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Abstract Hearing is one of the most important sense
organs for man. Hearing loss is often associated with
delayed speech and language development in young chil-
dren. Early identification and intervention improves the
chance a child gets to lesser delays in development and
improving the overall quality of life. To find out the
prevalence of hearing loss in neonates in the rural taluka of
Maval, Pune, Maharashtra, India. Prospective Non Ran-
domized Clinical Study. The study was carried out between
April 2012 and April 2015. A total of 8192 babies were
screened across various centers around the Maval area. The
babies who had some high risk factors were 1683 in
number and babies who had no high risk factors i.e. well
babies were 6509. In our study, the overall prevalence of
hearing loss in neonates in Maval taluka of Maharashtra
was found to be 3.54 per 1000 live births, in normal born
neonates (well babies) was 1.689 per 1000 births, in high
risk babies was 10.69 per 1000 high risk births. The
prevalence of low birth weight neonates, hyperbilirubine-
mia neonates and neonates with craniofacial abnormalities
developing hearing impairment was found to be 5.9, 3.56
and 1.18 per 1000 high risk births respectively. India is the
second most populated country in the world with nearly a
fifth of the world’s population. There is a need for the
universal neonatal screening for deafness for earlier
detection of deafness and rehabilitation.
Level of Evidence: Level 1V.
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Introduction

Hearing is one of the most important sense organs for man
important for normal speech and language acquisition.
Hearing loss is often associated with delayed speech and
language development. This often cause children with
hearing impairment to fall behind their peers in aspects of
literacy, academics and overall social wellbeing. This
indirectly leads to lower educational and employment
levels in adults. It is estimated that 50% of children with
hearing impairment in school dropout at the age of
13 years. The rural areas of India lack in health care
facilities as compared to the urban areas. In a recent survey,
4 out of every 1000 children born in India were found to
have severe, to profound hearing loss. The incidence of
hearing loss could be alarmingly in rural areas where nei-
ther study is done to detect the incidence/prevalence of
hearing loss in infants nor audiological rehabilitation is
provided. This could be either due to lack of awareness
among parents, health care professionals and the society as
a whole. With no dedicated National Health Program to
detect neonatal hearing loss, it becomes all the more
important to us to detect these unfortunate infants with
congenital hearing loss in our rural area of Maval.

Neonatal hearing loss has a prevalence that is more than
twice that of other newborn disorders amenable to
screening such as congenital hypothyroidism and
phenylketonuria [1, 2].
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World Problem Statement

World Health Organization (WHO) estimates that 5.3% of
the world’s population, 360 million, suffers from disabling
hearing loss with 91% adults and 9% children. Disabling
Hearing Loss is defined as hearing loss greater than 40 dB
in the better hearing ear in adults (15 years or older) and
greater than 30 dB in the better hearing ear in children
(014 years). The prevalence of hearing loss in children is
highest in South Asia, Asia Pacific and Sub-Saharan
Africa. India is one of the countries in South Asia [3].

Problem Statement in India

As per National Sample Survey Organization survey, cur-
rently there are 291 persons per one lakh population who
are suffering from severe to profound hearing loss [4]. Out
of this population, a large percentage is children between
the ages of 0—14 years.

Congenital bilateral hearing impairment occurs in
approximately in 1-5 per 1000 live births and when per-
manent unilateral hearing loss is included, the incidence
increases to 8 per 1000 live births [5, 6]. Studies done in
India using different hearing screening protocols have
estimated the neonatal hearing loss to vary between 1 and 8
per 1000 babies screened [7-9]. Early identification and
intervention for hearing loss by 6 months of age provides
better prognosis in language development, academic suc-
cess, social integration and successful participation in the
society [5].

The statistics indicate a huge number of children suffer
from hearing loss which must be detected at an early age to
integrate the children in society. The Joint Committee on
Infant Hearing (JCIH) was established with such points in
mind. The JCIH was established in late 1969 and composed
of representatives from audiology, otolaryngology, pedi-
atrics, and nursing. It was the American Speech Language
Hearing Association (ASHA), the then American Academy
of Ophthalmology and Otolaryngology (AAOO) and the
American Academy of Pediatrics (AAP) who were the
founders. The Committee was charged with a two-fold
responsibility: first, to make recommendations concerning
the early identification of children with, or at-risk for
hearing loss and second, newborn hearing screening. The
first statement issued by the JCIH in 1971 [10], stated that
mass hearing screening could not be justified at that time
because of lack of appropriate test procedures. The state-
ment encouraged ongoing research and acknowledged the
need to detect hearing loss early in life.

The first attempts at hearing screening were behavioural
observation techniques in mid 1960s using the auropalpe-
bral response, startle response and limb and head move-
ments to judge a response to high frequency narrow band

noise at about 90-100 dB SPL. The drawbacks of this
method were that the method was time consuming identi-
fied only infants with bilateral severe to profound high
frequency hearing loss. The method also did not provide
ear and frequency specific information and had a high false
negative rate [11].

The 1971 statement given by JCIH defined the first high-
risk factors for hearing loss and recommended following
infants with these high risk factors: history of hereditary
childhood hearing impairment, congenital perinatal infection
such as rubella or other nonbacterial fetal infection like
cytomegalovirus, and herpes; cranlofacial anomalies, birth
weightless than 1500 gand abilirubin level greater than 20. In
1982, bacterial meningitis and severe asphyxia were added.
Additional risk indicators were added between 1982 and 1994.

JCIH in 1994 [12] endorsed universal detection of hear-
ing loss in newborns and infants and stated that all infants
with hearing loss be identified before 3 months of age and
receive intervention by 6 months. In 2000, the focus was
given on quality of the care provided for each infant. JCIH
endorsed the development of early hearing detection and
identification with use of state or universal hearing screening
protocols. JCIH in 2000 provided guidelines for early
hearing detection and identification programs. Recently
JCIH in 2007 issued another position statement which
updated the principles from the 2000 statement. The changes
made were-updating the definition of targeted hearing loss,
issue separate protocols for well-baby nursery and NICU
babies, tests included in diagnostic audiological evaluation,
medical evaluation, early intervention and monitoring and
surveillance of developmental milestones. The position
statement made clear each role and responsibility of each
team member in the early detection and intervention pro-
gram and also the protocol to be followed.

The effectiveness and need for universal hearing
screening in neonates has previously been well proven
[12, 13]. Although hearing screening programs using dif-
ferent screening protocols have been setup in some centers,
procedures for systematic identification and rehabilitation
on a large scale are yet to be tested and implemented in the
Indian setting.

This study was undertaken with the primary objective of
detecting hearing impairment in Maval Taluka with two
stage sequential screening protocol with optoacoustic
emission (OAE) and brainstem evoked response audiom-
etry (BERA).

Materials and Methods
This descriptive study was carried out between April 2012

and April 2015 around the Maval area. The project was
approved by the MIMER ethical committee. Various
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centers which catered to neonates were selected. A two tier
screening protocol was followed.

All normal new born babies delivered in MIMER
Medical College, Nursing homes around Talegaon, PHC
and private hospitals were screened by the Audiologist
using TEOAE between 24 and 72 h after birth. Newborns
admitted in the Neonatal Intensive Care unit (NICU) were
screened prior to discharge from NICU (once their general
condition was stable). A quiet area was chosen for
screening. The OAE probe was introduced in the neonate’s
ear after examination of the externa ear for debris, wax etc.
The results were saved on the device and later transferred
to a computer for analysis. Mothers of all babies were
counselled regarding the benefits of hearing screening,
procedure of the test, need for follow up and further tests if
neonate failed the screening test, and the interventions
available if hearing loss was confirmed. The first screening
test was done in the post-natal wards or NICU after
obtaining informed consent from the mother. Parents of
babies who failed (“refer”) screening test once were
counselled and asked to return after 2 weeks for second
screening. These babies underwent a second testing in a
quiet room. Those who passed on the second screening
were discharged from the study while those who failed
second time were called after 2 weeks for ABR testing.

A detailed case history, which included questions relating
to mother’s history, pre, peri and post-natal birth history and
family history was obtained. In addition to this, a detailed
history regarding the high risk factors was also taken. The
high risk factors taken into consideration, on the basis of
JCIH, 1994 position statement were—family history of
hearing loss, maternal infections like TORCH, craniofacial
anomalies, birth weight less than 1500 g, hyperbilirubinemia
at serum level requiring exchange transfusion, ototoxic
medications taken by the mother, bacterial meningitis,
APGAR scores of 0—4 at 1 min or 0—6 at 5 min, mechanical
ventilation lasting for 5 days or longer and syndromes
associated with sensorineural or conductive hearing loss.
The neonate underwent an examination by the ENT surgeon
for outer, middle ear anomalies. Next step of the protocol
was TEOAE screening using LABAT Ecolab-Screener. The
protocol set was as follows:

e Type of stimuli: clicks
e SNR: 3-6 dB
e Frequency: 1-4 kHz.

The Auditory Brainstem Response (ABR) was carried
out using LABAT Epic Plus-ABR system, either under
sedated sleep or natural sleep. The following protocol was
used.

e Type of stimuli: clicks
e Intensity: varying intensity (threshold estimation)
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Polarity: alternating

Number of clicks: 2000

Time window: 15 ms

Filter settings: 30-3000 Hz
Electrode montage: FPz—M1-M2.

The impedance was kept as low as possible and the
electrical activity was kept at a minimum. The least
intensity at which a replicable and robust wave V was seen
was considered as the threshold. The babies who were
detected with hearing loss with ABR were considered for
hearing rehabilitation either with hearing aids or cochlear
implants.

The data collected was tabulated and analyzed.

Results

The study was carried out between April 2012 and April
2015. The aim of the study was to find out the incidence of
hearing loss in neonates in rural areas of Maval taluka of
Maharashtra. A total of 8192 babies were screened across
various centers around the Maval area. The babies who had
some high risk factors were 1683 in number and babies
who had no high risk factors i.e. well babies were 6509.

In the well-baby group, 4926 passed in the first tier of
screening. The 1583 who were referred in the first phase
underwent another screening after two weeks. At the second
visit, 1454 passed the screening, 105 failed the screening
and 24 were lost to follow up. In the high risk group, 1406
passed in the first tier of screening. The 277 who were
referred in the first phase underwent another screening after
two weeks. At the second visit, 184 passed the screening, 72
failed the screening and 21 were lost to follow up.

A total of 18 out of 72 referred neonates for ABR were
detected with hearing impairment, whereas 54 out of 72
neonates were having hearing sensitivity within normal
limits on ABR. Among the well-baby group, 105 well
babies who were referred for ABR 11 were detected with
hearing impairment, 67 had hearing sensitivity within
normal limits and 27 were lost to follow up. Among the 18
high risk babies detected with hearing loss, 10 had low
birth weight, 6 had hyperbilirubinemia and 2 had cranio-
facial abnormalities (Table 1 and Fig. 1).

In our study, the overall prevalence of hearing loss in
neonates in Maval taluka of Maharashtra was found to be
3.54 per 1000 live births, in normal born neonates (well
babies) was 1.689 per 1000 births, in high risk babies was
10.69 per 1000 high risk births. The prevalence of low birth
weight neonates, hyperbilirubinemia neonates and neonates
with craniofacial abnormalities developing hearing
impairment was found to be 5.9, 3.56 and 1.18 per 1000
high risk births respectively.
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Table 1 Table showing the number of babies screened and referred at both stages

No. of babies  Babies referred on

Babies who underwent

Babies referred on ~ Babies who Babies with confirmed

screened 1st screen 2nd screen 2nd screen underwent ABR hearing loss

Normal 6509 1583 1559 105 78 11
High 1683 277 256 72 72 18

risk
Total 8192 1860 1815 177 150 29

Total Babies
screened
|
[ [
High risk Well baby
1683 6509
| |
[ | [ |
Refer 277 Pass 1406 Refer 1583 Pass 4926
2nd Screen 2nd Screen
[ | [ |
Refer 72 Pass 184 Drop out 21 Refer 105 Pass 1454 Dropout 24
|
[ | [ |
18 Hearing 54 Hearing 11 Hearing 67 Hearing 27 Dropouts
loss Sensitivity within loss Sensitivity within
Normal limits Normal limits

Fig. 1 Flow chart depicting the screening protocol and results obtained

Discussion

Many universal screening programs use a two-step protocol
consisting of OAE and Automated ABR (AABR). In
developed nations, testing with either OAE or AABR is
mandatory, or at least encouraged, prior to discharge from
maternity hospital. In the US and UK, it is mandatory for
the newborn to undergo hearing screening either before
leaving the hospital or shortly after discharge from hospi-
tal. However, the scenario in developing nations is differ-
ent. There are often barriers like expensive equipment,
scarcity of trained and skilled personnel, and shortage of
skilled maternal and newborn health workers especially in
rural areas [14]. Additionally, the births may not take place

in a hospital setting where the screening resources are
available. Many infants are also lost for follow up [15].
The Government of India initiated the National Pro-
gramme for Prevention and Control of Deafness (NPPCD)
in 2006 [16]. It was initially started as a pilot project and
was implemented in 25 districts in 10 states and 1 union
territory. The project aims to cover three levels of pre-
vention and care: primary, secondary and tertiary ear care.
It aims at preventing avoidable hearing loss which is due to
disease or injury, early identification and treatment either
medically or by rehabilitation. The programme has four
main components-manpower training and development;
building infrastructure at district hospitals, community
health centers and primary health centers; early detection
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and management of hearing and speech impaired cases at
different levels of health care system and fourth component
is the creation of awareness among levels of health care
system. In developing nations particularly where limited
resources are available, use of low cost calibrated
mechanical noisemakers to conduct hearing screening was
studied [17]. They trained six health workers who were
supervised by a qualified audiologist to observe behavioral
responses of neonates using calibrated noisemakers.
Twenty out of 425 neonates with confirmed severe to
profound hearing loss by ABR testing were included. The
mechanical calibrated noisemakers of 50, 60, 70 and 80 dB
(A) were used to elicit behavioral responses. Neonates
were in state of light sleep when the test was performed.
The observer was blinded to the stimulus. The tester pre-
sented the stimulus at a distance of 1 m from the testing ear
which was not in the visual field of observer. The stimuli
was presented 3 times with a 1 min interval. The tester
noted the time at which the stimulus was presented. The
observer noted the response and the time at which it was
observed. A qualified audiologist observed if the health
worker correctly identified the response. The authors found
that the sensitivity and specificity was high for 70 and
80 dB (A) noisemakers with least false positive referrals.
The authors, thus concluded that in controlled settings,
health workers with primary education can be trained by
qualified audiologists to use calibrated noisemakers to
conduct screening for severe to profound hearing loss.

Our study carried out between April 2012 and April
2015 in the Maval taluka of Maharashtra included total of
8192 babies with 1683 neonates having high risk factors
and 6509 well babies. This is the first study in the state of
Maharashtra for screening of deafness in neonates. The
overall prevalence of hearing loss in neonates of Maval
taluka in our study was found to be 3.54 per 1000 live
births; in normal born neonates (well babies) was 1.689 per
1000 births and in high risk babies was 10.69 per 1000 high
risk births. The prevalence of low birth weight neonates,
hyperbilirubinemia neonates and neonates with craniofa-
cial abnormalities developing hearing impairment was
found to be 5.9, 3.56 and 1.18 per 1000 high risk births
respectively.

Tests used for screening newborns for hearing loss
include Otoacoustic Emissions (OAE) and Automated
Auditory Brainstem Evoked Response (aABR). While
OAE is cheap, quick, simple and reliable with a sensitivity
of 100% and specificity of 99% [18-20], ABR has the
additional advantage of identifying neonates with auditory
neuropathy.

The advent of Otoacoustic Emissions (OAE) and
Auditory Brainstem Evoked Response (ABR) has provided
noninvasive recordings of physiologic activity underlying
normal auditory function and both are easily performed in
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neonates and infants. Otoacoustic emissions (OAEs) are
sounds given off by the inner ear when the cochlea is
stimulated by a sound. When sound stimulates the cochlea,
the outer hair cells vibrate. The vibration produces a nearly
inaudible sound that echoes back into the middle ear. The
sound can be measured with a small probe inserted into the
ear canal. The auditory brainstem response (ABR) test
gives information about the inner ear (cochlea) and brain
pathways for hearing.

Various studies are published which are constrained to a
particular  center usually tertiary care centers
[7, 15, 21-23]. These studies follow different protocols,
screening of at risk versus well baby clinic, difference in
times between re screening and different use of instruments
and tests.

Nagapoornima et al. [20], studied a total of 1769 neonates
from a total of 8192 out of which 6509 were not at risk
babies and 1683 were at risk babies. The babies underwent
Transient evoked Oto Acoustic Emissions (OAE) as the first
level of screening by 6 weeks. The neonates who failed at
the first screening underwent re screening within 3 weeks of
first screening. If neonates failed a second screening, they
underwent an Auditory Brainstem Response and behavioral
audiometry to confirm the hearing loss. Results in the study
reported an incidence of 10 per 1769 infants screened which
is 5.65 per 1000 screened. Out of 1769 infants, 279 were at
risk neonates 3 out of which were detected to have hearing
loss. This puts the incidence to 10.75 per 1000 neonates. Out
of the 1490 who are not at risk, 7 had hearing loss, which
makes the incidence 4.70 per 1000 screened. The authors
extrapolated the findings and found an incidence of 5.60 per
1000 neonates in a tertiary care center. The study also
showed that hearing screening of only high risk neonates can
miss the detection up to 70% of children with hearing
impairment.

John et al. [7] screened 500 neonates with automated
distortion product otoacoustic emission (aDPOAE) fol-
lowed by automated Auditory Brainstem Response (aABR)
on neonates who failed a repeat DPOAE. On the first
screening, 32 failed the screening. On repeat OAE only 8
failed the test, out of which 3 did not pass the aABR test.
The authors thus concluded that the incidence of moderate
to moderately severe sensorineural hearing loss in their
study was 0.6%.

A two tier centralized screening programme which
consisted of otoacoustic emission as first screen followed
by auditory brainstem response for those who failed the
first screen was initiated for all newborns in Cochin. A total
of 10,165 babies were screened using this program which
brought together twenty major hospitals with maternity
units. The incidence of hearing loss in the high risk group
was found to be 10.3 per 1000 and 0.98 per 1000 in the
well-baby group [8].
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A similar programme was started at Ludhiana [21]. The
screening initially was done by using TOAE after 48 h of
birth. Neonates who failed the initial screen were screened
again after 1 month and those who failed this screening
were referred to Audiologist. Among the 1000 neonates
who were screened initially, 6% failed the initial screen.
Four failed the next screening out of the 42 who reported
for the rescreening out of which 3 had risk factors. Two
babies had severe sensorineural hearing loss and two had
moderate to severe hearing loss.

In spite of the individual regional studies of neonatal
screening for deafness, till now, there is an absence of large
scale studies which target hearing screening of neonates.

Auditory neuropathy is defined as an abnormal or absent
auditory brainstem response but intact OAE or cochlear
microphonics. In our screening protocol like most other
universal screening programs [13, 16-21], OAE was per-
formed first and ABR was performed only when OAE
failed twice. Neonates who undergo automated ABR with
OAE can be screened successfully for auditory neuropathy.
The screening protocols [24, 25], in which ABR is done in
patients with passed OAE in NICU can detect early audi-
tory neuropathy. We did not detect cases of auditory neu-
ropathy in our study.

Conclusion

In our study, the overall prevalence of hearing loss in
neonates in Maval taluka of Maharashtra was found to be
3.54 per 1000 live births, in normal born neonates (well
babies) was 1.689 per 1000 births, in high risk babies was
10.69 per 1000 high risk births.

India is the second most populated country in the world
with nearly a fifth of the world’s population. Rural areas
lack in medical and health care facilities as compared to
urban areas. There is a need for the implementation of the
National Health Programme for neonatal deafness screen-
ing for earlier detection and rehabilitation of these unfor-
tunate neonates so as to allow less delay in development
and to improve the overall quality of life.
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