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Abstract Objective to implement Universal Neonatal
Hearing Screening (UNHS) in a tertiary academic hospital
and identify associated risk factors. Prospective study.
Screening tests with Otoacoustic Emissions (OAE) were
done among newborns, prior to hospital discharge. In
babies who fail OAE twice, Brain Response Audiometry
(BERA) was done, failing which they were referred to
higher ENT center for repeat testing and hearing rehabili-
tation. A total 2323 babies were admitted in the neonatal
unit during the study period. Only 773 babies (a third)
could be screened for the first OAE, two thirds being lost to
study right at inception!! Among the 773 neonates, in the
“at risk” group of 301 neonates, 31(10%) and in the “not at
risk” group of 472 neonates, 30 (6%) were lost to follow up
respectively. The occurrence of hearing loss in this study
population was 1.3 per 1000. Risk factors were noted in
38.9% of this subgroup with occurrence of hearing loss in
“at risk” group being 3.32 per 1000. The implementation
of UNHS in a developing country like India, has multiple
challenges including infrastructural and non-compliance to
follow up. In the meantime, the possibility of compro-
mising ‘at-risk” neonates, who are significantly more prone
to hearing loss, both neonatal and delayed onset, is an
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additional grave reality which needs deep considerationin
this Herculean task of attaining “universality”.
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Introduction

Hearing impairment is one of the most prevalent sensory
deficits in India affecting approximately 5-6 infants in
every 1000 neonates [1].According to the Rehabilitation
Council of India 4 out of every 1000 live births have severe
to profound hearing loss [2]. Though hearing screening was
initially done only for the high-risk neonates, it was not
representative as 50% of infants born with hearing loss
have no known risk factors [3, 4].Hearing loss, if not
detected at an early stage and treated can adversely affect
the speech and language development of children [3, 5].
Hence Joint Committee on Infant Hearing (JCIH)in 2007
recommended Universal Neonatal Hearing Screening
(UNHS), irrespective of risk factors; for early hearing loss
detection and intervention with the 1-3-6 guidelines (di-
agnose hearing loss by 3 months of age, fitted with hearing
aids within 1 month of diagnosis, and enroll in early
intervention by 6 months of age), thus achieving best
optimal age for hearing rehabilitation [6, 7]. Aprospective
study from India, noted that the average delay between age
of suspicion, confirmation and rehabilitation of congenital
hearing loss was 19.59 months, 24.82 months and
29.28 months respectively. In majority of them (70.48%)
hearing loss was suspected after 12 months of age [8].
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Otoacoustic emissions (OAE) are fast, efficient, and
frequency-specific measurements of peripheral auditory
sensitivity [9]. Its effectiveness is reduced with ambient
noise, vernix in ear canal, or middle ear pathology.
Besides, they are insufficient for screening infants who are
at risk for auditory neuropathy/dysynchrony, especially
those in neonatal intensive care unit NICU [10].To over-
come this, the other hearing screening test suggested is
Automated Auditory Brainstem Response (AABR) which
compares an infant’s waveform with that of a template
developed from normative Auditory Brainstem Response
(ABR) or Brainstem Evoked Response Audiometry
(BERA) on infant data. A ‘pass’ or ‘fail’ response is
determined from this comparison for both these tests [11].
However, when compared to AABR, OAE have been
shown to be highly cost effective [9]. The confirmatory test
for hearing loss is BERA/ABR.

Though neonatal hearing screening was started in India
by early 1970's, Government of India launched the
National Program for Prevention and Control of Deafness
in 2006, aim being to identify babies with bilateral severe-
profound hearing losses by 6 months of age and initiate
rehabilitation by 9 months of age. In India, more than 60
districts established hearing screening program for new-
borns since 2006 [7, 12]. Under this program a two-part
protocol for infant hearing screening was implemented, as
75% of the population live in rural areas and over 50% of
births occur at home. The first protocol was for every baby
born or admitted to hospital soon after birth an institution
based OAE screeningto be done, preferably while admitted
and if discharged prior first OAE appointment to be given
at first immunization 6 weeks later, failing which re-tested
after one month. If second time OAE fails, baby is referred
for BERA (ABR) testing. The second protocol was for
those not born in hospitals a community-based OAE
screening to be done by trained health care worker when
baby attends clinic for immunization at 6 weeks of age,
failing this screening to be referred for formal OAE
screening to the district hospital. If second OAE fails baby
is referred for BERA (ABR) testing [12]. Though these
protocols were in place, in 2011, Kumar and Mahapatra
reported that only 38.09% of the medical institutions in
India carried out newborn hearing screening [13].

In recent years, there has been reports from developed
countries, especially USA, having reached the accept-
able strategy around 98% of screening coverage in 2016
[14].However, with delays, loss to follow-up and docu-
mentation, failed Newborn Hearing Screening (NHS) has
been reported globally, raising concern about failing the
acceptable screening coverage of 95% for achieving UNHS
[15-20].

Our study was thus undertaken at our institutional level
in an attempt to implement Universal Neonatal Hearing
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Screening (UNHS) besides identifying the prevalence of
hearing loss among neonates among both ‘at risk’ and ‘not
at risk’.

Methods

This prospective study was conducted in newborn babies of
the neonatal unit of the pediatric department in Pondicherry
Institute of Medical Sciences from October 2016 to July
2018, following clearance by the Institutional Research
Committee and Ethics Committee (REC/IEC:RC/16/
103).The labor room and neonatology departments were
contacted daily by the ENT department, newborns identi-
fied and noted by maintaining a Newborn Registry. All
newborn babies delivered in this hospital and those that
were admitted after delivery elsewhere were included in
the study were planned to be screened prior to discharge or
within three months after birth. Babies’ parents were
informed regarding benefits of hearing screening, proce-
dure of the screening test and need for follow-up. Consent
was taken if willing for hearing screening.

Detailed report form including contact, maternal, peri-
natal and birth history were noted by the primary investi-
gator. Prior to the screening, external auditory canal was
checked to rule out debris. The first screening test of OAE
was done in the ENT outpatient (in a quiet area), preferably
prior to discharge. A two-step protocol OAE followed by
BERA was used to screen the babies as per government
protocol (Fig. 1). All babies were screened using LABAT
Echolab OAE. Transient Evoked Otoacoustic Emissions
(TEOAESs) was recorded using 80 ms click stimuli pre-
sented at 80 dBSPL. The responses were analyzed for
1000 Hz, 2000 Hz, 3000 Hz, 4000 Hz and 5000 Hz. A
signal to noise ratio (SNR) of 6 dB of higher in any of the
three above frequencies with overall reproducibility of
90% or more were considered ‘pass’. BERA testing was
done in a sound proof room with baby was either in deep
sleep or was given light sedation with pedichloryl after
consulting with the pediatrician by Echolab Ep-X, using
click stimuli presented at rated of 11.1/second and
responses was recorded using one channel recording. If
BERA revealed normal hearing threshold infant was dis-
charged from the study while those who failed was referred
to higher ENT center for hearing rehabilitation program.

Results

There were 2323 newborn babies in neonatal unit during
our study period. However, 1611 babies missed the testing
which constitute 69% of the hospital neonates with the
screening coverage being only 31%. The study was
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Fig. 1 Flow chart representing neonates evaluated in the study

therefore conducted on 773 newborns. Among them 364
(47.1%) were females and 409 (52.9%) were males. No
risk factors were noted in 472 neonates (61.06%) while
301(38.9%) had risk factors and they formed the two
groups. Among the latter group 135 neonates (44.8%) had
more than one risk factor. Table 1 show associated risk
factors identified.

On analyzing the neonates as the two groups, 54
(11.4%) and 57 (18.9%)who were of ‘notat risk’ and ‘at
risk’failed first OAE respectively. Among these neonates30

Table 1 Risk factors encountered in the study

Risk factors* No. of newborns Percentage
Premature delivery 92 11.90
Consanguineous marriage of parents 88 11.38
Exposure to ototoxic medications 81 10.48
Birth weight less than 2.5 73 9.44
Hyperbilirubinemia 63 8.1
Delayed birth cry 61 7.89
Assisted ventilation 53 6.86
NICU stay for more than 5 days 48 6.21
Prenatal hypertension 36 4.66
Craniofacial anomaly 19 2.5

(6%) and 31 (10%) of the former and latter group respec-
tively missed their second OAE appointment. Follow up of
the rest of the neonates revealed normal OAE in 432
neonates in the ‘not at risk’ group with one neonate in the
‘at risk group’ requiring BERA. This patient had profound
sensorineural hearing loss and referral to higher center for
rehabilitation (Fig. 1).

Discussion

Various barriers that prevent families from achieving the
JCIH 1-3-6 benchmarks for Universal Neonatal hearing
screening (UNHS)have been identified, more so in devel-
oping countries, though reported in developed countries as
well. These include family or provider- related issues. A
retrospective study from South Africa, reported that only
57.4% neonates had been screened. The most frequent
reasons for screening refusal were related to costs (espe-
cially it being not included in birthing protocol or associ-
ated medical insurance), in addition to caregiver
knowledge of UNHS. There were also provider related
issues like health care professional knowledge and team
collaboration [15]. Another retrospective study form
Gujarat in India reported that from among the 2534 neo-
nates who underwent DPOE, 26.9% from first to second
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screening and 26.6% from second screening to BERA (for
confirmation) among high risk infants, were lost to follow
up. The main reason for follow-up failure was both parental
unwillingness for testing, long distance between house and
hospital, change of address and financial constraints along
with foregoing parental daily wages [16]. A recent longi-
tudinal descriptive study fromThailand reported that
among the total of 6234 live births, almost one quarter of
infants was lost to follow-up at different stages of the
study, exceeding the benchmark of 5% maximum set by
the American Academy of Pediatrics.The main reasons
given in this study by parents for failing to attend either a
second screening or a diagnostic appointment included
work constraints, a belief that their infants did not have a
hearing problem or lack of transport [17]. A systematic
review of follow up in new born hearing screening from
high and upper middle-income countries published in 2016
reported overall ‘lost to follow up’ around 20.5%. Inade-
quate knowledge, distance and difficulties due to work
constraints were the major reasons for failure for follow up
[18].

The issue of loss to follow-up is a problem in developed
countries as well. Cunningham et al. in the irretrospective
study from US noted that 24% did not pass the newborn
hearing screening completion by one month. They reported
that low-income, rural, and minority infants are at risk for
loss to follow up. Birth in a facility that charges a re-
screening fee was associated with completion of follow-up
screening [19]. In the rich Arabian Peninsula too, the
performance indicators fell below the international
benchmark of UNHS, the causative factors being related to
communication, delays in the appointment system, and
inefficient follow up tracking the data [20].

In our study too, among 2323 babies who were admitted,
1611 babies missed the screening test. This constituted
69% of study population, screening coverage being
only31%. OAE instrument failure was a major concern as
there was prolonged delay in repair and replacement of
malfunctioning parts. Equipment failure which needed
either as stand-by similar equipment or an alternative place
for doing pending tests, were both not considered during
procedure planning and was indeed a major constraint to
the program! However, during the 10 months when OAE
screener was available, it was noted that, among the 955
neonates admitted, only 773 babies were screened
(81.95%) and 182 neonates (19.05%) failed to get OAE
done. The main problems encountered for the first OAE
screening being missed prior to discharge, in spite of
equipment functioning were non-willingness for test, venue
being away from the neonatal ward, lack of attendant and/
or ward attender accompanying babies to test venue and
unplanned discharges requested by parents. Considering
the screening appointments being missed after discharge,
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the reasons were cost factor of travel to venue which is far
away, loss of daily wages during visit or babies’ hearing
appeared normal.

Among the 773 babies screened in our study, 472
(61.06%) had no risk factors and 301 (38.93%) had risk
factors with 134 (44.8%) in the latter group having mul-
tiple risk factors. The one patient who was diagnosed to
have profound hearing loss by BERA in our study was
from the ‘at risk’ group. Common risk factors noted in our
study (Table 1) was similar to other reports. They were
premature delivery, hyperbilirubinemia, assisted ventila-
tion and NICU more than five days admission [21-23],
consanguineous marriage of parents [24], exposure to
ototoxic medications and birth weight less than 2.5 kg
[24-26]. Reports of prenatal hypertension [24] and cran-
iofacial anomaly [22, 26] have also been noted similar to
the present study. In their multivariable discrete-time sur-
vival analysis Butcher et al. in 2020 reported that risk was
noted to be increased in those with neonatal illness, with or
without admission to neonatal care, of Bangladeshi or
Pakistani ethnicity or born to younger mothers [27].

In our study, one neonate among 773 screened who
failed BERA was noted which indicates a prevalence of 1.3
per 1000 population. Considering the number who under-
went the tests and missing data, occurrence of hearing loss
in our study was 3.32 per 1000 in the “risk” group, while
there was none in the “not at risk” group. In the recent
past, there has been various publications globally con-
firming that the hearing loss is more prevalent in the ‘at
risk” neonates. To name a few, hearing loss in ‘not at risk’
versus ‘at risk” neonate was 0.69 versus 1.689 per 1000
[26] and 3.81 versus 26.67 per 1000 [28]. Moreover, the
prevalence of hearing loss among high risk babies,confir-
mation by BERA revealed 8.8% per 1000 babies with
hearing loss in a cross-sectional study conducted in tertiary
care centerin India [29].Recently a systematic review with
meta-analysis estimating prevalence of UNHS-detected
permanent childhood hearing loss in very highly-developed
countries showed prevalence was 1.1 per 1000 screened
children with 6.9 times higher among those admitted to
NICU [30].

It now appears that Neonatal Screening Program has two
vital issues to be addressed:

1. The cohort of ‘at risk’ neonates in addition to ‘not at
risk’. Researchers in India have suggested “targeted
newborn hearing screening” as a valuable option
when resources are constrained [31]. Adedicated ‘Risk
Register’ with a ‘Targeted Hearing Screening” pro-
tocol for ongoing scheduled hearing assessment
appears to be essential (Fig. 2).

2. Delays and lost to follow up in Neonatal Hearing
Screening. To overcome the above issue, the most
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Strategic Planning For Neonatal Hearing Screening (NHS)
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Fig. 2 Strategic planning for neonatal hearing screening in developing countries
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commonly used strategy suggested by Ravi et al.
following their systemic analysis of published studies
was to improve parental education by distributing
education material, increase communication between
parents and medical professionals and the use of an
adequate data management system with tracking
system for storage of patient data [18]. In our country,
considering available data confounded by ongoing
financial constraints, a constructive approach towards
Neonatal Hearing Screening is to be considered. The
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Community (ASHA workers).

Structural: Screening in-house or near nursery / Maternity or
Neonatology centers tie-up to hearing screening centers.
Hearing screening included in immunization schedule.

Human resources: Dedicated audiologists / screener technicians with
on-call roster , dedicated data entry persons .

i OAE: screeners for institution and periphery with standby equipment or
Equipment & Data < alternative tie-up centers is case of equipment repair / failure

Data system: Efficient and user friendly

*Public — Private Partnership

Fig. 3 Strategic planning for neonatal hearing screening (NHS) in developing countries

cohorts, are being suggested in Fig. 2 and 3. Aware-
ness for early diagnosis and implementation of
hearing rehabilitation, among caregivers, though does
not negate the cost of travel to test venue or loss of
daily wages pay, does improve chance getting test
being done!! Likewise would the increase in aware-
ness among health providers, infrastructural facilities
in terms of structural, human resources and equipment
with a public—private partnership (Fig. 3).

following strategic planning, within the Indian sce-
nario of birthing at institutional or at community
levels, within both “at risk and ‘not at risk’ neonatal

WHO recommends UNHS to be “cost-sensitive”, its
benefits needing to outweigh the costs, considering the
reality of low health spending in many developing
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countries. The cost-effectiveness of UNHS is indeed a
“double-edged sword” [7].

Conclusion

Universal Neonatal/Newborn Hearing Screening (UNHS)
is being adopted world-wide since its introduction in the
US by early 90’s.Though hearing screening is mandatory in
neonatal screening package, the high loss to follow-up rate
and non-availability of funding is a threat to the overall
success to neonatal hearing screening (NHS) programs in
India. With recent overwhelming evidence that “at risk”
neonates have significantly more chance of hearing loss at
birth or later in childhood, necessitating ongoing audio-
logical evaluation,‘targeted newborn hearing screening’
to this vulnerable cohort is to be initiated urgently in
addition to implementing strategic planning of UNHS in
our [31] financial constrain-ridden background. An advi-
sory and leadership role of Otolaryngologists of India with
public—private partnership of the stakeholders is the need
of the hour in achieving the long-awaited goal of UNHS in
India.
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