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Childregn' ’ Objectives: To provide an overview of the main evidence-based recommendations for the diag-
Guidelin(,eS' nosis of hearing loss in children and adolescents aged 0 to 18 years.

Screening', Methods: Task force membe.rs were educatgd on knowledge s.yntAhesis methoq§, including elec-
Diagnosis;, tronic database search, review and selection of relevant citations, and critical appraisal of

selected studies. Articles written in English or Portuguese on childhood hearing loss were eligible
for inclusion. The American College of Physicians’ guideline grading system and the Ameri-
can Thyroid Association’s guideline criteria were used for critical appraisal of evidence and
recommendations for therapeutic interventions.
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Results: The evaluation and diagnosis of hearing loss: universal newborn hearing screening,
laboratory testing, congenital infections (especially cytomegalovirus), genetic testing and main
syndromes, radiologic imaging studies, vestibular assessment of children with hearing loss,
auditory neuropathy spectrum disorder, autism spectrum disorder, and noise-induced hearing
loss.

Conclusions: Every child with suspected hearing loss has the right to diagnosis and appropri-
ate treatment if necessary. This task force considers 5 essential rights: (1) Otolaryngologist
consultation; (2) Speech assessment and therapy; (3) Diagnostic tests; (4) Treatment; (5) Oph-
thalmologist consultation.

© 2022 Published by Elsevier Editora Ltda. on behalf of Associacao Brasileira de Otorrino-
laringologia e Cirurgia Cérvico-Facial. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

Approximately 360 million people (5% of the world’s pop-
ulation) have disabling hearing loss, and nearly 32 million
of them are children." Childhood hearing impairment may
cause language developmental delays, cognitive deficits,
behavioral and emotional disorders, poor school perfor-
mance, and lack of social interaction.? A study showed that
the prevalence of psychiatric disorders in a group of chil-
dren with profound hearing loss reached 50%.° The earlier
children with hearing loss are identified and the earlier they
receive adequate treatment, the greater the possibility for
them to develop language and the lower the impact on their
quality of life.*

The age at which hearing loss is detected has decreased
since Universal Newborn Hearing Screening (UNHS) is
mandatory in Brazil, in accordance with law number 12,303
of 2010.> Historically, moderate-to-severe hearing loss in
young children would go undetected until delayed lan-
guage acquisition was observed. It was not uncommon for
the diagnosis of mild hearing loss and unilateral hear-
ing loss to be delayed until children reached school
age.®

The World Health Organization (WHO) estimates that
approximately 60% of the causes of hearing loss in chil-
dren are preventable. More than 30% of cases are caused by
infections such as rubella, Cytomegalovirus (CMV), mumps,
meningitis, measles, and chronic ear infections. Meningi-
tis and rubella together account for more than 19% of
cases of childhood hearing loss. Most of these infections
can be prevented by vaccination and improved socioeco-
nomic and sanitation conditions. Acute middle ear infections
and secretory otitis should be treated immediately with
medical or surgical interventions. Perinatal and neonatal
complications, such as lack of oxygen, low birth weight,
prematurity, and jaundice, account for 17% of cases of child-
hood hearing loss. Such complications can be avoided by
improving mother and child health practices.! Noise expo-
sure is another important factor. A study evaluating 5249
US adolescents aged 12 to 19 years showed that 15.9%
had hearing deficits attributable to noise exposure.” In the
Netherlands, 14.2% of 5355 children aged 9 to 11 years
were found to have hearing impairment relating to excessive
headphone use.?

Since the 1970s in the United States, a multidisciplinary
committee named Joint Committee on Infant Hearing (JCIH)
has dedicated to detecting risk factors for children to
develop hearing loss. There are periodic updates, and the
latest statement, issued in 2019, highlighted the following®:

Perinatal or congenital:

e Neonatal Intensive Care Unit (ICU) for more than
5 days; Hyperbilirubinemia with exchange transfu-
sion regardless of length of ICU stay; Asphyxia or
hypoxic-ischemic encephalopathy; Extracorporeal Mem-
brane Oxygenation (ECMO); Microcephaly; Syndromes
associated with progressive hearing loss; Congenital or
acquired hydrocephalus; Temporal bone abnormalities;
In utero infections with syphilis, toxoplasmosis, rubella,
CMV, herpes (STORCH), or Zika; Family history of early,
progressive, or delayed permanent childhood deafness.

o Delayed: Infections that lead to deafness, such as bacte-
rial or viral meningitis and encephalitis (especially herpes
and chickenpox viruses); Chemotherapy; Family suspicion
of deafness, speech or language impairment, and devel-
opmental delay or regression; Skull or temporal bone
trauma.

The JCIH states that children at risk of hearing loss need
to be closely monitored, even after undergoing UNHS. This
ensures the identification of hearing loss as early as possible
and avoids treatment delays.'® Studies'"-'? suggest that the
prevalence of permanent hearing loss increases during child-
hood and that hearing loss occurs sometime after childhood
in up to 25%-50% of children with risk factors.

Almost half of hard-of-hearing children will experience
hearing deterioration during childhood." It is also impor-
tant to monitor children with early hearing loss who are at
risk for hearing deterioration (progressive hearing loss) so
that appropriate intervention can be initiated in a timely
manner. Thus, surveillance protocols are recommended as
part of a comprehensive UNHS program but have not yet
been universally applied.™

Etiologies

For didactic purposes, the main causes of hearing loss in
children can be divided into congenital and acquired. The
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congenital causes include diseases that manifest within the
neonatal period (up to 28 days of life) or later (after 28 days
of life).

Neonatal causes

The estimated prevalence of congenital profound bilateral
hearing loss is 1 in 1000 newborns.? Another 1 to 2 in 1000
newborns have mild-to-moderate bilateral hearing loss or
unilateral hearing loss of any degree of severity."> The most
common causes of congenital sensory hearing loss are infec-
tions (syphilis, toxoplasmosis, rubella, and CMV), inner ear
malformations (30% to 40%), and genetic causes (50%).'°
Rubella was once the most common viral cause of congen-
ital sensory hearing loss, but vaccination has made it rare
today."” Congenital syphilis, which had declined for decades
and remains uncommon, is on the rise, with an incidence of
23.3 per 100,000 live births in 2017."8 Nearly 50% of children
with congenital hearing loss do not have a specific diagnosis.

The Zika virus is transmitted by the Aedes aegypti
mosquito and can cross the placental barrier and infect the
developing fetus. Congenital Zika Syndrome (CZS) may cause
microcephaly, reduced brain parenchyma, and visual and
hearing impairment. Approximately 7% of infants with CZS
have sensorineural hearing loss.' Although the main con-
cern with Zika virus infections is CZS, children infected with
Zika virus after the neonatal period are at risk for Guillain-
Barré syndrome and transient sensorineural hearing loss.

The incidence of congenital hearing loss is higher in
premature children and becomes lower with increasing ges-
tational age and birth weight (1.2% to 7.5% born at 24-31
weeks and 1.4% to 4.8% with birth weight 750 to 1500g).
Hearing loss affects 1.2% to 7.5% of infants in neonatal
ICUs.? Interventions such as assisted ventilation, prolonged
hospital stays (>12 days), central venous access, and antibi-
otic use in the neonatal ICU increase the likelihood of
hearing loss.

GJB2, the first gene to be implicated in nonsyndromic
human deafness, was discovered in 1997. It is the gene most
related to hearing loss. Since then, more than 130 genes
and nearly 8000 gene variations have been identified and
are associated with severe-to-profound nonsyndromic sen-
sorineural hearing loss. These variations differ significantly
based on the ethnic population examined. There are also
over 600 clinical syndromes that include deafness. In many
of them, deafness is the first clinical feature to manifest.?’
According to estimates, there are over 1000 genes that can
cause hearing impairment.?

Some syndromes such as coloboma, heart disease,
choanal atresia, retarded growth and development, genital
hypoplasia, ear anomalies/deafness (CHARGE), associated
with genetic causes, may also cause hearing loss due to
middle or inner ear malformations.??

Delayed onset causes

Some children may develop deafness after the neonatal
period, and this will not be detected by current UNHS.
Importantly, a significant number of children who develop
prelingual deafness after the neonatal period go undetected
by currently implemented UNHS. Dedhia et al.?* estimated

that nearly 25% of all children with sensorineural hearing
loss are not identified by UNHS and that two-thirds of them
had severe-to-profound deafness. Some syndromes can only
be identified over time.

Pendred syndrome is associated with recessive variants in
the SLC26A4 gene. It is the most common syndromic form of
hereditary sensory hearing loss and is associated with thyroid
dysfunction, goiter, Enlarged Vestibular Aqueduct (EVA), and
cochlear incomplete partition type Il (Mondini deformity).?

Usher syndrome is also autosomal recessive and has 3
clinical types, associated with at least 9 genes that are
differentiated by the severity of hearing loss, vestibular dys-
function, and age at onset of vision loss.?® Alport syndrome
is an X-linked (80%) or recessive (depending on the gene)
disorder resulting in kidney failure, eye abnormalities (lenti-
conus, subcapsular cataract, retinopathy), and progressive
sensory hearing loss usually detected in late childhood.?”

Delayed-onset hearing loss may also occur after congen-
ital infections. Historically, prenatal exposure to STORCH
agents was a common cause of congenital hearing loss.
However, the epidemiology of these agents has changed,
and congenital CMV (cCMV) currently is a major cause of
delayed-onset hearing loss in many countries. The preva-
lence of cCMV infection is 0.4% to 2.3% of all newborns. Of
infants with confirmed congenital loss, 6% to 7% have cCMV.%
However, up to 43% of infants with cCMV initially undergo
UNHS but will later experience sensory hearing loss.?

Acquired causes

Hearing loss in children may have multiple etiologies over
time, such as temporal bone fractures, infections, exposure
to ototoxic drugs, autoimmune diseases, and noise expo-
sure. The estimated prevalence of hearing loss in children
up to 18 years of age is 18%.%

Trauma may cause conductive, mixed, or sensorineural
hearing loss, depending on the location and type of temporal
bone injury. Up to 82% of children with temporal bone frac-
tures will have hearing loss at presentation; of these cases,
56% will be conductive, 17% will be sensorineural, and 10%
will be mixed.* Conductive hearing loss may result from
tympanic membrane perforation or ossicular chain injury.
Temporal bone fractures may damage the cochlea and the
cochlear nerve, or cause a labyrinthine fistula, which often
leads to severe-to-profound sensorineural hearing loss.>'
Temporal bone concussions without fracture may also result
in temporary or permanent sensory hearing loss.*’

Infectious causes of sensory hearing loss include measles,
mumps, varicella-zoster virus, Lyme disease, bacterial
meningitis, and, rarely, otitis media. Measles and mumps
with subsequent hearing loss are more common in unvac-
cinated children.** Meningitis in children is the most
common postnatal cause of acquired bilateral hearing loss.
Meningogenic labyrinthitis (with or without new bone forma-
tion) is most often due to bacterial meningitis and is usually
bilateral. The offending pathogens are believed to invade
the membranous labyrinth through the cochlear aqueducts
or the lamina cribrosa of the vestibule, resulting in suppu-
rative labyrinthitis. Three radiologic stages are described
in labyrinthitis: acute stage, fibrous stage, and labyrinthitis
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ossificans, shown by both Computed Tomography (CT) and
Magnetic Resonance Imaging (MRI).*°

Hearing loss resulting from bacterial meningitis may
be progressive and is more common after Streptococcus
pneumoniae infections that can cause ossification of the
labyrinth. Cochlear implantation is indicated as soon as
possible.** Acute and chronic otitis media may also cause
hearing loss. They are usually conductive and can be
resolved with antibiotic therapy or surgery.

The following drugs are known to be ototoxic and cause
permanent hearing loss: aminoglycosides, chemotherapy
drugs (especially cisplatin), and loop diuretics. Radiother-
apy involving the temporal bones, associated with cisplatin,
increases the risk of sensorineural hearing loss, which
may manifest a few years after the end of treatment.®
Although aminoglycoside-induced ototoxicity is strongly
related to serum drug level and cumulative dosage, genetic
susceptibility to ototoxicity is well described (including
mitochondrial gene mutations, especially RNA 1555A>G and
1494C>T in mitochondrial 12S ribosomal RNA), with hear-
ing loss occurring after even a single dose in some patients
who have these mutations.*® Other drugs such as salicy-
lates and macrolides may cause hearing loss that is usually
reversible.?” Close monitoring of serum drug doses and levels
can decrease the chance of inner ear injury.

Autoimmune hearing loss is due to either primary autoim-
mune dysfunctions in the inner ear or systemic autoimmune
diseases such as Cogan syndrome (interstitial keratitis, pro-
gressive hearing loss, and vestibular dysfunction).*® Hearing
loss is often rapidly progressive and sometimes responds to
immunosuppressants.

According to the WHO, 1.1 billion young people are at
risk of hearing loss due to prolonged and excessive expo-
sure to loud sounds.*° Children and adolescents are at higher
risk of developing hearing loss because of frequent expo-
sure to loud music during leisure activities, on transport
services, and while playing sports.“>4! Headphones improve
the listening experience but also increase the risk of noise-
induced hearing loss. The use of portable music players such
as MP3 players, iPods, smartphones, and similar devices has
increased worldwide over the past few decades.*

Hearing tests

The tests used for identifying neonatal hearing loss are
transient-evoked and distortion-product Otoacoustic Emis-
sions (OAE) and Auditory Brainstem Response (ABR) (click,
tone-burst, chirp, steady-state). These electrophysiologic
tests are suitable for children because they are considered
objective and performed under sedation, but their interpre-
tation is examiner dependent. These tests will be described
later, when UNHS is discussed.

In children aged 7 years or over, subjective tests can
be used, such as audiometry. This test is dependent on the
child’s response and the examiner’s experience.

Hearing loss is defined as compromised ability to hear
sounds at thresholds considered normal. For children, an
average pure-tone threshold higher than 15dB HL at 500,
1000, 2000 and 4000Hz is considered outside the normal
reference range. The severity of hearing loss is categorized
in Table 1.

Table 1  Severity of hearing loss in children up to 7 years of
age, considering tone thresholds between 500 and 4000 Hz.

Severity of Hearing thresholds (dB)
hearing loss
Northern and WHO, 2016’
Downs, 20024
Normal 0to 15 0to 15
Slight 16 to 25 NA
Mild 26 to 30 16 to 30
Moderate 31 to 50 31 to 60
Severe 51 to 70 61 to 80
Profound >71 >81

dB, Decibel; WHO, World Health Organization; NA, Not Applica-
ble. The term *‘slight’’ is not used in WHO classification.

Objective

This systematic review has the purpose to provide an
overview of the evidence-based recommendations for the
diagnosis of hearing loss in children and adolescents aged 0
to 18 years.

Methods

Between April 28 and 29, 2022, a task force consisting of
otolaryngologists, otology specialists, Brazilian Society of
Otology (Sociedade Brasileira de Otologia, SBO) directors,
and some SBO members met (in person and remotely) to
discuss the topic of this guideline. Each participant in this
meeting was tasked with giving a 15-min evidence-based lec-
ture on one of the suggested topics. After the lecture, the
participants discussed the topic until reaching a consensus.
Each author was asked to write a text with the current lit-
erature on the topic, based on evidence and containing the
elements discussed during the meeting. A rapporteur pre-
pared the final text, which was reviewed by 4 additional
coauthors and the Brazilian Journal of Otorhinolaryngology
(BJORL) editor.

This guideline is not intended to be a substitute for indi-
vidual professional judgment. Physicians should always act
and decide in a way that they believe is best for their
patients, regardless of guideline recommendations. They
should also operate within their scope of practice and in
accordance with their training. The guidelines represent the
best judgment of a team of experienced physicians address-
ing the scientific evidence for a given topic.

The grading system of the American College of Physi-
cians (ACP) was used in this guideline, relating to
critical appraisal and recommendations on therapeutic
interventions* (Tables 2 and 3). An important component
of this guideline was judged to be critical appraisal of diag-
nostic testing studies. However, the ACP guideline grading
system was not designed for this purpose.*>~#

The American Thyroid Association (ATA) created a diag-
nostic test appraisal system that included consideration of
the following methodological elements: consecutive recruit-
ment of patients representative of clinical practice, use
of an appropriate reference gold standard, directness of
evidence (target population of interest, testing procedures
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Table 2 Interpretation of the American College of Physicians’ Guideline Grading System (for Therapeutic Interventions).

Recommendation Clarity of risk/benefit

Implications

Strong Benefits clearly

recommendation outweigh harms and
burdens, or vice
versa.

Weak Benefits closely
recommendation balanced with harms
and burdens.

Balance of benefits
and risks cannot be
determined.

No recommendation

Patients: Most would want course of action; a person should request
discussion if an intervention is not offered.

Clinicians: Most patients should receive the recommended course of
action.

Policymakers: The recommendation can be adopted as policy in most
circumstances.

Patients: Many would want course of action, but some may not; the
decision may depend on individual circumstances.

Clinicians: Different choices will be appropriate for different
patients; the management decision should be consistent with
patients’ preferences and circumstances.

Policymakers: Policymaking will require careful consideration and
stakeholder input.

Decisions based on evidence cannot be made.

Table 3 Recommendations (for therapeutic interventions) based on strength of evidence.

Recommendation and
evidence of quality

Description of supporting evidence?

Interpretation

Strong recommendation
High-quality evidence

Moderate-quality
evidence
Low-quality evidence

Weak recommendation

High-quality evidence

Moderate-quality
evidence
Low-quality evidence

Insufficient

RCT without important limitations or
overwhelming evidence from observational
studies.

RCT with important limitations or strong
evidence from observational studies.
Observational studies/case studies.

RCT without important limitations or
overwhelming evidence from observational
studies.

RCT with important limitations or strong
evidence from observational studies.
Observational studies/case studies.

Evidence is conflicting, of poor quality, or
lacking.

Can apply to most patients in most
circumstances without reservation.

Can apply to most patients in most
circumstances without reservation.

May change when higher-quality evidence
becomes available.

Best action may differ based on
circumstances or patients’ values.

Best action may differ based on
circumstances or patients’ values.

Other alternatives may be equally
reasonable.

Insufficient evidence to recommend for or
against.

@ This description of supporting evidence refers to therapy, therapeutic strategy, or prevention studies. The description of supporting

evidence is different for diagnostic accuracy studies. RCT, Randomized Controlled Trial.

representative of clinical practice, and relevant outcomes),
precision of diagnostic accuracy measures (confidence inter-
vals for estimates such as sensitivity and specificity), and
consistency of results across studies using the same test that
was also used in this guideline*® (Tables 4 and 5).

Evidence-based evaluation and diagnosis of
hearing loss in children

Universal newborn hearing screening protocol

In the 2019 JCIH statement recommendations,’ there is a
major concern with starting rehabilitation as early as pos-

sible. Screening is suggested to be done up to 1 month of
age, diagnosis of hearing loss to be made up to 2 months
of age, and rehabilitation to be started up to 3 months of
age. This new goal has been established mainly for programs
that already meet the 2007 recommendations® of screen-
ing up to 1 month, diagnosis up to 3 months, and start of
rehabilitation up to 6 months. This concern is based on the
knowledge that early intervention is critical for successful
rehabilitation outcomes. Delays have a negative impact not
only on language development and communication but also
on children’s well-being and cognition.

In Brazil, the reality is still far from ideal, despite a 2010
law’ defining the mandatory nature of UNHS. In a study on
UNHS coverage in public maternity hospitals in the coun-
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Table 4

Interpretation of the American Thyroid Association Guideline for Diagnostic Tests.

Accuracy of diagnostic
information versus risks and
burden of testing

Recommendation

Implications

Strong
recommendation

Knowledge of the diagnostic
test result clearly
outweighs risks and burden
of testing or vice versa.

Weak
recommendation

Knowledge of the diagnostic
test result is closely
balanced with risks and
burden of testing.

No recommendation Balance of knowledge of the
diagnostic test result

cannot be determined.

Patients: In the case of an accurate test for which benefits
outweigh risks/burden, most would want the diagnostic test to
be offered (with appropriate counseling). A patient should
request discussion of the test if it is not offered. In contrast,
for a test in which risks/burden outweigh the benefits, most
patients should not expect the test to be offered.

Clinicians: In the case of an accurate test for which benefits
outweigh risks/burden, most patients should be offered the
diagnostic test (and provided relevant counseling). Counseling
about the test should include a discussion of the risks,
benefits, and uncertainties related to testing (as applicable),
as well as the implications of the test result. In contrast, for a
test in which risks/burden outweigh the perceived benefits,
most patients should not be offered the test, or if the test is
discussed, the rationale against the test should, for the
particular clinical situation, be explained.

Policymakers: In the case of an accurate test for which
benefits outweigh risks/burden, availability of the diagnostic
test should be adopted in health policy. In contrast, for a test
in which risks/burden outweigh the perceived benefits, some
restrictions on circumstances for test use may need to be
considered.

Patients: Most would want to be informed about the diagnostic
test, but some would not want to seriously consider
undergoing the test; a decision may depend on the individual
circumstances (e.g., risk of disease, comorbidities, or other),
the practice environment, feasibility of optimal execution of
the test, and consideration of other available options.
Clinicians: Different choices will be appropriate for different
patients, and counseling about the test (if being considered)
should include a discussion of the risks, benefits, and
uncertainties related to testing (as applicable), as well as the
implications of the test result. The decision to perform the
test should include consideration of the patients’ values,
preferences, feasibility, and the specific circumstances.
Counseling the patient on why the test may be helpful or not,
in her/his specific circumstance, may be highly valuable in the
decision-making process.

Policymakers: Policymaking decisions on the availability of the
test will require discussion and stakeholder involvement.
Decisions on the use of the test based on evidence from
scientific studies cannot be made.

try, a 34.4% coverage was identified by 2018. There were
large regional differences, with almost 70% coverage in the
South region and only 21.9% in the North region in the same
period.*®

Newborns without risk factors for hearing loss

UNHS is essential for congenital hearing loss to be detected
and rehabilitated as early as possible. Fifty percent of chil-
dren with hearing loss at birth do not have any risk factors
for hearing loss.*” Because UNHS should be done in all new-

borns before leaving the maternity hospital, it requires,
in addition to appropriate equipment, qualified profession-
als available daily so that no diagnoses of hearing loss are
missed.

Screening can be done using 2 methods, OAE or Auto-
mated ABR (AABR). Given the very low incidence of auditory
neuropathy in children who are not in the ICU, both meth-
ods have been shown to be appropriate and are equivalent
screening methods for hearing loss identification.>°
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Table 5 Recommendations (for diagnostic interventions) based on strength of evidence.

Recommendation and
evidence of quality

Methodologic quality of supporting evidence

Interpretation

Strong recommendation
High-quality evidence

Moderate-quality
evidence

Low-quality evidence

Weak recommendation
High-quality evidence

Moderate-quality
evidence

Low-quality evidence

Insufficient

Evidence from one or more well-designed
nonrandomized diagnostic accuracy studies
(i.e., observational - cross-sectional or cohort)
or systematic reviews/meta-analyses of such
observational studies (with no concern about
internal validity or external generalizability of
the results).

Evidence from nonrandomized diagnostic
accuracy studies (cross-sectional or cohort),
with one or more possible limitations causing
minor concern about internal validity or
external generalizability of the results.
Evidence from nonrandomized diagnostic
accuracy studies with one or more important
limitations causing serious concern about
internal validity or external generalizability of
the results.

Evidence from one or more well-designed
nonrandomized diagnostic accuracy studies
(i.e., observational - cross-sectional or cohort)
or systematic reviews/meta-analyses of such
observational studies (with no concern about
internal validity or external generalizability of
the results).

Evidence from nonrandomized diagnostic
accuracy studies (cross-sectional or cohort),
with one or more possible limitations causing
minor concern about internal validity or
external generalizability of the results.
Evidence from nonrandomized diagnostic
accuracy studies with one or more important
limitations causing serious concern about
internal validity or external generalizability of
the results.

Evidence may be of such poor quality,
conflicting, lacking (i.e., studies not done), or
not externally generalizable to the target
clinical population such that the estimate of
the 