanent sensory HL. Namely, the discordant
outcome of passing TEOAEs but failing AABR screening
strongly suggests a potential neural auditory disorder such
as ANSD, characterised by compromised signal processing
along the auditory nerve or deficient transmission of this sig-
nal by the presynaptic inner hair cells to the auditory nerve.
Diagnosis of ANSD is partially based on evidence of abnor-
mal neural processing, such as atypical ABRs with abnormal
or absent wave V, despite preserved outer hair cell function,
indicated by normal OAEs and/or cochlear microphonics 2.
Conversely a discordance TEOAEs refer/AABR pass indi-
cates potentially transient middle or external ear issues that
may resolve over time, eliminating the necessity for specific
follow-up. Remarkably, as also confirmed by our results, it
may suspect mild congenital or progressive HL which could
be clarified only by comprehensive audiological evaluation.
Our data support previous results involving 7 large birth
centres which identified 21 PHI (12 unilaterally and 9 bilat-
erally) mostly of mild degree during audiological surveil-
lance at an average age of 9.7 months .
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Subsequently, White et al. and Widen et al. *** confirmed
that some cases of infants with PHI can escape the newborn
hearing screening.

Nonetheless, this discrepancy partially arises because some
AABR screening equipment currently in use was designed
to identify infants with moderate or greater HL. In fact,
the devices used for AABR recording in newborn hearing
screening programmes primarily utilise a click stimulus
at an intensity of 35 dB HL. As suggested by Johnson et
al. 7, it is likely that the sound pressure level at the tympanic
membrane can significantly vary among infants due to the
physical volume of the closed external auditory canal dur-
ing device probe insertion. This variable might lead to a
pass response in AABR and a refer response in TEOAEs for
subjects with mild HL.

In contrast to previous reports, the early age of diagnostic
confirmation (186 days + 79.6) and the high prevalence of
mild HL in our sample support the hypothesis that this HL
maybe congenital and undetected by UNHS.

Nevertheless, it is interesting that half of the subjects were
healthy babies without risk factors for late onset or progres-
sive HL who should not have been followed up based on cur-
rent audiological surveillance program. Further audiological
surveillance will be useful to evaluate the long-term outcomes
and progression of mild to moderate and late onset HL.
Nowadays, the early detection of mild HL becomes crucial,
given that increasing evidence provides its potential nega-
tive impact on linguistic development, academic perfor-
mance, and social skills ?. These effects can be mitigated
through early identification and tailored interventions, even
though no screening test performs perfectly . Currently,
screening protocols primarily focus on identifying new-
borns with congenital moderate to profound HL, but they
also offer guidance for audiological follow-up in children
with risk factors for progressive or late-onset HL.

The main weakness of our study is its retrospective design.
In order to limit a reporting bias, 2 researchers independent-
ly reviewed patients’ individual clinical records. Further-
more, this is a monocentric study, which might be an advan-
tage considering that all clinical and instrumental data were
recorded by the same group of physicians, who observed
children during medical assessment. Another limitation of
our study is the small sample size that neither allowed us to
confirm the risk factors of HL nor allowed us to estimate its
real incidence. Taking into consideration the outlined limi-
tations, it is justifiable to advocate a secondary audiologi-
cal assessment for all discordant outcomes in absence of
external or middle ear dysfunction. This recommendation
holds true irrespective of the existence of risk factors for



delayed onset and/or progressive HL 7, thereby enhancing
the prompt identification and management of mild congeni-
tal PHI.

The prevalence of PHI in newborns may increase after birth
due to the onset of late delayed/progressive and acquired HL.
or later identification of congenital HL considering that mild
HL can escape neonatal hearing screening programmes for
intrinsic limitations of the tools used ?°. Furthermore, the
JCIH recommends early identification and treatment of all
permanent hearing disorders even in infants who passed the
neonatal screening but with risk factors for delayed/progres-
sive and acquired HL 2. Thus, a surveillance programme is
required even if discharge criteria are still controversial.

The currently used protocols suggest audiological evaluation
in follow-up on infants with almost one of 12 risk factors
listed by the JCIH Position statement 2019 . Therefore,
targeted audiological surveillance is suggested in all infants
with perinatal or postnatal risk factors such as family history
of PHI, neonatal intensive care of more than 5 days, hyper-
bilirubinaemia, exposure to ototoxic medications more than
5 days, asphyxia or hypoxic ischemic encephalopathy, extra-
corporeal membrane oxygenation, in utero infection (CMYV,
Herpes, Rubella, Syphilis and Toxoplasmosis, Zika virus),
craniofacial malformation, congenital microcephaly, con-
genital or acquired hydrocephalus, temporal bone abnormal-
ities, syndromic HL, culture-positive infections associated
with sensorineural hearing loss, head trauma, caregiver con-
cern regarding hearing, speech, language, and developmental
delay and/or regression. The age of audiological diagnostic
follow-up for children has been lowered for most risk factors
by 9 months of age except for congenital CMV infection and
extracorporeal membrane oxygenation.

Remarkably, CMV is the most common cause of congenital
viral infection globally. The estimated pooled overall preva-
lence rate of congenital CMV is 0.6%, ranging from 0.4%
in high-income countries to 1.4% in low/middle-income
countries ?’.

Therefore, the recommendation for follow-up audiological as-
sessment of infants with congenital CMV is no later than 3
months of age and needs to be extended because of the risk for
possible late-onset, progressive and fluctuating nature of HL.
Nevertheless, our data also suggests to extend the follow-up
using ck-ABR and tympanometry with discordant outcome
during audiological assessment. We provide evidence on
the opportunity to alert not only infants suspected for audi-
tory neuropathy because they passed TEOAEs and failed
AABR, but also cases with the reverse results who failed
TEOAES and passed AABR in order to detect cases of mild
hearing impairment with progressive and/or late onset HL.

Hearing impairment in infants with discordant outcome TEOAEs-AABR

Audiological surveillance is crucial in these infants to avoid
misdiagnosis because communicative development could
appear at the beginning.

Conclusions

In conclusion, about 30% of infants with TEAOESs refer/
AABR pass who underwent to audiological evaluation were
affected by mild to moderate HL. without any risk factor for
PHI in about 50%. Consistent with the literature, our study
confirms the efficiency of a screening protocol based on a
combined approach using TEOAEs/AABR. At the same
time, in newborns who fail TEOAEs and in the absence of
external or middle ear dysfunction, audiological follow-up
is recommended even if they pass AABR.

The audiological assessment should be performed indepen-
dently of the presence of risk factors for PHI in order to de-
tect HL early, which might remain undiagnosed during ac-
ritical period of language development and neuroplasticity.
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