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Abstract

Study Aims: To compare the correlation of two screening protocols using otoacoustic emissions (OAE) is screening and
auditory brainstem response (ABR) in infants requires intensive care.

Methods: Three hundred newborns in NICU were tested using both OAE and ABR at the ages of 3 days, 42 days, and 3
months.

Results: At the age of 3 days, OAE referral rates were significantly higher than the rates of abnormal ABR (x2=8.75,
p<0.05). At 42 days and 3 months, there were no significant differences between the OAE referral rate and the rate of
abnormal ABR (x2=0.19, P>0.05; x2=0.15, P>0.05).

Conclusion: We demonstrated that there is significantly difference between the OAE referral rate and the rate of
abnormal ABR of infants in the NICU at 3 days after birth. The difference became smaller with age. So combined OAE/ABR
can be considered an efficient hearing screening method for NICU infants at risk from the first hearing screen at 3 days
after birth.
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birth, neonatal sepsis, hypoxia, jaundice, craniofacial
anomalies, ototoxic drugs, and requirements for
ventilatory support [2]. Recent studies have shown that

Background

According to global research statistics, sensorineural

hearing loss (SNHL) is one of the most common
congenital anomalies, occurring in 1-3 cases per 1000
otherwise healthy newborn infants. In certain high-risk
populations, this value could increase 10- to 50-fold [1].
The high incidence of hearing loss among infants in
neonatal intensive care units (NICU) could be attributed
to specific etiologies, such as a family history of
hereditary deafness, uterine infection, very low birth
weight (VLBW), preterm birth, hyperbilirubinemia, and
asphyxia. The criteria for high-risk newborns, as
established by the American Academy of Pediatrics joint
committee on infant hearing in 1994 include: preterm
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auditory neuropathy spectrum disorder (ANSD) covers a
wide range of auditory dysfunction [3-5]. ANSD involves
the brainstem and cortical maturation. From this
perspective, babies at high risk for hearing loss require
precise evaluation, including screening of auditory
function along the largest possible portion of the hearing
pathway, and not only the cochlea.

Hearing screening tests for neonates are
currently composed of two components

Auditory brainstem responses (ABR) and otoacoustic
emissions (OAEs). ABR records the electrical response of
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the cochlea and the auditory neural pathways. OAEs are
generated by the outer hair cells of the cochlea, OAEs
represent sounds generated by the cochlea. The TEOAE
results are presented as red light (refer) and green light
(pass). Passing scores do not necessarily indicate normal
hearing, as passing newborns may have mild hearing loss
or auditory neuropathy. Newborns in the NICU are
considered high risk for ANSD [6]. In this regards, tests of
OAE alone may be inappropriate to detect neural hearing
loss and ABR is recommended as the important screening
tool for infants in NICU. We recently studied the screening
of NICU newborns for hearing loss with both OAE and
ABR. We aimed to identify the incidence of hearing loss in
NICU babies and to classify the degree of hearing loss in a
manner that describes the main causes for hearing loss in
this population. We focused on the importance of suitable,
adequate hearing assessment. Another purpose of this
study was to investigate the concordance between OAE
and ABR.

Methods

Subjects

The study was approved by the Research Ethics
Committee of China Medical University. We evaluated 375
newborns between June 2010 and April 2012. All were
admitted to our hospital’s NICU for the following risk
factors: prematurity, infant respiratory distress syndrome
(IRDS), neonatal infection, hyperbilirubinemia, ABO
hemolysis, and cytomegalovirus infection. The study
consisted of 375 newborns (204 boys and 171 girls). All
underwent two screening procedures. In accordance with
Ethical Committee requirements, the study protocol was
fully explained to parents, who provided written consent
for each baby. Three hundred and seventy-five babies
were screened on the third day of life. Forty-eight infants
were lost to follow up at 42 days. Three months after
birth, 300 infants were available for follow-up,
constituting the study population.

Study protocol

ABR and TEOAE were performed by trained
technicians, supervised by a licensed audiologist. ABR
threshold elevations were considered as reflecting mild
(36-50 dB nHL), moderate (51-70 dB nHL), severe (71-90
dB nHL), and profound (>90 dB nHL) categories of
hearing impairment [7]. TEOAE was performed after
removal of debris. The results are presented as red light
(refer) or green light (pass). The parents of infants were
informed of the results of the first test and recommended
to return for a follow-up evaluation once the infants had
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reached 42 days of age. All newborns were tested in deep
sleep in a soundproof room. Both ears were tested
sequentially. We recorded absolute latencies, inter peak
intervals, and thresholds. The two types of
measurements, TEOAE and ABR, were performed at 3
days, 42 days, and 3 months, and their results analyzed
accordingly. Statistical analysis was conducted with SPSS
version 13.0 statistical software. The chi-squared test was
used. A P-value of less than 0.05 was considered
statistically significant. TEOAE combined with ABR were
also studied using a concordance test.

Results

3 day after birth 375 participants
received ABR and OAEs test

Follow up

48 infants lost to follow 327 infants received ABR
up till 42 days after birth and OAEstest

300 infants received ABR and
OAEs at 3 months

27 infantslost to follow up till 3
months after birth

Figure 1: The process of the hearing screening in NICU.

(Figure 1) illustrates the process of the hearing
screening in the NICU. Among the 300 at-risk infants who
were comprehensively tested at 3 days, 42 days, and 3
months with the two methods (TEOAE and ABR), there
were 164 boys (54.67%) and 136 girls (45.33%), with a
male/female ratio of 1.21. There was no statistically
significant difference among sexes (x2=2.61, P<0.05). All
newborns were tested 72 h after birth. Ninety-nine
newborns failed the first TEOAE screening test. Sixty-four
newborns (unilateral or bilateral SNHL) had abnormal
ABR. This indicated a statistically significant difference
(x2=8.75, P<0.05) between TEOAE and ABR tests on the
first test. At the 42-day screening, 67 infants failed the
second TEOAE screening test and 71 infants had an
abnormal ABR. There was no statistically significant
difference between the results of these two tests
(x2=0.19, P>0.05). At the 3-month screening, 69 infants
failed the third TEOAE screening test and 73 infants had
an abnormal ABR. There was no statistically significant
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difference between the results of these two tests
(x2=0.15, P>0.05; Table 1).

OAE Referral Rates (%) ABR Abnormal | Rates (%)

Leftear | Rightear Total Left ear Right ear Total

3 davs 10.8% 10.53% 21.33% 6.93% 7.2% 14.13%
y (81/750) | (79/750) | (160/750) | (52/750)* | (54/750)* | (106/750)*

42 davs 7.8% 8.41% 16.21% 8.87% 9.33% 18.20%
Y (51/654) | (55/654) (106/654) | (58/654) (61/654) (119/654)

3 months 9% 9.5% 18.5% 10.17% 10.5% 20.67%
(54/600) | (57/600) (111/600) | (61/600) (63/600) (124/600)

Table 1: Comparing the OAE and ABR test results of babies in NICU (ears).
4 Statistical analysis was performed between OAE referral and ABR abnormal rate, p<0.05.

The results of tests performed at 42 days and 3 months
were compared to those of tests performed at 3 days. At
42 days, we tested 654 ears; 8 ears were added with
abnormal hearing threshold testing. Sixteen ears showed
normal to mild deterioration, 21 ears showed mild to
moderate deterioration, two ears showed moderate to
severe. Deterioration and three ears showed moderate to
profound deterioration. We also found one ear that
showed moderate to mild improvement, seven ears that
showed moderate to normal improvement, and two ears
that showed mild to normal improvement. At 3 months,
we tested 600 ears; one ear was added with an abnormal
hearing threshold. Three ears showed normal to mild
deterioration, ten ears showed mild to moderate
deterioration, and one ear showed moderate to severe
deterioration. We also found one ear that showed
profound to severe improvement, three ears that showed
moderate to mild improvement, and three ears that
showed moderate to normal improvement.

We examined all patients who passed the TEOAE but
had an abnormal ABR with an internal auditory meatus
MRI at 3 months after birth. We found nine infants with
internal auditory canal stenosis, five with absence of the
acoustic nerve, and nine infants with normal anatomy
(Table 2). All of the nine infants with a normal structure
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had mild neural hearing loss. This also verified that
patients with mild hearing loss can pass the TEOAE.

Fail
TEOAE pass But ABR (236dBnHL)
MRI: Internal Acoustic
structure auditory nerve
normal canal stenosis absence
3
months K K 5

Table 2: The patients failed ABR and passed TEOAE.

Based on the ABR results at 3 days, 42 days, and 3
months, we found that varying degrees of hearing loss
were detected in these infants (Table 3). All of the NICU
newborns had one or more risk factors. In our study, we
found that there were 104, 16, 10, 49, 9, and 112 babies,
respectively, with risk factors of prematurity, IRDS,
neonatal infection, hyperbilirubinemia, ABO hemolysis,
and cytomegalovirus infection. There were 38, 18, and 10
babies with prematurity risk factors who had abnormal
ABR results at 3 days, 42 days, and 3 months after birth.
We determined the number of infants with hearing loss
associated with each risk factor (Table 4).
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Degree of Hearing Loss (n %)
Mild Moderate Severe Profound
3 days 9.2%(69/750) 2.13% (16/750) 0.13% (1/750) 0% (0/750)
42 days 9.3% (61/654) 4.13% (27/654) 0.46% (3/654) 0.46% (3/654)
3 months 9.5% (57/600) 5.17% (31/600) 0.83% (5/600) 0.33% (2/600)

Table 3 Varying degrees of hearing loss (ears).

Risk factors 3 days 42 days 3 months
Preterm 36.54% (38/104) 17.31% (18/104) 9.62% (10/104)
IRDS 18.75% (3/16) 12.5% (2/16) 12.5% (2/16)
Neonatal infection 20% (2/10) 40% (4/10) 30% (3/10)
Hyperbilirubinaemia 28.57% (14/49) 49.98% (24/49) 61.22% (30/49)
ABO hemolysis 55.56% (5/9) 77.78% (7/9) 55.56% (5/9)
Cytomegalovirus infection 1.79% (2/112) 14.29% (16/112) 20.54% (23/112)

Table 4 Risk factors of hearing loss (n=300).

Discussion

In the general population, one newborn per 500-1000
births presents with permanent hearing impairment. This
is significantly greater than the incidence of other
diseases routinely screened at birth [8]. In certain high-
risk populations, this incidence can increase to 8-100
cases per 1000 infants [9]. Some of the importance of
deafness as a public health issue comes from its tendency
to cause sequelae and complications such as irreversible
delays in speech and cognitive development [10]. Early
detection and effective rehabilitation can decrease the
number of hearing-disabled people and their degree of
disability. Studies involving children in CHIP (Children
who are high risk population) indicate that the diagnosis
of hearing loss within the first few months of life allows
for the opportunity to begin early intervention services
for families with infants, and that early identification and
early intervention results in significantly better language,
speech, and social-emotional development [11]. Language
development in hearing-impaired newborns who receive
rehabilitation during the first 6 months of life is
significantly better than in those who do not receive it
until later [12-14]. In this regard, the Neonatal Hearing
Screen (NHS) is essential to early detection of hearing loss
in newborns. A recent systematic review of the evidence
supporting Universal Newborn Hearing Screening (UNHS)
has concluded that modern screening tests for hearing
impairment can improve identification of newborns who
have permanent hearing impairment [15].
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In the present study, TEOAE screening alone was
compared to ABR in NICU newborns. With TEOAE
screening, the referral rates were 26.4%, 20.49%, and
23% at 3 days, 42 days, and 3 months of age. Our results
showed that babies in the NICU had significantly higher
referral rates after the OAE test (Table 1). We found the
TEOAE referral rate decreased gradually. Preterm infants
may have smaller external auditory canal and middle ear
cavities than full-term babies. The transmission of OAE
energy from the cochlea to the external ear is difficult and
the evacuation of liquids takes longer. By 3 months, the
subjects’ ear cavities had grown, and referral rates
decreased. There are several factors that may explain why
ABR showed higher rates of hearing abnormalities than
TEOAE at 42 days and 3 months. The most important is
auditory neuropathy [16-19]. Most NICU babies with
auditory neuropathy suffered from hyperbilirubinemia
and asphyxia disorders at birth [20]. Some of the infants
in the NICU showed delayed maturation of the auditory
pathway, so that when they are older, they experienced
spontaneous recovery of the hearing threshold. Our
findings demonstrate that many of the infants in the NICU
experienced delayed hearing improvement and
progressive hearing loss.

The analysis of the frequency of the occurrence of
hearing loss in NICU infants with risk factors showed that
it was reduced from 36.54% to 9.62% in preterm infants.
The frequency of hearing loss in cytomegalovirus
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infection and hyperbilirubinemia increased significantly
from 1.79% to 20.54% and from 28.57% to 61.22%. This
illustrated that hearing in patients with cytomegalovirus
infection and hyperbilirubinemia will deteriorate
gradually while preterm infants have more of a chance to
recover to normal hearing. Among the risk factors at 3
days, 42 days, and 3 months, ABO hemolysis, ABO
hemolysis, and hyperbilirubinemia were associated with
the highest rates of hearing abnormalities (55.56%,
77.78%, and 61.22%). Hyperbilirubinemia could damage
the outer hair cells of the cochlea in infants [21]. While.
6.75% of Jordanian high risk infants failed bilaterally, and
9% unilaterally, in the second screening DPOAE test, 7.8%
were diagnosed later with bilateral confirmed SNHL [22].
Diseases in which hearing deteriorates gradually in NICU
infants should be paid close attention.

Conclusion

In the NICU population, the requirement for ABR
testing was confirmed by the low concordance value
between TEOAE and ABR at the first test (x2 =8.75,
P<0.05). Our experience highlights that, for the neonates
in the NICU, auditory brainstem response is the most
reliable method of assessing hearing level and minimizes
the false positive rate. Using ABR and OAEs together is
appropriate and may help NICU babies with hearing loss
benefit from early remediation of their hearing deficit.
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