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Abstract. Universal newborn hearing screening; automated transient evoked otoacoustic emissions. Objective: The
purpose of this study is to describe the results of universal newborn hearing screening (UNHS) in 2229 newborns and to
assess the effectiveness of a two-stage automated transient evoked otoacoustic emission (a-TEOAE) test protocol.
Materials and methods: Between May 2007 and January 2008, a universal newborn hearing screening program, instituting
two-stage a-TEOAE, was evaluated. The hearing status of the newborns who failed the two-stage screening tests were
evaluated with the auditory brainstem response (ABR) test during the diagnostic stage. The risk factors for hearing loss
determined by the Joint Committee on Infant Hearing Loss (JCIH) and prematurity, consanguineous marriage, and birth
type as presumptive risk factors were recorded.

Results: During the study period, 2229 newborns were screened. Sensorineural hearing loss (SNHL) was identified in 8
newborns. Fourteen newborns were lost to follow-up. One hundred thirty six newborns were high-risk neonatal intensive
care unit (NICU) patients. The prevalence of SNHL was 2.9% (4/136) in NICU newborns, and 0.19% (4/2079) in the
well-baby nursery. SNHL prevalence in the study group overall was found to be 0.36% (8/2215). Craniofacial anomalies
and family history of hearing loss were found to be significantly related to SNHL in newborns. Prematurity and consan-
guinity that are not listed among JCIH risk factors were also found to be statistically significantly related with SNHL.
Conclusions: This is the first report of a universal hearing screening program in the Eastern Black Sea region of Turkey.

Two-stage a-TEOAE is an efficient and feasible hospital-based screening protocol in newborns.

Introduction

Sensorineural hearing loss (SNHL) is a relatively
common disorder in newborns with a prevalence of
1-3 cases per 1000 live births in the normal popula-
tion.! SNHL is significantly more prevalent in high-
risk newborns, reaching a prevalence as high as
2-4 cases per 100 newborns.> SNHL causes irre-
versible damage to speech and language skills, and
mental, emotional, and cognitive development un-
less it is diagnosed and managed with appropriate
treatment in the very early periods of life.’ The
negative consequences of hearing loss can be
avoided through early diagnosis and treatment.
However, in children who are not screened at birth,
hearing loss may remain undiagnosed as many as
3 years.!

The establishment of the Joint Committee on
Infant Hearing (JCIH) in 1969 focused the world’s
attention on the importance of newborn hearing
screening.’ In 1978, the introduction of evoked oto-
acoustic emissions by Dr Kemp provided an ideal
technology that could be applied for screening the

hearing status of newborns.® In its 1993 consensus
statement, the US National Institute of Health
recommended universal newborn hearing screening
during the first 6 months of life to identify early
hearing loss.” The preferred model included an
evoked otoacoustic emission test in the first stage
followed by auditory brainstem responses (ABR)
for all infants who failed initial testing. In 1994, the
JCIH recommended that hearing loss should be
detected by 3 months of age with an appropriate
intervention beginning no later than 6 months of
age.* In this statement, 10 risk factors indicating
infants at high-risk for hearing impairment were
listed (Table 1). Many screening programs were
established worldwide following this statement,
and the early programs implemented risk factor-
based screening owing to cost-effectiveness and the
high incidence of SNHL in this group.’ However, it
is well known that nearly 20-50% of infants with
hearing loss would be missed with elective screening
based on JCIH risk factors.>* Therefore, universal
hearing screening is necessary. For a screening
program to be successful and efficient, it must
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Table 1
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Joint Committee on Infant Hearing Loss (JCIH) risk factors for hearing loss®

. Low birth weight (<1500 g)

. Craniofacial anomalies

. Hiperbilirubinemia requiring exchange transfusion
. Ototoxic medication

. Intrauterine infections

Low Apgar scores (0-4 at 1 min or 0-6 at 5 min)
. Bacterial meningitis

. Mechanical ventilation for at least 5 days

. Family history of hearing loss

SO0 NWNPBWN—

—

. Presence of a syndrome associated with congenital hearing loss

implement a practical, non-invasive, and cost-
effective test with low referral rates during the
screening stage. The techniques most often used for
screening are transient evoked otoacoustic emis-
sions (TEOAE) and automated auditory brainstem
responses (a-ABR). Auditory brainstem responses
are electrical potentials in millivolts produced by
acoustic stimulation of the auditory nerve and are
accepted as the gold standard for evaluating hearing
loss in newborns and infants. An automated form of
ABR (a-ABR) has been developed for screening
procedures. Otoacoustic emissions are low levels
of acoustic energy emitted from the normal cochlear
amplifier flow, which can be recorded in the external
ear canal.

OAE:s reflect the status of the peripheral audi-
tory system extending to the cochlear outer hair
cells. In contrast, ABR measurements are obtained
from surface electrodes that record neural activity
generated in the cochlea, auditory nerve, and brain-
stem in response to acoustic stimuli delivered via
an earphone." On this basis, the latest guidelines of
the JCIH recommends a-ABR testing for screening
NICU babies with a higher risk of auditory neuro-
pathy."”

We used a-TEOAE test for our universal newborn
hearing screening protocol. There are few reports
from Turkey on the prevalence of SNHL in new-
borns, and none yet from the Eastern Black Sea
region. Our goal was to detect the prevalence of
SNHL in newborns and risk factors, and to evaluate
the effectiveness of a two-stage a-TEOAE test
protocol in a hospital-based newborn hearing
screening program.

Methods

This prospective screening program was conducted
at Trabzon Obstetric and Pediatric Care Hospital,

Turkey, and involved all newborns born between
May 2007 and January 2008. A group of 2229 new-
borns were screened using a a-TEOAE test in a
two-stage a-TEOAE screening protocol.

Patient identification, JCIH risk factors for hear-
ing loss, data regarding prematurity (gestational
age <37 weeks), birth type (normal, caesarean),
and parental consanguinity were acquired by means
of a questionnaire and inquiry of patient files then
collected in a database for prospective evaluation.

The a-TEOAE test was performed with a Madsen
Accuscreen OAE screener emitting series of clicks
within the 35-65 dB range. The test equipment has
a built-in automated program giving results as
‘pass’ or ‘refer’. The recordings were made by one
nurse who was trained in the practice of newborn
hearing screening tests in an audiology clinic for
3 months, and supervised weekly by an ENT spe-
cialist. The pass result was recorded as ‘normal’
and the refer result as ‘abnormal’ in the data base.
All newborns were tested bilaterally within the first
7 days of life during their hospital stay. The first
stage screening for healthy neonates was performed
in a quiet test room while the newborns were sleeping.
The probe fitting was continuously checked by the
alarm signal of the device. The newborns in the
intensive care unit were screened bedside. In cases
with “refer” results for one or both ears, a later
appointment was made within the next 15 days for
rescreening. The same procedures were repeated in
the second-stage screening. The newborns for
whom one or both ears failed during the second
stage a-TEOAE test were referred for diagnostic
audiologic evaluations with ABR.

ABR recordings were conducted in the audiology
unit of Karadeniz Technical University School of
Medicine, Turkey. An otoscopic examination was
performed to avoid any epithelial debris or cerumen
obstructing the ear canal. The tests were carried out
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while the infants were sleeping naturally in a special
sound-isolated room with a Faraday cage. The
auditory stimuli were 100 ps alternated (condensa-
tion/rarefaction) clicks delivered at 21.1 Hz. Two
response waveforms each averaged from 1024
stimuli with 100-3000 Hz pass-band filter in 10 ms
sweep time were crossed in the software program
of the ICS Charter EP device to analyse the wave
morphology and peak latencies. ABR analyses were
performed successively for both ears, beginning with
70 decibels normal hearing level (dB nHL) clicks.
In cases of non- response at 70 dB nHL, 80- and
90-dB nHL recordings were made. Responses at
30 dB nHL, respectively, were measured as the
standard ABR examination protocol. In cases of
non-response at 30 dB nHL, responses at each step,
with 10 dB nHL increments in stimulus intensity,
were recorded to identify the minimum level at
which wave V recording is possible; that is, the
electrophysiological threshold. ABR examination
was considered normal if wave I, III, and V peak
latencies and interpeak intervals at 70 dB nHL
agreed with normative data as a function of age,
and wave V was recorded at 30 dB nHL. ABR tests
were performed within 3 months of age, and new-
borns with detected SNHL were referred for evalu-
ation for hearing aids or cochlear implantation.

Results

The flow-chart results are summarized in Figure 1.
During the study period, 2229 newborns were
screened. Fourteen newborns were lost to follow-
up in the second stage a-TEOAE; thus, hearing was
evaluated in 2215 newborns. A group of 136 new-
borns were NICU patients, and the remaining 2079
newborns were from the well-baby nursery. The
prevalence of SNHL in the overall study group was
0.36% (8/2215), whereas it was 2.9% (4/136) in the
NICU population and 0.19% (4/2079) in the well-
baby nursery.

First-stage a-TEOAE

In the first stage, 2229 newborns were screened
with a-TEOAE. Of these, 1955 (87.7%) had a pass
result for both ears and 274 newborns (12.3%) with
unilateral or bilateral failures were assigned a
second-stage screening.

The pass rate in the first-stage a-TEOAE was no-
ticeably low within the first 24 hours of life. Eighty
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Firststage a-TEQAE |
2229 newborns
Pass/Negative Refer/Positive
1955 newborns 274 newborns
(87.7%) (12.3%)
Second stage a-TEOAE
274 newborns
Pass/Megative Refer/Positive
219 newborns 41 newborns
(9.8 %) Lost to follow | {(1.9 %)
up - 4 unilateral
14 (0.6%) - 37 bilateral
Diagnostic ABR
41 newborns
Normal hearing SNHL (0.36%)
33 newborns 1 Unilateral
(1.54%) 7 Bilateral

Figure 1
Disposition of the newborn hearing screening program.
ABR: auditory brainstem responses; a-TEOAE: stage auto-
mated transient evoked otoacoustic emission;SNHL: sensori-
neural hearing loss.

three out of 126 (65.9%) newborns had a bilateral
pass in the first-stage screening within the first
24 hours of life. This percentage was observed to
dramatically increase as the first screening test day
was prolonged (Table 2). Within a 24-48 hour period,
83.1% of newborns passed bilaterally. The highest
pass rate in the first-stage screening was on the
seventh day (85/87; 97.7%).

Second stage a-TEOAE

Fourteen newborns did not return for the scheduled
retest and were lost to follow-up. Among the re-
maining 260 newborns who were rescreened in the
second stage, 219 (9.8%) passed bilaterally, and 41
(1.9%) failed (4 unilaterally and 37 bilaterally) and
were referred for ABR evaluation.
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Positive and negative result rates of the stage automated transient evoked otoacoustic emission (a-TEOAE) test according to test day

S. Arslan et al.

Test day Newborns First a-TEOAE (-) Second a-TEOAE (-) Second a-TEOAE (+)
n n % n % Unilateral Bilateral
0 (024 h) 126 83 659 41 325 0 2
1 681 566 83.1 100 14.7 1 14
2 240 210 87.5 26 10.8 2 2
3 465 428 920 27 5.8 0 10
4 309 294 95.1 12 39 1 2
5 159 149 93.7 6 38 0 4
6 148 140 94.6 6 4.1 0 2
7 87 85 97.7 1 1.1 0 1
Total 2215 1955 219 4 37

ABR evaluation

The hearing status of 41 newborns who failed the
first stage screening levels were evaluated with the
ABR test. Thirty three infants had normal ABR.
Unilateral moderate SNHL was detected in 1 of
4 infants with persistent unilateral failures. Among
the 37 newborns with a bilateral failure, 1 moderate
and 6 profound SNHL were diagnosed.

Risk factors

The most prevalent JCIH risk factor for hearing
loss in the study group was ototoxic medication
(3.88%) (Table 3), followed by low Apgar score
and prolonged mechanical ventilation, respectively.
One hundred fifty seven newborns were premature,
and the parents of 179 newborns had a consanguine-
ous marriage.

In the logistic regression analysis, the presence
of a craniofacial anomaly and family history of
hearing loss from JCIH risk factors were statisti-
cally significantly correlated with SNHL in new-
borns (Table 4). Among the probable risk factors,
prematurity and parental consanguinity had a statis-
tically significant relationship with SNHL. Prema-
turity and consanguinity were also significantly
related with SNHL in the NICU group (Table 5). In
the well-baby nursery group, prematurity, consan-
guinity, and family history of hearing loss had a
significant relationship with SNHL (Table 5).

Discussion

Hearing loss in newborns is an important health
problem that could have serious consequences for

the child’s mental, social, intellectual, and linguistic
development. SNHL is even more common than
phenylketonuria or congenital hypothyroidism,
which have been screened for at birth for years."
Thus, neonatal hearing screening programs are in
widespread use in hospitals and health care services
worldwide.

We identified 8 newborns with SNHL in a study
group of 2215 newborns. The prevalence of SNHL
in the overall study group was 0.36% (8/2215).
This rate is high compared with data in the litera-
ture, but we believe that it is due to the heterogenity
of the risk factor distribution in our study group.
One hundred thirty six newborns from the NICU
were in high-risk groups. The prevalence of SNHL
was 2.9% (4/136) in the NICU population, and
0.19% (4/2079) in the well-baby nursery infants.
When these results are considered, the impact of
the NICU population on the overall incidence is
clear. In our study, data from the NICU and well-
baby nursery population is similar to other reports.
The prevalence of SNHL in the well-baby nursery
was reported to be 0.14% and 0.19% in previous
newborn hearing screening studies, respectively.'"
Van Dommelen reported that the prevalence of
hearing loss was 1.8% and ranged from 0.7% to
3.7% between NICUs in their study involving
10830 infants."

High rates of false-positive results in newborn
hearing screening programs are challenging. Hearing
screening programs have been criticized because of
false-positive results that lead to emotional trauma,
disease labelling, and wasted time and money."”
However, a two-stage screening protocol dramati-
cally reduces the false positive rate." The sensitivity
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Table 3
The prevalence of risk factors in the study group

JCIH risk factors Number of infants (N = 2215) (%)
Ototoxic medications 86 3.88
Low Apgar score 67 3.02
Mechanical ventilation (>5 days) 47 2.12
Low birth weight (<1500 g) 31 1.39
Family history of hearing loss 16 0.72
Hyperbilirubinemia 9 0.40
Craniofacial anomaly 5 0.22
Intrauterine infection 5 0.22
Syndrome associated with hearing loss 4 0.18
Bacterial meningitis 2 0.09
Probable risk factors

Prematurity 157 7.08
Parental consanguinity 179 8.08
Birth type

Caesarean 1044 47.1
Normal 1171 529

JCIH: Joint Committee on Infant Hearing Loss.

of the TEOAE test is reported to be over 90%, and
the specificity of two-stage TEOAE is over 99%."

For a hospital-based newborn hearing screening
program to be successful, it must be applied to over
95% percent of newborns within the first month of
life." Less than 4% of newborns screened for hearing
loss should be referred for further audiological
evaluation for the screening protocol to meet the
ideal selectivity criteria.'® Therefore, positive (refer)
result rates in screening levels are considered the
primary indicator of the efficiency of the test proto-
col.'®* We preferred to use an a-TEOAE test, which
was an easy, low-cost method to apply in the
screening levels of the test protocol. The first-stage
screening was completed for all newborns within
the first 7 days of life with a coverage rate of 100%.
After the first stage screening, 12.3% of infants had
a result of “refer”, but the second-stage screening
lowered this rate to 1.9%. These results show that
the success criteria for screening tests proposed by
the Joint Committee can be met by using a two-
stage a-TEOAE test, and that our protocol is effec-
tive in selecting newborns for further audiological
evaluation.

We believe that most of the false positive results
are due to incomplete clearance of fetal middle ear
fluid or vernix caseosa in the external ear canal. We

found a dramatic increase in the percentage of pass
results in the 24-48 hour period after birth compared
with the first 24 hours (83.1% vs 65.9%) (Table 2).
Strikingly, the highest pass rates of first stage
a-TEOAE was recorded on the seventh day after
birth (97.7%). There are reports in the literatue re-
garding the higher pass rates on the second day. Del
Buono er al.” demonstrated a significant improve-
ment in test results on the second day after birth,
and concluded that the second day of life was the
most appropriate time for neonatal hearing screening
with TEOAE. In another study, the percentage of
vernix obstructing the external meatus of newborns
aged less than 24 hours was statistically significant
compared with that of newborns aged more than
24 hours.” These results demonstrate the impor-
tance of second-stage screening in reducing the
false positive rate, and also the difficulty of imple-
menting a hospital-based newborn hearing screening
program where the hospital stays are very short.
The TEOAE test is accepted as being handicapped
in detecting hearing loss due to auditory neuro-
pathy, a neurophysiological pattern characterized
by the absence of auditory brainstem responses
with intact otoacoustic emissions. Both OAE and
ABR screening technologies can be used to detect
sensory (cochlear) hearing loss; however, because
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Table 4

The prevalence of risk factors in newborns with sensorineural hearing loss (SNHL)

SNHL | Prevalance of | Chi-square | 95% CI of OR (95% CI of P
n SNHL test prevalence OR
%o p
Craniofacial anomaly* 0.018
Yes (n=5) 1 200 18.3-21.7 472 | 64-3492 | 0.001
No (n =2210) 7 03 0.1-0.6 1
Family history of hearing loss* 0.056
Y (n=16) 1 6.3 52-73 104 2.1-50.5 | 0.004
N (n =2199) 7 0.3 0.1-0.6 1
Prematurity* 0.001
Y (n=157) 4 25 1.9-32 4.6 1.8-11.6 | 0.004
N (n = 2058) 4 02 0.0-04 1
Parental consanguinity* 0.002
Y (n=179) 4 22 1.6-2.9 37 1.7-8.1 0.001
N (n = 2036) 4 02 0.0-04 1
Low birth weight (<1500 g)* 0.005
Y (n=31) 2 6.5 54-75 1
N (n=2183) 6 0.3 0.1-05 53 0.9-29.3 | 0.056
Mechanical ventilation (>5 days) 0.012
Y (n =49) 2 4.1 3349 1
N (n =2166) 6 0.3 0.1-05 1.7 0.3-8.6 0.528
Low Apgar scores* 0.022
Y (n=67) 2 30 2.3-37 0.5 0.1-2.2 0.321
N (n =2148) 6 0.3 0.1-0.5 1
Hyperbilirubinemia* 0.032
Y (n=9) 1 11.1 9.8-124 79 0.7-874 | 0.094
N (n = 2206) 7 0.3 0.1-0.6 1
Ototoxic medication* 0.272
Y (n = 86) 1 12 0.7-1.6 1.1 0.3-43 0.890
N (n =2129) 7 0.3 0.1-0.6 1
Birth type* 0.730
C/S (n=1044) 3 0.3 0.1-05 1.1 0.5-2.0 0.890
Normal (n = 1171) 5 04 0.2-0.7 1
Bacterial meningitis 1.000
Y (n=2) 0 00 0.0-0.0
N (n =2213) 8 04 0.1-0.6
Syndrome associated with SNHL 0.023
Y (n=5) 1 20.0 18.3-21.7
N (n =2210) 7 03 0.1-0.6
Intrauterine infections 1.000
Y (n=5) 0 00 0.0-0.0
N (n =2210) 8 04 0.1-0.6

*: Parameters that could be analysed by logistic regression model.
CI: confidence interval; C/S: caesarean section; OR: odds ratio; N: no; Y: yes.



Universal newborn hearing screening 129
Table 5
Risk factor analysis for NICU and well-baby nursery groups
Risk factors Odds Ratio (OR) 95% CI of OR p
NICU
Prematurity 547 1.10-27.19 0.038
Parental consanguinity 0.36 0.064-2.08 0.026
WELL-BABY NURSERY
Prematurity 1.52 1.66-12.62 0.003
Parental consanguinity 1.32 1.61-8.67 0.002
Family history of hearing loss 2.28 2.01-48.04 0.005

NICU: neonatal intensive care unit; OR: odds ratio; CI: confidence interval.

OAE:s are generated within the cochlea, a-TEOAE
cannot be used to detect neural dysfunction."” When
a-ABR is used as the single screening technology,
neural auditory disorders can be detected.” Conse-
quently, in 2007 the JCIH position statement recom-
mends a-ABR technology as the only appropriate
screening technique for use in the NICU because
these infants are presumed to be at risk of having a
diagnosis of auditory neuropathy."

In the logistic regression analysis, craniofacial
anomalies among JCIH risk factors were statisti-
cally significantly related to SNHL as judged by the
95% confidence intervals (Table 4). One of 5 new-
borns with craniofacial anomalies was found to
have SNHL in our study. This finding was consis-
tent with the results of Cone-Wesson et al.,* who
found hearing loss in 17.6% of newborns with
craniofacial anomalies. It is important to distinguish
SNHL from conductive-type hearing loss in new-
borns with craniofacial anomalies. Microtia, auricular
atresia, and cleft palate anomalies can cause con-
ductive-type hearing loss, but they can also be the
signs of syndromes associated with congenital
sensorineural hearing loss.

Another noticeable finding in our study is that
family history of hearing loss was significantly cor-
related with SNHL in newborns (p = 0.004). This is
a risk factor for hereditary hearing loss. It is quite
difficult to access acurate information about the
family history of a congenital or childhood hearing
loss because presbiacusia or conductive hearing
loss is often misinterpreted as congenital SNHL by
the parents.”

The World Health Organization has defined pre-
maturity as delivery before 37 completed weeks of
gestation.”? Prematurity is not listed in the JCIH risk
registery, but it is accepted as a risk factor by
several authors.” Children born preterm have a

higher incidence of hearing loss than the general
population.”? We also found a statistically signifi-
cant relationship between prematurity and SNHL in
the overall (p=0.004), NICU (p=0.038), and
well-baby nursery (p =0.003) groups. Premature
newborns usually have one or more JCIH risk
factors, including low birth weight, hyperbilirubi-
nemia, or receipt of ototoxic medications, but pre-
maturity as a separate entity can be considered as a
risk factor.

Demographic surveys conducted over the past
40 years consistently show that Turkey is a country
with a high level of consanguinity.* It is well es-
tablished that consanguinity is a potential risk factor
for many adverse health outcomes in offspring, and
for recessively-inherited types of hearing loss as
well. A higher rate of consanguinity among parents
of deaf children was reported in the literature.” In
our study, 4 newborns from 179 consanguineous
unions were found to have SNHL, and 50% of new-
borns with SNHLwere born to parents in consan-
guineous marriages. Our study supports a signifi-
cant relationship between parental consanguinity
and SNHL in newborns (p = 0.001). We also found
a statistically significant relationship between con-
sanguinity and SNHL in the NICU (p = 0.026) and
well-baby nursery (p = 0.002) groups.

An interesting finding of our study was that oto-
toxic medication was the most prevalent risk factor
in the group, but it had no significant relationship
with SNHL (p = 0.272). This result is not surprising
because intravenous aminoglycoside therapy is
commonly administered to a large group of new-
borns as treatment or prophylaxis for sepsis in brief
courses, and hearing loss does not develop. On the
other hand, we observed that this was not the only
risk factor in most cases. One newborn with SNHL
in our study group had 2 additional risk factors; low
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birth weight and prolonged mechanical ventilation
in addition to receipt of ototoxic medication. It is
even proposed that hearing loss might in fact be of
unknown etiology if ototoxic medication is the only
observed risk factor.? Nevertheless, aminoglyco-
sides should be considered a serious risk factor
when used in multiple courses or in combination
with loop diuretics.?

We believe that risk factor-based screening is not
sufficient to detect all cases of SNHL in newborns;
thus, universal newborn hearing screening programs
must be implemented in hospitals. An a-TEOAE
test is feasible and effective, and represents a good
solution for screening levels of a hospital-based
universal hearing screening program.

Conclusions

In conclusion, the a-TEOAE test is feasible and
convenient for a hospital-based universal newborn
hearing screening program. Screening performed
after the first 24 hours of life is more appropriate to
avoid failures due to incomplete clearance of fetal
middle ear fluid or vernix caseosa in the external
ear canal. A second-stage a-TEOAE test dramati-
cally reduces the false positive rates; therefore,
newborn hearing screening using a two-stage
a-TEOAE test is effective in selecting children who
should be referred for further audiological evalua-
tions. Craniofacial anomalies and a family history
of hearing loss among JCIH risk factors and prema-
turity and parental consanguinity were significantly
related to SNHL in newborns. Although the latter
two factors are not included in the risk registry,
they should be considered in the evaluation of
potential risks of newborns regarding SNHL.
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