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Universal newborn hearing screening detects most infants with congenital 
hearing loss, but not all newborns are symptomatic at birth. Delayed-onset 
hearing loss typically starts during early childhood, in this case, a normal hearing 
screening test can be misleading.

This is the medical history of MMS, a 2 year-old girl, seen at the Department 
of Otolaryngology, University of São Paulo School of Medicine in 2011:

 Prematurity (25 weeks gestation)
 Low birth weight: 830 grams 
 NICU 120 days 
 Ototoxic drugs (Gentamicin, Amikacin)
 Hyperbilirubinemia (phototherapy)
 Anemia, hypoglicaemia, seizures 
 Bronchodysplasia 
 Retinopathy 
 Intracranial bleeding 
 Neurological abnormalities

After NICU discharge, she was screened for hearing loss and passed the 
hearing screening test (Figure 1). 

Figure 1. Hearing screening with diagnostic ABR after NICU discharge at age 3 months. 
Bilateral responses with age appropriate latencies and interpeak intervals. Normal thresholds at 
30 dB HL on both sides. 
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The newborn hearing screening team suggested a behavioral hearing test 
at age 8 months, but this did not happen. The infant had multiple comorbidities 
as congenital retinopathy and a developmental delay and was on physical therapy, 
so the parents missed her 8 months hearing evaluation. At age 2 years, the mother 
was concerned about her daughters hearing status. Now the behavioral hearing 
test was scheduled, but MMS was not able to complete it. MRI did not show any 
abnormalities of mastoid cells, cochlea, cochleovestibular nerves or brainstem. 
The only findings were scarce, unspecific white matter lesions in T2-weighted 
images. At age 2 years 8 months MMS had an auditory brainstem response (ABR) 
test showing (Figure 2).

Figure 2. Click ABR: Left ear responses with delayed waves III and V, threshold at 80 dB HL. 
Right ear: no neural responses.

The parents were concerned about the test result and asked for a more thorough 
evaluation. The pediatrician sent her to an ENT specialist who ordered more tests. At 
age 2 years 10 months MMS had another ABR test (Figure 3), otoacoustic emissions 
(OAE) and a frequency specific evaluation by tone burst and auditory steady-state 
responses (ASSR) in high intensities at our institution (Figures 4 and 5).

Figure 3. Click ABR at age 2 years 10 months. Left ear: Only wave V, with increased latency 
at 90 dB HL. Right ear: no responses to air and bone conduction stimuli.

Air conduction Air conduction

Bone conduction Bone conduction
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Figure 4. Distortion product otoacoustic emissions: bilateral absent responses.

Figure 5. Frequency-specific evaluation with tone burst and auditory steady-state responses (ASSR). 
Left ear: threshold at 75 dB HL in 500 Hz and 80 dB HL in 1000 Hz (tone burst). No responses to high 
intensity ASSR at 100 dB HL in 2000 and 4000 Hz. Right ear: no responses to high intensity ASSR. 

At this time, the electrophysiological test results suggested residual hearing 
in low frequencies (500 and 1000 Hz) on the left side and no responses on the 
right side (Figure 6A). A behavioral hearing test in a free field test condition was 
performed when MMS was almost three years old and confirmed the thresholds 
obtained by electrophysiological measures (Figure 6A, 6B).

No responses at 2000 and 4000 Hz
500 Hz
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4000 Hz

2000 Hz

No responses at 100 dB HL
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A
500 Hz 1000 Hz 2000 Hz 4000 Hz

Left ear (dB HL) 75 80 i100 i100
Right ear (dB HL) i100 i100 i100 i100

Figure 6 A. Frequency specific thresholds obtained by tone burst and ASSR.

B
250 Hz 500 Hz 1000 Hz 1500 Hz 2000 Hz 4000 Hz

dB HL 70 75 85 95 i100 i100
Figure 6 B. Free-field audiometry: thresholds mostly from the left ear. Speech reception 
threshold at 75 dB HL.

Fitted with hearing aids she started a regular and intensive speech therapy, 
but the results were disappointing. At age 3 years 4 months, she received a 
cochlear implant on the right side and kept her left ear hearing aid. Now speech 
therapy was more successful and MMS developed oral language, still in a slower 
path than younger cochlear implant recipients.

As we see here a child with risk factors for hearing loss may pass the new-
born auditory hearing screening and develop a delayed-onset hearing loss. The 
parents were happy that their child passed the hearing screening, in this case a 
diagnostic ABR test after NICU discharge, and were reluctant to accept that this 
result may not be permanent. They did not realize that their baby had risk factors 
for hearing loss and that regular auditory evaluation and monitoring was necessary 
as recommended by the newborn hearing screening program. When the infant is 
free of comorbidities, hearing loss is usually detected early in life. But in children 
with multiple medical conditions, motor and neurologic developmental delay, the 
correct identification of hearing loss seems to be more difficult and occurs later 
in life, as pointed out by the Joint Committee on Infant Hearing (JCIH) in 2007, 
updated in 2009 and 2013. 1-3

Why UNIVERSAL newborn hearing screening?
One to three of 1000 neonates from the well-baby nursery will have permanent hearing loss,  

but 50% of them do not exhibit risk factors.

According to Morton et al, the incidence of hearing loss at birth is estimated 
at 1.86/1000 newborns, whereas the prevalence of permanent sensorineural hear-
ing loss before age 5 years reaches a rate of 2.7/1000 children. Some causes of 
permanent hearing loss are detected later in childhood as enlarged vestibular 
aqueduct and late-onset hearing loss due to CMV infection. 4

The 2009 JCIH update (Eichwald) shows the discrepancy between preva-
lence of hearing loss in infants versus school age children (Figure 7). A 26.8 fold 
increase of mild hearing loss between the two age groups is shown, possibly due 
to calibration issues of the screening equipments and failure to detect mild hearing 
loss when performing the test with the “machine” that passes everyone 3. In our 
view, the 3.4 fold increase of moderate hearing loss among school age children 
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may include those with delayed-
onset hearing loss not yet present 
during newborn hearing screening 
(Figure 8). Furthermore, it is well 
known, that otitis media with effu-
sion is common and rises during 
childhood, a major cause for mild 
to moderate hearing loss among 
school age children.

The JCIH, 2007 1 strongly 
recommends that the only appro-
priate screening technique in the 
NICU is the auditory evoked 
potential (Figure 9). NICU gradu-

ates have a 10 fold increased risk for permanent hearing loss as compared to their 
peers from the well-baby nursery. The incidence of auditory neuropathy spectrum 
disorder is also higher among NICU graduates. This condition can only be detect-
ed by the combination of ABR and OAE, and shows typically absent auditory 
evoked responses and normal OAE responses.

Figure 8. Well baby hearing screening. Figure 9. NICU hearing screening.

As shown in Figure10 automated ABR is a quick and objective screening tool. 
Screening tests provide us with a “pass” or “refer” result, whereas a diagnostic test 
estimates hearing thresholds (Figure 11).

Figure 10. Automated ABR test in the NICU setting.

Eichwald
Discrepancy between prevalence of hearing loss 
in infants versus school age children

RATE / 1000 NEWBORN 
S

SCHOOL 
AGE INCREASE

MILD 
21 – 40 dB 0.34 9.1 x 26.8

MODERATE 
41 – 70 dB 0.53 1.8 x 3.4

Assumed rates JCIH. 2009

Figure 7. Discrepancy between prevalence of hear-
ing loss in infants versus school age children.
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Fast and objective test
•	 Otoacoustic	Emissions
•	 Automated	ABR
Test	+	Result	until	1	month
Result:	pass	vs	refer

Diagnostic	Click	ABR
+	 Otoacoustic	emissions
+	 Frequency-specifc	evaluation
Result:	estimated	hearing	thresholds

Figure 11. Hearing screening x diagnostic evaluation.

We would like to stress that a diagnostic hearing evaluation is necessary not 
only for infants who failed the screening test, but also for those who passed the 
hearing screening and have risk factors for congenital, delayed-onset or progres-
sive hearing loss (Tables 1 and 2 and Figure 12).

Table 1. American Academy of Pediatrics Joint Committee on Infant Hearing Year 2007 
Position Statement: Risk Indicators Associated With Permanent Congenital, Delayed-Onset*, 
or Progressive Hearing Loss in Childhood and COMUSA.
1. Caregiver concern* regarding hearing, speech, language or developmental delay.
2. Family history* of permanent childhood hearing loss.
3. Neonatal intensive care of more than five days or any of the following, regardless of length of stay: 

Extra-corporeal Membrane Oxygenation (ECMO),* assisted ventilation, exposure to ototoxic medica-
tions (gentamicin and tobramycin) or loop diuretics (furosemide), or hyperbilirubinemia that requires 
exchange transfusion. Anoxia, low birth weight (<1500g), APGAR 0-4 1st minute or 0-6 fifth minute.

4. In utero infections, such as CMV,* herpes, rubella, syphilis, or toxoplasmosis, HIV.
5. Craniofacial anomalies including those that involve the pinna, ear canal, ear tags, ear pits, and 

temporal bone anomalies.
6. Physical findings, such as white forelock, that are associated with a syndrome known to include a 

sensorineural or permanent conductive hearing loss.
7. Syndromes associated with hearing loss or progressive or late-onset hearing loss,* such as neuro-

fibromatosis, osteopetrosis, and Usher syndrome; other frequently identified syndromes include 
Waardenburg, Alport, Pendred, and Jervell and Lange-Nielsen.

8. Neurodegenerative disorders,* such as Hunter syndrome, or sensory motor neuropathies, such as 
Friedreich ataxia and Charcot-Marie-Tooth syndrome.

9. Culture-positive postnatal infections associated with sensorineural hearing loss,* including con-
firmed bacterial and viral (especially herpes viruses and varicella) meningitis.

10. Head trauma, especially basal skull/temporal bone fracture* that require hospitalization.
11. Chemotherapy*
12. Recurrent or persistent otitis media for at least three months

Sources: Joint Committee on Infant Hearing Year 2007 position statement: principles and guidelines for 
early hearing detection and intervention programs and COMUSA 2010. 1, 5  

Some risk indicators associated with delayed-onset hearing loss are fre-
quently overlooked (Table 2).

Table 2. Risk factors for delayed onset hearing loss
 Low birth weight
 Respiratory distress syndrome, bronchopulmonar dysplasia
 Assisted ventilation  36 days / extra-corporeal membrane oxigenation (ECMO), 

cytomegalovirus, congenital syphilis
 Craniofacial syndromes, inner ear malformations

�� Meningitis (or other postnatal infection related to sensorineural hearing loss)
�� Neurodegenerative disorder
�� Syndromes associated with hearing loss (e.g.Usher syndrome) 
�� Head trauma
�� Otitis media with effusion  3 months
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Figure 12. Recommended approach for hearing evaluation for children with risk factors.6

As the JCIH recommends, all children should have an objective standard-
ized screen of global development with a validated tool at 9, 18 and 30 months 
of age 1 (Figure 13 and 14). The validated screening tool (for example Denver 
II, Batelle, Prunape) may be performed at the primary health care center or at the 
pediatrician´s office. Most tests include a parental questionnaire and direct child 
evaluation and observation. A comparative analysis of global neurodevelopmental 
screening tests for children has been published recently by Romo-Pardo et al. 8 

Figure 13. Objective standardized screen of global development with a validated tool at 9, 18, and 
30 months of age (e.g. Battelle, Denver II, PRUNAPE). Children with risk factors for hearing loss: 
at least one diagnostic test until 30 months.7 Those with risk factors for late-onset or progressive 
hearing loss should have more frequent evaluations (e.g. CMV, inner ear malformations).

Automated ABR

Fail Pass

Monitoring for development of age-
appropriate auditory behaviors and 
communication skills with objective 
and subjective hearing evaluation 

before 24 months

Click ABR with rarefaction
and condensation stimuli

Bone-conducted Click ABR

Auditory Steady-State
Responses

Tympanometry
Acoustic reflex

Normal

Pass Pass Fail

Automated ABR Fail ABR testing

Abnormal

Birth

3 months

Diagnostic Test
(sleeping)

6 months

Auditory Habilitation  
and Surveillance

¸

¸
14 A. Intervention can start as early as age 3 months. 14 B. Auditory evaluation as early as possible. 
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Where are we in 2014?

This is the case of EGJ, a 3 month-old male infant, seen at our institution in March 2014.
•	 40-week pregnancy, normal delivery, birth-weight 3520g.
•	 Gestational diabetes
•	 No risk factors for hearing loss
•	 Hearing screening: Refer on test and retest (otoacoustic emissions)
•	 Click ABR (02/08/2014): absent left ear responses
•	 Click ABR (02/10/2014): absent left ear responses, possible right ear threshold at 50 dB HL

The test results did not predict reliable thresholds and the otolaryngologist 
ordered more detailed exams. The tests were executed at our clinic in March 12, 2014.

Otomicroscopy showed normal tympanic membranes. No ABR responses to 
90 dB HL rarefaction and condensation click stimuli could be obtained on the left 
side. The right ear threshold to click stimuli was obtained in 55 dB HL (Figure 15). 
Wave I latency was within the upper limits for a three month old infant, so bone 
conducted stimuli were used and showed responses at 55 dB HL on the right side 
and absent responses on the left side (Figure 16). As you see on the latency/inten-
sity curve, all right side latencies and interpeak intervals were normal. 

Figure 15. Click ABR. Left ear: no neural responses at 90 dB HL. Right ear: waves I, III, V and 
interpeak latencies within the normal range for the age group, threshold at 55 dB HL.

Figure 16. Bone conduction ABR: absent responses on the left side and bone conducted 
threshold at 55 dB HL on the right side. 
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The right ear auditory brainstem responses obtained by air and bone conduc-
tion stimuli suggest a cochlear hearing loss, no conductive hearing loss and no 
neural involvement. Absent responses on the left side do not predict precisely the 
degree of hearing loss, as there may be residual hearing in the low frequency range.

Frequency specific thresholds were established on the right side using audi-
tory steady-state responses (ASSR) (Figure 17) 9, so the 3 month old infant could 
be fitted with hearing aids 10. Even with ASSR, no responses were observed at 80 
dB HL on the left side. EGJ started hearing habilitation at age 3 months using his 
hearing aids on a regular basis. Parents were advised that close auditory monitor-
ing using electrophysiological and behavioral techniques were necessary to check 
if the hearing loss would maintain the same characteristics and to establish if there 
is residual hearing in some frequencies on the left side. These regular assessments 
will permit to adapt hearing aids to the infants hearing level. 

The behavioral hearing test is mandatory and should never be skipped in any 
child’s hearing assessment. Etiology of hearing loss should be investigated includ-
ing a genetic evaluation that can be performed early in life. Imaging studies like 
MRI and CT scans are usually performed when the infant is older and are most 
relevant before indicating a cochlear implant.

What tests shoud I order for an infant?
Click and frequency-specific ABR and otoacoustic emissions 

Figure 17. Auditory Steady-state responses. Right ear ASSR thresholds at 70, 60, 50 and 50 dB 
HL  in 500, 1000, 2000 and 4000 Hz, respectively. Auditory thresholds can be estimated using 
a correction factor (red circles). Left ear: no ASSR responses at 80 dB HL.



272 XIII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

As otitis media with effusion is very 
common in childhood, otomicroscopy 
should be performed before the hearing 
test (Figure 18). The otomicroscopic 
findings of the tympanic membrane may 
suggest a conductive hearing loss and 
help us to establish the best test strategies. 
When the microscope is not available 
in the examination room, conventional 

otoscopy performed by an experienced physician associated with tympanometry may 
be an alternative procedure.

This is the ABR test of a 21-month old boy who had otitis media with effu-
sion in the right ear (Figures 19 and 20).

Figure 18. Otitis media is common in children.

Right ear conductive 
hearing loss

Figure 19. 21 month-old boy. Air conduction click-ABR shows right side conductive hearing 
loss: elevated air conducted threshold and increased latencies of waves I, III and V, with normal 
interpeak latencies.

Otitis media is common in children

Figure 20. Normal bone conduction ABR: bilateral thresholds at 20 dB HL.
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As compared to the normal left side, all latencies are increased on the right 
side. Wave I exhibits an increased latency and the other waves show the same pat-
tern. However, interpeak latencies (I-V, I-III, III-V) are normal indicating normal 
neural conduction. The electrophysiological threshold is established at 45 dB HL 
on the right side, typical for a conductive hearing loss.

In this case, a bone conduction ABR is of great value (Figure 20).
Please remind that otitis media with effusion is usually associated with a 

temporary conductive hearing loss. Thresholds will be normal after proper medi-
cal or surgical treatment.
Maturation of Auditory Pathways

The maturation of the auditory brainstem pathways will be complete between 
18 and 24 months, so at age 2 years latencies and interpeak latencies will reach 
the normal adult values. Figure 21 shows the ABR test of a 9-month-old infant: 
how do we know if latencies and interpeak latencies are normal at this age? The 
latency/intensity curve provides us with norm values for each age group. If the 
latencies and interpeak latencies fit in the grey areas, we suppose that the matura-
tion of the auditory evoked potentials is adequate for the age (Table 3).

Table 3. What to expect from click ABR.
Click-evoked ABR
Evaluates auditory brainstem potentials after acoustic stimulation of each ear.

 Electrophysiological thresholds (not frequency-specific)
 Neural integrity
 Maturation of auditory pathways

Is frequency specific evaluation really necessary?
It is well known that click evoked thresholds at 20 dB HL cannot predict 

correctly the audiometric threshold. Different audiometric configurations with 
variable degrees of hearing loss are possible, so it is important to add a frequency 
specific evaluation to the traditional click ABR (Figure 22).

Figure 21A. Click ABR at age 9 months. 21B. Latency/intensity curve.



274 XIII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

Figure 22. Normal click ABR thresholds are compatible with different degrees of hearing loss.

Auditory Steady-State Responses
Here we see 20 dB HL thresholds in the central frequencies between 500 and 

4000 Hz on both sides suggesting normal hearing levels. These thresholds were 
obtained using the ASSR technique (Figure 23). 9

¸

Figure 23. Frequency-specific evaluation with auditory steady-state responses adds useful 
information to click ABR.
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The clinician can also use otoacoustic emissions as a complement (Figure 24), 
when ASSR (or tone burst ABR) is not available. In this case, a diagnostic OAE 
protocol should be used (not the newborn screening protocol). We should keep in 
mind that normal otoacoustic emissions do not estimate the hearing threshold, but 
provide us with valuable information about inner ear functioning (proper outer 
hair cell function) and middle ear status. When both ABR thresholds and OAE 
responses are normal, there is strong evidence for a normal functioning auditory 
system, and a peripheral hearing loss is highly improbable. 

Auditory follow-up
This 3-year-old girl DGM was referred to the otolaryngologist for an adeno-

tonsillectomy. Medical history revealed that DGM had failed the newborn auditory 
hearing screening test and retest. No further auditory assessment was performed 
and DGM developed age appropriate speech and language skills, according to her 
parents. As the parents had no concerns about her hearing and language abilities, 
auditory monitoring was not performed. Still the otolaryngologist recommended 
a preoperative hearing evaluation.

Figure 24. Otoacoustic emissions – diagnostic protocol: normal distortion product and transient 
otoacoustic emissions.



276 XIII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

The click evoked ABR suggested a sensory hearing loss (probable cochlear 
hearing loss) with bilateral thresholds at 70 dB HL; no neural or conductive abnor-
malities were seen (Figure 25). The ASSR test established frequency specific 
thresholds (Figure 25) confirmed by the following conventional tonal audiometry 
(Figure 26). The child was fitted with bilateral hearing aids and increased her 
vocabulary with speech therapy. The otolaryngologist ordered also genetic and 
imaging studies to look for the etiology of her sensory hearing loss.

In this case, we would like to stress the importance of auditory follow-up. 
It is not reasonable to rely only on the parents’ report of their child’s hearing and 
language abilities, as the expectations are highly variable and not objective. DGM’s 
mother was comfortable with her daughter’s limited speech production. She thought 
it was normal that a three-year old produced only two or three-word sentences. 

Obviously, it is easier to detect a profound hearing loss, whereas mild or 
moderate hearing losses may remain undetected for a long time.

Figure 25. Click ABR. Normal latencies and interpeak intervals. Bilateral thresholds at 70 dB HL.
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How is compliance with auditory follow-up in Brazil? 11 Recent studies 
demonstrate that even structured services offering a pediatric hearing conserva-
tion program struggle with poor follow-up rates. 12, 13 Even when the program is 
offered at no cost, within the community setting and near to the parents’ home, 
available through the weekend, family involvement remains poor. According to 
the authors13, one of the main causes of poor family adhesion to hearing conserva-
tion programs is that parents seem to have poor understanding of how important 
hearing is for the healthy development of their children. 
Conclusion

ALL children should have regular surveillance of hearing skills during child-
hood. As suggested by the JCIH position statement, 2007 1, children with no risk 
factors for congenital or acquired hearing loss who passed the newborn hearing 
screening test, should have an objective standardized screen of global development 
with a validated tool at 9, 18, and 30 months of age. If a child does not meet the 
milestones, the pediatrician or otolaryngologist should order objective and behav-
ioral hearing tests, according to the child’s age and cooperation (Tables 4 and 5).

Remember that siblings of children diagnosed with hearing loss should have 
at least one diagnostic hearing assessment at age 2 years (24 to 30 months). 

Once hearing loss is detected, early intervention and close auditory and oto-
laryngologic follow-up should be assured.

Figure 26. Audiometric tests and immitance measurement 4 months later.
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Table 4. Auditory Surveillance: How to do it?

Personal and Family History

Objective Tests Behavioral Tests

Otoacoustic emissions
Behavioral observation audiometry 

(BOA): 0 to 8 months

Click ABR

Frequency-specific ABR

Electrocochleography

Visual reinforcement audiometry: 

(VRA) 8 to 24 months

Conditioned play-audiometry:

2 years and older

Tests for age-appropriate  

communication skills

Immitance measurement

Table 5. Auditory monitoring.

	Objective standardized screen of global development with a validated tool 
at 9, 18, and 30 months of age.  
(E.g. Battelle, Denver II, PRUNAPE)
	Ask for a diagnostic test if the child does not achieve the expected 

milestones for the age group
	Objective and behavioral hearing tests
	Follow-up tests may be necessary
	Early intervention if hearing loss is detected

	Children with risk factors for hearing loss and SIBLINGS of children 
with diagnosed hearing loss should have at least one diagnostic test 
between 24 and 30 months of age. 7
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