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Otoakustik Emisyon ve Otomatik Beyin Sapi Yanitlari ile Hatayda Yenidogan Isitme Taramasi-Prospektif Calisma

Amag: Yenidogan isitme taramalarinda (UNHS) oto-akustik emisyonlar (OAE) ve otomatik beyin sapi yanitinin (ABR)
birlikte kullanimi, isitme kayiplarinin erken taninmasini saglamistir. Bu calismanin amaci, otoakustik emisyonlar ve
otomatik isitsel beyin sapi cevabi kullanilarak, Antakya'daki yenidogan bebeklerde isitme kaybi sikgini bulmaktir.
Yontem: Prospektif tasarlanan calisma, 18 ay boyunca yenidogan 7780 bebek ile Antakya'da yapildi. Biitiin yenido-
danlar ¢ asamali isitme tarama protokoli kullanilarak tarandi.

Bulgular: 7780 yenidogan bebegin otoakustik emisyon ve bir ABR ile isitme taramasi yapildi. U¢ asamali yapilan
taramadan sonra, 50 yeni dogan bebek isitme kaybi tanisi aldi. Uciincii muayene, otomatik beyin sapi yanit odyo-
metrisinden (aABR) olusuyordu. Bu ¢alisma, popilasyonumuzda konjenital isitme kaybi prevalansinin 1000 bebekte
6 oldugunu ortaya koymaktadir.

Sonuc: Bulgulanmiz genel olarak literatiir ile uyumludur. U¢ asamali protokoliin kullanilmasi TEOAE, DPOAE ve ABR,
yenidogan tarama programlarindaki teshis edilemeyen isitme kayiplarinda yanlis pozitif sonuclari énemli 6lciide
azaltir. Ozellikle ABR, yanlis pozitif sonuclari azaltirken tarama programinin verimliligini arttirir.

Anahtar kelimeler: Yenidogan isitme taramasi, otoakustik emisyonlar, otomatik beyin sapi yaniti

Abstract
Newborn Hearing Screening by Otoacoustic Emissions and Automated Auditory Brainstem Response in Hatay-A
prospective study

Aim: The combined use of oto-acoustic emissions (OAEs) and auditory brainstem response (ABR) testing in the
universal newborn hearing screening (UNHS) has provided to the early detection of this disorder. The aim of this
study was to find the rate hearing loss in newborn babies in Antakya by using otoacoustic emissions and automated
auditory brainstem response.

Methods: A prospective study was carried out on 7780 newborn who were screened for 18 months in Antakya. All
neonates were screened using three step hearing screening protocol.

Results: 7780 newborn babies were examined for hearing screening with otoacustic emissions and a-ABR. Overall,
50 newborn babies resulted with hearing loss after the three steps screening. The third examination consisted of
automated brain stem response audiometer (aABR). This study reveals, the prevalence of congenital hearing loss in
our population is 6 per 1000 babies.

Conclusion: Our findings are generally in line with previous reports on this matter. Using three step protocol espe-
cially a-ABR along with TEOAE and DPOAE at the initial level of testing significantly reduces referral rates in newborn
screening programs. Also a-ABR decreases the false positive responses hence increasing the efficiency of screening
program.

Keywords: Newborn hearing screening, otoacoustic emissions, auditory brainstem response, newborns

1. INTRODUCTION

The incidence of congenital hearing impairment (CHI) is the highest among all
the congenital diseases well known worldwide. It ranges from 1-3 hearing impaired
children for 1000 births per year (1-4). In Turkey this rate is between 2-6/1000 (5, 6).

Congenital hearing impairment is one of the most common birth defects in ne-
onates (2). The early diagnosis of CHI is essential in preventing the irreversible con-
sequences in the speech development of the children born with this handicap (3, 7).
The aim of newborn screening is accurately and rapidly identifing infants with signif-
icant hearing loss in least cost-effective method (2, 3, 8). Two tests have been widely
used for infant screening: click or transient evoked autoacoustic emissions (TEOAE)
and auditory brainstem response (ABR). Both of these methods show high pass rates
in newborn subjects (2, 7, 9). The report states that in India protocol used in 1st and
2nd stage of hearing screening are Transient Evoked Otoacoustic Emissions (TEOAE)
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alone and AABR are used in 3rd stage of hearing screening
(9, 10).

The aim of this study was to find the rate hearingloss in
newborn babies in Antakya by using otoacoustic emissions
(transient evoked autoacoustic emission-TEOAE and Dis-
tortion Product Otoacoustic Emission-DPOAE) and auto-
mated auditory brainstem response (a-ABR).

2. MATERIALS AND METHODS

2.1. Study design

7780 newborn were screened during November 2006
to July 2008 to estimate the prevalence and compare the
referral rates in well born in Antakya Birthgiving Hospital.
Following a training period for otoacoustic emissions and
ABR, nurses certificated by the ministry of Health were
invited for screening the newborn babies. Prior to testing
informed consent was obtained from the parents, usually
the mother. Also ethical committee approval was obtained
from the local ethical committee at Mustafa Kemal Univer-
sity. In this study was applied a three-step screening proto-
col using TEOAE, DPOAE and A-ABR. All babies born in the
hospital were screened for hearing loss by TEOAE within
24 hours after birth or before their discharge within 3 days
after delivery. The babies failed from the TEOAE were called
for retesting 15 days after the initial examination for TEOAE
and DPOAE. Babies failed from the finally test were called 1
month later for a-ABR.

Before measurements a questionnaire was filled about
the gestational age, congenital anomalies, consanguineous
marriages, birth weight, hearingloss in the family, maternal
disease, ototoxic drug etc. Babies followed in the Intensive
care unit were not included only the babies with neonatal
jaundice were examined.

Babies with positive test (no traceable transient evoked
otoacoustic emissions) who did not attend to second test
were excluded from the study.

All measurements were made in a sound proof cabin
(1.5x2.5 m) with an 7 to 20 dB (average 13 dB) background
noise. Testing time for otoacoustic emissions an lasted be-
tween 0.5 to 2 minutes but 3 to 5 minutes was given for
each otoacoustic measurement whereas 5 to 12 minutes
was given for each a-ABR test.

2.2. TEOAE- Transient evoked otoacustic
emission

TEOAE screening was performed using the Otodynam-
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ic Analyzer ILO 88 (Otodynamics UK). Following otoscopic
examination babies with debris in their external ear were
aspirated or cleaned by cotton. Then with a rubber tipped
probe suitable for their external ears were examined by
sending clicks a rate of 50 per sec. At 80 microseconds du-
ration and 80 dB peak SPL for the first three clicks of four
stimulus sets, with a fourth nonlinear balancing click of op-
posite polarity that is three times the amplitude of the first
three. Alternate responses are averaged and stored in two
separate waveforms that are then analyzed and cross-com-
pared, resulting in a percent number called “reproducibil-
ity”. The frequency bands used were 1, 1.5, 2, 3 and 4 kHz.

2.3. DPOAE-Distortion product otoacoustic
emission

For the distortion product otoacoustic emissions ILO
292 Otodynamic analyzer was used in F1: 65 dB, F2: 55 dB
with an F1/F2 ratio: 1.22. The frequencies measured were
at 1001, 1501, 2002, 3003, 4004, 6006 and 7996 Hz. Ears with
emissions in at least three frequencies were in pass criteria.
Emissions in less than 3 frequencies were taken into “refer”

group.

2.4. a-ABR- automated auditory brainstem
response

IaBasell Interacoustics automated brainstem evoked
response audiometer was used. Sleeping or silent babies
were analyzed by using five disposable electrodes attached
to the back or right and left ears, forehead, hair line and
maxilla. 100 ps clicks at 40 ohms were presented. BERA Test
lasted between 20-120 seconds but cleansing of the field
and placement of the disposable electrodes took 5 to 10
minutes.

If one or both ears passed from the otoacoustic emis-
sion test the new born was considered negative and fur-
ther testing was not required. When both ears failed to pass
TEOAE the new born was considered positive and sched-
uled for the next examination 15 days later. The second
testing consisted of TEOAE and DPOAE measurement. The
third measurement for positive cases included automated
a-ABR.

2.5. Statistical analyses

The quantitative data were entered, cleaned and anal-
ysed in SPSS 13 windows packet program. Statistical anal-
ysis were performed using x2 and T test, further analysis
were performed by using logistic regression analysis. For

MKU Tip Dergisi 2019; 10(37): 46-50



E.D. Tekséz, A.S. Dagl, E. Akogly, S. Okuyucu, T. inandi

all of the statistical analyses, a probability value of p< 0.05
was considered statistically significant.

3. RESULTS

7780 newborn babies were examined for hearing
screening with TEOAE, DPOAE and a-ABR. Babies were
examined within 3 days after delivery by using transient
evoked otoacoustic emissions for 18 months. The pos-
itive results (with no traceable otoacustic emissions in
both ears) were higher on the first day of examination as
expected (17.2%) (p<0.05) (Table 1). The rate of negativity
increased by the second and third day measurements (8.1%
and 8.7%). 1224 (15.7 %) babies were called for retesting 15
days after the first examination. 420 (34.3%) babies were
lost for follow up. 804 babies were examined using both
TEOAE and DPOAE. These tests revealed 66 positive results
(with no traceable emissions). 50 babies were diagnosed
using a-ABR as hearing loss (0.6%).

Table 1. The relationship between follow-up is called up with days of the test is

applied

Pass Refer Total p-value
Days n % n % n %
First 5235 82.7 1092 17.2 6327 100 >0.001
Second 907 QL7 82 8.2 989 100 X2=61.629a
Third 125 91.2 12 8.7 137 100
Fourth 289 88.3 38 11.6 327 100
7780 Newborn
| 1
1224 Refer 6556 Pass
TEOAE TEOAE
|
1 1
804 Newborn 420 Newborn
15. days Lost to follow up
I 1 1
66 Refer 738 Pass
TEOAE&DPOAE TEOAE&DPOAE
[
50 Refel ]6Pass
a-ABR a-ABR
3 Umlatcralhcarmglnss

Figure 1. Results of newborn hearing screening

Table 2 shows the effect of maternal and fetal factors
on hearing loss. Babies from consanguineous marriage
revealed significantly higher rate of hearing loss (1.5%)
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(p<0.05). In our study families with congenital hearing
loss subjects revealed a higher rate of birth with hearing
impaired babies (4.5%) (p<0.05). The rate of hearing loss
was also higher in newborn babies with neonatal jaundice
(1 in 6 babies with neonatal jaundice). In our group only
one among 6 babies treated with phototherapy revealed bi-
lateral hearing loss, statistical analysis revealed a positive
correlation (p<0.05). 24 babies were born with congenital
anomalies and 5 of them revealed bilateral hearing loss
(20.8 %) (p<0.05).

Table 2. Effect of maternal and fatal factors on hearing loss

Profile Normal H eﬁ)zsl ne Total Statistical
n (%) n o) n (%) -value
Maternal Factors
Consanguineous marriage
Yes 1775(98.4) 28(1.5) 1803 (100) p=0.000
No 5955(99.6) 22 (0.0) 5977 (100) x2=30.455b
Consanguineous marriage
degree
First degree 1358 (98.1) 25 (1.8) 1383 (100) p=0.000
Second degree 301 (99.0) 3(0.9) 304 (100) x2=37.767a
Third degree 116 (100) 0 (0.0) 116 (100)
None 5955(99.6) 22 (0.3) 5977 (100)
Hearing loss in the family
Yes 188 (95.4) 9 (4.5) 197 (100) p=0.000
No 7542 (99.4) 41 (0.5) 7583 (100) x2=48.785b
Hearing loss in the family
degree
First degree 58 (92.0) 5(7.9) 63 (0.8) p=0.000
Second degree 98 (97.0) 3(2.9) 101 (1.3) x2=65.239a
Third degree 32 (96.9) 1(1.0) 33(0.4)
None 7542 (99.4) 41(0.5) 7583 (100)
Fatal Factors
Neonatal jaundice
Yes 6 (0.1) 1(2.7) 7(0.2) p=0.000
No 7737 (99.5) 36 (0.4) 7773 (99.8) x2=15.831b
Congenital Anomaly
Yes 19(79.1) 5(20.8) 24 (100) p=0.000
No 7711 (99.4) 45 (0.5) 7756 (100) x2=153.696b

As seen in Table 3, statistically significant differences
were found in logistic regression analysis, such as; “Con-
genital Anomaly” (p=0.000), “Consanguineous marriage”
(p=0.000), “Hearing loss in the family” (p=0.000). Risk of
hearing loss is increased congenital anomaly by 43.0 times,
while it is increased consanguineous marriage by 3.6 times
and is increased hearing loss in the family by 8.2 times.
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Table 3. Logistic regression analysis

%95.0

p-value O.R

Min Max

Congenital Anomaly No  0.000 1 (Ref) 14.7 125.8
Yes 43.0

Consanguineous marriage No 0.000 1 (Ref) 2.0 6.4

Yes 3.6

Hearing loss in the family No 0.000 1 (Ref) 58 17.6
Yes 8.2

4. DISCUSSION

With the implementation of UNHS program in 2005
in Turkey, the detection of newborns with hearing loss
(5). UNHS has been carried out by a three-step protocol
using TEOAE, DPOAE and AABR in Antakya for almost 18
months. Hacettepe University and Marmara Universities
audiology departments for the first time in our country
starting in neonatal hearing screening (6), Turkey Scientific
and Technical Research Institute with support of our coun-
try with a population of 1.5 million 9 The largest province,
the annual number of live births, 24000, general fertility
rate of 0.68% in the province of Hatay in 7780 newborn ba-
bies were applied without regard to whether there is a risk
factor. The results of screening newborns in Turkey and the
world emission rates were similar for the province of Hatay.

According to the Health Care Guidelines for Children
of the Municipality, UNHS, maternal complications can
cause maternal and fatal complications, with such risks
potentially leading to the need for ICU treatment and be-
ing associated with the risk of hearing impairment (1, 11).
Referral rates in high risk babies were more than well born
babies in both DPOAE and AABR testing as observed in
other studies. Estimated prevalence of congenital hearing
loss in this current population is 1.42 per 1000 babies (9).
Approximately 55% of neonates in the o the neonatal inten-
sive care unit had risk factors related to permanent hear-
ing loss (2). Population of newborns of low and high risk
for hearing impairment, the following were encountered:
family history of hearing deficiency, congenital anomalies,
ototoxicity, ventilation for more than 24 hours, prematurity
and low weight (1, 8). In our study, risk of hearing loss ma-
ternal and fatal is increased congenital anomaly, neonatal
jaundice, consanguineous marriage and hearingloss in the
family. Gisele M. L. Lima (12) supports the findings of this
research study, the effect of having hearing loss in the fami-
ly is the same. The study has established that the incidence
of sensorineural hearing loss among infants with neonatal
jaundice is significantly higher than in those without neo-
natal jaundice, which might reflect that efforts to prevent
and/or timely treat severe neonatal jaundice are current-
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ly limited (13). Gisele M. L. Lima (12) by Berg, Spitzer (14)
neonatal jaundice his studies, the data support the associ-
ation with hearing loss.

5. CONCLUSION

Early identification of hearing loss and early interven-
tion significantly improves speech and language develop-
ment. Three step hearing screening programs are rarely be-
ing carried out in Turkey. The present study was carried out
to analyze the prevalence and referral rates using three step
hearing screening protocol. From the current study of neo-
natal hearing screening, we conclude that the prevalence
of congenital hearing loss is 0.6%. Since identified babies
were from high risk group we strongly recommend hearing
screening of high risk neonates in developing countries.
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