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Abstract

Introduction: New risk and suspicion factors for
childhood deafness were recently introduced in the
literature, justifying the suggestion to review the
algorithm associated with Portuguese Universal
Neonatal Hearing Screening (UNHS).

Goals: Develop an algorithm that allows screening,
early diagnosis, referral and rapid intervention in
child deafness.

Material and methods: Algorithm creation based on
literature review and existing clinical guidelines.
Results: Newborns after intrauterine Zika infection,
admitted to a neonatal intensive care unit for
more than 5 days or submitted to ExtraCorporal
Membrane Oxygenation and children submitted
to ventriculoperitoneal shunt were included in the
UNHS risk group. In some cases, it is suggested to
extend the audiological assessment until school
age. Alarm signals were proposed at stages of
development that should motivate referral for
audiological examination.

Conclusions: The developed algorithm extends
the scope of referral of auditory screening to other
pediatric ages and suggests updates to the UNHS.
Keywords: Pediatric; Audiometry; Hearing; Evoked
Response; Intensive Care, Neonatal; Extracorporeal
Membrane Oxygenation; Zika virus

Introduction

Congenital or acquired hearing loss during
childhood is relatively common, with
approximately 11000 newborns (NB) presenting
with severe-profound hearing loss and 1:.500
developing some degree of hearing loss
during childhood.®

In addition to its high prevalence, hearing loss
in childhood interferes with the child’'s normal
development, especially the development of
spoken language, and may result in a delay
in speech acquisition, limitation of cognitive
abilities, and impaired communication and
social interaction.?®
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The diagnosis should be made as early
as possible to reduce the potential
developmental consequences. Tools such as
universal neonatal hearing screening (UNHS)?,
regular follow-up in a child health clinic by a
general practitioner or pediatrician, awareness
of the main risk factors for hearing loss during
childhood, and rapid hospital referral protocols
are essential for improving the prognosis of
childhood deafness.

In Portugal, the Group for Screening and
Intervention in Childhood Deafness (Grupo
de Rastreio e Intervencao da Surdez Infantil -
GRISI) has set the following goals: identify all
children with hearing loss by three months
of age and ideally start the intervention by
six months of age.? Currently, the available
audiological  equipment for  universal
screening and diagnosis is easily accessible
and manageable and permits objective, non-
invasive, and even automatic assessment
of hearing. The two major strategies used in
this context are acoustic otoemissions (AOs)
and auditory evoked potentials (AEP). AOs are
sounds originating in the cochlea, namely in
response to an auditory stimulus, which can
be recorded by a microphone in the external
auditory canal. There are two major groups of
AOs, spontaneous and evoked. In the latter, we
identify transient AOs and distortion products,
both of which can be tested in neonatal
hearing screening with equal efficiency.®™" In
response to an auditory stimulus, AEPs record
waves with different latencies corresponding
to different points in the auditory pathway
from the cochlea to the cerebral cortex. They
are an objective measure of auditory function,
allow estimation of the hearing thresholds
of the patient, and may contribute to the
topodiagnosis. Both AOs and AEPs, alone or
combined, enable the identification of NBs
with a hearing loss greater than 352 or 40 dB
HL.>¢° Nevertheless, even children who pass
the screening test at birth and therefore do
not appear to have neonatal hearing loss
should be followed-up in a child health clinic
for monitoring signs of late hearing loss and
referred to a specialty physician if required.?8?
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The risk factors newly reported in the medical
literature justify the proposal of a revised
algorithm for UNHS. The objective of this study
was to develop and propose an algorithm
for the screening, early diagnosis, and rapid
referral of children at risk of hearing loss, to
be applied not only in primary care child and
adolescent health monitoring but also in
pediatric and otorhinolaryngology clinics.

Materials and Methods

This literature review was conducted by
searching the PubMed, NCBI, American
Academy of Pediatrics (AAP), and Surgeon
General (Direccéo Geral de Saude) websites
using the terms “childhood hearing loss”,
“infant hearing loss”, “neonatal screening”,
“auditory screening”, and “hearing risk
factors”. The following were consulted: the
recommendations of the UNHS, GRISI (2007)?,
AAP*4 EUSCREEN Vision & Hearing 2027,
Joint Committee on Infant Hearing (JCIH)®,
and Societé Francaise de Pédiatrie®. For topics
introduced recently about premature NBs, we
used the chronological age.

Results

The mainrisk factors for childhood hearing loss
requiring referral to an otorhinolaryngology
consultation were determined based on
the previously existing clinical standards
in Portugal> and recommendations of
international societies (Table 1).3>¢ Previous
studies have also described reassessment
timings for different clinical situations,
such as the extension of serial audiological
assessment until six years of age for children
who underwent extracorporeal membrane
oxygenation (ECMO)“ or had intrauterine
cytomegalovirus (CMV) infection (Table
2)®. In the context of child and adolescent
health surveillance, warning signs have been
proposed for different developmental stages
that should lead to a referral to a specialty
physician for audiological examination. &2



Proposal for review of UNHS in Portugal

1. Risk factors to be included (Table 1)

a) Parental consanguinity

Population studies conducted in the Middle
East have shown the existence of up to 3.5
times more cases of childhood hearing loss
in the offspring of blood-related couples. &7
Therefore, it is pertinent to include NBs of
blood-related couples in the at-risk group for
UNHS in Portugal.

b) Intrauterine Zika virus infection

NBs with intrauterine Zika virus infection
(mother with laboratory findings of Zika virus
infection during labor and NBs with laboratory
confirmation of infection) should be included
in the at-risk group for UNHS according to
the recommendation of the JCIH ¢ even
when asymptomatic. This risk group should
preferably be evaluated using AEP.®

c) Intrauterine exposure to toxic substances
and/or tobacco

Following the guidelines of the Société Francaise
de Pédiatrie, all NBs with intrauterine exposure
to tobacco and/or toxic substances were
included. Some studies have demonstrated
that NBs exposed to tobacco during
pregnancy had lower amplitudes of OAE ®®,
Intrauterine exposure to tobacco was recently
associated with an increased risk of hearing
loss in childhood ?° and adolescence. ?
Intrauterine exposure to toxic substances such
as cocaine and/or opioids has been shown to
be associated with worse auditory outcomes
in several studies. 2226

d) Hospitalization in the Neonatal Intensive
Care Unit (NICU) longer than five days

All NBs admitted to NICUs for more than
five days should be included, regardless of
whether they underwent invasive mechanical
ventilation, as suggested by the JCIH. An
association between this population and the
increased risk of auditory neuropathy has
been established.® The use of aminoglycosides
and hyperbilirubinemia are known risk factors

for auditory neuropathy, and noise exposure in
the NICU may also contribute to hearing loss.®
EUSCREEN suggests that this group should
be assessed by AEP.>

It should be noted that the Société Francaise
de Pédiatrie also suggests the inclusion of
preterm infants under 32 weeks of gestation
in the at-risk group, as well as those with
brain complications related to prematurity *.
Because this is a controversial issue due to the
overlap between this group of NBs and NBs
requiring NICU admission or those exposed to
other risk factors that were already included in
the at-risk group 2722, we chose not to include
this risk factor as an isolated factor.

e) ECMO

Children undergoing ECMO were included
by the JCIH due to the increased risk of late-
onset hearing loss. 361

f) Fetal Alcohol Syndrome

The Société Frangaise de Pédiatrie recommmends
the inclusion of all NBs with documented
intrauterine exposure to alcohol®. Despite the
association shown between fetal alcohol
syndrome and childhood hearing loss®©®,
studies conducted in recent years on children
diagnosed with diseases of the fetal alcohol
spectrum did not demonstrate an increased
prevalence of hearing loss in this population
compared to healthy children®. However, we
deemed that NBs diagnosed with fetal alcohol
syndrome should be included in the at-risk
group of hearing loss.

g) Ventriculoperitoneal shunt

Recent evidence suggeststhat 40% of children
(18 years old and less) develop hearing loss of
at least 15 dB in three consecutive frequencies
afterventriculoperitoneal shunt placement.3*34
For this reason, EUSCREEN suggests that
all children should be considered at risk of
hearing loss after ventriculoperitoneal shunt
placement and have their hearing evaluated
in accordance with their ability to collaborate.®
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Table 1

Indicators of risk of congenital permanent or late/progressive onset hearing loss in childhood

Family
Parental consanguinity

Family history of hearing loss in childhood and/or use of hearing aid before the age of 50 years

Intrauterine infections (CMV, herpes, rubella, syphilis, toxoplasmosis, chickenpox, and laboratory

3 Pregnancy findings of Zika infection in the mother and child)

hypotonia > 2 h after birth)

Perinatal
exchange transfusion

Weight at birth < 1,500 kg

EAC, or temporal bone

Congenital

n

12
13

s Other

L difficulties

1S fracture

|
7
8
9
10

17 Ventriculoperitoneal shunt

Intrauterine exposure to toxic substances (cocaine and/or opioids) and tobacco

Neonatal suffering (Apgar O-4 at 1 min or 0-6 at 5 mins, @ spontaneous breathing at 10 mins,

NICU: hospitalization for > 5 days or ECMO or invasive ventilation or hyperbilirubinemia requiring

Craniofacial anomalies. Especially anomalies involving the external ear (e.g., external ear atresia),

Physical changes associated with syndromes that usually include conductive/sensorineural
deafness, such as the congenital white forelock (Waardenburg syndrome)

Neurodegenerative diseases (Hunter syndrome, leukodystrophies) or sensory-motor neuropathies
(Friedreich ataxia, Charcot-Marie-Tooth syndrome)

Syndromes associated with hearing loss (trisomy 21, 22g11 deletion, fetal alcohol syndrome,
neurofibromatosis, osteopetrosis, Usher syndrome, Waardenburg syndrome, Alport syndrome,
Pendred syndrome, Jervell and Lange-Nielsen syndrome)

Culture-confirmed infections associated with sensorineural hearing loss, including bacterial
and viral meningitis (especially herpes and chickenpox) and severe neonatal sepsis

Ototoxic substance administration > 5 days (gentamicin, trobramycin, or loop diuretics)
Recurrent or persistent (more than 3 months) otitis media
Chemotherapy (especially platinum derivatives)

Caregiver's concern about hearing loss or delayed speech/discourse development or learning

Cranial trauma requiring hospitalization, especially involving the skull base or temporal bone

Abbreviations: CMV, Cytomegalovirus; NICU, Neonatal Intensive Care Unit; APGAR, Appearance, Pulse, Grimace, Activity, Respiration;
ECMO, Extracorporeal membrane oxygenation; EAC, External Auditory Canal.

* Suggested alteration to the current recommendations.

h) Cranial trauma requiring hospitalization
The AAP suggests that all children who
experienced cranial trauma requiring
hospitalization should have their hearing
evaluated, in particular, but not exclusively, in
cases of temporal bone fractures, unlike what
is currently recommended in Portugal.z*

2. Timings of the audiological re-evaluation
with otorhinolaryngology (ORL) consultation
(Table 2)

Based on the JCIH, we introduced the
recommendation of evaluating children
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(up to school age) who had undergone
ECMO or were exposed to intrauterine CMV
infection. Children diagnosed with bacterial/
viral meningitis and severe neonatal sepsis
who exhibited some degree of hearing loss
in the audiological evaluation at the time
of discharge should also remain under
follow-up until school age, because of the
risk of worsening.® The JCIH recommends
audiological re-evaluation up to nine months
of age in cases of other intrauterine infections
(other than CMV and Zika), hospitalization
in the NICU for longer than five days,



Table 2

Periods of reevaluation according to the clinical entity or ORL consultation with audiological evaluation
suggested by the Joint Committee on Infant Hearing

=

Family history of hearing loss in childhood

2 ECMO

3 Intrauterine CMV infection

Culture-confirmed infections associated with sensorineural deafness, in particular
4 bacterial and viral meningitis (especially herpes and chickenpox) and severe neonatal

sepsis

O 0 N oo U

Neonatal distress

bone

Physical changes associated with syndromes that usually include conductive/
1 sensorineural deafness, such as the congenital white forelock

(Waardenburg syndrome)

12

Syndromes associated with hearing loss (neurofibromatosis, branchiootorenal
13 syndrome, osteopetrosis, Usher syndrome, Waardenburg syndrome, Alport syndrome,
Stickler syndrome, Pendred syndrome, Jervell and Lange-Nielsen syndrome)

14 Chemotherapy (especially platinum derivatives)

1 temporal bone fracture

16 Otitis media, recurrent or persisting for more than 3 months

iy or learning difficulties

Intrauterine Zica infection (mother and child with laboratory findings)
Other intrauterine infections (herpes, rubella, syphilis, toxoplasmosis, chickenpox)
NICU: hospitalization > 5 days or hyperbilirubinemia requiring exchange transfusion

Aminoglycosides > 5 days (gentamicin, tobramycin, streptomycin)

Craniofacial anomalies, namely those involving the external ear, EAC, or temporal

Neurodegenerative diseases (Hunter syndrome, leukodystrophies) or sensory-motor
neuropathies (Friedreich ataxia, Charcot-Marie-Tooth syndrome)

Cranial trauma requiring hospitalization, especially involving the skull base or

Caregiver's concern about hearing loss or delayed speech/discourse development

Until 9 months
(extend if late onset)

Until school age
(3-6 months intervals)

AEP at1M and 4-6 M

Until 9 months

< 3 months after
occurrence

Immediate

Abbreviations: ECMO, Extracorporeal membrane oxygenation; CMV, Cytomegalovirus; APCAR, Appearance, Pulse, Grimace, Activity,

Respiration; EAC, External Auditory Canal
* Suggested alteration to the current recommmendations.

hyperbilirubinemia requiring exchange
transfusion, neonatal distress and suspicion
or confirmation of syndromes or neurological
diseases associated with hearing loss, due to
the risk of worsening of hearing in this period
that may be missed in the first evaluation.? In
cases in which the parents, speech therapists,
educators, or other professionals that follow
the child's development suspect a problem,
the audiological evaluation may be further
extended. We emphasize that children
at risk due to intrauterine Zika infection,
hospitalization in the NICU > five days, or
hyperbilirubinemia requiring exchange

transfusion should be preferentially assessed
with AEP.°

3. Algorithm for hearing screening of newborns
or children at risk (Algorithm 1) (figure 1)

According to the clinical standards currently in
place in Portugal 2, all NBs should be assessed
for the existence of risk factors for childhood
deafness (Table 1). Thus, UNHS can be divided
into screening of children at risk and those
not at risk of hearing loss. NBs not at risk of
hearing loss should be evaluated with AEP or
OAE in the first month of life, as is currently
recommended in Portugal.? In cases In which
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Figure 1

Algorithm 1. Scheme of organization for conducting hearing screening in newborns and children with
risk factors for hearing loss

Child with at least one risk factor for childhood hearing loss (see Table 1)

AEP+AOs
before

discharge 4— Bacterial meningitis - m

If SNHL i
confirméfi
Childhood AEP+AOs <3M and/or <IM of life
conit{lststion 1

@ evoked response v evoked response
> 40dB(1) in one < 40dB(1) in
ear/both ears both ears

e —1
Repeat in 1S l
\ 4

Confirmed NON-confirmed
moderade-profound moderate-profound
dea?ess dea:ess
Complete AEP, ORL re-evaluation

tympanogram, according to
behavioral tests Table 2

Chithood deﬁfrt\)elss consultation </3M,
earing rehabilitation, genetics; .
ophthalmology/card?olog ORL re-evaluation
consultations, social support, professional done
support, family support

The ENTIRE diagnostic process must be
completed <3 Months old and start hearing
rehabilitation < 6 months old

UNHS (AEP/AOs) <IM of life

| Abnormal |J-| Normal |

AEP+AOs <3M
1
I 1

& evoked response v evoked response
> 40dB(1) in one < 40dB(1) in
ear/both ears both ears

consultations, social support, professional

Repeat in 1S 4

\ 4

Confirmed
moderade-profound
deafness

v

Complete AEP,
tympanogram .
behavioral tests F%"rol\DNe -cli‘ig tllri]cg EM

NON-confirmed
moderate-profound
deafness

Algorithm Il

Childhood deafness consultation <3M,
hearing rehabilitation, genetics/
ophthalmology/cardiology

support, family support

Abbreviations: AEP, Auditory Evoked Potentials; OAE, Otoacoustic emissions; C, Consultation; D, Days; W, Weeks; M, Months;
ORL, Otorhinolaryngology; UNHS, Universal Neonatal Hearing Screening; GFM, General and Family Medicine

aresponse is detected through these methods
at 40 dB HL or less, the NB is referred to the
family physician or pediatrician for follow-up,
as described in algorithm Il. NBs without a
response at 40 dB HL or more in AEP or OAE
should undergo AEP and OAE before reaching
the age of three months to confirm moderate
to profound deafness, because the combined
use of AEP and OAE mayreducetherate offalse
negatives in this subgroup.® In cases in which
moderate to profound deafness is confirmed,
complete AEP, tympanogram, and behavioral
testsshould be ordered andthe child should be
referred for a childhood deafness consultation
for subsequent etiological investigation and
clinical guidance regarding hearing and
social and family rehabilitation. NBs at risk of
RN bacterial meningitis should be evaluated
with AEP and OAE before being discharged
from the hospital and referred for a childhood
deafness consultation within less than 15 days
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if hearing loss is confirmed, because of the
risk of progression to labyrinthitis ossificans.4®
All other at-risk NBs should undergo AEP
and OAE in the first month of life and their
audiological evaluation should be finished at
three months+®, because the combined use
of AEP and OAE may reduce the rate of false
negatives in these subgroups.® In at-risk cases
in which moderate-profound deafness is not
confirmed, the children should be reevaluated
according to the intervals indicated in Table 2.
In cases in which there is no evoked response
at 40 dB HL or more in one or both ears,
the clinical guideline is the same as for NBs
without risk of hearing loss who similarly did
not demonstrate a response in UNHS at birth.
Children of any age, who throughout their
development, have one of the risk factors
for hearing loss listed in Table 1 should be
screened in the same way as NBs at risk, as
shown in Table 2.



4. Algorithm for the identification of children
at risk of hearing loss, namely during
consultation of child and adolescent health
monitoring in the primary health care setting
(Algorithm 2) (figure 2)

Children followed in the child and adolescent
health  monitoring consultation in  the
primary health care setting should undergo
an audiological evaluation with an
otorhinolaryngologistifadelayindevelopment
(namely in speech development) or behavioral
problems such as autism spectrum disorders
aredetected.**Because of the negative impact
on the child’'s development, a high degree of
suspicion of hearing loss should be maintained
even in children who apparently do not have
a developmental delay or behavioral issues.
If a risk factor for hearing loss is identified at
any stage of the follow-up, the child should be
referred for an audiological evaluation with an
otorhinolaryngologist within less than 15 days
in case of bacterial meningitis.*

Figure 2

Based on the suggestions of Yoshinaga-Itano
et al 8 and of the National Program for Child
and Adolescent Health (Programa Nacional
de Saude Infanto-Juvenil)?, which has been
in force in Portugal since 2013, we created a
list of potential changes in the child’'s normal
development that may indicate a higher
risk of hearing loss and the need for an ORL
evaluation with an audiological assessment.
Some European countries have recently
established a new universal hearing screening
at the age of four years. However, because this
measure still lacks cost-benefit evidence, we
chose not to include this suggestion in the
designed algorithm 3%

Discussion

The present algorithm proposes to extend the
current scope of referral for pediatric hearing
screening in Portugal to other pediatric ages
and suggests updates to the present clinical
guidelines with the introduction of new risk

Algorithm 2 — Scheme of organization to identify children at risk of hearing loss during child and
adolescent health monitoring consultation in the primary health care setting

Child with a developmental delay or behavior problem
(e.g., autism spectrum disorder)

Hearing screening in
ORL consultation

p  Hearing screening in GFM
up to adolescence

!

Risk factor (Table 1)?

— v |J—< N |

Suspected hearing loss?

1 Month Is not startled by a loud sound, does not turn eyes/head toward voice

4 Months  Does not react to a familiar voice <_| No |J_| Yes |
Does not look, does not react to sounds (rattle, cup, spoon), does not
6-9 Months . ! . .
vocalize/vocalizes in a monotonous tone of voice
12 Months  Does not respond to a voice Bacterial meningitis?
15 Months  Does not communicate needs by pointing or vocalizing N | I | |
o Yes
18 Months  Does not vocalize spontaneously, does not respond when called
2 Years Does not understand what he/she is told, does not use intelligible words ¢
3 Years Incomprehensible language Another RF| AEP+AOs before
4-5 Years Not fluent, many phonetic replacements/stuttering discharge
6-8 Years Does not respond in the whisper voice test If post-meningitis
SNHL is
Yes confirmed
ORL consultation < Childhood
deafness

consultation <15D

Abbreviations: AEP, Auditory Evoked Potentials; OAE, otoacoustic emissions; C, Consultation; ORL, Otorhinolaryngology;
FM, Family Medicine; SNHL,sensorineural hearing loss
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factors and re-evaluation intervals according
to the clinical entity seeing the child.

With regard to the introduction of new risk
factors, intrauterine infection with the Zika
virus was only linked to neonatal hearing loss
in 2016; therefore, it has not yet been included
in the currently used clinical standards in
Portugal.2**Wethinkitisessential tointroduce
thisrisk factor, given the increasing prevalence
of this infectious disease in Brazil*” and the
fact that Brazilians accounted for 25.67% of the
Portuguese immigrant community in 2019.%8
Another recent factor is the exponential
growth in the use of ECMO in recent years.
From 1989 to March 2022, 46,667 NBs have
undergone ECMO, according to the records of
the Extracorporeal Life Support Organization.
NBs undergoing ECMO, regardless of the
duration of the extracorporeal support, are a
subgroup at major risk of hearing loss, which
may present at a later stage: the literature
describes correlations up to 13 years of age.l*
Therefore, we suggest that these infants are
includedintheat-risk group under the existing
standards in Portugal and that their hearing is
monitored in ORL clinics at least until school
age.® Between 6 to 13 years of age, they should
be followed by their assistant physician and
referred for an ORL consultation when there
is a suspicion of hypoacusis, either reported by
the child or by his/her caregivers.
Thereareotherriskfactorsinthecontextof NICU
hospitalization, namely exposure to noise. This
may exceed the mean 45 dB recommended
by the AAP*** and be related to the degree of
hearing loss six months after discharge from
the NICU.*2 Due to the exposure to noise and
coexistence of other comorbidities associated
with hearing loss (such as hyperbilirubinemia,
exposure to ototoxic substances, and invasive
mechanical ventilation), these NBs are a
subgroup at risk of hearing loss. We believe
that unlike the current standards in use in
Portugal?, all NBs who were in the NICU for
more than five days should be included in the
at-risk subgroup of UNHS, regardless of the
NB’s comorbidities. Similar to the JCIH and
EUSCREEN recommendations and due to the

96 Portuguese Journal of Otorhinolaryngology - Head and Neck Surgery

risk of auditory neuropathy, we suggest that
this subgroup should also be preferentially
assessed by AEP.>¢

With regard to the introduction of new
intervals between evaluations, we propose
that some groups, already included in the
clinical standards in effect in Portugal, should
be monitored until school age (given the
increased risk of late-onset hearing loss),
such as NBs with intrauterine CMV infection,
because deafness may develop up to school
age.s Children diagnosed with bacterial/viral
meningitis who have shown some degree of
hearing loss in the audiological evaluation at
thetime of discharge should also be monitored
until school age due to the risk of worsening.*®
Retrospective studies conducted in maternity
units of the Portuguese national health service
have shown rates of neonatal screening
effectiveness between 98% and 98.7%, with
2% of the NBs being referred for an ORL
consultation, which is in line with the goals
defined by the JCIH.44 The introduction of
new risk factors and warning signs for referral
to child health and pediatric consultations
aims at increasing the rate of effectiveness
of UNHS and increasing the referrals to
childhood deafness consultations so that
the prognosis of children with deafness in
Portugal is improved.

The algorithm developed in this study still
requires an evaluation of its impact on the
improvement of health care in Portugal and a
formal cost-benefit analysis.

Some of the parameters introduced in this
algorithm require further studies with larger
samples to allow establishing a stronger
correlation between the risk factor and
childhood hearing loss. In this group, we
highlight intrauterine exposure to toxic
substances and/or tobacco, as suggested by
the Societé Francaise de Pédiatrie®.

In addition, we believe that it is essential to
create a national database of the audiological
results of all the tests of the population with
confirmed or at-risk of hearing loss to avoid
delayed diagnoses due to absenteeism or
difficulties in referral to a specialist. Moreover,



it is a practical, independent, and pragmatic
way of assessing the real impact of health care
on the quality of life of these patients while
evaluating the efficiency of resolution and
monitoring of childhood hearing loss.

Conclusion

The proposed algorithm is a tool that can
enable an earlier diagnosis of hearing loss
during childhood through the identification of
the main risk factors associated with deafness
in this population in light of the current
scientific knowledge. Moreover, we extended
the criteria of referral for pediatric hearing
screening to other pediatric ages by seeking
to define the warning signs for a referral for
audiological evaluation in a consultation in
the primary healthcare setting. This algorithm
may accelerate and increase the number of
referrals to childhood deafness consultations,
thereby improving the hearing outcomes of
children in Portugal.

Conflicts of Interest
The authors declare that there is no conflict
of interests regarding the publication of this

paper.

Data Confidentiality

The authors declare having followed the
protocols in use at their working center
regarding patients’ data publication.

Protection of humans and animals

The authors declare that the procedures
were followed according to the regulations
established by the Clinical Research and Ethics
Committee and tothe 2013 Helsinki Declaration
of the World Medical Association.

Funding Sources
This work did not receive any contribution,
funding or scholarship.

Availability of scientific data
There are no datasets available, publicly related
to this work.

Bibliographic references

1. le Clercq CMP, van Ingen G, Ruytjens L, Goedegebure A,
Moll HA, Raat H. et al. Prevalence of hearing loss among
Children 9 to 11 years old: the generation R Study. JAMA
Otolaryngol Head Neck Surg. 2017 Sep 1;143(9):928-934.
doi: 10.1001/jamaoto.2017.1068.

2. Grupo de Rastreio e Intervencao da Surdez Infantil.
Recomendagbes para o Rastreio Auditivo Neonatal
Universal (RANU). Acta Pediatr Port [Internet]
2007:38(5):209-14. Disponivel em: https://pjp.spp.pt/article/
view/4698/3521

3. American Academy of Pediatrics, Joint Committee on
Infant Hearing. Year 2007 position statement: Principles
and guidelinesfor early hearing detectionand intervention
programs. Pediatrics. 2007 Oct;120(4):898-921. doi: 10.1542/
peds.2007-2333

4. Grindle CR. Pediatric hearing loss. Pediatr Rev. 2014
Nov;35(11):456-63; quiz 464. doi: 10.1542/pir.35-11-456.

5. EUscreen Study. Manual for implementation or
modification of child vision and hearing screening
programmes. [online] 2021 Jun. 158 p. Disponivel
em: https://www.euscreen.org/manual-strategy-
implementation-table-contents/.

6. The Joint Commmittee on Infant Hearing. National Center
for Hearing Assessment and Management. Year 2019
Position Statement: Principles and Guidelines for Early
Hearing Detection and Intervention Programs. J Early
Hear Detect Interv. [Internet] 2019;4(2):1-44. . Disponivel
em: https:/digitalcommons.usu.edu/cgi/viewcontent.
cgi?article=1104&context=jehdi.

7. Ching TYC, Dillon H, Button L, Seeto M, Van Buynder
P, Marnane V. et al. Age at intervention for permanent
hearing loss and 5-year language outcomes. Pediatrics.
2017 Sep;140(3):e20164274. doi: 10.1542/peds.2016-4274.

8. Yoshinaga-ltano C, Sedey AL, Coulter DK, Mehl AL.
Language of early- and later-identified children with
hearing loss. Pediatrics. 1998 Nov;102(5):1161-71. doi: 10.1542/
peds.102.5.1161.

9. Norton SJ, Gorga MP, Widen JE, Folsom RC, Sininger Y,
Cone-Wesson B. et al. Identification of neonatal hearing
impairment: evaluation of transient evoked otoacoustic
emission, distortion product otoacoustic emission, and
auditory brain stem response test performance. Ear Hear.
2000 Oct;21(5):508-28. doi: 10.1097/00003446-200010000-
00013.

10. Raghuwanshi SK, Gargava A, Kulkarani V, Kumar A.
Role of otoacoustic emission test in neonatal screening at
tertiary center. Indian J Otolaryngol Head Neck Surg. 2019
Nov;71(Suppl 2):1535-1537. doi: 10.1007/s12070-019-01606-0.
11. De Capua B, De Felice C, Costantini D, Bagnoli F, Passali
D. Newborn hearing screening by transient evoked
otoacoustic emissions: analysis of response as a function
of risk factors. Acta Otorhinolaryngol Ital. [Internet] 2003
Feb;23(1):16-20. . Disponivel em: https://www.actaitalica.it/
issues/2003/1_03/03%20De%20Capua.pdf.

12. George Francisco. Programa Nacional de Saude Infantil
e Juvenil. Norma 010/2013. 31/05/2013. Direcdo Geral da
Saude. Disponivel em: https://www.dgs.pt/directrizes-da-
dgs/normas-e-circulares-normativas/norma-n-0102013-
de-31052013-jpg.aspx..

13. Groupe de Travail de la Société Francaise de Pédiatrie.
Depistage des troubles de [l'audition chez I'enfant

Volume 61. N°1. March 2023 97



[Internet]. Paris: Ministere de la Santé et la Prévention;
2009. 17 p. . Disponivel em: https://solidarites-sante.gouv.
fr/IMG/pdf/Depistage_des_troubles_de_l_audition_chez_I_
enfant.pdf

14. Murray M, Nield T, Larson-Tuttle C, Seri |, Friedlich P.
Sensorineural hearing loss at 9-13 years of age in children
with a history of neonatal extracorporeal membrane
oxygenation. Arch Dis Child Fetal Neonatal Ed. 2011
Mar;96(2):F128-32. doi: 10.1136/adc.2010.186395.

15. Lanzieri TM, Chung W, Flores M, Blum P, Caviness AC,
Bialek SR. et al. Hearing loss in children with asymptomatic
congenital cytomegalovirus infection. Pediatrics. 2017
Mar;139(3):e20162610. doi: 10.1542/peds.2016-2610.

16. Bener A, Eihakeem AA, Abdulhadi K. Is there any
association between consanguinity and hearing loss. Int
J Pediatr Otorhinolaryngol. 2005 Mar;69(3):327-33. doi:
10.1016/j.ijporl.2004.10.004.

17. Almazroua AM, Alsughayer L, Ababtain R, Al-Shawi
Y, Hagr AA. The association between consanguineous
marriage and offspring with congenital hearing loss. Ann
Saudi Med. 2020 Nov-Dec;40(6):456-461. doi: 10.5144/0256-
4947.2020.456.

18. Durante AS, Ibidi SM, Lotufo JP, Carvallo RM. Maternal
smoking during pregnancy: Impact on otoacoustic
emissions in neonates. Int J Pediatr Otorhinolaryngol. 2011
Sep;75(9):1093-8. doi: 10.1016/}.ijporl.2011.05.023.

19. Korres S, Riga M, Balatsouras D, Papadakis C, Kanellos P,
Ferekidis E. Influence of smoking on developing cochlea.
Does smoking during pregnancy affect the amplitudes
of transient evoked otoacoustic emissions in newborns?
Int J Pediatr Otorhinolaryngol. 2007 May;71(5):781-6. doi:
10.1016/j.ijporl.2007.01.015.

20. Wilunda C, Yoshida S, Tanaka S, Kanazawa Y, Kimura T,
Kawakami K. Exposure to tobacco smoke prenatally and
during infancy and risk of hearing impairment among
children in Japan: A retrospective cohort study. Paediatr
Perinat Epidemiol. 2018 Sep;32(5):430-438. doi: 101111/
ppe.12477.

21. Weitzman M, Govil N, Liu YH, Lalwani AK. Maternal
Prenatal Smoking and Hearing Loss Among Adolescents.
JAMA Otolaryngol Head Neck Surg. 2013 Jul;139(7):669-77.
doi: 10.1001/jamaoto.2013.3294.

22. Singer LT, Arendt R, Minnes S, Salvator A, Siegel AC,
Lewis BA.Developing Language Skills of Cocaine-Exposed
Infants. Pediatrics. 2001 May;107(5):1057-64. doi: 10.1542/
peds.107.5.1057.

23. Church MW, Crossland W3, Holmes PA, Overbeck
GW, Tilak JP. Effects of prenatal cocaine on hearing,
vision, growth, and behavior. Ann N Y Acad Sci. 1998 Jun
21;846:12-28.

24. Tan-Laxa MA, Sison-Switala C, Rintelman W, Ostrea
EM Jr. Abnormal Auditory Brainstem Response Among
Infants With Prenatal Cocaine Exposure. Pediatrics. 2004
Feb;113(2):357-60. doi: 10.1542/peds.113.2.357.

25. Lester BM, Lagasse L, Seifer R, Tronick EZ, Bauer CR,
Shankaran S. et al. The Maternal lifestyle study (MLS):
effects of prenatal cocaine and/or opiate exposure on
auditory brain response at one month. J Pediatr. 2003
Mar;142(3):279-85. doi: 10.1067/mpd.2003.112.

26. Cone-Wesson B, Spingarn A. Effects of Maternal
Cocaine Abuse on Neonatal Auditory Brainstem
Responses. Am J Audiol. 1993 Nov 1,2(3):48-54. doi:

98 Portuguese Journal of Otorhinolaryngology - Head and Neck Surgery

10.1044/1059-0889.0203.48.

27. Robertson CM, Howarth TM, Bork DL, Dinu IA.
Permanent bilateral sensory and neural hearing loss
of children after neonatal intensive care because of
extreme prematurity: a thirty-year study. Pediatrics. 2009
May;123(5):e797-807. doi: 10.1542/peds.2008-253]1.

28. Frezza S, Catenazzi P, Gallus R, Gallini F, Fioretti M,
Anzivino R. et al. Hearing loss in very preterm infants:
should we wait or treat? Acta Otorhinolaryngol Ital. 2019
Aug;39(4):257-262. doi: 10.14639/0392-100X-2116.

29. Marlow ES, Hunt LP, Marlow N. Sensorineural hearing
loss and prematurity. Arch Dis Child Fetal Neonatal Ed.
2000 Mar;82(2):F141-4. doi: 10.1136/fn.82.2.f141.

30. Church MW, Gerkin KP. Hearing disorders in children
with fetal alcohol syndrome: findings from case reports.
Pediatrics. 1988 Aug;82(2):147-54.

31. Rossig C, Wasser St, Oppermann P. Audiologic
manifestations in fetal alcohol syndrome assessed by
brainstem auditory-evoked potentials. Neuropediatrics.
1994 Oct;25(5):245-9. doi: 10.1055/5-2008-1073029.

32. MclLaughlin SA, Thorne JC, Jirikowic T, Waddington T,
Lee AKC, Astley Hemingway SJ. Listening difficulties in
children with fetal alcohol spectrum disorders: more than
a problem of audibility. J Speech Lang Hear Res. 2019 May
21,62(5):1532-1548. doi: 10.1044/2018_JSLHR-H-18-0359.

33. Lim HW, Shim BS, Yang CJ, Kim JH, Cho YH, Cho YS.
et al. Hearing loss following ventriculoperitoneal shunt
in  communicating hydrocephalus patients: A pilot
study. Laryngoscope. 2014 Aug;124(8):1923-7. doi: 10.1002/
lary.24553.

34.Verma M, Singh J, Singh |, Kakkar V, Yadav SPS, George
JS. To evaluate the pre and post shunt sensorineural
hearing loss in hydrocephalus patients. Indian J
Otolaryngol Head Neck Surg. 2019 Nov;71(Suppl 2):1314-
1319. doi: 10.1007/s12070-018-1372-x.

35. Bamford J, Fortnum H, Bristow K, Smith J, Vamvakas
G, Davies L. et al. Current practice, accuracy, effectiveness
and cost-effectiveness of the school entry hearing screen.
Health Technol Assess. 2007 Aug;11(32):1-168, iii-iv. doi:
10.3310/htal1320.

36. Yong M, Liang J, Ballreich J, Lea J, Westerberg BD,
Emmett SD. Cost-effectiveness of School Hearing
Screening Programs: A Scoping Review. Otolaryngol
Head Neck Surg. 2020 Jun;162(6):826-838. doi:
10.1177/0194599820913507.

37. Junior LP, Luz K, Parreira R, Ferrinho P. Virus Zika:
revisdo para clinicos. Acta Med Port. [Internet] 2015.
Nov-Dez; 98(6): 760-5. Available from: https:/www.
actamedicaportuguesa.com/revista/index.php/amp/
article/view/6929/4566

38. Gabinete de Estratégia e Estudos. Populagcao
Estrangeira Residente Em Portugal — Brasil [Internet]
[Portugal]: SEF; INE; 2021. Disponivel em: https:/www.gee.
gov.pt/pt/docs/doc-o-gee-2/estatisticas-de-imigrantes-
em-portugal-por-nacionalidade/paises/brasil-1/4017-
populacao-estrangeira-com-estatuto-legal-de-residente-
em-portugal-brasil/file

39. Noise: a hazard for the fetus and newborn. American
Academy of Pediatrics. Committee on Environmental
Health. Pediatrics [Internet] 1997 Oct;100(4):724-7.
Disponivel em: https://doi.org/10.1542/peds.100.4.724.

40. Williams AL, van Drongelen W, Lasky RE. Noise in



contemporary neonatal intensive care. J Acoust Soc Am.
2007 May;121(5 Pt1):2681-90. doi: 10.1121/1.2717500.

41. Lasky RE, Williams AL. Noise and Light Exposures for
Extremely Low Birth Weight Newborns During Their
Stay in the Neonatal Intensive Care Unit. Pediatrics. 2009
Feb;123(2):540-6. doi: 10.1542/peds.2007-3418.
42.BekenS,Onal E,Gunduz B, Cakir U, Karagoz i, Kemaloglu
YK. Negative effects of noise on NICU graduates’ cochlear
functions. Fetal Pediatr Pathol. 2021 Aug;40(4):295-304.
doi: 10.1080/15513815.2019.1710788.

43. Rodenburg-Vlot MB, Ruytjens L, Oostenbrink R,
Goedegebure A, van der Schroeff MP. Systematic review:
incidence and course of hearing loss caused by bacterial
meningitis: in search of an optimal timed audiological
follow-up. Otol Neurotol. 2016 Jan;37(1):1-8. doi: 10.1097/
MAO.0000000000000922.

44, Gabriel T, Martins E, Carvalho G, Fontes N, Ramos
M3, Peres M. et al. Rastreio auditivo neonatal em 17 732
recém-nascidos. Acta Pediatrica Portuguesa [Internet]
2017; 48(1): 14-18. . Disponivel em: https://doi.org/10.25754/
pjp.2017.9804

45. Casanova MJ, Costa JR, Sampaio L, Coutinho MB,
Magalhdaes A, Almeida e Sousa C. Rastreio auditivo
neonatal universal: Resultados de 2019 no Centro
Hospitalar Universitario do Porto. Port J ORL [Internet].
2021 Mar; 59(1)13-7. Disponivel em: https://journalsporl.
com/index.php/sporl/article/view/829

Volume 61. N°1. March 2023 99



