
Abstract
Aim: This study aimed to present the results of newborns who were referred to advanced audiology centers after newborn hearing screening, 
and to determine concordance of our results with the American Academy of Pediatrics guidelines about the ages of hearing loss, aid fitting, 
and cochlear implantation.
Materials and Methods: A total of 7502 newborns were screened in Gaziosmanpaşa Taksim Research and Training Hospital between March 
2014 and June 2016 using the transient otoacustic emissions test as the first two steps and automated auditory brainstem response test for the 
third step. Newborns who had risk factors were screened using the automated auditory brainstem response only. Newborns who failed the 
screening tests were referred to advanced audiology centers.
Results: Of the 7502 newborns, 6736 (90%) completed the screening. The ratio of hearing loss was 0.08%. Six of 62 newborns who failed au-
ditory brainstem response test and were referred to advanced audiology centers had severe bilateral hearing loss. One of the patients was not 
fitted with a hearing aid because the family refused it. The other one was not fitted an aid and did not undergo cochlear implantation because 
of severe and treatment-resistant acute otitis media. The age of diagnosis for the rest was before three months, and except for one patient, 
hearing aid fitting was before six months. The age of cochlear implantation was 12 months for two patients and 14 months for two patients.
Conclusion: Ninety percent of patients completed the screening, the age of diagnosis for hearing loss  was before three months and aid fitting 
was before six months, except for one patient. The results of the study were compatible with the diagnosis and treatment guidelines of the 
American Academy of Pediatrics.
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Introduction

Early diagnosis of hearing loss, which takes an im-
portant place among congenital anomalies in terms 
of prevalence, is important. Early diagnosis and treat-
ment provides academic, perceptional, and social and 
economic benefit because it positively affects lan-
guage development. In healthy newborns, congeni-
tal hearing loss occurs with a rate ranging between 
1:1000 and 3:1000, and it is observed in 2-4% of ba-

bies treated in intensive care units (1, 2). This preva-
lence is much higher compared with phenylketonuria 
and hypothyroidism, which are screened in the neo-
natal period (3-5). Therefore, it should be screened 
and early diagnosis and treatment should be achieved. 
Both families and physicians are unsuccessful in rec-
ognizing babies with hearing loss in the first year of 
life. In addition, half of the affected babies cannot be 
determined because only the babies who are thought 
to have an increased risk of hearing loss are inves-



tigated. Thus, the diagnosis of hearing loss may de-
layed until the age of three years in children in whom 
screening is not performed at birth (6). Accordingly, 
newborn hearing screening is very important for ba-
bies with advanced and extremely advanced hearing 
loss in terms of being diagnosed as early as possible. 
Detection of congenital hearing loss in the first three 
months and early rehabilitation with a hearing aid in 
the first six months and cochlear implantation at the 
appropirate time should be targeted (7-11). Two meth-
ods are used for newborn hearing screening: evoked 
otoacoustic emissions (EOAEs) and auditory brain-
stem response (ABR). Two forms of evoked otoacous-
tic emissions are used most frequently in hearing 
screening. These include transient evoked otoacustic 
emissions (TEOAE) and distortion product otoacustic 
emissions (DPOAE) tests. Although both are success-
ful, TEOAE is preferred more frequently than DEPOAE 
because it is technically more simple, its test time is 
shorter and can detect even mild degrees of hearing 
loss (12, 13). Transient evoked otoacoustic emissions 
are the acoustic echo response created by the exter-
nal hair cells in the internal ear to the stimulus given, 
which can be measured in the external auditory ca-
nal. They show the physical status of the cochlea and 
measure cochlear functions independent of the cen-
tral nervous system (2). Auditory brainstem response 
is a measurement of the responses of the electrical 
potentials created by intermittent stimuli in the audi-
tory canals and brainstem in the first 10-20 ms using 
surface electrodes on the skull (14). The reason that 
these tests are being used as screening tests is the fact 
that they are noninavasive, inexpensive, and easily ap-
plicable tests.

The American Academy of Pediatrics (AAP) recom-
mended hearing screening in babies who have an in-
creased risk of hearing loss in their statement in 1982. 
However, when it was found that 50% of 126 babies 
who were diagnosed as having congenital hearing loss 
in the Colorado Newborn Hearing Loss Project between 
1992 and 1996 did not carry any risk in terms of hear-
ing loss, the AAP published a statement in 1999 recom-
mending that all newborns should be screened, hearing 
loss should be confirmed in the first three months, and 
necessary interventions should be implemented in six 
months (15, 16). In Turkey, newborn hearing screen-
ing was initiated in 1994 for the first time in Hacettepe 
University and in 1998 in Marmara Univeristy. With 
a protocol signed between the Rectorship of Hacette-
pe University and the Prime Minister Deparment of 

Administration of the Disabled and the Ministry of 
Health, newborn hearing screening was initiated in 
2000 in Ankara Zübeyde Hanım Maternity and in 2003 
in Dr. Zekai Tahir Burak Maternity Hospital. The New-
born Screening Program was expanded such that it in-
cluded some pilot hospitals including Gazi and Dokuz 
Eylül University Hospitals at the end of 2003 and all 81 
provinces in 2012 (17).

In our study, the results of hearing screening per-
formed in 7502 newborn babies between March 2014 
and June 2016 in our hospital were evaluated. The clini-
cal characteristics and accompanying risk factors of the 
babies who had hearing loss, and the ages at the times 
of diagnosis and treatment of hearing loss (placement 
of hearing aid and cochlear implantation) were deter-
mined. The aim of the study was to evaluate how com-
patible the results of the Newborn Hearing Screening 
Program were with the diagnostic and therapeutic tar-
gets of the AAP.

Material and Methods

A total of 7502 babies comprising those who were born 
between March 2014 and June 2016 in Gaziosmanpaşa 
Taksim Education and Research Hospital and followed 
up beside their mothers, those who were being fol-
lowed up in the Neonatal Intensive Care Unit (NICU), 
and those who were born in other healthcare centers 
in our province and referred to our hospital for hear-
ing screening were included in this study. The study 
data were evaluated retrospectively with patient ad-
mittence forms. The results of 62 patients who failed 
the screening program and were referred to upper 
level centers were learned by calling the families. The 
newborns were evaluated by an experienced odiome-
trist according to the Ministry of Health Newborn 
Hearing Screening Program TEOAE device hearing 
screening protocol. In this program, conditions that 
are considered risk factors in terms of congenital 
hearing loss and hearing loss in the early childhood 
(maternal TORCHS infections; history of infectious 
disease during pregnancy including toxoplasmosis, 
rubella, citomegalovirus, herpes, syphylisis and famil-
ial history of congenital hearing loss, head and facial 
anomalies related with the external auditory canal and 
auricula, syndromes accompanied by hearing loss, a 
birth weight below 1500 g, low APGAR score at birth, 
hyperbilirubinemia in the neonatal period, bacterial 
menigitis, use of ototoxic drugs, history of prolonged 
mechanical ventilation) were interrogated for each 
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newborn screened. Hearing screening was performed 
during the work days before the baby was discharged 
from hospital. A written document stating that hearing 
screening should be performed in 15 days at the latest 
was given to families of babies who were discharged 
on holidays and hearing screening was performed in 
babies who were brought to hospital. The babies who 
were hospitalized in the NICU were screened in one 
month at the latest.

The tests were performed when the baby was in the 
mother’s lap or on a flat surface in a special room. Ap-
propriate probes for the baby’s external auditory canal 
were selected. Hearing screening was performed with 
TEOAE and ABR tests using a MADSEN Accu-Screen 
PRO device. In newborns who had any of the above-
mentioned risk factors, screening was performed direct-
ly with ABR. Automatically obtaining a result “passed” 
was considered a criterion for passing the screening 
test. The babies who had a test result of bilateral or 
unilateral “failed” were referred to advanced hearing 
centers. In newborns who had no risk factors, hearing 
screening performed initially with the TEOAE test was 
performed with a three-step protocol. In the first step, 
bilateral measurement was performed and the babies in 
whom bilateral emission response was obtained were 
considered to have passed the screening test. The ba-
bies in whom bilateral or unilateral emission response 
could not be achieved were called back to repeat the 
test. In the second step, the measurement was repeated 
in these babies. The babies who showed a “passed” re-
sponse in both ears in the second test were considered 
to have passed the screening. A specialist performed the 
autoscopic examination in babies who failed unilater-
ally or bilaterally in the second step. If any problem re-
lated with the external auditory canal and/or middle ear 
including remnants or infection that could affect the 
TEOAE response was found on examination, appropri-
ate treatment was given and the baby was called back 
to repeat the test. Babies in whom treatment had been 
initiated and who could not pass the test were called 
back 15 days later and when ABR was performed. Babies 
who failed the auditory brainstem response test were 
referred to advanced hearing centers with suspicious 
baby registration forms with the objective of making a 
definitive diagnosis. The families of babies who were 
referred to advanced centers with suspicious baby regis-
tration forms were called by phone and it was learned if 
the baby had hearing loss, at which month the diagno-
sis was made, if hearing loss was present, and at which 
month treatment was initiated.

Ethics committee approval was obtained from 
Gaziosmanpaşa Taksim Education and Research Hos-
pital Ethics Commitee for the study (08.03.2017-12).

Statistical Analysis 

In this study statistical analyses were performed using 
the NCSS 10 program.

Results 

Three thousand eight hundred twenty-six (51%) of 7502 
babies who were included in the assessment were fe-
male and 3676 (49%) were male. Four thousand eight 
hundred seventy-six (65%) of the babies were born by 
normal vaginal delivery and 2626 (35%) were born by 
cesarean section; 584 (7.8%) of these carried risk in 
terms of hearing loss: 62 patients had a familial history 
of congenital hearing loss, 17 patients were born with a 
birth weight of 1500 g and below, 124 patients had a his-
tory of hyperbilirubinemia, 351 patients had a history of 
ototoxic drug use, and 30 patients had a history of me-
chanical ventilation and ototoxic drug use for five days 
or more. In the newborn babies included in our study, 
the rate of congenital hearing loss was found as 0.08%.

The ABR test was performed directly in 584 of 7502 
babies because they had risk factors, whereas the 
TEOAE screening test was performed primarily in the 
other babies; 4546 (60.6%) of the babies passed the 
first TEOAE test. One hundred two (1.3%) babies who 
were discharged on the weekend and given an ap-
pointment for TEOAE test did not present for the first 
TEOAE test and these patients could not be contact-
ed. One thousand one hundred sixty-one (15.5%) of 
2270 newborns who participated in the second TEOAE 
screening passed the test. Four hundred ninety-four 
(6.6%) babies who did not pass the first screening and 
were called back could not be contacted. Four hun-
dred seventy-three (6.3%) of 615 babies who took and 
failed the second TEOAE test did pass the ABR screen-
ing test. Forty-two (0.6%) of the babies failed the ABR 
screening and 100 (1.3%) did not present for the ABR 
test, and these patients could not be reached. It was 
planned to perform ABR screening directly in 584 
(6.8%) babies who had risk factors in terms of hear-
ing loss, but ABR screening could only be performed 
in 514 (6.8%) newborns who carried increased risk; 70 
(0.9%) babies did not present for ABR screening and 20 
babies failed the ABR screening (Table 1). Among the 
20 newborns who had increased risk in terms of hear-
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ing loss and failed the auditory brainstem response 
screening test, 12 had a history of ototoxic drug use, 
three had hyperbilirubinemia, and five had a familial 
history of hearing loss. A total of 62 babies were re-
ferred to advanced hearing centers owing to advanced 
or extremely advanced hearing loss because they failed 
the ABR test unilaterally or bilaterally (Table 2). It was 
learned that one of the patients who were referred 
was lost, 12 patients never attended the advanced 
center and hearing loss was not found in 32 patients 

who presented to the advanced center. The results of 
twelve patients are not known because they could not 
be contacted. It was learned that bilateral hearing loss 
was found in six of the newborns who were referred 
and they were recommended to use a hearing aid. It 
was learned that bilateral cochlear implantation was 
performed in four babies who had hearing loss, the 
process still continued for one patient and a hearing 
aid could not be placed in one baby because the family 
did not give consent. A familial history of hearing loss 
was present in three of four patients in whom cochlear 
implantation was performed. In all patients who were 
diagnosed as having hearing loss, the age at the time 
of diagnosis was below the age of three months. It was 
learned that hearing aids were placed at the age of 
four months in two patients, at the age of five months 
in one patient, and at the age of eight months in one 
patient. The ages at the time of cochlear implantation 
were found to be 12 months in two patients and 14 
months in two patients.
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Table 1. Newborn hearing screening results 

ABR: Auditory brainstem response; TEOAE: Transient evoked otoacustic emissions

Table 2. Results of the patients who were referred to referen-
ce center

No %

Number of referrals to advanced center 62 0.82

Those who passed the test 31 -

Those wo were lost to follow-up 24 -

Those who had hearing loss 6 0.08



Discussion 

If congenital hearing loss is not diagnosed and treated ear-
ly, normal language development, speech, and social abili-
ties are affected. Therefore, early diagnosis and interven-
tion is essential for language and cognitive development 
(18). The possibility of being diagnosed in the first year of 
life is considerably low in babies with advanced hearing 
loss without a screening test (19). Vohr et al. (20) found that 
the mean age at the time of confirmation of permanent 
hearing loss was three months in babies who participated 
in a screening program in a study they conducted between 
1993 and 1996, whereas this value was 31.25 months be-
fore screening program. Therefore, newborn hearing tests 
were transformed to a screening program that included 
all newborns rather than only babies who had increased 
risk in terms of hearing loss (Universal Newborn Hearing 
Screening, UNHS) (21). Subsequenty, the AAP 2010 and 
Joint Committee on Infant Hearing (JCIH) 2007 specified 
“1-3-6” criteria for monitoring the screening program: 1. 
Complete newborn hearing screening after delivery be-
fore one month, 2. Diagnose hearing loss before the age of 
three months, 3. Plan early intervention before six months 
in babies diagnosed as having hearing loss. In addition, the 
JCIH (2007) announced the success targets of these crite-
ria; 95% of all newborns should be screened before the age 
of one month, a diagnosis should be made before the age 
of three months in 90% of babies who fail screening and 
are referred to advanced centers, hearing aid should be 
placed before the age of six months in 95% of the patients 
who are diagnosed as having permanent hearing loss.

Although the TEOAE test is used frequently in newborn 
hearing screenings, there are also protocols in which 
the TEOAE test is used in association with the ABR test 
or only the ABR test is used (7, 8, 14, 22, 23). In our study, 
we primarily used the TEOAE test in healthy newborns, 
an automated ABR test in babies who failed the emis-
sion test twice, and directly automated ABR test in new-
borns who had an increased risk in terms of hearing 
loss. We referred patients who failed the ABR test to 
advanced hearing centers for the diagnosis, treatment, 
and follow-up of hearing loss.

The incidence of congenital hearing loss is between 0.1% 
and 0.3% in healthy newborns. This incidence has been 
found to be much higher (2-4%) in newborns with in-
creased risk (24). Many studies related with this issue have 
been conducted in Turkey. In the hearing screening study 
conducted by Genç et al. (23) in Hacettepe University with 
5485 term newborns, the incidence of advanced/extremely 

advanced sensoryneural hearing loss was found as 0.20%. 
Çelik et al. (25) found this incidence as 0.27% in a much 
larger study involving the time period between 2005 and 
2011 in Zekai Tahir Burak Women’s Health Education and 
Research Hospital.  In the study conducted by Bolat et al. 
(26) in which the results of 764,352 newborns screened be-
tween 2004 and 2008 throughout Turkey were evaluated, 
the incidence was reported as 0.17%. According to the 
screening performed in different education and research 
hospitals in Polatlı and Istanbul, the incidence of hearing 
loss ranges between 0.1% and 0.15% (24, 27). In the new-
borns included in our study, the incidence of congenital 
hearing loss was found as 0.08%, which is lower compared 
with the literature. We think that this lower incidence may 
be related to the facts that the number of the newborns with 
increased risk of hearing loss was markedly lower in our 
study compared with the other studies, that some patients 
were lost to follow-up in different stages of the screening 
program, that we could not contact some patients who we 
referred to advanced centers following ABR, and that some 
patients never presented to the advanced center.

In our study, risk factors were present in 20 of 62 pa-
tients who were referred to advanced hearing centers 
because they failed the hearing screening test; it was 
found that 12 patients had a history of ototoxic drug 
use, three patients had hyperbilirubinemia, and five pa-
tients had a familial history of hearing loss. Hearing 
loss was found in six of 62 patients who were referred 
to advanced centers. A familial history of hearing loss 
was present in half of these six patients and one patient 
had no risk factors. The number of babies who had an 
increased risk of hearing loss was low in our study com-
pared with other studies because tertiary care was not 
being given in the NICU in our hospital. Although con-
sanguineous marriage is not considered a risk factor, it 
may be significant to it more carefully considering that 
its frequency is high in our country and in the region 
where our hospital serves, and consanguineous mar-
riage increases the possibility of some genetic diseas-
es that are accompanied by hearing loss. In our study, 
consanguineous marriage was present in two patients 
who had hearing loss. In studies conducted in countries 
where consanguineous marriage is prevalent including 
Turkey, Africa, Asia, and Latin America, the incidence of 
autosomal recessive diseases accompanied by hearing 
loss have been reported as high (28-32). Sajjad et al. (29) 
conducted a study in Pakistan with 140 students who 
had hearing loss and 221 students who were healthy 
and reported that first- and second-degree consanguin-
eous marriage was present between the mother and fa-
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ther in 86.4% of the children who had hearing loss and 
in 59.7% who did not have hearing loss. In the study 
conducted by Dereköy et al. (32), consanguineous mar-
rigae was present between the mother and father in 64 
(49.2%) of 130 students who had hearing loss.

According to the AAP 2010 guideline, the rate of referral 
to advanced centers for comprehensive audiological as-
sessment should be <4%. In our study, the rate of refer-
ral to advanced center following hearing screening tests 
was 0.6% (42 newborns) in healthy newborns and 3.4% (20 
newborns) in newborns with an increased risk of hearing 
loss. The total rate of referral was 0.82% (62 newborns). 

According to the AAP 2010 and JCIH 2007 criteria, a di-
agnosis should be made up to the third month in 90% 
of patients who are referred to advanced hearing cen-
ters and hearing aids should be placed up to the sixth 
month in 95% of patients who have permanent hearing 
loss (33). In a study conducted by Özcebe et al. (34), the 
mean age at the time of diagnosis was reported as 19.4 
months, the mean age at the time of placing a hear-
ing aid was 26.5 months, and the mean age at the time 
of cochlear implantation was 33 months between 1999 
and 2004 in Turkey. In the study conducted by Yılmazer 
et al. (24) between 2009 and 2011 in Bakırköy Dr. Sadi 
Konuk Education and Research hospital, the mean age 
at the time of diagnosis was reported as 6.1 months, 
the mean age at the time of placing hearing aid was 
9.5 months, and the mean age at the time of cochlear 
implantation was 24.5 months. In our study, the age 
at the time of diagnosis was found to be below three 
months, and the age at the time of placing a hearing 
aid was found to be below six months. The age at the 
time of cochlear implantation was found as 12 months 
in two of our patients and 14 months in two other pa-
tients. Although the number of patients with hearing 
loss was lower compared with other studies, it was ob-
served that a significant improvement was obtained in 
terms of the age at the time of diagnosis, the age at the 
time of placing hearing aid, and the age at the time of 
cochlear implantation, and the AAP and JCIH targets 
were achieved. This shows that considerable advance-
ment was achieved in terms of diagnosis and treatment 
following screening as well as successful conduction of 
the hearing screening program, which was initiated in 
the beginning of the 2000s in pilot hospitals and subse-
quently expanded to the whole country. We think that 
the marked improvement in the mean age at the time 
of diagnosis and treatment compared with 2011 was 
closely related with the increase in the number of cen-

ters where screening is performed and in the number 
of odiometrists, the increase in the number of advanced 
diagnostic and therapeutic centers for hearing loss, the 
number of specialist physicians interested in the issue, 
and with better informing of families in this issue.

The major limitation of our study was that it was a ret-
rospective study. Therefore, the information was limit-
ed to the information recorded in the patient files. Risk 
factors could not be interrogated in detail in babies with 
an increased risk again because of the same reason.

More successful speech and language skills and better 
emotional, social and cognitive development are en-
abled with early diagnosis and treatment of congenital 
hearing loss. In addition to newborn hearing screening, 
it is important and essential to accurately and appropri-
ately inform families of children who fail screening tests, 
to make the diagnosis before the age of three months in 
advanced centers, and to place hearing aids before the 
age of six months in order to achive this objective.
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