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Abstract  

Background: Universal hearing screening is implemented in many developed countries. However, neither universal 

screening, nor high risk screening, exists uniformly all over India. Screening of only high risk neonates can miss upto 

50% of babies with hearing loss, hence a cost effective universal screening programme will be the viable option. 

Objective: To determine the incidence of hearing impairment in normal newborns with no risk factors delivered in a 

tertiary hospital in south Karnataka, India. Methods: All eligible newborns were screened using two staged Transient 

Evoked Oto Acoustic Emissions (TEOAE) at birth and at 4-6 weeks of age and confirmatory test by auditory brainstem 

response (ABR) at 3 months of life. Results: Out of 977 babies, 14 were detected with hearing loss at first follow up at 4-

6 weeks of age. Of these 14 babies,6 were confirmed to have hearing impairment using ABR at 3 months of age. Two of 

them had severe sensory neural hearing loss and the other four were diagnosed with moderate to severe hearing loss. The 

incidence of hearing loss in our study is 6.1 per 1000 neonates with no risk. Conclusions: A two-staged TEOAE hearing 

screening can be feasible option as newborn hearing screening method, for early detection of hearing impairment in all 

major hospitals. Universal hearing screening is the need of the hour to detect large number of hearing impaired in the 

magnanimous “no risk” newborn population in our country. 
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Introduction 

Congenital, bilateral hearing impairment occurs in 

approximately 1-5 per 1000 live births and permanent 

unilateral hearing loss is also included, the incidence 

increases up to 8 per 1000 live births [1-3]. Hearing 

impairment is usually detected after 2 years, by which 

time there is irreversible damage to the language 

development potential of the child. [4]. Early 

identification and intervention for hearing loss by 6 

months of age provides better prognosis in language 

development, academic success, social integration and 

successful participation in the society [3].  

 

Different studies have revealed Transient Evoked Oto 

Acoustic Emissions (TEOAE) sensitivity as high as 

95%- 98% and a specificity of 80%- 85% [5,6]. TEOAE 

was preferred as screening tool as it is cost effective, 

convenient, easy to use and timesaving. ABR was used  
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to confirm the hearing defect in TEOAE failed infants 

to decrease the false alarm and unnecessary 

intervention. Two staged TEOAE followed by 

confirmation by auditory brainstem response (ABR), as 

per the recommendations of National Institutes of 

Health Consensus (NIHC) Development Conference 

Statement was used to diagnose hearing impairment [7]. 

Hence this study was undertaken with the objective of 

documenting the burden of hearing impairment in 

newborns with no risk factors delivered at tertiary care 

hospital with the aim of early diagnosis and 

intervention. We have tried to look into the incidence of 

hearing impairment in no risk group using two staged 

TEOAE with confirmatory ABR. 

Material and Methods 

This prospective study was conducted at our tertiary 

care teaching hospital after obtaining institutional 

research and ethical committee approval. 
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Study design: Prospective observational study. 

Place of study: This was done at JSS Medical College 

Hospital, Mysore, Karnataka, India 

Study period: The study was conducted during the 

period starting from1st August 2013 to 31st August 

2014. 

 

Subjects and sample size: All newborns delivered 

during the study period were enrolled for the study after 

obtaining prior informed consent form either parents or 

caretakers. All enrolled babies were screened for risk 

factors included in the High Risk Registry (HRR) of 

Joint Committee on Infant Hearing (JCIH) in 2007 [8]. 

All those babies who had no risk factors were included 

for the study. Babies with any one or more of the risk 

factors were excluded.  

 

The Risk indicators included-Family history of 

permanent childhood hearing loss, Neonatal intensive 

care of more than 5 days or any of the following 

regardless of length of stay: Extracorporeal Membrane 

Oxygenation (ECMO) therapy, assisted ventilation, 

exposure to ototoxic medications or loop diuretics and 

hyper bilirubinemia that requires exchange transfusion. 

In utero infections, such as Cytomegalovirus (CMV), 

herpes, rubella, syphilis etc. Craniofacial anomalies, 

including those that involve the pinna, ear canal, ear 

tags, ear pits, and temporal bone anomalies. 

Study protocol: The study protocol was carried out in 

three steps [Screening/Re-screening Protocol – as per 

flow chart -1]. 

 

1. Initial Screening: All no risk newborns in the study 

were screened by TEOAE between 48-72 hours of life. 

This screening was conducted in noiseless room with 

babies in sleeping state after confirmation of non-

obstructive external auditory canal by the pediatric 

resident. Those babies who failed the initial screening 

were called for follow up at 4-6weeks of age. 

 

2. First follow- up screening– was done at 4 to 6 

weeks of age by TEOAE for no risk babies who failed 

the first test screening (‘refer category). Both first and 

second screening was done using a GSI Audio Screener 

SN20008P™, which is a completely automated analysis 

system that gives a “PASS” or “REFER” result. 

Absence of emissions for 2 out of the 3 frequencies 

tested (2 kHz, 3 kHz and 4 kHz) was given a “REFER” 

result. Infants who failed the screening twice were 

called for second follow up at 3 months of age. 

 

3. Second follow– up screening was done at 3 months 

age to confirm the hearing impairment by ABR test. 

Those confirmed to have hearing impairment were 

referred to an audiologist for further management.  

 

Statistical analysis: The data collected was compiled 

and analysis done using Microsoft excel. 

Results 

A total of 1400 deliveries were conducted in this one-year study period that included both vaginal delivery and the LSCS. 

Based on the risk indicators, 423 neonates were excluded from the study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-1: Flow chart depicting Screening Protocol and outcome 
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Among the 977 neonates with no risk factors who were screened initially, seventy five (75) babies failed the first 

screening. Out of the 75 neonates who failed the first screening, 61 babies came for follow up between 4 to 6 weeks of 

age, however 14 babies did not turn up for follow up in spite of repeated reminders. Among those 61 babies who attended 

the second screening 14 babies failed in the second screening as well. All these 14 babies with no risk factors who failed 

the second screening were tested for hearing loss by ABR at 3 months of age. Six babies out of the above 14 were 

confirmed to have hearing loss. Two of them had severe sensorineural hearing loss and the other four were diagnosed 

with moderate to severe hearing loss. 

 

     Table-1: Demographic details of newborns screened and outcome. 

Total new borns screened  n=977 Hearing loss confirmed n=6 

Gender 

Male 519(53.1) 3 

Female 458(46.9) 3 

Birth weight in kg 

<2.5 139(14.2) 1 

2.5-3.5 770(78.8) 5 

>3.5 68(7) 0 

Mode of Delivery 

LSCS 411(42.1) 4 

Normal 566(57.9) 2 

Out of  977 newborns that were screened, males constituted 53.1% while females were 46.9%. Majority of the newborns 

(78.8%) who were screened weighed between 2.5-3.5 kg, while babies below 2.5kg constituted 14.2% and 7% were 

above 3.5kg. Mode of delivery was normal in 57.9% and LSCS in 42.1% of the newborns screened. Out of 566 who were 

delivered normally 2 were confirmed to have hearing loss. Among 411 babies delivered by LSCS, 4 newborns had 

hearing loss. All the 6 babies with hearing loss were referred to an audiologist for further management.  

Discussion 

Early identification of hearing loss with appropriate 

interventions will minimize developmental delays and 

facilitate communication, education and social 

development [9]. Congenital hearing loss can be 

detected within the first few days after birth by newborn 

screening [9]. It is well documented that targeted 

screening of high risk infants only would miss 50% of 

babies that would have been identified by universal new 

born hearing screering [UNHS][10].  

 

However, there are limitations to this universal hearing 

screening. This will not identify progressive and late 

onset hearing loss as well as less severe hearing loss 

[11]. Research suggests that children who are born deaf 

or acquire hearing loss very early in life and who 

receive appropriate interventions within six months of 

age are at par with their hearing peers in terms of 

language development by the time they are five years 

old (in the absence of other impairments) [9]. Without a 

standard screening programme hearing loss is not 

detected till 24 months of age when it is identified with 

language delay. Universal screening has reduced the 

age at which infant receives hearing aid to 5 to 6 

months from 13 to 16 months [12]. In a study by Rai et  

 

 

al, out of 439 neonates in ‘‘no risk’’ group screened, 

males constituted 52.84% and females 47.16% which is 

similar to our study [13]. They also observed that 60.5% 

of babies weighed more than 2.5kgs at birth where as in 

our study 85% of the babies were more than 2.5kg [13]. 

In the present study, out of 977 screened, 75 failed the 

initial TEOAE test, accounting to a referral rate of 

7.67% which is similar (7.72%) to a study done by 

Sangita et al [14]. It’s worth while to note that among 

the 15 hearing impaired detected in their study 7 did not 

have any risk factor, again emphasizing the need of 

UNHS as the ideal strategy of hearing screening for 

neonate [14]. 

 

In our study out of the 977 infants who had “no risk “of 

hearing, 6 infants were detected to have hearing loss. 

Therefore, the frequency of hearing loss in our study is 

6.14 per 1000. Hence just an “at risk” hearing screening 

would have missed detection of these infants. Although 

literature suggests that the incidence of hearing 

impaired in “no risk” group is much less than the 

incidence in the “at risk” group, the magnanimity of 

newborn population in “no risk” group in our country is 

huge, leading to a large number hearing impaired 
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missed by only high-risk screening. The fact that out of 

75 babies who failed the first screening test, 61 came 

for second screening leading to follow up rate of 

81.33% also supports the feasibility of two staged 

TEOAE. However in a study by Augustine et al only 

35.6% came for follow-up[15]. Congenital, bilateral 

hearing impairment occurs in approximately 1 to 5 per 

1000 live births and when permanent unilateral hearing 

loss is included, the incidence increases to 8 per 1000 

live births [1-3].  

 

The prevalence of hearing impairment is 1-8 per 1000 

newborns in India as documented by various studies 

using different screening protocols [13, 16, 17]. In a 

pilot study by Nagapoornima et al showed that 

screening only “at risk” newborns may miss up to 70% 

of newborns with hearing impairment. Of the 1490 not 

at-risk infants screened 7 had hearing impairment 

leading to an incidence of 4.70 per 1000 screened while 

in 279 at risk infants screened 3 had hearing impairment 

which is an incidence of approximately 10.75 per 1000 

screened [16]. Among 798 babies without risk factors 

screened from tertiary care centre in Central India, 11.2 

per 1000 had hearing impairment [18]. Of the 439 

infants with no risk screened only one had hearing 

impairment that is approximately 2.27 per 1000[13].  

 

This low incidence when compared to our study (6.1 

per thousand) is possibly due to high fall out rate of 

44.4% in their study [13]. However, in a study from 

Cochin, out of 10,165 babies screened, the incidence of 

hearing loss in the high-risk group was 10.3 per 1000 

and 0.98 per 1000 in the no risk group [17]. 

 

Previous studies have indicated hearing loss to be the 

most frequently occurring birth defect. It is necessary 

and high time to implement and incorporate universal 

neonatal screening in our country to secure normal, 

social and holistic development of the child by 

detecting hearing loss at birth and providing remedial 

services at the earliest. Updated evidence from various 

studies now show that infants who were diagnosed and 

received appropriate intervention before six months of 

age scored 20 to 40 percentile points higher on school-

related measures (language, social adjustment and 

behaviour) compared with hearing-impaired children 

who received intervention later on [11,19-22]. 

Conclusions 

A two-staged TEOAE hearing screening can be feasible 

option as newborn hearing screening method, for early 

detection of hearing impairment in all major hospitals. 

Our finding indicates hearing loss to be one of the most 

frequently occurring birth defect. Universal hearing 

screening is the need of the hour to detect large number 

of hearing impaired in the magnanimous “no risk” 

newborn population in our country. This method of 

universal screening of newborn for detection of hearing 

impairment is simple, reliable and cost effective and can 

be successfully implemented in all tertiary care 

hospitals. 

 

What this study adds to existing knowledge? 

This study has shown that two-stage TEOAE hearing 

screening can be successfully implemented as newborn 

hearing screening method in a hospital setting. 

Universal newborn hearing screening using two-stage 

Transient Evoked Oto Acoustic Emissions (TEOAE) 

and confirmatory test by auditory brainstem response 

(ABR) at 3 months of life is a viable method for early 

identification of congenital hearing loss even in 

developing countries like India. 
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