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ABSTRACT 

Introduction: 

Hearing loss affects every aspect of human life irrespective of age, job and 

socioeconomic condition. The newborn screening programmes are designed for early 

detection of hearing impaired with the aim of early intervention and habilitation to 

improve the prognosis in terms of a holistic development of a newborn. The purpose 

of this study was to determine the incidence of hearing defect in healthy and at risk 

newborns by using TEOAE. 

Objective: 

1. Early identification of hearing impairment in neonates 

2. To find out prevalence  of congenital hearing loss in the normal newborns 

Method:  

This is a prospective observational study. The study was conducted in 

Neonates born at SDM Medical College and Hospital, Sattur, Dharwad.December 

2019 to November 2020. A Minimum 1000 neonates will be enrolled in the 

study.This prospective observational study was conducted on 1175 newborns who 

were screened with two staged TEOAE followed by confirmation with ABR so as to 

diagnose the hearing impaired as early as 3 month of life.All relevant data were 

collected in predesigned  proforma  after obtaining informed consent.Study 

instrument: Otoacoustic Emission Machine from Otoread Company. 

Results:  

Of the 1175 study cohort, 2 newborns showed refer in two staged OAE 

screening of which one newborn was subjected to BERA and had impaired hearing. 

Family history of hearing loss was risk factor present in the newborn. 

Conclusion: 

In this study the proportion  of hearing impaired newborns is 0.85/1000 

newborns, which  is  consistent  with  the reports  of previous  researches. 2  hearing  

impaired  detected in  the study  had no known risk  factor  for hearing  loss, 

advocating universal hearing screening. Universal newborn hearing screening using 

TEOAE has proved to be a feasible method of identifying congenital hearing loss in a 

tertiary care center of developing country.. 

 

Keywords:Congenital hearing impairments, Hearing screenings, Newborn 
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 INTRODUCTION 

 Congenital hearing loss has recently been recognized as one of the most 

common birth defect present in newborns, with a prevalence of congenital hearing 

loss ranging from 2-3/1000 live births.
1
 The reported proportion of congenital hearing 

loss identified by newborn hearing screening programs was 1.61/1000 of at risk 

infants in India, and 1.83/1000inUSA (Washington DC).
2 

Congenital Cholesteatoma, 

Ossicular discontinuity, fluid in the middle ear are causes for congenital conductive 

Hearing Loss. Sensorineural hearing loss is divided into Nonsyndromic Sensorineural 

HearingLoss and Syndromic Sensorineural Hearing Loss. Two third of the congenital 

hearing loss are  non syndromic.
3
 

Earlier studies aimed at detection of hearing loss only in high risk groups. But 

studies showed that by screening only at- risk population, 30–50% of hearing loss will 

be missed as they can occur in well babies also.
4
Joint Committee on Infant 

Hearing(JCIH)
5
 recommended that the hearing of all infants should be screened at no 

later than 1 month of age, those that do not pass screening should have a 

comprehensive audiological evaluation at no later than 3 months of age. They had 

also recommended that Infants with confirmed hearing loss should receive appropriate 

intervention latest by 6 months of age. Regardless of previous hearing- screening 

outcomes, all infants with or without risk factors should receive ongoing surveillance 

of communicative development beginning at 2 months of age during well-child visits 

in the medical home.
6
 

Hearing loss in children constitutes a considerable handicap because it is 

invisible disability and compromises optimal development and personnel achievement 

of a child. Congenital Sensorineural hearing impairment has been estimated 1.2–5.7 
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per thousand live births.
7-11

 The Prevalence of hearing loss in infant is more than 

twice that of other Screened new born disorders like hypothyroidism and 

phenylketonuria.
12

 In addition 50%. of children with moderate to profound congenital 

hearing loss exhibit no risk factor for hearing loss.
12--16

 Early detection followed by 

appropriate treatment provided the best choice maximizing the critical period of 

hearing to avail of resources to improve hearing and oral communication skills. On 

the other hand late detection and treatment leaves the child with poor speech 

development and school achievement.  

Neonatology has improved by leaps and bounds with advent of modern 

technology and application science. Years before, newborn care involved, routine care 

of neonate at birth followed by gross screening for any congenital anomalies and 

treatment of any manifested ailment to ensure survival of the newborn. No efforts to 

look into subclinical deficits of the newborn were prevalent. Present medicine aims at 

identification of diseases and disabilities at the earliest with screening programs and 

treat them at the budding stage with early intervention. The advances in medical care, 

especially critical neonatal care, has led to increased survival of preterm infants and 

critically ill newborns, making it more important, to monitor and treat the morbidities 

such as hearing loss and retinopathy. The focus of newborn care is now shifting from 

mere survival of neonate to intellectual outcome with a qualitative life. With more and 

more efforts, we are close to the dream of a healthy baby in all means. 

Hearing impairment is a primary communication problem limiting an infant’s 

access to spoken language. A child first hears, then speaks, reads, then writes. If one 

does not hear, then the spoken and written language is not learnt. Usually parents are 

less concerned about hearing impairment as compared to vision and motor milestones. 

Hearing impairment has a devastating, detrimental and an invariably adverse impact 
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on the development of new-born and the psychological well-being of their families, if 

the problem is not identified and intervened in time. Neonates having mild to 

profound hearing loss bilaterally or unilaterally, develop significant and long term 

effects on speech and language skills. 

The magnitude of the problem of hearing loss in infants is significant enough 

to be a cause for public health concern. The outcome of this disability is poor if not 

detected and intervened at an appropriate age. There is therefore ample wisdom for 

endorsing early detection and intervention for infants with hearing loss. 

Many nations today have accepted this reality as a major public health 

problem. Most developed countries have introduced mandatory screening and 

interventional programme with strategies appropriate for their public health concerns. 

Across the globe, there is an evolving consensus that all infants should be screened for 

hearing impairment and appropriate interventions should be instituted in those found 

to have the problem by six months of age. Unfortunately, in developing countries, due 

to the paucity of resources, infant hearing screening programme has not been 

introduced as national programme. 

 The present study is undertaken aims to screen all babies born at SDM medical 

college and hospital and suggest appropriate measure as and when needed. 
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2. AIMS AND OBJECTIVES OF THE STUDY 

1. Early identification of hearing impairment in neonates 

2. To find out prevalence  of congenital hearing loss in normal newborns. 
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3. REVIEW OF LITERATURE 

A study was done by M Jhon et al.
17

 at Christian Medical College Vellore 

from 2005 to July 2005 – 500 newborns were included using the machine SMART – 

DPOAE. It included both normal and high risk neonates. In this study neonates under 

went for screening negative response was 32 (6.4%). On repeat testing of 32 neonates 

with a DPOAE, 8(25%) continues to have a negative response. Further testing with 

ABR with 40 dB threshold level showed no response but with 70 dB threshold levels 

they all passed. This study states prevalence of mild to moderately sever sensorineural 

hearing loss is 0.6%. 

 A  study conducted by Abraham KP Aul et al.
18

 in Kerala. A two stage 

screening protocol with Otoacoustic emission as the the first screen, followed by 

auditory brain stem response(ABR) for those who failed second OAE screen was 

introduced.OAE was done once before discharge and if it is abnormal then OAE is 

repeated at 6 weeks on 1
st
immunization visit. If again abnormal ABR was done for 

confirmation.78  Hospitals in the city of Cochin were included in the study from 

January 2003 to  January 2015.  There were a total of 1,20,630 births in 78 hospitals 

over the period from January 2003 to January 2015. Out of which 82,268 babies 

underwent screeining before discharge and 19,420 babies at 6 weeks. Out of 1,01,688 

babies screened 16,914 were in high risk group and 84,774 were not in high risk 

group,  out of that 10,275 failed first OAE screen.339 were dropouts for second OAE 

screen and 72 for ABR screening. The me an interval between OAE fail and ABR 

testing was 4 weeks. The incidence of congenital deafness in well baby nursery in 

this study is 0.6 per 1000 as compared to 1 in1000 in the literature.
19
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A study done by VG Manjunath et al.
20

 includes hearing screening of 977 

neonates with no risk factors using OAE. In this study out of 977 neonates 75 

neonates failed the screening. Out of 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. Among those 61 babies who attended the second screening 14 

babies failed in second screening as well and these babies 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. 2 of them had severe sensorineural hearing loss and other 4 were 

diagnosed with moderate to severe hearing loss. Therefore frequency of hearing loss 

in this study was 6.14 per thousand.
 

Govaert. P. et al,
21

 in one case series, five preterm infants (25 to 29 weeks GA) 

with peak TB levels ranging from 8.7 to 11.9 mg/dL (149 to 203 micromol/L) had 

sensorineural hearing loss and magnetic resonance imaging (MRI) abnormalities in 

the globus pallidus. 

 In preterm infants, there is a disproportionately increased risk for sensorineural 

hearing loss (SNHL). As a result, automated auditory brainstem-evoked response 

(AABR) measurements have been used to detect acute reversible bilirubin-induced 

auditory dysfunction, as well as irreversible SNHL.
22,23

 

Effects of Environment and Impact of noise on DPOAE screening:- 

It was in 1994, that Brass and Kemp suggested
24

 that the screening test be 

conducted in a quiet or soundproof room. However, a soundproof room was not 

essential if a quiet room was available. 
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In 1992, Laskyet al
25

, used DPOAE technology to examine frequencies below 

3kHzinfants than in adults, showed noise levels 5-15dB higher in. While screening in 

a NICU environment there is difficulty in obtaining clear DP emissions from neonates 

aged 3days to 5 months at f2 frequency of 977 Hz due to elevated noise floor. He 

concluded that noise levels in ten full-term newborns were significantly higher than in 

ten adults for 19 out of 20 f2 frequencies measured from 537 to 10,000 Hz. Their 

opinion was that this was due to the subject movements, muscle-tone, or snoring that 

are characteristic of neonates and also background noise in a well-baby nursery 

prevented reliable recordings below 1.7 kHz by a DPOAE device in the testing of 54 

full-term infants. 

Smurzynskiet al
26

in 1993, while testing both preterm and full-term infants 

demonstrated elevations of noise that were highest in the low frequencies, below 

1.5kHz. Full-term infants were aged 2-4 days, whereas preterm neonates were tested 

2-14weeks postpartum. DPOAEs from preterm infants were collected for 72% (85 of 

118)of the ears in the 1.4kHz region and for 91% (108 or 118) of the ears in the 2kHz 

region. For some infants, the noise floor was high, and no detectable DPOAE‘s could 

be recorded below 2 kHz. Smurzynski thus concluded that an elevated noise floor 

sometimes presented the detection of DPOAEs for frequencies below 1.6 kHz while 

testing preterm infants. 

This can be contrasted to Sheppard et al
27

 (1996), who noted that during the 

screening of 77 full-term infants under maternity ward conditions, respiratory noise 

could be observed in the spectra of a DPOAE device below 3 kHz. The greatest 

number of emissions were detected in the 2 to 4 kHz range, with an f2 of 3 kHz 

eliciting the greatest number of emissions among the infants tested. As environmental 



Review of Literature 

 

8 

 

noise would have been excluded by the noise rejection system, hence was that the 

main source of noise in the study was the infants themselves. 

Also in another study conducted by Popelka et al
28

 in 1998, examined noise 

constrains of DPOAE screening in the testing of 80 neonates in an open neonatal 

nursery. They found the mean noise floor associated with ears coded as abnormal to 

be -6dB higher than in neonates found to have normal ears. However this effect was 

only seen for frequencies from 2 to 4 kHz. This elevation was hypothesized to be due 

to an increase in impedance characteristics of the middle ear due to the presence of 

fluid exudates, or air pressure differences relative to the external ear canal. 

In general terms thus, the influence of noise appears to be particularly 

problematic in the screening of newborns. Noise can be attributable to environmental 

noise in the ward, subject noise of the infant, and equipment noise within the 

instrument itself. As the activity level of the infant influences the degree of subject 

noise, screening the infants while he or she sleeps aids in reducing the noise, yet loud 

breathing of the infant may interfere. 

Age at screening: 

In a study conducted Gabbard et al
29

, newborn screening procedures, BERA 

and DPOAE‘s on 110 neonates with a mean age of 15 hours was performed. 107 

(97%) passed the BERA whereas 69 neonates (63%) passed the OAE. A significant 

difference (at the level 0.05) was found between neonates younger than ten hours of 

age, neonates10 to 24 hours of age and those more than 24 hours of age. Hence they 

showed that a significant difference in the age-related effect was identified during the 

OAE screentest. 
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In 1993 Vohr and co-workers also reported that waiting as long as possible 

prior to discharge before screening the baby provides more opportunity for debris in 

the EAC to clear naturally. This was confirmed by data from Rhode Island Hearing 

Assessment Project (RIHAP) in neonates tested before 24 hours of age. When the 

examiners waited until the infants were at least 24 hours of age, the - Pass‖ rate for a 

sample of over4,000 infants at RIHAP increased from 70% to 82%.
30

 

In 1998, in a study conducted by Zapala
31

 on 1,048 infants aged 2-72 hours 

that had been tested via DPOAE device during which he calculated the passing rates 

of infants. Pass rates of approximately 70-72% at 7.5 hours, 75-77% at 10 hours, 86- 

87% at 17 hours, and 90-91% at 25 hours. 

Sheppard and co-workers
27

 similarly concluded that DPOAE measurement at 

birth alone would lead to an unnecessarily large number of referrals. Their data also 

showed the influence of infant age on the results, whereby the proportion of infants 

showing emissions increased with age. 

In 1998, Bantock and Croxson
32

 reported that testing at three to four weeks of 

life could lower the initial failure rate of OAE. They reported a nine percent failure 

rate for both ears when the OAE screening test was carried out in the first few weeks 

of life. However, when they were retested one month later, only 0.8% failed. Hence 

we can conclude that young neonates were less likely to pass the OAE screen test than 

older neonates. 
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NEWBORN HEARING SCREENING 

Numerous universal newborn hearing screening studies have been carried out 

all over the world for early identification of hearing impairment. There have been 

varied results of these studies. 

In 1993 a cohort of 1850 infants from the well-baby nursery and neonatal 

intensive care unit were screened with TEOAE using a two-stage process by Karl R. 

White
33

 and his colleagues. Infants with refer from the first stage were rescreened 4 to 

6 weeks later. And those who did not pass the second-stage TEOAE screening were 

referred for diagnostic auditory brainstem response (ABR) and or behavioural 

audiological evaluation for confirmation of hearing loss. Results showed a prevalence 

of 5.95 unilateral or bilateral sensorineural hearing loss per 1000 infants, suggesting 

that TEOAE is a promising technique for screening newborns for hearing loss and 

should be evaluated further as a tool for universal newborn hearing screening. 

 A prospective observational study by Habib HS et al
34

, on neonatal hearing 

screening in Western Saudi Arabia which screened 11986 neonates with two staged 

transient evoked otoacoustic emissions test wherein 2nd screening was done on day 5 

of life for all who failed the first screening test done at birth, conducted over a period 

from 1996-2004 found an incidence of sensorineural hearing loss to be 0.18%. It 

concluded that, hearing screening for all neonates using transient evoked otoacoustic 

emission should be part of the standard medical care in Saudi Arabia. 

In 2003 UNHS was done on 4219 infants born at Hospital University 

Kebangsaan, Malaysia, were screened for hearing loss with a portable otoacoustic 

emission (OAE) before discharge by Abdulla A and his team.
35

 A second OAE test 

was repeated at 2 months on newborns who failed the initial test. And those who 
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failed the second OAE were re-tested at three months of age with OAE. When these 

infants failed the third OAE test, a brainstem evoked response test was performed. 

The prevalence of hearing loss in this study was 0.42 percent. Number of defaulters in 

this study was high with only 81.6% of the refer in first screening turning to second 

screening, which further decreased to as low as 65 % turn up for third screening 

among the second screen referral. The study concluded stating the requirement of 

fine-tuning of hearing screening programme to minimize these problems of defaulters 

and false positive. 

Janka Jakubikova, et al
36

 in 2002 studied the Identification of hearing loss in 

3048 newborns including both with and without risk factor for hearing loss. Study 

was conducted using two stage Transient Otoacoustic Emissions where in all 

newborns who did not pass TEOAE in the 2nd screening underwent an additional 

audiologic tests. Study concluded that TEOAE can identify 80% of hearing impaired 

and newborn with absent TEOAE should undergo additional audiologic tests to 

confirm or exclude hearing loss. 

Another prospective nonrandomized cohort study of 1769 newborns done by 

P.Nagapoornima, et al
37

 at St John’s medical college, Bangalore, using TEOAE from 

2002 to 2006 concluded that incidence of hearing impairment in newborns at tertiary 

level center, in India, is 5.60/1000 and there is no statistically significant difference in 

incidence of hearing impairment between ‘at risk’ and ‘not at risk’. 

In their prospective study, Babac S.
38

 and group screened 907 newborns with 

two stage screening protocols, were in all newborns were screened with TEOAE 

initially and if results were “refer” automated brain stem response (AABR) was 

performed. Results showed screening pass of 86.3% of the newborns in the first 
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screening and 99.3% in the second with 0.7% newborns having positive screening 

results for hearing loss. Study concluded ‘TEOAE, ABR tests are confidential, non-

invasive and feasible methods and can help to detect hearing impairment’. 
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HISTORICAL PERSPECTIVE OF HEARING SCREENING IN NEONATES: 

The importance of newborn hearing screening became recognized as early as 

1969, when the Joint committee for infant hearing, JCIH was established, largely as a 

result of the pioneering efforts of Dr Marion Downs. By late 1980s and early 1990s 

identification of hearing loss in the neonatal period became possible by the 

development of OAE technology. Further with development of automated procedures 

and equipment for doing TEOAE and Auditory Brainstem Response (ABR), hearing 

screening in infants, continued to evolve, and more hospitals began implementing 

screening programs using automated equipment which are more accurate and 

efficient. As per studies, the percentage of infants who have been screened for hearing 

loss in the United States has increased dramatically, from < 5% in 1993 to > 90% at 

the beginning of 2004.
39

 In United States of America, the necessity for a hearing 

screening programme was made explicit in Babbage Report of 1965 which 

recommended the development and nationwide implementation of universally applied 

procedures for early identification and evaluation of hearing impairment. Since then 

multiple hearing projects and programs have been carried out with the aim of 

formulating guidelines for early and effective detection of hearing impairment in 

newborns. Innumerable Committees and Conferences have deliberated on the issue of 

hearing screening in children and their recommendations have been incorporated in 

current screening protocols. 

The Rhode Island Hearing Assessment Project,
13

 that begun in 1989, was the 

first large-scale newborn hearing screening program implemented in both a NICU and 

a well- infant nursery. A total of 1850 infants were screened using otoacoustic 

emissions, and almost 6 infants per 1000 were identified with congenital hearing loss. 



Review of Literature 

 

14 

 

The unusually high prevalence of hearing loss in this study was attributable in part to 

the samples having significantly more infants from the NICU (16%). 

In March 1993, the National Institutes of Health held a Consensus (NIHC) 

Conference about early identification of hearing loss and recommended that all infants 

be screened for hearing loss during the first 6 months of life using a two-stage 

screening protocol.
40

 As per NIHC the preferred model for screening should begin 

with an evoked otoacoustic emissions test and should be followed by an auditory 

brainstem response test for all infants who fail the evoked otoacoustic emissions test.  

Shortly after the 1993 Consensus Conference, the National Institute on 

Deafness and Other Communication Disorders (NIDCD) provided funding for a 

large-scale, multisite study of hearing screening using, TEOAE, DPOAE, and ABR. 

This study’s design and results were described as a landmark for newborn hearing 

screening.
41

The study involved 7 institutions and a total of 7179 infants (both NICU 

graduates and well infants with 1 or more risk factors) and aimed at identifying the 

efficacy of TEOAE, DPOAE, and ABR methods in hearing screening. At 8 to 12 

months corrected age, these infants were evaluated using Visual Reinforcement 

Audiometry (VRA). The results from this study showed both the feasibility of using 

each of those 3 physiologic measures for newborn hearing screening and the 

appropriateness of using VRA to assess accurately the hearing status of infants.
42,43

On 

the basis of this study and others, VRA is now frequently referred to as the ‘gold 

standard’ for assessing infants hearing status.
44

 In 1994, the Joint Committee on Infant 

Hearing recommended the universal detection of hearing loss by 3 months of age, 

with appropriate intervention beginning no later than 6 months of age.
5
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However, support for UNHS was not universal. As with any population based 

programme, benefits of screening should outweigh potential harms. The prevalence of 

the target condition (significant bilateral hearing loss very early in life) is low, and 

thus the positive predictive value of hearing screens is generally also low. One of the 

most concerning issues raised was the high rate of false-positive results and its effects 

on the families and parent-child relationships. The positive predictive values as per 

US Preventive Task Force (USPTF) systematic review in 1994 ranged from just 2.2% 

to 11.7%. In other words, a great majority of babies with “failed” screening have 

normal hearing. This high false positive rate had led a number of authors to raise the 

issue of potential negative impacts of hearing screening.
45

 

In 1995 while the evidence for the efficacy of early intervention for patients 

diagnosed by screening was incomplete, the Task Force endorsed selective screening 

of high-risk newborns, because of their higher prevalence of Permanent Hearing Loss 

(PHL). The USPTF in Oct 2001 stated that, it found insufficient evidence to 

recommend for or against universal newborn hearing screening in the immediate 

newborn period, in view of insufficient studies that have directly assessed the negative 

effects of hearing screening programmes.
44

 

Taking into consideration of magnanimity of the effects of hearing loss in 

developing child and the high chance of missing the diagnosis with high-risk 

screening, the concept of implementing universal newborn hearing screening (UNHS) 

has been an active topic of debate since mid1990s. Despite all the concerns, the 

consensus of multiple organizations that develop children’s health guidelines stated 

that, the potential benefits of universal newborn hearing screening outweigh its 

adverse effects.
46

 However to date no strong evidence exists for implementation of 

universal newborn hearing screening. Studies on developmental effects of 
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newbornhearing screening have been descriptive in nature and based on convenience 

samples. No prospective studies have compared outcomes of children who received 

screening through a universal newborn hearing screening program and those who 

were managed using a risk factor based approach. 

Indian Perspective: 

In India the concept of early identification of hearing impairment in infant and 

intervention though not new, is yet to gain a foothold. Nikam and Dharamraj
47

 

attempted infant hearing screening in 1971.  

Basavarajet al
48

 carried out screening for hearing impairment in Bangalore in 

1984. Ali Yavar Jung National Institute for the Hearing Handicapped (AYJNIHH) 

Mumbai, in 1985, conducted a 3 year project on screening pre-school children for 

early identification and intervention of hearing loss, using the high risk register (HRR) 

approach. Since 1990s multiple hospitals and research institute have been carrying out 

UNHS or hearing screening of neonates admitted in neonatal intensive care units 

(NICU). But surprisingly, no dedicated national program of hearing screening of 

newborn, for early detection of hearing loss, has been carried out so far by 

government of India. However considering the enormous impact of the burden of 

deafness on the social, economic and productive life of the citizens in India and also 

due to the gaps in human resources to meet this health challenge, the Government of 

India initiated the National Programme for Prevention and Control of Deafness 

(NPPCD) in 2006.  
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It was initially started as a pilot project and was implemented in 25 districts in 

10 states and 1 union territory. It will be up-scaled to include 203 districts in all states 

and union territories by the end of the eleventh 5-year plan (2007–12). The NPPCD 

was launched with the long term objective of reducing the total disease burden of 

hearing impairment and deafness by 25% at the end of the eleventh 5 year plan. The 

programme has been integrated along with the umbrella health mission of the 

Government of India - the National Rural Health Mission (NRHM) at the state and 

district levels. It aims at preventing avoidable hearing loss on account of disease or 

injury, identifying early and treating major ear problems, and medically rehabilitating 

persons with deafness of all age groups. 

 

RECOMMENDATIONS OF VARIOUS AGENCIES: 

The Joint Committee on Infant Hearing (JCIH) issued guidelines in 1995, 

2000 and again in 2007 supporting and recommending Universal newborn hearing 

screening. The JCIH 2007 Position Statement, developed and approved by the 

American Academy of Audiology, the American Academy of Paediatrics (AAP), the 

American Speech- Language-Hearing Association (ASHA), the Council on Education 

of the Deaf, and Directors of Speech and Hearing Programmes in State Health and 

Welfare Agencies, endorses early detection of and intervention for infants with 

hearing loss. All these agencies advocate Early Hearing Detection and Intervention 

(EHDI) through an integrated, interdisciplinary State and national systems of UNHS, 

evaluation, and family centered intervention. Audiologic evaluation and medical 

evaluations should be in progress before 3 months of age and infants with confirmed 

hearing loss should receive intervention before 6 months of age from health care and 
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education professionals with expertise in hearing loss and deafness in infants and 

young children.
49

 

The recently published USPSTF guidelines of July 2008, recommends all 

newborns to be screened for congenital hearing loss before 1 month of age.
50

 

Universal newborn hearing screening is also recommended by the Centers for Disease 

Control and Prevention, and in Healthy People 2010.
51

 American Academy of 

Paediatrics recommends that the aim of any hearing screening programme should be 

100% detection of all hearing impaired by 3 months of age and an early intervention 

by 6 months of age.
52 

Less than a decade since the onset of debate on implementing universal 

newborn hearing screening (UNHS), the merits of physiologically testing every 

newborn have made the health policy makers cast away the concerns of false positive 

referrals, the stressors imposed on parents, audiologists, early interventionists and 

physicians, and the costs burden on the already strained medical economic system. 

The negative impact of missing diagnosis of infant’s congenital hearing loss on the 

child’s communicational, social, and emotional development is well documented and 

has lead to implementation of UNHS in the national health policy of many developed 

nations worldwide. Now the focuses has shifted to finding the optimal time, 

personnel, equipment, and data management systems required for executing UNHS 

efficiently and effectively. 

So far there has not been any guideline on UNHS by government of India. 

There is urgent need to in cooperate UNHS in all the neonatal health care facilities in 

India. 
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TIMING OF SCREENING TEST: 

Vohret al
53

 (1993) reported that the age of the patients might affect the OAE 

result. This was confirmed by data from Rhode Island Hearing Assessment Project 

(RIHAP).
13

 When the examiners waited until the infants were at least 24 hours of age, 

the ‘pass’ rate for a sample of over 4,000 infants at RIHAP increased from initial 70% 

to 82%. OAE has been reported to have a high false positive rate of about 15% at the 

first screening on day one and then reduces by about 50% with each retest. Screening 

using Automated Auditory Brain Responses (AABR) technique is associated with a 

much lower false-positive rate about 5% on day one and reduces to about 1% by the 

second retest.
54

 

Gabbardet al
55

 also showed that a significant difference in the age-related 

effect was identified during the OAE screen test. Young neonates were less likely to 

pass the TOAE screen test than older neonates.  

Bantock and Croxson (1998)
32

 reported that testing at three to four weeks of 

life could lower the initial failure rate of OAE. They reported 9% failure rate for both 

ears when the OAE screening test was carried out in the first few weeks of life. 

However, when they were retested one month later, only 0.8% failed.  

A prospective observational study done by Stavros Korres et al
56

, concluded 

that the optimum time of assessing newborn hearing in universal hearing screening 

programs seems to be the third or fourth post birth day, provided discharge from 

hospital can be delayed that long. 
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APPROPRIATE GESTATIONAL AGE OF INFANT FOR TEOAE: 

A preliminary cohort study of TEOE in preterm by A. Eshraghiet al
57

 

concluded TEOEs spectrum and amplitude did not vary with age and it was analogous 

to those of full term. The maturation of outer hair cell properties appears to be 

complete at a gestational age of 29 weeks. Because a number of infants at risk for 

hearing loss are preterm babies, screening for TEOEs has to be performed in the 

neonatal care unit. To improve the accuracy and efficiency of the test, screening 

should take place as close to hospital discharge as possible, with the optimum time at 

35 gestational weeks. 

THE POTENTIAL BENEFITS OR HARMS OF UNIVERSAL NEWBORN 

HEARING SCREENING: 

Universal Neonatal Hearing Screening (UNHS) reduces the average age for 

intervention of hearing impaired to 6-9 months. As explained before improved 

hearing or increased pre-language stimulation over that period might, leads to 

significantly higher developmental outcomes and functioning in general development, 

expressive and receptive language, and personal-social areas of development of 

child.
58

 Identifying hearing loss before it is clinically apparent, provides a baseline on 

which subsequent evaluation can be made and compared. In addition, timely 

information also provides acceptance of hearing impairment and improves the parents  

readiness to initiate a family centered rehabilitation program. There might be a 

psychological benefit to parents of hearing-impaired children of avoiding regret in the 

future due to the delayed diagnosis and treatment of hearing impairment. 
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Main hindrance to the policy makers of UNHS is the high rate of false 

positivity of the screening programs. Literature reports of false positive rates in most 

of the screening programs is between 3% and 8%.
59

 This high false positive rate has 

led a number of authors to raise the issue of potential negative impacts of hearing 

screening. Many critics declined to recommend UNHS until the false-positive rate can 

be decreased or there is further knowledge of the emotional effect, this false-positive 

labelling, has on families.
45

 

Effects of false positivity: 

 A number of studies on newborn-screening tests showed that false-positive 

results can engender unwarranted anxiety, anger, confusion, depression, shock 

and sadness and can adversely affect the parent child relationship.
60

 

 As the definitive diagnosis may take months to confirm, false positive 

diagnosis of SNHL may occasionally lead to unnecessary intervention in an 

infant who hears normally. 

 Cost effectiveness of newborn hearing screening is always questioned keeping 

in view of the large false positive group who are on follow up for confirmation 

of the impairment. 

Factors influencing false positive UNHS are  

 Timing of screening. Highest in immediate post delivery period and decreases 

with increasing in postnatal duration of the newborn. 

 Site of the screening test. Brass and Kemp
24

 (1994) suggested that the 

screening test be conducted in a quiet or sound proof room. However, further 

studies showed a sound proof room is not essential, and quiet room was 

sufficient for the testing.
32
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 Restlessness of infant can affect the time taken for the test, or may result in 

increased false positives. However no need of anesthesia for hearing screening 

with TEOAE. A well fed sleeping / quiet baby would be ideal. 

 Inappropriate probe size, especially for small premature babies, will also cause 

false positives.
53

 

However studies that have directly assessed the negative effects of hearing 

screening programmes are to date inconsistent.
61

 In the largest controlled trial of 

hearing screening by Kennedy CR,
62

 parents whose infants were screened had similar 

anxiety and attitudes as parents whose infants were not screened. 85% of parents said 

that anxiety caused by failing a screening test would be outweighed by the potential 

benefit of early detection. The US Preventive Task Force systematic review of the 

literature on UNHS, 2001, concluded that the current evidence of clinically important 

harms of UNHS remains insufficient.
44

However no studies have evaluated whether 

parental anxiety has any long-term effect on parent-child interaction. 

The yield of newborn hearing screening is comparable to or higher than that of 

other well-accepted newborn screening programmes. To identify one infant with 

moderate to severe hearing loss, newborn hearing screening would require screening 

an estimated 600 infants. Relative to selective screening, universal newborn hearing 

screening requires screening an estimated 1,400 infants to identify one additional 

affected infant, yields that are comparable to or better than those for newborn 

screening programmes for other disorders, including congenital hypothyroidism, 

hemoglobinopathy and phenylketonuria.
63

 Thus, if the effects of screening and 

subsequent treatment on longer-term language outcomes could be confirmed, the cost-

effectiveness of newborn hearing screening might be equal or superior to that of many 

other newborn screening services. 
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HEARING LOSS 

Hearing loss is a multifaceted condition with profound medical, social and 

cultural ramifications. The basic mechanism of hearing entails collection of sound 

waves by external ear and amplification of sound by the middle ear. The middle ear 

consists of the ear drum and small bones attached to each other. The smallest of these 

bones, called the stapes, transmits the vibrations to the inner ear also called the 

cochlea. In the cochlea sound wave is converted to electrical impulses and are 

transmitted by the auditory nerve to the brain which perceives it as sound. The sounds 

that we hear can be described by the two characteristics of pitch (frequency) and 

loudness (intensity). Frequency is measured in Hertz (Hz) and intensity is measured in 

decibels (dB). Hearing is measured in decibels (dB) with the threshold of 0 dB for 

each frequency denoting the value at which normal young adults perceive a tone burst 

of a given intensity and frequency 50% of the time. A person with normal hearing 

should be able to hear intensities as low as 0 to 20 dB in frequency range of 250 to 

8000 Hz. 

Examples of different sound intensities as expressed in dB: 

 0 dB: Softest sound a person can hear 

 30 dB: Very soft whisper 

 60 dB: Ordinary conversation 

 80 dB: Loud radio 

 90 dB: City traffic or a person’s shout 

 110 dB: Loud thunder 

 120 dB: Rock band 

 140 dB: Jet engine at take-off 

 180 dB: Rocket at take-off 
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While decibels greater than or equal to 120 to 130 dB cause pain or discomfort 

in most people ears, some people will experience pain at sounds of 100-110 dB. 

There is a diversity of definitions of hearing impairment. WHO classified 

hearing impairment according to the pure tone average in the better hearing ear. 

Categories of hearing impairment ranges from “no impairment” to “profound 

impairment” according the threshold level. The hearing threshold level, using 

audiometry, is to be taken as the better ear average for four frequencies 0.5, 1, 2, and 

4 kHz.
64

 The different grades of hearing impairment (in better ear)and their impact in 

performance are presented below. 

1. Grade 0 (no impairment)   

- 25 decibels of hearing loss (dBHL) or less 

- Able to hear whispers  

2. Grade 1 (Slight/ Mild impairment)  

- 26-40 dBHL 

- Able to hear and repeat word spoken in normal voice at 1 meter 

3. Grade 2 (Moderate impairment) 

- 41-60 dBHL 

- Able to hear and repeat words using raised voice at 1 metre 

4. Grade 3 (severe impairment)  

- 61-80 dBHL 

- Able to hear some words when shouted into better ear 

5. Grade 4 (Profound impairment) 

- 81 dBHL or greater 

- Unable to hear and understand even a shouted voice 
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As depicted in Fig.1, consonants are generally spoken more softly and are 

higher pitched than vowels. As a result, with even mild to moderate hearing loss, 

understanding of speech can be difficult. 

 

Fig. 1: An audiogram showing grades of hearing loss on the right and the range 

of conversational speech (clear crescent) 

 

A sound auditory system is prerequisite for expressive language and 

subsequent social, emotional and intellectual development of a child. Hearing 

impairment can cause life-long difficulties to a child. It can have a profound effect on 

the ability of the child to communicate with others on their education and on their 

ability to develop social relationships. These problems in turn produce large economic 

burden on society as a whole. The lack of skilled man power and deficiency of human 

resources to deal with these problems pose a huge challenge for a resourse poor 

developing nation like ours. 
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INCIDENCE OF HEARING LOSS: 

Deafness is the most prevalent disability across nations often referred to as the 

hidden disability.
65

World Health Organization(WHO) in 2005, estimated278 million 

people (including adult and children)in the world with disabling hearing 

impairment,i.e. moderate-to-profound hearing loss in both ears (i.e. >41 dB hearing 

loss), and a majority of them were living in Asia.
66

 Hearing loss is the second most 

common cause of years lived with disability (YLD) accounting for 4.7% of the total 

YLD in adults. Incidence and prevalence of deafness varies widely with study 

population and the risk factors involved in the hearing impairment in children. The 

problem of deafness is disproportionately high in the Southeast Asia region with a 

prevalence ranging from 4.6% to 8.8%.
5
WHO estimates that every year about 38,000 

deaf children are born in South-East Asia.
5
This would mean that every day over 100 

deaf infants are born in the Region. With more than1.2 billion inhabitants, India has 

one of the highest rates of deafness in the world. As per Population based surveys in 

2003, total of 63 million people (6.3%) suffer from significant auditory loss in India.
67

 

Overall, rural areas have a higher prevalence of hearing loss compared with urban 

areas. The National Sample Survey (NSS) 58th round (2002) surveyed disability both 

in urban and rural households and found that hearing disability was the second most 

common cause of disability after locomotor disability.
68

Hearing loss accounted for 

9% of all disabilities in the urban and 10% in the rural areas. 

 Deafness is one of  the most common congenital anomaly in the newborn. 

Incidence of congenitall sensorineural hearing loss(SNHL),averages approximately 

3/1000 (hearing loss of 30db or more).
69,70

This incidence in the newborn population is 

greater than the combined incidence of all the metabolic conditions that are currently 

screened for at birth, such as phenylketonuria, hypothyroidism and 
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galactossemia.
71

The incidence dramatically increases with presence of any risk factors 

for hearing loss in children and is 10 times greater (2-5%) for infants with one or 

more risk factors included in “High Risk Registry (HRR)” of Joint committee for 

infant hearing (JCIH,2000).
46

 It is the most common neurologic birth defect in the 

United States. Each year approximately5000 infants born in US have moderate-to 

profound, permanent hearing loss(PHL). Estimates of the prevalence of congenital 

PHL among newborns in US range from 1 in900 to 1 in 2500.
72,73

 In India, 4 out of 

every 1000 children born are found to have severe, to profound hearing loss.
74

 

During the past three to four decades, the incidence of acquired SNHL in 

children living in more developed countries has fallen, as a result of improved 

neonatal care and the widespread implementation of immunization programs. In U.S., 

there are hardly any cases of deafness related to rubella due to effective MMR 

(Measles, Mumps, and Rubella) inoculation. But these changes in the incidence of 

SNHL have not been seen in children living in less developed countries, where the 

prevalence of consanguinity is high in many areas, and both genetic and acquired 

forms of SNHL are more common, particularly among children who live in poverty. 

ETIOLOGY OF HEARING LOSS IN NEWBORN: 

There are four types of hearing loss (Anatomical distribution is depicted in Fig.2): 

1. Central hearing loss 

2. Sensorineural hearing loss 

3. Conductive hearing loss 

4. Mixed hearing loss 
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Fig.2: Anatomical distribution conductive and sensorineural loss 

 

Central hearing loss:  

Rare and is caused by problems along the auditory pathway or in the brain 

itself, due to insult during intranatal or perinatal period.Examples- 

a. Hyperbilirubinemia / kernicterus 

b. Hypoxia 

c. Intraventricular hemorrhage 

Conductive hearing loss: 

Is caused by a problem with the outer or middle ear. It usually affects all 

frequencies of hearing to the same degree. 

a. Anomaliesofthepinna,externalearcanal,tympanicmembrane,orossicles 

b. Congenital cholesteatoma 
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Mixed hearing loss: 

Involves the external, middle ear and the inner ear pathology and has features 

of both conductive and sensorineural deafness. 

Sensorineural hearing loss (SNHL): 

It accounts to vast majority of permanent hearing loss in children that is 

present at birth. It’s caused by problems in the inner ear or auditory nerve due to 

genetic or environmental cause. Fig.3. 

 

Fig.3: Sensorineural hearing loss in children 

Genetic causes of SNHL: 

Approximately half of sensorineural hearing loss in children occurs on a 

genetic or hereditary basis.
75

This can further be Non-syndromic or Syndromic - 

a)Non-syndromic – Fortunately, most children with sensorineural hearing loss that 

has occurred on a genetic or hereditary basis are otherwise healthy. These children 

have what is called non-syndromic sensorineural hearing loss and make for 35% of 

sensorineural hearing loss that has occurred on a genetic basis. They have both 

parents with normal hearing as most genes for sensorineural hearing loss are recessive 
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(28%). A gene called Connexin 26 has been identified that is estimated to be the 

underlying cause of half of non syndromic sensorineural hearing loss. Very few of 

this nonsyndromic inheritance is autosomal dominant (7%) and much less are X 

linked (<1%) as shown in Fig.3. 

b)Syndromic-Only10-20% ofchildren with genetic causes have a syndromic 

association in which the hearing loss is present in association with another physical 

finding or medical problem. There are over 400 syndromes with associated hearing 

loss. They can be Autosomal recessive, Autosomal dominant syndromes or sex-linked 

disorders. (Table 1) 

Table – 1 :Syndromic hearing loss 

Autosomal recessive 

syndromes 

Gene(s) involved Clinical findings associated with 

SNHL 

Usher’s syndrome MYO7A (Atypical 

myosin 7A), USH1C, 

CDH23, PCDH15, SANS, 

USH2A, GPR98, USH3 

Retinitis pimentosa, Mental retardation 

and hypotonia. 

Pendred Syndrome SLC26A4 (PDS gene) Thyroid goiter 

Jervell and Lange 

Nielsen 

KVLQT1, KCNE1 Cardiac conduction defect (long QT) 

Waardenburg’s 

syndrome 

PAX3, MITF, SLUG, 

EDNRB 

Pigment abnormalities 

(heterochroniciriditis, white forelock, 

patchy skin depigmentation), 

craniofacial abnormalities (dystopia 

canthorum, flat nasal root) 

Treacher Collins TCOF1 Mandibulofacialdysostosis (hypoplasia 

of mandible and facial bones down 

sloping palpebral fissures, colobomas, 

cleft palate) and atretic external and 

middle ear) 

Apert syndrome FGFR2 Acrocephalosyndactyly (syndactyly, 

midface abnormality, craniofacial 

dysostosis), with middle and inner ear 

affected (stapes fixation, patent 

cochlear aqueduct 
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Crouzon syndrome Abnormal FGF receptors Craniofacial dysostosis (cranial 

synostosis, small maxilla, 

exophthalmos, parrot nose, short upper 

lip, mandibular prognathism, 

hypertelorism) with atresia and stenosis 

of EAC and ossicular deformities. 

BrachioOto Renal EYA1 on Chr8q13 Renal abnormalities (mild hypoplasia 

to bilateral aplasia), brachial cleft cysts, 

preauricular pits/tag. 

Osteogenesis 

imperfect 

COL1A1, COL1A2 Bone fragility, blue sclera, 

hyperelasticity of joints and ligaments. 

Neurofibromatosis 

type I & II 

NF-1 on Chr17 and NF-2 

Chr 22112 

Café-au-lait spots, neurofibromas, lisch 

nodules, unilateral or bilateral acoustic 

neuroma 

Down syndrome Trisomy 21 Facial dimorphism, hypotonia, mental 

retardation. 

 

Sex linked disorder Gene(s) involved Clinical findings associated with 

SNHL 

Alport’s syndrome 

(80% X-linked and 

20% AD) 

Collagen type IV genes 

COL4A5, COL4A3, 

COL4A4 

Renal involvement  -- progressive 

glomerulonephritis 

Norrie syndrome Chromosome Xq 

deletions 

Blindness, ocular degeneration 

resulting in microphthalmiawith  

mental retardation. 

Otopalatodigital 

syndrome 

Chromosome Xq 

deletions 

Hypertelorism, craniofacial 

deformity – involving supraorbital 

area, flat midface, small nose, and 

cleft palate, short stature with broad 

fingers and toes that vary in length 

with ossicular malformations. 

 

Environmental cause of SNHL: 

About 50 percent of sensorineural hearing loss present at birth does not occur 

on a genetic basis. 10-20% of these are as a result of congenital infections ,most 

commonly TORCH infections inutero(toxoplasmosis, rubella,cytomegalovirus(CMV), 



Review of Literature 

 

32 

 

and syphilis).Other10- 15% are by product of prematurity or a perinatal life-

threatening illness or complication such as, asphyxia, elevated bilirubin or respiratory 

distress.Permanent hearingloss could also occur in postnatal period due to- sepsis, 

meningitis, exposure to pharmacologic ototoxicity [aminoglycosides, loop diuretics 

(e.g., furosemide) antimetabolites (e.g., methotrexate),salicylates (e.g., aspirin)], 

major trauma causing a fracture of temporal bone or part of the skull that protects the 

ear or subarachnoid hemorrhage, or because of exposure to very loud noises (> 90 

dB). These risk factors are not necessarily the cause of the hearing loss, but do occur 

in very sick newborns that may be at risk to suffer damage to their inner ear or hearing 

for reasons not well understood. However still no identifiable cause can be found in 

more than half of these non-genetic cases. 

Joint committee for infant hearing (JCIH 2007)
49

has recognized few risk 

factors that would significantly increase the risk of Congenital Hearing Loss and 

stated it in High Risk Registry (HRR). 

Following are the Risk indicators given by Joint Committee on Infant Hearing 

in2007
49

: 

1) Caregiver concern regarding hearing, speech, language, or developmental 

delay. 

2) Family history of permanent childhood hearing loss. 

3) 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 

hyperbilirubinemia that requires exchange transfusion. 
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4) In utero infections,such as Cytomegalovirus(CMV), herpes,rubella,syphilis, 

and toxoplasmosis. 

5) Craniofacial anomalies, including those that involve the pinna, ear canal, ear 

tags, ear pits, and temporal bone anomalies. 

6) Physica lfindings ,such as whiteforelock,that is associated with a syndrome 

known to include a sensorineural or permanent conductive hearing loss. 

7) Syndromes associated with hearing loss or progressive or late onset hearing 

loss, such as Neurofibromatosis, Osteopetrosis, and Usher syndrome; other 

frequently identified syndromes include Waardenburg, Alport, Pendred, and 

Jervell and Lange-Nielson. 

8) Neurodegenerative disorders, such as Hunter syndrome,or sensory motor 

neuropathies, such as Friedreich ataxia and Charcot Marie Tooth syndrome. 

9) Culture-positive postnatal infections associated with sensorineural hearing 

loss, including confirmed bacterial and viral (especially herpes viruses and 

varicella) meningitis. 

10) Headtrauma,especially basal skull/temporal bone fracture that requires 

hospitalization. 

11) Chemotherapy. 

How ever the above risk factors are not the conclusive list. Many studies 

suggested of additional risk factors like- length of stay in the Neonatal Intensive Care 

Units (NICU), meconium aspiration, chromosomal abnormalities, drug and alcohol 

abuse by the mother, maternal diabetes, multiple births, and lack of prenatal care etc. 

Inclusion of these additional risk factors in the high risk registers of High Risk 

Hearing screening programme, could increase the sensitivity for those countries in 

which Universal Newborn Hearing Screening (UNHS) is not feasible. 
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IMPORTANCE OF HEARING SCREENING: 

It has been noted by World Health Organization (WHO) that half the causes of 

deafness are preventable and about 30%, though not preventable, are treatable or can 

be managed with assistivedevices.
66

Thus, about 80% of all deafness can be said to be 

avoidable. In these lines hearing screening for congenital sensorineural hearing loss 

(SNHL) has been rightly called the great omission.
15

 

Auditory input is essential for development and social functioning of an 

individual. Reduced auditory input adversely affects development of the central 

auditory nervous system, and can negatively impact speech perception that interferes 

with development in social, emotional, behavioural and cognitive spheres. All this 

leads to poor academic achievement, vocational options, employment opportunities 

and economic self-sufficiency. In their first year of life children with hearing 

impairment cry, smile, move, make eye contact like there peer group. Sometimes, 

they are so communicative that family members miss the hearing loss, especially 

because in their first months they utter sounds just like normal hearing children, even 

without auditory feedback; in other words, without hearing their own voice. So in 

practice diagnosis and treatment are often delayed until age of 1 or 2 years in children 

with congenital permanent hearing loss (PHL), particularly among those at low risk 

for congenital hearing loss.
76,77

 The impact of this delay on the developing brain has 

immeasurable consequences that trouble these individuals for the rest of their lives, if 

not attended in time. On an average, deaf students graduate from high school with 

language and academic achievement levels below those of fourth-grade students with 

normal hearing.
78

It’s important to recognize the defect in time and ontological and 

audiological rehabilitation should be instituted early,to take advantage of the plasticity 

of developing sensory system (critical period is 0-3 years). This effort can lead to 
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normal speech and language development, social, emotional and cognitive growth, 

and academic achievement in the child. 

Advocates of universal newborn hearing screening (UNHS) believe that early 

detection of hearing defect and treatment with hearing device or cochlear implant 

along with application of available therapies, such as speech and language therapy and 

family support, could reduce or eliminate the gap in language skills between deaf and 

hearing children.
30,79

 

In a longitudinal study of young children with hearing loss, Yoshinaga-

Itano(1995)
80

 found that pre-school children identified by six months of age had 

significantly higher developmental functioning in general development,expressive and 

receptive language, and personal-social areas. These higher development outcomes 

were seen, regardless of the degree of hearing loss and cognitive status of the child.  

Markides (1986)
81

 reported that hearing impaired children who received 

amplification by six months of age showed far greater language development than 

children receiving amplification later. Also identifying hearing loss before it is 

clinically apparent, provides a basel ine on which subsequent evaluation can be made 

and compared. In addition, timely information also provides acceptance of hearing 

impairment and improves the parents' readiness to initiate family centered 

rehabilitation program. This forms the rationale behind the universal screening 

programmes for hearing, where in children are screened in neonatal period for hearing 

impairment by a well defined protocol using modern audiological tools. 
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TOOLS FOR HEARING SCREENING: 

Early awareness of a child’s hearing ability is important in creating 

opportunities for early amplification and habilitation when necessary. But reliance on 

physician observation and parental recognition of hearing defect is not successful in 

detecting hearing loss in first year of life.
46

 Hearing screening aims to identify hearing 

impairment which are not obvious or apparent, which will cause considerable 

disability or handicap and which can be more effectively treated to further decrease 

the disability.An appropriate and efficient tool is the key for successful hearing 

screening. 

Hearing acuity can be measured with either subjective or objective methods. 

1) Subjective Hearing Assessment: Subjective tests of hearing acuity assess how a 

child processes auditory information and requires active cooperation of the child. 

These include- 

a. Behavioural Audiometry  

b. Play Audiometry 

c. Visual Reinforcement Audiometry  

d. Pure tone Audiometry 

e. Speech Audiometry 

f. Portable auditory response cradle (PARC) 

2) Objective Test Methods: These methods do not require active cooperation or some 

kind of behavioural response by the child. 

a. Brain Stem Evoked Response Audiometry(BERA) 

b. Otoacoustic Emission Analysis(OAE) 

 



Review of Literature 

 

37 

 

Until some years ago, distraction hearing screening (behavioural testing), by 

Traditional Health Visitor Distraction Test (HVDT), which was carried out by a 

health visitor or a trained assistant was the only method of hearing assessment of 

young children. This was administered at about 6–9 months of age and it assessed the 

infant’s ability to turn and localise a sound source.The average age of confirmation of 

hearing impairment through the HVDT is between 12 and 20 months, with subsequent 

median age of hearing aid fitting after HVDT being about 18 months. HVDT had 

large variability in the way it was carried out and was highly tester dependent leading 

to poor and variable sensitivity and specificity.
82

 

Visual reinforcement audiometry, is used in children aged 6months to 2.5 

years and can be used to generate a reliable, complete audiogram, although results 

depend on the child’s maturational age and the skill of the tester .Pure-tone 

audiometry is used to establish conduction thresholds in air, bone, or both by 

identifying the lowest intensity at which a child hears a pure tone half of the time. As 

the pure-tone audiometry test instructions can be difficult to understand for children 

younger than 5 years, a modification called “conditioned play audiometry” is 

commonly used to obtain a complete frequency-specific audiogram for each ear in 

children aged 2.5–5years. 

Portable auditory response cradle (PARC) is other subjective, automated, 

quick, behavioural test. The baby’s response to the noise of 70-80 dB via ear probe is 

measured by a cradle and associated computer software which compares head turns, 

and body movements in periods with the sound on and off. An automated decision 

algorithm is used to give results as pass or refer. This test had a better positive 

predictive rate for severe and profound impairments. Although the PAR Chad been 
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extensively tested, its implementation has not been well evaluated in multicentre 

studies. 

 Though numerous tests of evaluation of hearing by demonstration of a 

behaviour change, in response to a measured stimulus made dramatic progress in 

hearing screening, these tests could not be reliably performed on a child younger than 

eight to nine months.
44

Alternatively,several physiological tests were introduced,which 

objectively assess the functional status of the auditory system and can be done at any 

age.  

These methods included- 

1. Otoacoustic Emissions (OAE) Analysis and 

2. Auditory Brainstem Response (ABR) 

Otoacoustic Emissions (OAE):  

Otoacoustic Emissions (OAE’S) are sounds originating within the cochlea 

either spontaneously or in response to acoustic stimuli and are physiologically 

vulnerable indicators of cochlear status, specific to outer hair cells and independent of 

CNS status. (Fig.4) Having been predicted by Thomas Gold in1948, its existence was 

first demonstrated experimentally by David Kemp in 1978.
83

 

They propagate through the middle ear into the external auditory canal where 

it can be measured using sensitive microphone. They primarily reflect the activity of 

outer hair cells across a broad frequency range and are present in all normal hearing 

infants. Studies have shown that OAE disappears after inner ear has been damaged. 

Thus OAE test evaluates the function of the peripheral auditory system, primarily the 

cochlea, which is the area most often involved in sensorineural hearing loss.OAE is 

abnormal in nearly all infants with hearing loss greater than 40–50 dB and it can be 
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used as a measure of inner ear health.
84

 An important exception, is auditory 

neuropathy, which is characterised by the presence of otoacoustic emissions and the 

absence of a normal auditory brainstem response. 

 

Fig. 4: Cochlea and outer hair cells 

Types of Otoacoustic Emissions(OAE) - The otoacoustic emission sounds can be 

emitted spontaneously or evoked 

a) Spontaneous OtoacousticEmissions(SOAE)– which area coustic signals 

generated by the cochlea without any external stimulus. 

b) Evoked Otoacoustic Emissions (EOAE)– these are acoustic signals generated 

by the cochlea in response to acoustic stimuli. Can be evoked using different 

methodologies, of which extremely studied and used are –   

i. Distortion Product OAE (DPOAE) 

ii. Transient Evoked OAE (TEOAE) 

iii. Stimulus Frequency OAE (SFOAE) 
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Spontaneous Otoacoustic Emissions (SOAEs) – They are narrowband, almost tonal, 

acoustic signals generated within the cochlea in the absence of deliberate sound 

stimulation. These SOAEs are found to be present in approximately 50-80% of 

normal hearing children and adults. Hence SOAEs are obviously not of much value in 

differentiating subjects with hearing loss from those without hearing loss. 

Distortion Product OAE(DPOAE)–Occur in response to simultaneous presentation 

of two pure tones within appropriate frequency and amplitude ratio. They provide 

frequency-specific information across a broad range of frequencies.
85

 

Stimulus Frequency OAE (SFOAE) – SFOAEs are sounds produced by the inner 

ear when stimulated with a tone (known as the probe stimulus). They are measured 

during the application of a pure-tone stimulus, and are detected by the vectorial 

difference between the stimulus waveform and the recorded waveform (which 

consists of the sum of the stimulus and the OAE). The use of SFOAE measurements 

has been restricted to research laboratories and there is little to no information about 

the validity and reliability of SFOAEs for clinical usage for hearing screening. 

Transient Evoked OAE (TEOAE) – are measured following the presentation of a 

transient or brief stimuli which can be a click (broad band stimuli) or tone burst 

(narrow band) stimulus.
83

This reflected sound first known as the cochlear echo (or 

Kemp echo) occurs with a latency of 5-15 milliseconds. The cochlear echo, or 

TEOAE, is assumed to be caused by reflection of the traveling wave at some point 

along the basilar membrane. It is not entirely clear why that happens, but any in-

homogeneity in the basilar membrane may cause reflection of the traveling wave. 

Normally the traveling wave propagates smoothly without any reflection along the 

basilar membrane and all energy is dissipated before the wave reaches the cochlear 
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apex. A slight in-homogeneity at a certain location along the basilar membrane, 

causes some of the energy to be reflected and that energy travels in the opposite 

direction, i.e., towards the base of the cochlea. When it reaches the basal region of the 

cochlea, it sets the cochlear fluid into motion and that causes the stapes to vibrate. 

That vibration is conducted (backward) by the ossicular chain so that the tympanic 

membrane generates sound in the ear canal. The reflected wave is assumed to be 

amplified by the cochlear amplifier, which is how the active process in the cochlea 

becomes involved in generation of the TEOAE. Its non-invasive, reliable, sensitive, 

cost and time effective method (takes about 2-10min), easy to use and it’s able to test 

each ear separately, making it an ideal screening method. The response measured is 

cochlear specific and is unaffected by neurological pathology. 

A general recording set up of TEOAE recording system is as shown in Fig.5 

and 6. The instrument consists of a sensitive, miniature microphone and one or two 

sound source housed in a small probe that can be coupled to ear with rubber tips. The 

microphone measures the OAEs coming from ear either spontaneously or in response 

to sound stimuli. The output of microphone is than amplified and sampled via an 

analog to a digital converter ,housed in a computer or stand-alone piece of equipment. 

Automated protocols and algorithms have  been used in TEOAE measuring tools.A 

computer generated report compares the newborn’s response to standardized emission 

norms and provides a pass or refer report.
86 

 PASS indicates that the patient has 

normal outer hair cell function at the time of testing. A REFER result suggest a 

possibility of a sensorineural hearing loss or indicates requirement of further 

diagnostic hearing evaluation. 
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Fig.5: Schematic diagram of stimulus and recording system of OAE 

 

 

Fig.6: Measurement of OAE 
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It assesses the frequencies of 800 to 4,000 Hz in the intensities of 25 to 30 dB 

hearing loss. Lesions located in the cochlea will affect the OAE response, whereas 

retro-cochlear or central auditory lesion will not affect the OAE result. The OAE test 

requires normal middle ear function. Conductive hearing loss caused by low eardrum 

motility following tube dysfunction and middle ear effusion can depress acoustic 

signals in both directions, either stimulus as well as emission conduction. Even a mild 

conductive loss can make emission signals undetectable. 

Advantages of OAE: 

 Simple testing technique 

 Relatively minimal training needed to perform OAE testing 

 Fast 

 Cheaper than AABR screening 

 Cost effective screening tool 

Limitation of OAE: 

 Limited assessment of the auditory system-not possible to assess central 

auditory processing. (Hearing loss secondary to the dysfunction of the 

pathways from brainstem to the auditory cortex). 

 Requires normal middle and external ear function. 

 OAE testing may be affected by amniotic fluid (in first 48hours), vernix, or 

wax in the ear canal. 

 Collapsed ear canal during in the first 24hour after birth can interfere with the 

study. 

 Optimal to perform in a quiet environment 

 Restlessness of the infant can affect the time taken for the test, or may result in 

the test being discontinued. 
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Automated Auditory Brainstem Response (AABR): 

Also known as Brainstem evoked reflex audiometry(BERA), it’s a series of 

scalp recorded elective potentials generated in the auditory nerve and brain system 

aftera transient stimulus like clicks or tonebursts presented to the external ear.It is an 

objective electro-physiologic measure of auditory function that assess throughout the 

auditory pathway from the external ear to the lower brainstem. Hence can be used for 

central auditory disorders also. The newborn’s ears are covered with earphones that 

emit a series of soft clicks. Electrodes on the infant’s forehead and neck measure brain 

wave activity in response to the clicks(Fig.7).  A computer then compares the brain 

wave activity with normal response templates and provides a pass or refer (i.e., fail) 

report.
86

 

 

Fig.7: Waves of BERA 

Wave V detection thresholds correlate best with hearing sensitivity in the 

range1.5–4 kHz in neurologically normal children. Thus it measures not only the 

integrity of the inner ear, but also the auditory pathway. 
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Fig.8: Placement of BERA electrodes 

 

Fig.9: Representation of BERA waves 

(Wave site of neural generator:  I – Cochlear nerve (distal end);        

II – Cochlear nerve (proximal end); III – Cochlear nucleus;                  

IV – Superior olivary complex; V – Lateral leminiscus and inferior 

colliculus; VI & VII – Neural generators not definitely known). 
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Advantages of AABR: 

 It provides superior evaluation of the auditory system (Vs. assessment of outer 

hair cell function alone as in OAE). 

 Likely to provide better detection of infants with auditory neuropathy 

(children who are deaf but have normal otoacoustic emissions, because of 

normal cochlea). 

Limitations of AABR: 

 Requires more operator knowledge than OAE testing 

 Potential for electrical and noise artifact yielding poor screening 

 Optimal to perform in a quiet environment 

 Requires sleeping or quiet infant 

 Requires longer time than OAE screening, ( approximately an hour) 

 Typically more costly than OAE screening 

 As the stimuli for test is introduced via the external ear canal, debris in the 

external ear canal or middle ear fluid can affect the accuracy of the test. 

ABR has been commonly used to screen infants in NICU, mainly high risk 

infants, before hospital discharge.
87,88

 OAE is most commonly and widely used in 

both high risk and universal newborn screening programs. 

Advantage of OAE Vs AABR: 

 OAE is a cost effective screening tool (less expensive) 

 More convenient and easy than ABR 

 It is fast 
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 Simple testing technique (relatively minimal training needed to perform OAE 

testing) 

 Does not require a sound-treated room to carry out the test 

 OAE is moderately specific but very sensitive in detecting cochlear hearing 

loss making it ideal for newborn hearing screening.
24

 

When present, OAE indicate normal hearing, and their absence indicates that 

the patient needs to be followed up and reconfirm the hearing impairment. With the 

availability of OAE as a screening tool, screening of newborns has become more 

efficient, reliable and effective. However “The preferred model for screening should 

begin with an evoked otoacoustic emissions test and should be followed by an 

auditory brainstem response test for all infants who fail the evoked otoacoustic 

emissions test.” 
40

 

Sensitivity and Specificity of OAE and ABR: 

The true sensitivity and specificity of newborn hearing screening are difficult 

to estimate from most screening programs. Sensitivity and specificity rates are 

affected by 

 The screening protocol used 

 The population screened (well babies or NICU infants) 

 Instrument /technique of newborn hearing screening 

 Target degree of hearing loss. 

 Other test parameters. 

The result of the OAE screening performed byWhiteetal
13

(1993) on 1,850 

neonates showed a sensitivity of around 100%and a specificity of 73%. Ng and Yun
89 

 

reported the sensitivity and specificity of OAE with respect to BERA as 95% and 
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93%,respectively. Bantock and Croxson
32

(1998) conducted OAE screening on 700 

neonates with risk factors for hearing loss and on 1,492 neonates without any risk 

factors. They found that the sensitivity was l00% in both groups. The specificity in 

both groups was94% and 91%, respectively. 

In general,both methods of newborn hearing screening(AABR and TEOAE) 

whenusedaloneshowedascreenspecificityofaround80-95% for profound sensorineural 

hearing loss in newborns. Estimates of sensitivity ranges from 80-90% for TOAE with 

a target hearing loss of 30dB and 84–95% for AABR.
44,90

 There currently is no 

evidence to support either AABR or TEOAE as the preferred method of screening 

newborns.
46

To overcome this wide variability in screening results any child with a 

positive result should be referred for definitive testing and evaluation,including a 

detailed family history for genetic causes.
46

 

 

HEARING SCREENING PROTOCOL: 

Because of concerns about high false-positive rates in many single staged 

newborn hearing screening using OAE/ ABR and the associated problems caused by 

high percentages of infants being lost to follow-up, many managers of newborn 

hearing screening programs began looking for ways to reduce the percentage of 

infants who failed the newborn hearing screening, without increasing the percentage 

of infants who had congenital hearing loss and passed the screening protocol. The 

major contributors for the high false positivity were found to be the age of the 

newborn screened and the technique or protocol used for hearing assessment.  

RC Deka et al
91

studied the maturation of central auditory connections and 

proposed that though cochlea is fully developed at birth,the myelination of VIII nerve 
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and maturation of brainstem takes nearly six months. This formed the basis of 

screening and rescreening protocols, where final confirmation of hearing loss is made 

only at around three to six months of age,there by taking minimizing any possible 

false positive results that may result from an immature central connection of cochlea. 

Also two-stage protocol of OAE and ABR was proposed as a likely solution to 

overcome the false positivity due to technique as the refer rates at time of hospital 

discharge from such programs were reported to be much lower than those in programs 

that used just OAE screening.
92

 

Many controlled trial of screening with TEOAE, followed by ABR for those 

failing the first test, showed that the neonatal screening test with these newer methods 

had a specificity of around 98% and gave a yield of 1.1/1000 births by 4 months, 

which corresponds to the expected prevalence,thus indicating a high sensitivity.
92

 The 

rate of false positives ranges from more than 30 % for one-step programs using 

TEOAE
93

 to less than 1% with a two-step process, such as retesting a child before 

discharge, if the initial test is positive.
94

However,there are also concern that such 

programs might be reducing the refer rate at time of hospital discharge at the expense 

of missing infants with congenital hearing loss. 

The protocols of established newborn hearing screening programs throughout 

the world may use OAE only, AABR only, or a combination of technologies. Most 

common is OAE test is performed initially, followed by an AABR test if a ‘pass’ 

response is not obtained in both ears. Babies who fail the AABR test are followed up 

and tested again with either OAE or AABR 3-4 weeks later. Children failing the 

follow-up screen are then referred for full audiological diagnostic testing. In the 

neonatal intensive care unit, protocols differ from those in the well baby nursery. 

Screening may be delayed until the baby is well enough. Although the condition of 
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auditory neuropathy is rare in the well baby population, it can account for 

approximately 11% of hearing loss in the neonatal intensive are unit.
95

Hence virtually 

all neonatal ICU screening programs should use AABR. 

 

STRATEGIES FOR HEARING SCREENING IN NEONATES: 

Two complementary strategies of hearing are in widespread use.  

a) At risk or targeted screening 

b) Universal screening 

At Risk(targeted) Screening limits the screening to those infants who have a 

variety of risk factors which have been shown to have a strong association with 

hearing loss. It’s based on the observation that results of all major comparative studies 

suggest a considerably higher incidence of hearing loss is in the at risk group. So early 

screening programs focused on children with known risks.In 1972 JCIH 

recommended use of High Risk Registry (HRR), to identify neonates at higher risk for 

hearing loss. Incidence of significant hearing loss is10 times greater (2-5%) for infants 

with one or more risk factors included in “High Risk Registry (HRR)” of Joint 

committee for infant hearing (JCIH, 2007).
49

 An admission to the neonatal intensive 

care unit (NICU) for more than two days increases the likely hood of the presence of 

hearing impairment to 10-fold.
86

 At risk screening has been a effective means of 

hearing screening in a resource poor nation. However the list of risk factors is not 

conclusive as there are a large number of factors that may contribute to the hearing 

defect. Thus implementation of a high risk register will vary according to local 

situation.Though it’sa cost effective approach, studies indicate that about50 percent of 

all hearing-impaired children may be missed with targeted, risk factor–based 
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screening.
44

 Consequence of screening only high risk neonates is that approximately 

only one in ten newborn is screened, and only about half of all hearing impaired 

infants are detected at birth. With this limited efficacy of ‘at risk’ screening universal 

screening rose to popularity. Universal Screening aims at screening all neonates for 

hearing loss. 

Although Universal Neonatal hearing screening is ideal, across the board when 

extrapolated into general population, the yields of both strategies remain more or less 

the same. This has given rise to proponents for both strategies for neonatal hearing 

screening. Most developing nations due to lack of financial and technical resources 

for UNHS, have adopted high risk screening. Irrespective of strategies of hearing 

screening, Rationale for evaluation of hearing loss in newborns is based on two 

concepts. First, a critical period exists for optimal language skills to develop,and 

earlierinterventionproducesbetteroutcomes.
80

Second,treatmentofhearingdefectshasbee

nshowntoimprovecommunication.
58 

Universal infant hearing screening programme in a community with 

predominant non-hospital births which evaluated all non hospital born children with a 

two-stage screening programme consisting of a first-stage transient evoked 

otoacoustic emissions and a second-stage automated auditory brainstem-response test 

was implemented in an inner-city community in Lagos, Nigeria from 2005 to 2008 by 

BO. Olusanya and team.
96

This study concluded, ‘Community-based UNHS facilitates 

early detection of infants at risk of sensorineural hearing loss born outside hospitals 

and the overall performance is comparable to conventional hospital-based UNHS’. 

Information about the yield of few other UNHS in actual screening programs is shown 

in Table-2. 
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Table 2: Studies of universal newborn hearing screening 

First 

author, 

country, 

years data 

collected 

Definition of 

bilateral 

hearing loss 

Population 

No.of cases 

of B/L 

hearing 

loss 

population 

Rate per 

1000 (95% 

CI) 

Proportion 

with risk 

factors 

Rate per 

1000 well 

babies 

(95% CI) 

Barsky – 

Firsker,
59

 

USA,  

1993-1995 

Sensorineural, 

>35-40 dB 

One 

hospital 

with NICU; 

about 5000 

births a year 

46/15749 
2.92  

(2.14-3.89) 
NR 

2.07  

(1.35-2.88) 

Chapchap,
97

 

Brazil, 

1996-1999 

All moderate 

or greater 

One 

hospital 

with NICU; 

about 1500 

births a year 

7/4196 
1.67 

(0.67-3.38) 
71% NR 

Clemens,
94

 

USA, 

1998-1999 

Permanet 

>35 dB 

One 

hospital; 

report of 

well baby 

screening 

only 

6/5010 
1.20 

(0.44-2.55) 
67% 

1.20 

().44-2.55) 

Mason,
98

 

USA, 

1992-1997 

Permanent 

>35 dB 

One 

hospital 

with NICU; 

2000 births 

a year 

15/10372 
1.45 

(0.81-2.37) 
NR 

0.89 

(0.38-1.73) 

Mehl,
15 

 

USA, 

1992-1996 

Sensorineural 

26/52 

hospitals 

(40-3500 

births a 

year); 60% 

of states 

births 

75/41793 
1.79 

(1.41-2.25) 
50% NR 

Stewart,
99

 

USA, 

1996-1997 

Sensorineural 

>35 dB 

Five sites; 

one NICU; 

two Level 2 

nurseries 

21/11711 
1.79 

(1.11-2.73) 
NR NR 

Watkin,
100

 

UK, 

1992-1997 

Permanent 

>40 dB 

District; 

3500 births 

a year 34/25 

199 

Permanent 
1.35 

(0.93-1.88) 
NR NR 

Wessex 

Group,
62

 

UK, 

1993-1996 

Permanent 

40 dB 

Four 

hospitals; 

four special 

care 

nursery; 

3300-5600 

births a year 

27/25609 
1.05  

(0.7-1.53) 
74% 

0.84 

(0.48-1.36) 

NR – Not reported.  
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4. MATERIALS AND METHODS 

SOURCE OF DATA: 

 Study Design: It is a prospective observational study 

 Study Area: The  study was conducted in Neonates born at SDM Medical 

College and Hospital, Sattur, Dharwad. 

 Study Period: December 2019 to November 2020. 

 Sample Size: Minimum 1000 neonates will be enrolled in the study. 

INCLUSION CRITERIA: 

1. Babies who, delivered in SDM Hospital and shifted to mother side. 

2. Babies whose parents gave written and informed consent. 

EXCLUSION CRITERIA: 

1. Those babies who required intensive care management were not included in 

the study. 

2. Babies whose parents did  not give written and informed consent. 

METHODS OF COLLECTION OF DATA: 

Sample procedure: All relevant data were collected in predesigned  proforma  after 

obtaining informed consent. 

Study instrument: Otoacoustic Emission Machine from Otoread Company. 

Parts of instrument: The OAE  (Otoacoustic Emission)  instrument contains the 

hardware and software for generating the test stimuli, measuring and displaying the 

OAE, and Results. The plastic housing contains the circuit boards that provide the 

signal processing and display the test results. The instrument also contains 4 AA/UM          
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-3/R6 alkaline batteries to power the device. The instrument uses a liquid crystal 

display (LCD) and three light emitting diodes to provide a visual  display  of  test  

data.  The  probe  houses  a   microphone  and  two  speaker tubes  which produce test 

stimuli and measure the sound pressure level present in the sealed ear canal. 

Interphase of the instrument to the ear canal is accomplished through disposable 

eartips made of industrial elastomer, which fit on to the probe tip. The disposable 

eartips are colour coded to facilitate easy selection by the size. 

Mechanism of function:  OAE instrument generates a series of test tones, directs 

them into the ear  canal,  and  then  measures  the  level  of  the  DPOAE (Distortion   

Product  Otoacoustic Emmision)  tone generated  by the cochlea. By using different  

test frequencies, the Otoread device provides an estimate of outer hair cell function 

over a wide range of frequencies (2 to 6 kHz). 

PROCEDURE OF THE TEST: 

The parents will be counselled regarding congenital hearing loss and the need 

for early diagnosis and intervention  prior to the test.  Written  informed consent will 

be obtained from the parents.  The babies undergo a routine ENT examination 

consisting of inspection of the pre-aural, pinna and post aural region.  Occluding wax 

or debris will be gently cleaned using cotton tipped swab and otoscopic examination 

of the tympanic membrane will be conducted using Heine 3000 series otoscope with 

plastic speculums and findings will be noted in predesigned proforma containing 

newborn’s details (gestational age, birth weight, date of birth, Mode of delivery, 

APGARScore, Meconium aspiration, NICU Admission, Post Natal infections,  CNS  

Diseases,  Hyperbilirubinemia,  Birth Trauma) as well as mother’s  details  (history  of  

anaemia,  Diabetes  Mellitus,  Thyroid Dysfunction,  HIV,  VDRL, TORCH,  PIH, 
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Hydramnios, Chorioamnionitis).  The test will be carried out in a quiet room. The 

baby will be observed for  a short period prior to the presentation  of the stimulus.  All  

the newborns  will checked with OAE.  Those newborns that respond favorably to 

OAE  testing will be labeled as normal hearers, but those who fail, will undergo 

2
nd

OAE  testing on next day. Newborns that respond positively to 2
nd

OAE  testing 

will labeled as normal hearers. Those babies who fail a second  OAE   will undergo  

confirmative  BERA (Brain   stem Evoked  Response Audiometry) tests. All results 

will be recorded in proforma and will analyze. 

ETHICAL CLEARANCE:  

Study protocol was approved by the ethical committee of our institution. 

STATISTICAL ANALYSIS:  

The data collected will be analyzed statistically using descriptive statistics into 

Microsoft Excel and analysed using SPSS package. 
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Fig.10 :Otoacoustic Emission Machine from Otoread Company 
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Fig.11 : OAE Recording with Infant in Mother Lap 
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Fig.12 : OAE Recording with Infant sleeping in Bed 
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RESULTS 

A total of 1175 neonates were included into the study, of which 398 (33.87%) 

had risk factors for hearing impairment as per proforma .The results of the study are 

depicted as follows , 

 

FLOW CHART – 1 SCREENING AND RE-SCREENING PROTOCOL 

 

 

           Initial screening with OAE  

 

 

PASS                                                   REFER  

 

NORMAL                      REPEAT  SCREENING (NEXT DAY) 

 

                                         PASS                                       REFER 

  

                                     NORMAL                             BERA 
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FLOW CHART – 2: RESULTS OF SCREENING AND RE-SCREENING  

PROTOCOL 

 

          Total number of babies screened (1175 ) 

 

 

         Initial screening with OAE  

 

 

PASS (1168)                                         REFER(7) 

 

 

                                        PASS (5)                               REFER(2) 

 

  

                                             LOSS OF FOLLOWUP (1)           BERA (1)                   

 

                                                                                              IMPAIRED HEARING
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Table: Gender wise distribution : 

 

 

Figure: Gender wise distribution: 

 

 

Male 

61.02% 

Female 

38.98% 

Gender Number Percentage 

Male 717 61.02 

Female 458 38.98 

Total 1175 100.00 
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Table: Appointment wise distribution 

Appointment Number Percentage 

Booked 1072 91.23 

Un-booked 103 8.77 

Total 1175 100.00 

 

 

Figure: Appointment wise distribution 

 

 

 

Booked 

91.23% 

Un-booked 

8.77% 
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Table: Results of initial screening   

 

 

Figure: Results of initial screening   

 

Pass 

99.40% 

Refer 

0.60% 

Initial screening Number Percentage 

Pass 1168 99.40 

Refer 7 0.60 

Total 1175 100.00 
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Table: Results of repeat screening (out of 7) 

Repeat screening Number Percentage 

Pass 5 71.43 

Refer 2 28.57 

Total 7 100.00 

 

Figure: Results of repeat screening   

 

 

 

 

Pass 

71.43% 

Refer 

28.57% 
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Table: Outcome referred cases in repeat screening (out of 2) 

Referred cases Number Percentage 

Loss of follow-up 1 50.00 

BERA 1 50.00 

Total 2 100.00 

 

Figure: Outcome referred cases in repeat screening   

 

 

 

 

Loss of follow-up 

50.00% 

BERA 

50.00% 
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Table: Presence of high risk factors  

Presence of high risk factors Number Percentage 

Consanguinity 159 13.53 

Family history of neonatal deafness 2 0.17 

Ototoxic  drug intake 3 0.26 

Eruptive fever 0 0.00 

Radiation exposure 0 0.00 

Low birth weight 234 19.91 

 

Figure: Presence of high risk factors  
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Table: Birth weight wise distribution 

Birth weight Number Percentage 

>2.5kg 941 80.09 

2.1-2.5kg 211 17.96 

1.8-2.0kg 23 1.96 

Total 1175 100.00 

 

Figure: Birth weight wise distribution 

 

 

>2.5kg 

80.09% 

2.1-2.5kg 

17.96% 

1.8-2.0kg 

1.96% 
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Table: Gestational age wise distribution 

Gestational age Number Percentage 

Term (34-37 weeks) 196 16.68 

Term (>37 weeks) 979 83.32 

Total 1175 100.00 

 

Figure: Gestational age wise distribution 

 

 

 

 

Term (34-37 

weeks) 

16.68% 

Term (>37 
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Table: Term gestational age wise distribution (out of 979 term) 

Term gestational Number Percentage 

Early term   782 79.88 

Full term 151 15.42 

Late term 46 4.70 

Total 979 100.00 

 

Figure: Term gestational age wise distribution 
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Table: Association between Consanguinity and referred cases 

Consanguinity Refer % Not refer % Total % 

Yes 1 0.63 158 99.37 159 13.53 

No 0 0.00 1016 100.00 1016 86.47 

Total 1 0.09 1174 99.91 1175 100.00 

Yates corrected chi-square=1.1380, P = 0.2860 
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Table: Association between family history and referred cases 

Family history Refer % Not refer % Total % 

Yes 1 50.00 1 50.00 2 0.17 

No 0 0.00 1173 100.00 1173 99.83 

Total 1 0.09 1174 99.91 1175 100.00 

Yates corrected chi-square=146.2500  P = 0.0001* 

 

 

Figure: Association between family history and referred cases 

50.00 50.00 

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

Refer Not refer 

P
er

ce
n
ta

g
e 



Discussion 

 

73 

 

                                   6. DISCUSSION 

This study is one of the many steps towards evaluating the need and 

applicability of universal hearing screening in a developing nation like India. 

Screening for hearing loss at birth with TEOAEs and later confirming it at three to 

sixth months was taken as the standard based on the reports of study by R.C. Deka      

et al.
91

  In our study we have tried to look into the proportion  of hearing impairment 

in  no risk group using two staged TEOAE  followed by confirmation by BERA, as 

per the recommendations of National Institutes of Health Consensus (NIHC) 

Development Conference Statement.
40 

TEOAE was preferred as screening tool as its 

is cost effective, convenient, easy to use and time saving. ABR was used to confirm 

the hearing defect in TEOAE failed infants to decrease the false alarm and 

unnecessary intervention. 

The proportion of hearing impairment in this cohort is 0.85 per 1000 . As per 

most of the western studies, proportion of congenital sensorineural hearing loss 

(SNHL),averages approximately3/1000.
69,70

Thereare few surveys showing proportion 

of hearing impairment in India. In one such study, by P.Nagapoornima et al, in 2006 

an proportion of hearing impairment of 5.6/1000 was demonstrated.
37

 The proportion 

of hearing impairment in our study (0.85 per 1000) is much lesser than previous 

studies and the national average of 4/1000.
74

This may be because our hospital being a 

tertiary care centre has large number of high risk deliveries leading to larger case load 

of at risk group and smaller sample size and limited duration of study also contributes 

to lower proportion. The proportion of hearing impaired is very high in relation to 

other congenital defects for which curecanbeprovided
15

advocating for an early 

implementation of hearing screening in our nation. 
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In our study a high proportion of hearing impairment of 2.5/ 1000 is seen in at 

risk group(study conducted by my collegue, unpublished ) when compared 0.85/1000 

in no risk group. A huge disparity has been noticed in the proportion of hearing 

impairment in at risk and no risk groups, with proportion in at risk group being 3 

times more than the no risk group. This finding is at par with the literature reports, 

which state, the proportion in at risk infants being approximately 4-5times greater 

than the proportion  in normal population.
46

 

 Hence just an ‘at risk’ hearing screening  would have missed detection of 2 of 

the  hearing impaired . Although the proportion  of hearing impaired in no risk group  

is much less than the proportion  in the at risk group ,the magnitude of newborn 

population in ‘no risk’ group is huge, leading to a large number hearing impaired 

missed by high risk screening. Hence universal hearing screening is the ideal strategy 

of hearing screening for neonates. 

In our study we found that association has been established for family history 

of hearing loss but association between other risk factors and hearing impairment 

could not be established due to small sample size, warranting a detailed study of these 

other possible risk factor for congenital hearing impairment. The identification of 

local risk factors and addition of them into high risk registry can improve the outcome 

and efficiency of target screening in resource poor nation like ours. 

The referral rate of 0.60 % after the initial screening with TEOAE and a 

confirmed congenital hearing loss (CHL) of 0.085 % in 2nd follow-up screening by 

BERA, shows a false positive rate of 0.51 % with single TEOAE evaluation. The false 

positivity of the OAE decreased to 0.085% with 2nd screening with TEOAE, showing 
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the importance of two-staged TEOAE screening followed by confirmatory BERA in 

reducing the unnecessary intervention and parental alarm and concern. 

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. 

National policies in these lines have to be made for neonatal hearing screening in all 

national health care facilities in India. Universal newborn hearing screening can yield 

high returns, and the two staged hearing screening programme is cost effective and 

feasible. A child who receives early interventions for hearing loss requires less 

expensive special education in later part of life and has better chance to have a normal 

social life and improved quality of life. 

Considering the infrastructure limitations and financial hindrances in 

developing country like ours ,cost effective measures like high risk screening and 

behavioural observational methods using calibrated noise making toys etc., can be 

used to screen and follow up all the newborns, till the time, universal screening 

policies are put into practice. Anganawadi workers can be trained to administer these 

tests of behavioural observation and reorganization of hearing impaired at earliest so 

that these neonates can further be referred for proper audiologic assessment and early 

intervention or rehabilitation. Till the national policies are made private health 

institutions and pediatricians can screen the newborns for hearing impairment using 

hand held TEOAE instruments, as these instruments are less technical, hardly cost 

around 1.5 to 2 lacks and give automated results as pass or fail. A two staged 

screening can be planned and the screening timing can be incorporated along with 

timing of discharge from hospital and timing of 1
st
 visit of vaccination (6 weeks) 

without extra burden on follow up. Those who fail this two staged screening and all of 
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those who are having risk factors for hearing loss should undergo a confirmatory 

BERA and referred for detailed audiological evaluation if necessary. Creating 

awareness among the parents regarding importance of hearing screening and available 

technology and benefits of detecting this hidden defect can itself decrease the burden 

of the disease as more and more affordable parents would sort for hearing screening 

on their own till the time national policy is made. 

The one neonate out of two  with impaired hearing   in our study, was loss of 

follow up  for BERA and one  being followed up at high risk neonate clinic and by 

audiologist. The hearing impaired with  family history of neonatal deafness  was 

adviced for  work up for identifying the etiology(genetic analysis pending)
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7. CONCLUSION 

 This study has shown that two stage TEOAE hearing screening can be 

successfully implemented as newborn hearing screening method, for early 

detection of hearing impaired, on a large scale, in hospital, to achieve the high 

quality standard of screening programs.  

 The proportion of hearing impairment in our study population  and other 

findings of the study are consistent with previous researches, indicating 

hearing loss to be one of the most common occurring birth defect requiring an 

early identification and intervention.  

 Universal newborn hearing screening using two–stage TEOAEs proves to be a 

feasible method for early identification of congenital hearing loss in India.. 
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8. SUMMARY 

Hearing loss affects every aspect of human life irrespective of age, job and 

socioeconomic condition. The newborn screening programmes are designed for early 

detection of hearing impaired with the aim of early intervention and habilitation to 

improve the prognosis in terms of a holistic development of a newborn. The purpose 

of this study was to determine the incidence of hearing defect in healthy and at risk 

newborns by using TEOAE. 

This prospective observational study was conducted on 1175newborns who 

were screened with two staged TEOAE followed by confirmation with ABR so as to 

diagnose the hearing impaired as early as 3 month of life. We found proportion of 

hearing defect 0.85/1000 newborns . 2 of the impaired hearing detected in the study 

had no known risk factor for hearing loss, advocating universal hearing screening. 

The study has shown that two stage TEOAE hearing screening can be 

successfully implemented on a large scale hospital or community based hearing 

screening. In order to ensure optimal outcome of the screening and intervention 

program all stakeholders, including parents, physician’s, audiologists, speech 

pathologist, deaf and hard of hearing individuals ,educators, hospital and public 

healthcare representatives should participate in development of national policy 

systems. 
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Limitations of the study : 

The actual prevalence of the hearing impairment ,could not be assessed in our defined 

study group, because of various reasons, 

1) The diversity of the population example: south India and north India , different 

ethnical races 

2) Our hospital being a tertiary care centre ,was not a defined population ,was a 

subset of a defined population 

              The proportion of hearing loss was estimated from our study group 

and elabourated in this study 
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ANNEXURE – I 

CONSENT 

Investigator: 

 

Dr. TRIVENI DESAI 

Post Graduate Student, 

Department of Paediatrics, 

S.D.M. College of Medical Sciences  

and Hospital, Sattur,  

Dharwad-580009. 

Guide: 

 

Dr.PRAVEEN.BAGALKOT 

Professor, 

Department of Paediatrics, 

S.D.M. College of Medical Sciences  

and Hospital, Sattur,  

Dharwad-580009. 

 

TITLE OF THE STUDY: “UNIVERSAL SCREENING FOR HEARING IN 

NEONATES - A PROSPECTIVE OBSERVATIONAL  STUDY AT A TERTIARY 

CARE HOSPITAL” 

 

I ----------the undersigned here by give my consent for procedure and medical 

treatment given to my child. I am satisfied with information given about this clinical 

study titled “UNIVERSAL SCREENING FOR HEARING IN NEONATES - A 

PROSPECTIVE OBSERVATIONAL  STUDY AT A TERTIARY CARE 

HOSPITAL” being conducted by Dr. TRIVENI DESAI under guidance of 

Dr.PRAVEEN.BAGALKOT PROFESSOR, DEPT OF PAEDIATRICS. 

 I am aware of fact that I can opt out of the study any time without having to 

give reason and this will not affect my future treatment in hospital . I am also aware 

that the investigator may terminate  my participation in study at any time , any reason 

without my consent. 

 I hereby give permission to investigator to release the information from me as 

result of participation  in this study to  the  sponsors  , regulatory  authorities  

,government  agencies  and ethics committee . I understand that they may inspect my 

original records .My identity will be kept confidential if my data are publicly 

presented. 

I have been explained that  routine screening will be done I have been 

informed the costof   procedure   in   detail   and   explained  the   risk   involved   and    

I  hereby   voluntarily   and unconditionally give my consent without fear or pressure 

in mentally sound and conscious state to participate in study. 

 I here give consent to participate in this study. 

Name and signature of the Subject………………………   Date ……………  

Name and Signature of the investigator……………………   Date…………… 
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ANNEXURE – II 
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                        ANNEXURE – III 

PROFORMA 

Personal Details 

1. Name   : 

2. Age  : 

3. Sex   : 

4. Weight  : 

5. I.P. No. : 

6. DOB  : 

7. Date of collection of Data: 

8. Address : 

  

9. Has mother attended ANC Clinic regularly (Y//N) : 

 

Questionnaire for high risk factor: 

1. Consanguinity    : (Yes/No)  

2. Family history of neonatal deafness : (Yes/No)  

3. Toxic drug intake    : (Yes/No) 

4. Eruptive fever     : (Yes/No) 

5. Radiation exposer    : (Yes/No) 

6. Low birth weight     : (Yes/No) 

7. Gestational age    : 

8. Apgar score 0 - 4 at 1 minute and 2-6 at five minute after birth : (Y es/No) 

 

ENT Examinations: 

Ear 

 Skin tag at precauliar region:  

 Meconium/wax/debris in external canal:  
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NOSE - 

 

THROAT - 

VITALS -  

 HR      -     RR -   CRT - 

 PERIPHERAL -   PULSES -  

 SATURATION –  

 

SYSTEMIC EXAMINATION: 

CARDIVASCULAR SYSTEM:  

RESPIRATORY SYSTEM: 

PER ABDOMEN: 

CNS: 

-Weather neonate respond for loudsound (Clap) (Yes/No)  : 

-Weather newborn pause sucking when bell is present (Yes/No): 

 

Test result: 

PASS    —   NORMAL 

REFER —   REPEAT TEST 

PASS —   NORMAL  

REFER  —   PLAN  FOR  BERA 
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ANNEXURE – IV 

APPROVAL OF ETHICAL REVIEW BOARD
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