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Abstract.
Hearing problems in children impact development, especially speech and language.
Some risk factors are known to influence the occurrence of congenital deafness. For
the last five years, screening with Otoacoustic Emissions (OAE) and Brainstem Evoked
Response Audiometry (BERA) examinations has been used at Dustira Hospital to make
a diagnosis and intervene as early as possible. This study aims to obtain the prevalence,
risk factors, and OAE and BERA examination results at Dustira Cimahi Hospital. A
retrospective descriptive study was conducted on children who underwent the OAE
and BERA examination by collecting subject data for the period of January 2020–
December 2022. The OAE examination uses distortion product otoacoustic emissions,
while the BERA examination is based on the International Standard Organization (ISO).
Of the 42 patients who were screened for hearing loss, the 3–5-year-old group was
the most dominant (40.4%). Most of the patients were male (66%). While the prenatal
risk factor was a history of TORCH infection (12%), the perinatal risk factor was low birth
weight (14.2%) and the postnatal risk factor was hyperbilirubinemia (19%). The majority
of the OAE examination results were refers found at 32 people (76.1%). The results of
the BERA click examination were the presence of wave V found in 38 people (90.4%)).
Patients with suspected congenital deafness who underwent hearing screening were
in the age range of 3–5 years and were all male. The risk factors found were a history
of TORCH infection, low birth weight, and hyperbilirubinemia. The majority of the
results of the OAE examination was refer and that of the BERA was wave V.
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1. Introduction

Hearing plays a very important role for children in learning speech and language, as

well as socialization and cognitive development. Children speak based on what they

hear so that hearing loss experienced by children from birth will result in speech and

language delays. With consequent longer-term risk to educational attainment, mental

health, and quality of life. Therefore, hearing loss in neonatesmust be found immediately

to avoid this [1, 2]. Hearing loss in neonates or congenital deafness is the inability to

hear that existed since the baby was born. The causes divided based on the prenatal,

perinatal, and postnatal period. Joint Committee on Infant Hearing ( JCIH) pronounced
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that babies who have one or one risk factor will have an increased likelihood of hearing

loss. However, it turns out that there are many cases of hearing loss in babies without

risk factors. Based on the considerations of JCIH guidelines for the detection and

intervention of infants, audiological and clinical evaluation is carried out until the age

of 3 months and intervention is carried out before 6 months. A program called Infant

Hearing Screening (IHS) has been implemented and developed in order to identify

hearing loss in children as early as possible. If hearing loss is detected early, early

intervention services can be performed, and prevention of child development delays can

be achieved. The IHS program has developed early behavioral observation techniques

to screening techniques based on physiological measurements such as otoacoustic

emission (OAE) and brainstem response evoke audiometry (BERA) [3-5].

2. Method

This research method is a prospective study by taking data from medical records and

interviews with parents of patients undergoing hearing screening at the ENT clinic,

Dustira Cimahi Hospital. Data taken in the form of age, sex, risk factors. Then the

results of the OAE and BERA examinations were recorded.

3. Results

The study was conducted on patients undergoing OAE and BERA click examinations at

Dustira Cimahi Hospital from period January 2020 - December 2022 with a total of 42

patients. Patients who came were referrals from the growth and development pediatric

division with complaints of late speech in 36 patients and 6 patient to perform newborn

hearing screening. The results of data recording are described below.

3.1. Age characteristics of suspected congenital hearing loss
patients at Dustira Cimahi Hospital

Overview of the age characteristics of suspected congenital hearing loss patients at

Dustira Cimahi Hospital is shown in Table 1.

The majority of children who carried out hearing screening examinations were aged

3-5 years (40.4%) 1-3 years (26.1%) and less than 1 year with 6 people (14.3%) and aged>
5 years with 8 people (19%).
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Table 1: Age frequency distribution.

Age Frequency (n) Percent (%)

<1 year 6 14.3

1-3 year 11 26.1

>3- 5 year 17 40.4

>5 year 8 19

Total 42 100%

3.2. Gender characteristics of suspected congenital hearing loss
patients at Dustira Cimahi Hospital

The sex of the patients who underwent the hearing screening examination is shown in

Table 2.

Table 2: Sex frequency distribution.

Gender Frequency (n) Percent (%)

Male 14 33.3

Female 28 66.7

Total 42 100

The study showed that majority of children who underwent hearing screening were

female, with 28 people (66.7%) and 14 male (33.3%).

3.3. Frequency of risk factors of suspected congenital hearing loss
patients at Dustira Cimahi Hospital

The risk factors for congenital deafness consist of risk factors during the prenatal,

perinatal and postnatal periods. Prenatal risk factors include genetic history, TORCH

infection and history of the use of ototoxic drugs. Perinatal risk factors or those during the

delivery process, including asphyxia, prematurity and low birth weight (LBW). Postnatal

risk factors include hyperbilirubinemia, history of exchange transfusion and history of

treatment in the NICU.

The distribution of risk factor frequencies is shown in Table 3.

From the table above, it can be seen that infants who underwent screening had

prenatal risk factors (14.2%) in the form of a history of use of ototoxic drugs (2.4%) and

TORCH infection (11.9%). Perinatal risk factors were found in 11 people (26%) in the form
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Table 3: Frequency distribution of risk factors.

Prenatal Frequency (n) Percent (%)

Genetic 0 0

Ototoxic medicine 1 2.4

TORCH infection 5 11.9

Total 6 14.2

Perinatal Frequency (n) Percent (%)

Asphyxia 3 7.1

LBW 6 14.3

Prematuritas 2 4.8

Total 11 26

Postnatal Frequency (n) Percent (%)

Hyperbilirubinemia 8 19

NICU Carehistory 6 14.3

Exchange Transfusion 0 0

Total 14 33.3

of low birth weight (14.3%) asphyxia (7.1%) and prematurity (4.8%). Postnatal risk factors

(33.3%) included hyperbilirubinemia (19%) and NICU care (14.3%).

3.4. Results of Otoacusticc Emmision (OAE) examination of sus-
pected congenital hearing loss patients at Dustira Cimahi Hos-
pital

Otoacoustic Emmision (OAE) examination is performed as an initial screening to check

the condition of hair cells in the cochlea. The results of the OAE examination are shown

in Table 4.

Table 4: OAE test results.

OAE result Frequency (n) Percentt(%)

Pass 10 23.9

Refer 32 76.1

Total 42 100

Based on Table 4, it can be seen that the majority of OAE examination results are

refer was found at 32 people (76.1%) and pass found at 10 people (23.9%). The pass

results describe hair cells responding to sound stimuli, while the reference results cannot

confirm hair cells do not respond to sound and should be followed by BERA examination.
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3.5. Results of Brain Evoked Response Audiometry (BERA) exami-
nation of suspected congenital hearing loss patients at Dustira
Cimahi Hospital

OAE examination is followed by BERA examination to assess auditory function in the

auditory system. The results of the BERA examination are shown in Table 5.

Table 5: BERA examination frequency distribution.

BERA Examination Frequency (n) Percent (%)

Wave V (+) 38 90.4

Wave V (-) 4 9.5

Total 42

Based on the Table 5 it can be seen that the majority of BERA test results were the

presence of wave V, found at 38 people (90.4.7%) and there is no wave V found at 4

people (9.5%). The absence of V waves describes the absence of a response in the

brainstem to a sound stimulus, meaning the child cannot hear at all. The presence of

V waves can mean normal or mild to severe hearing loss, and can be corrected with

hearing aids or cochlear implants.

4. Discussion

Deafness and hearing loss are widespread and found in every region and country. Today

more than 1.5 billion people (nearly 20% of the global population) live with hearing

loss. 430 million of them have crippling hearing loss. World Health Organization (WHO)

estimate that by 2050, there will be more than 700 million people with disabling hearing

loss. Five out of 1000 children are born or have hearing loss during early childhood.

Hearing loss is estimated to be the leading cause of disability worldwide. Globally, 34

million children have deafness or hearing loss, of which 60% of cases are caused by

preventable causes [6-9].

This study found that the majority of children who carried out hearing screening

examinations were in the age range 3-5 years (40%), meanwhile the age <1 year was
6 person (14.2%). The ideal time a baby should undergo hearing screening is before

the age of 1 month. Infants who do not pass the neonatal screening should have an

audiological examination before 3 months for confirmation. This is because there is an
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increased risk of hearing loss in infants with risk factors, and experts recommend these

children should undergo a 3-year monitoring period [10].

The results of this study are in accordance with research conducted by

Thirunavukarasu et al, 2015 on BERA examination in high-risk children and infants

under 10 years, 68% of patients belong to the age group of 1 - 5 years. Similarly, in

Thakkar et al’s 2018 study on BERA examination in the pediatric age group, 80% of

patients belonged to the age group 0-5 years. OAE examination by Gunawan et al,

2016 also found the same thing where almost 91% of children who underwent hearing

screening examination were aged < 5 years [11-13].

Language development begins generally during the age of 1 - 3 years. This makes

parents most often detect hearing loss or speech delays during this age. Patients most

often come to an ENT specialist or audiologist during this age period. In conducting

anamnesis or examination of previous patient medical records, most patients have risk

factors for hearing loss [12].

Based on gender, the majority of children who carried out hearing screening exami-

nations were females with 28 people (66.7%) and 14 male (33.3%). This result is different

with research by Sari et al, 2015 which states that the majority of children who undergo

hearing screening examinations are male (65.9%). The same thing was also said by

Wiryadi et al, 2019 that more male children come for hearing screening (62%) [14, 15].

Although baby boysmore often experience brainmaturation disorders, impaired brain

white matter development and nerve dysfunction, there is no mechanism that states

which gender is prone to hearing loss [16, 17].

Infants who underwent screening had prenatal risk factors (14.2%) in the form of a

history of use of ototoxic drugs (2.4%) and TORCH infection (11.9%). Perinatal risk factors

were found in 11 people (26%) in the form of low birth weight (14.3%) asphyxia (7.1%) and

prematurity (4.8%). Postnatal risk factors (33.3%) included hyperbilirubinemia (19%) and

NICU care (14.3%).

Research by Gupta et al, 2019 also found that the majority of risk factors at baby who

perform hearing screening is low birth weight (25.2%) and very low birth weight (49.4%).

In a study by Rianto et al, 2017 the incidence of SNHL in low weight was also higher than

in normal body weight (p = 0.01; OR = 3.82; CI 95% = 1.18 - 12.67) thus associated with a

higher need for hearing screening. According to Cristobal & Oghalai, impaired hearing

function in newborns with low or very low body weight can be caused by resorption of

temporal bone mesenchyma and osteoclatic erosion causes premature pneumatization
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of temporal bone, resulting in impaired density and air cellsm the mastoid so that this

condition causes impaired transmission of acoustic emissions [18-20].

Several other risk factors associated with permanent bilateral congenital hearing loss,

including low birth weight < 2500 grams, so hearing screening is needed [12]. Research

conducted by Frezza et al, 2019 states that the group of babies at risk of hearing deficit

are premature newborns born < 33 weeks of gestational age, especially those admitted

to the NICU. Prematurity can cause impaired function of cochlear outer hair cells due

to the immaturity of the cochlear organ both anatomically and functionally, so there is

a significant difference between the results of OAE examination in neonates aged <
32 weeks compared to full-term. Premature infants are at high risk of hearing loss and

their evaluation should be prompt and accurate to ensure activation of early habilitation

(within the accepted limits of 4 - 6months of correction age) that can, in addition, promote

maturation of the auditory pathway. However, this category of children requires special

caution because common changes in hearing dysfunction are observed. This aspect

is very important in the choice and timing of treatment, but also in communication and

counseling to the patient’s parents [21].

Research conducted by Sari et al, [14] on pediatric patients who underwent hearing

examination that the most birth method for these patients was spontaneous (81.9%).

Labor with complications such as premature rupture of membranes, large baby size,

prolonged labor can increase the risk of perinatal asphyxia leading to impaired oxygena-

tion / hypoxia in the baby. Perinatal asphyxia is a risk factor with a strong association

with the occurrence of disorders of hair cells outside the cochlea so it needs special

attention immediately [22-23].

Otoacoustic emission (OAE) is a meaningful screening tool in neonatals. The proce-

dure involves inserting a sound probe into the outer ear canal. In the probe there is a

microphone and loudspeaker (loudspeaker) that functions to provide sound stimulus.

The microphone functions to pick up the sound produced by the cochlea after giving a

stimulus. The ear plug is connected to a computer to record the response arising from

the cochlea. The inspection should be done in a quiet or soundproof room, this is to

reduce environmental noise [4, 24]. The majority of OAE examination results are refer

was found at 32 people (76.1%) and pass found at 10 people (23.9%). This is similar

with the research of Purnami et al, 2018 where the majority of research subjects were

included in the refer category (67.75%). Likewise, the research of Sari et al, that in OAE

examination, the majority of the results of the right ear OAE examination were refer

(60%) and left ear OAE was also refer (55.1%) [14, 25].
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OAE examination is the test that is most often done as a screening because the

procedure is easy, safe, and fast. This examination is also easy to interpret, and has

a sensitive indication of hearing loss. OAE also does not require special human skills

[26].

Brainstem Evoked Response Auditory (BERA) is an electrophysiological recording of

responses derived from auditory tissue activation to sound stimuli, starting from the

cochlea to along the brainstem, aiming to assess the integrity of nerve synchronization.

This examination is non-invasive and has a fairly high objective value [5, 26]. The

principle of the BERA examination is to assess changes in electrical potential in the

brain after the administration of sound stimuli. Sound stimuli given through the head

phone or insert probe will travel through the cochlea (wave I), cochlear nucleus (wave

II), superior olivarious nucleus (wave III), lateral lemnicus (IV wave), inferior colliculus (V

wave) then go to the auditory cortex in the temporal lobe of the brain [27].

The majority of BERA test results V waves found at 38 people (90.4%) and there were

no V waves found at 4 people (9.52%). According to research by Wiryadi et al, [28] the

majority of children in hearing screening with the most BERA examination results are the

presence of V waves (57.6 - 60.8%). The presence of V waves illustrates no response

in the brainstem to a sound stimulus. The presence of V waves illustrates that the

brainstem response is still present, even though the patient is clinically normal, or has

mild to severe hearing loss. This is a consideration in carrying out hearing rehabilitation

with hearing aids or cochlear implants.

V wave is the most stable wave, easy to assess even to the point of a low-intensity

and clinically meaningful sound stimulus, therefore the assessment of the predominant

BERA potential is based on the latent period (time interval between stimulus onset and

wave peak) absolute peak [29].

In this study,10 people with OAE pass results and 4 people who did not find wave V on

the BERA examination. OAE describes the response of hair cells in the cochlea, while V

waves in BERA describe the brainstem response to sound stimuli. This study is similar

to the study of Mirajkar et al, [30] where in 15 children obtained 11 children with bilateral

OAE refer results who had normal BERA results, while 4 other children had abnormal

BERA results. Johnson et al, [31] also obtained similar results where in 21 children with

OAE refer results also had normal BERA results. The results of unilateral OAE refer and

BERA refer are not always associated with nerve deafness but can also be caused by

disorders of the middle ear. In a study conducted by Chang et al, [32] found 12 children
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with unilateral OAE refer results with abnormal BERA results. One child with conductive

deafness, 10 children with sensorineural deafness, and 1 child with mixed deafness.

The difference in results between OAE and BERA can be because OAE reflects

problems in the cochlea, while BERA reflects problems in the auditory nerve. That is,

it could be a case of referring to OAE when there is only a problem in the cochlea

but there is no problem with the auditory nerve so that the test results still detect a

V wave in BERA [25]. What happens in this study is that the results of OAE refer and

the results of BERA pass can be due to middle ear disorders that are not eliminated

during the examination so that the OAE results are not accurate, hence the need for

tympanometric examination before the examination is carried out. Another possibility

is the presence of auditory neuropathy. Auditory neuropathy is a condition in which the

function of hair cells is abnormal, while the function of the auditory nerve is impaired.

Therefore, on examination, normal OAE and abnormal BERA results will be found [33].

5. Conclusion

Patients with suspected congenital deafness who perform hearing screening are in

the age range of 3-5 years, male sex, the risk factors found are history of TORCH

infection, low birth weight and hyperbilirubinemia. The majority of the results of the OAE

examination was refer and BERA examination was found wave . Hearing screening in

children needs to be done as early as possible considering the number of hearing loss

is still common at the age of speech development.

Conflict of Interest

There is no conflict of interest in the writing of this paper

References

[1] Departemen Kesehatan Republik Indonesia (DEPKES RI). Buku panduan tatalaksana
bayi baru lahir di rumah sakit. Jakarta: DEPKES RI; 2010.

[2] Soares JC, Carvallo RM. Tone burst evoked otoacoustic emissions in neonates. Braz
J Otorhinolaryngol. 2009;75(3):441–8.

[3] Watkinson JC, Clarke RW, editors. Scott-Brown’s Otorhinolaryngology
and Head and Neck Surgery: 3 volume set. CRC Press; 2018.

DOI 10.18502/kls.v8i2.17368 Page 159



4th ICONISS

https://doi.org/10.1201/9780203731000.

[4] Suwento R, Zizlvasky S, Hendramin H. Gangguan pendengaran pada bayi dan anak.
Dalam: Soepardi E, Iskandar N, Bashiruddin J, Restuti RD, editor. Buku ajar ilmu
kesehatan telinga hidung tenggorok kepala dan leher. Edisi ke 6. Jakarta: Balai
Penerbit FKUI; 2009.

[5] Robert B, McNerney K. Introduction to auditory evoked potentials. In: Handbook of
clinical audiology. Baltimore: Lippincott Williams & Wilkins; 2009. hlm. 222–41

[6] Fornoff JE. Universal Newborn hearing screening in Illinois 2003-2004. Illinois
Department of Public Health, Division of Epidemiologic Studies. 2006 [cited Jul
22]. Available from :http://www.idph.state.il.us/about/epi

[7] Banda FM, Powis KM, Mokoka AB, Mmapetla M, Westmoreland KD, David T, et
al. Hearing Impairment Among Children Referred to a Public Audiology Clinic in
Gaborone, Botswana. Glob Pediatr Health. 2018 Apr;5:X18770079.

[8] Delaney AM. Newborn hearing screening. Medscape Reference. 2015 [cited 2014
Jul 22]. Available from: http://www.emedicine.medscape.com/article/

[9] World Health Organization (WHO). Deaffness And Hearing Loss. Geneva; 2022.

[10] American Academy of Pediatrics, Joint Committee on Infant Hearing. Year 2007
position statement: principles and guidelines for early hearing detection and
intervention programs. Pediatrics. 2007 Oct;120(4):898–921.

[11] Thirunavukarasu R, BalasubramaniamG, KalyanasundaramRB, NarendranG, Sridhar
S. A study of brainstem evoked response audiometry in high-risk infants and children
under 10 years of age. Indian Journal of Otology. 2015 Apr;21(2):134.

[12] Thakkar D, Ballot D. Brainstem-evoked response audiometry in pediatric age group,
Indian Journal Of otology, Vol24 Issue : 4 Page : 246-251 March 2019

[13] Gunawan LM, Wijana, Pratiwi YS; Hasan Sadikin General Hospital Bandung. Wijana
-, Pratiwi YS. Oto–Acoustic Emission and Auditory Brainstem Response Profile in
Children with Speech Delay at Dr. Hasan Sadikin General Hospital Bandung. Althea
Med J. 2016;3(2):265–8.

[14] Sari l, Angka Kejadian Delayed Speech Disertai Gangguan Pendengaran pada Anak
yang Menjalani Pemeriksaan Pendengaran di Bagian Neurootologi IKTHT-KL RSUP
Dr.Moh. Hoesin, Jurnal Kedokteran dan Kesehatan Iniversita Sriwijaya Vol 2, No 1
(2015)

[15] Rai Wiryadi IM, Wiranadha IM. Gambaran hasil skrining pendengaran pada pasien
dengan keterlambatan bicara & bahasa di poliklinik THT-KL RSUP Sanglah periode
Januari-Desember 2017. Medicina (B Aires). 2019;50(3):452–6.

DOI 10.18502/kls.v8i2.17368 Page 160



4th ICONISS

[16] Baron IS, Rey-Casserly C. Extremely preterm birth outcome: a review of four decades
of cognitive research. Neuropsychol Rev. 2010 Dec;20(4):430–52.

[17] Hanry M. Gambaran kejadian BBLR dari http://lontar.ui.ac.id.2009.

[18] Gupta A, Gupta A, Jain K, Gupta S. Gupta An, Jain K, Gupta S. Noise pollution and
impact on children health. Indian J Pediatr. 2018 Apr;85(4):300–6.

[19] Rianto Herwindo B, Prasetyo A. Faktor risiko gangguan pendengaran sensorineural
pada anak [skripsi]Yogyakarta: Universitas Gadjah Mada; 2015.

[20] Cristobal R, Oghalai JS. Hearing loss in children with very low birth weight: current
review of epidemiology and pathophysiology. Arch Dis Child Fetal Neonatal Ed.
2008 Nov;93(6):F462–8.

[21] Turchetta R, Conti G, Marsella P, Orlando MP, Picciotti PM, Frezza S, et al. Universal
newborn hearing screening in the Lazio region, Italy. Ital J Pediatr. 2018 Aug;44(1):104.

[22] Joviolo, GR. Prematuritas sebagai Faktor risiko Gangguan Sel rambut luar. Universtas
Gadjah Mada

[23] Yang HC, Sung CM, Shin DJ, Cho YB, Jang CH, Cho HH. Newborn hearing screening
in prematurity: fate of screening failures and auditory maturation. Clin Otolaryngol.
2017 Jun;42(3):661–7.

[24] Lucente FE, Har-El G. ketulian dan pemeriksaan pendengaran. In: Bhaya MH,
Soerling NM, Madell JR, editors. Ilmu THT Esensial. Edisi 5. Brooklyn: ECG;2012.
hal 91-118.

[25] Purnami N, Dipta C, Rahman M. Characteristics of infants and young children with
sensorineural hearing loss in Dr. Soetomo Hospital, ORLI Vol. 48 No. 1 Tahun 2018

[26] Lawrensia S, Gomez Pomar E. Newborn Hearing Screening[Updated 2020 Aug 1]
StatPearls. Treasure Island (FL): StatPearls Publishing; 2020 Jan.

[27] Rundjan L, Amir I, Suwento R, Mangunatmadja I. Skrining Gangguan Pendengaran
pada Neonatus Risiko Tinggi. Sari Pediatri. 2005;6(4):149–54.

[28] Hall JW, Antonelli PJ. Assessment of peripheral and central auditory function. In
Jonas JT, Clark RA, penyunting. Bailey’s head & neck surgery, otolaryngology. Edisi
ke-5. Baltimore: Lippincott Williams & Wilkins. 2014. hlm. 2274–90.

[29] Moller AR. Hearing: anatomy, physiology, and disorder of auditory system. Edisi ke-2.
New York: Elsevier; 2006.

[30] Mirajkar SC, Rajadhyaksha S. (Hearing Evaluation of Neonates with Hyperbilirubine-
mia byOtoacoustic Emissions and Brain Stem Evoked Response Audiometry. J Nepal
Paediatr Soc. 2017;36(3):310–313J.

DOI 10.18502/kls.v8i2.17368 Page 161



4th ICONISS

[31] Johnson JL, White KR,Widen JE, Gravel JS, JamesM, Kennalley T, et al. Amulticenter
evaluation of how many infants with permanent hearing loss pass a two-stage
otoacoustic emissions/automated auditory brainstem response newborn hearing
screening protocol. Pediatrics. 2005 Sep;116(3):663–72.

[32] Kountakis SE, Skoulas I, Phillips D, Chang CY. Risk factors for hearing loss in
neonates: a prospective study. Am J Otolaryngol. 2002;23(3):133–7.

[33] Berg MB11 BERAphone hearing screening compared to ALGOportable in a Dutch
NICU: a pilot study nt J Pediatr Otorhinolaryngology 2010 Oct;74(10):1189-92.Epub
2010 Aug 21.

DOI 10.18502/kls.v8i2.17368 Page 162


	Introduction
	Method 
	Results
	Age characteristics of suspected congenital hearing losspatients at Dustira Cimahi Hospital
	Gender characteristics of suspected congenital hearing loss patients at Dustira Cimahi Hospital
	Frequency of risk factors of suspected congenital hearing loss patients at Dustira Cimahi Hospital
	Results of Otoacusticc Emmision (OAE) examination of suspected congenital hearing loss patients at Dustira Cimahi Hospital 
	Results of Brain Evoked Response Audiometry (BERA) examination of suspected congenital hearing loss patients at Dustira Cimahi Hospital

	Discussion
	Conclusion
	Conflict of Interest
	References

