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ABSTRACT

Indian studies performed using different hearing screening protocols have estimated the prevalence of neonatal hearing loss
to vary between 1 and 8 per 1000 babies screened. The better prognosis of individual skills like language development,
academic success, social integration and successful participation in the society can be attained by early identification and
intervention for hearing loss i.e. by 6 months of age. After obtaining permission from the institutional ethical committee al
neonates admitted in NICU fulfilling the inclusion and exclusion criteria were taken into the study after obtaining written
informed consent from parents/guardian. Information regarding the condition of each neonate was collected in the form of a
predesigned questionnaire which included: gestational age; family history of congenital hearing loss and consanguinity;
presence of conditions including asphyxia(APGAR score<4), sepsis, respiratory distress syndrome, transient tachypnoea of
newborn(TTN),congenital pneumonia, congenial heart disease(CHD) or hyperbilirubinemia(>18 mg/dl);and treatments used
including phototherapy (>2 days),mechanical ventilation (>5 days),antibiotic therapy including aminoglycosides(>5 days),or
oxygen therapy(>1 week and > 40% FI02).

First OAE was done to all 320 neonates among whom 247 (77.8%) passed and 73 (22.8%) came as refer. Among those
neonates who failed 1st OAE at first week of life repeat OAE was done around 45 days of age (6weeks).

Out of 320 neonates, 73 (22.8%) had failed in 1st OAE, among those 73 only 62 neonates came for second OAE (11 missed
for follow up). Of these neonates 57 passed (91.93%) and 5 neonates failed 2nd OAE (8.064%). Out of 5 neonates who had
failed in 2nd OAE, BERA was done and 4(80%) neonates failed while 1 passed BERA.
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INTRODUCTION

Hearing impairment of children in the world
constitutes a serious obstacle to their ideal
development, education and language acquisition. The
prevalence of neonatal hearing loss is known to be
more than twice that of other newborn disorders such

as congenital hypothyroidism and
phenylketonuria2The  Incidence of  Bilateral
congenital hearing impairment alone occurs in

approximately 1 to 5 per 1000 live births, whereas
when included with permanent unilateral hearing
loss,incidence increases to 8 per 1000 live
births®*#5.Indian studies performed using different
hearing screening protocols have estimated the
prevalence of neonatal hearing loss to vary between 1
and 8 per 1000 babies screened®’®9The better
prognosis of individual skills like language
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development, academic success, social integration and
successful participation in the society can be attained
by early identification and intervention for hearing
loss i.e. by 6 months of age®.

The critical period of brain development occurs in the
1st year of life, especially the auditory pathway. An
inadequate stimulus during this time lead to
suboptimal development of auditory system,whereas
optimal auditory experience has a good influence on
the functional development. Hence, early detection
is extremely important in providing suitable care,
provision of hearing aid and special training for deaf
and hearing-impaired babies will help them enjoy
equal opportunities in society alongside all other
children.

American Academy of Pediatrics (AAP) in 1999
advocated Universal New Born Hearing Screening
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Programme (UNHSP) and remedial intervention
which is followed by most of the developed countries.
In a developing country like India, the risk of infants
to develop these difficulties is obviously more!*!2, In
India, newborn hearing screening are usually available
only to newborns brought to tertiary referral
hospitalst®4,

There was an introduction of two-stage screening
protocol with otoacoustic emission (OAE) as the first
screen, followed by auditory brainstem response
(ABR) for those who fail the first screen’®. The AAP
Task Force on newborn and infant hearing
recommends UNHS by 3 months of age with
intervention by 6 months of age. The Joint Committee
on Infant Hearing (JCIH) position statement provides
guidelines that include Newborn Hearing Screening
(NHS) soon after birth, before discharge from
hospital, or before 1 month of age, diagnosis of
hearing loss through audiological and medical
evaluation before 3 months, and intervention through
interdisciplinary  programme for infants with
confirmed hearing loss before 6 months of age'®.

METHODOLOGY

STUDY POPULATION

All neonates admitted in NICU for more than 48
hours.

INCLUSION CRITERIA
a) All neonates admitted in NICU for more than 48
hours.

EXCLUSION CRITERIA

a) Neonates with congenital anomalies (craniofacial
malformation).

b) Neonates admitted for less than 48 hours.

c) Neonates with family history of deafness.

d) Neonates who died or who have not completed
OAE.

SAMPLE SIZE AND SAMPLING
The sample size for the study was calculated based on
the 50.5% prevalence of hearing impairment reported
in the study by Nair VS et al., Based on this, the
required sample size with 6% absolute precision and a
confidence level of 95% was calculated using the
formula,
Sample size, n= z%pq

d2

Where, z=1.96, Z score for 95% confidence level
p=0.50, prevalence of hearing impairment 13
0=0.495

d=0.6, absolute precision of 6%. Thus
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n=1.962x50.5x49.5 =267
62

Taking into account a non-response rate of 20% i.e.
53, the total sample size will be 320.

SYSTEMATIC SAMPLING

Technique was used where all neonates meeting the
criteria was included in the study during the study
duration until the sample size was reached.

STUDY PROCEDURE

After obtaining permission from the institutional
ethical committee all neonates admitted in NICU
fulfilling the inclusion and exclusion criteria were
taken into the study after obtaining written informed
consent from parents/guardian. Information regarding
the condition of each neonate was collected in the
form of a predesigned questionnaire which included:
gestational age; family history of congenital hearing
loss and consanguinity; presence of conditions
including  asphyxia(APGAR  score<4),  sepsis,
respiratory distress syndrome, transient tachypnoea of
newborn(TTN),congenital pneumonia, congenial heart
disease(CHD) or hyperbilirubinemia(>18 mg/d1);and

treatments used including phototherapy (>2
days),mechanical ventilation (>5 days),antibiotic
therapy including aminoglycosides(>5 days),or

oxygen therapy(>1 week and > 40% F102).

The screening procedure was done in a sound treated
room in the department or in a quiet room adjacent to
the respective wards of concerned departments. The
presence of unilateral or bilateral hearing loss was
considered as deafness in this study. The Instruments
used is transitory evoked otoacoustic emission
(TEOAE) set at a 1.5kHZ to 4 kHz screen with 3 of 4
frequency bands being required to be present for a
pass. The intensity was calibrated at an 83 dB sound
pressure level peak equivalent (3dB).

The firststepof thescreeningwasperformedatdischarge
fromNICUwiththeOAE measurement. For babies who
failed to pass the initial screening, another OAE test
wasperformed within 1 month after discharge, and
those failing to pass the test again were referred to a
pediatric otologist for comprehensive audiological
assessments at 3 months.

DATA COLLECTION METHODS

Data was collected using a standard proforma on
admission. After collecting basic information based
on predesigned proforma screening for hearing loss
was first performed at the time of discharge from
NICU with the OAE measurement. For babies who
failed to pass the initial screening, another OAE test
was performed on the day of first immunization visit
i.e.,6weeks(45days), and those failing to pass 2nd
time were referred to a pediatric otologist for
comprehensive audiological assessments at 3months.
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Table 1: Percentage Distribution of Cases According to OAE and BERA Assessments

Assessment done Number of neonates Percentage (%)
1st OAE (n=320)
Pass 247 77.8
Refer 73 22.8
2nd OAE (n=62)
Pass 57 91.93
Refer 5 8.064
BERA (n=5)
Pass 1 20
Refer 4 80

First OAE was done to all 320 neonates among whom
247 (77.8%) passed and 73 (22.8%) came as refer.
Among those neonates who failed 1st OAE at first
week of life repeat OAE was done around 45 days of

age (6weeks).

failed while 1 passed BERA.

Out of 320 neonates, 73 (22.8%) had failed in 1st
OAE, among those 73 only 62 neonates came for

Table 2: Comparison of Selected Variables Based on Risk Factors of First OAE

second OAE (11 missed for follow up). Of these
neonates 57 passed (91.93%) and 5 neonates failed
2nd OAE (8.064%). Out of 5 neonates who had failed
in 2nd OAE, BERA was done and 4(80%) neonates

Number of Frequency

Risk Factor PASS REFER Chi-square P-value
0, 0,

Gestational age Ptl?etrirr]m ﬁggiggoﬁ ; ggggigoﬁj ; 15.243 0.002
RDS Nosent | 11075 200 | ooy | 02 | 0%
MAS FXS?SQ: 22225((7707'?87;@) 694((2292'9%2) 0.753 0.38
Nosent | 2as(on | Tang | 0% | o7
CHD Absen 22275((7777'_1;;% 685((2222?45102) 0.000 0.995

0, 0,
Seizures Nosent | 25200100y o0z | T4 | 0001
0, 0,

L AT

Hyperbilirubinemia FXS:Q: 2552((7777_'21333) gggg?ggﬁg 0.000 0.99
Photaterzpy Nosent | 0x(r7 20 | oaozteny | 028 | 082
piiowss | PSB850 | B98G |oy | o
NEC Nosent | 2R 00 | woramy | | 001

Oxygenrequirement FXS:Q: 19525(53722%3?;3) ?gg??f?ﬁ; 3.131 0.07

Exchangetransfusion FXS:Q: 5 434((072320?3/0) 7382(20.3%) 0.895 0.344

CongenitalPneumonia FKS;;Q: 23f3$(1606§52g€2) 6130((1%22;?2) 0.000 0.99

Significance at the level (p<0.05) chi-square test
998
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Among risk factors, out of 171 preterm,46 failed
(26.90%);among 21 neonates with birth asphyxia, 3
(13.63%) failed; out of 180 neonates with
RDS,44(24.44%) failed; out of 31 neonates with
MAS, 9 (29.03%) failed; among 6 neonates with
TTN,1(16.66%) failed; out of 35 neonates with CHD,
8 (22.85%) failed; among 29 neonates with
seizures,14(48.27%) failed, out of 105 neonates with
sepsis, 34(32.38%) failed; out of 197 neonates with
hyperbilirubinemia,197 received phototherapy, of

Online ISSN: 2250-3137
Print ISSN: 2977-0122

which 45(22.84%) failed; out of 127 neonates who
received aminoglycosides class of antibiotics, 38
(29.92%) failed; 10 neonates who had developed
NEC, half of them (50%) failed; out of 44 neonates
with congenital pneumonia, 10 (3.12%) failed; among
209 neonates who received oxygen 54 (25.83%) failed
first OAE. Outof these factors gestationalage
(preterm),seizures, sepsis,NEC and antibiotics
values were statistically significant (p<0.05).

Table 3: Comparison of Selected Variables Based on Risk Factors of Second OAE

Risk Factor Pl\'lbl\JSrgber of Frqu?;éR Chi-square | P-value
Gestational age PrTeetﬁ;m gggi%ggﬁg 382222‘3 14.321 0.111
Birth asphyxia FXS?SQ: 516((19010_ éogﬁ% : &(_283/0 ] 3.34 0.341

RoS T 10 e i Ml
MAS Absent | S0000s | Soow | YO8 | 079
T Aosent | os@Loe) | S@amg | 0% | 0%
CHD Aosent | s0@07in | Soowg | Y2 | 0T

0, 0,
e aE . Em R

0, 0,
Sepss Nosent | arazoon | 2eown | °Z2 | 00%
Hyperbilirubinemia F/;\rg:grr:: iéggigigﬁg 32((145"6375;2) 3.02 0.389
Photatherapy Aosent | io(@B 0 | 20ramy | S8 | 008
Antibiotics PArkfj:rr]‘tt 3383223?3 32(?;67;%) 6.609 0.061
NEC Aosent | sp(ar2o) | s@rmg | 6| 006
Oxygen requirement PArl:?s:rr:tt iéggéggﬁg 23((161?1110@3) 2.25 0.521
Exchange transfusion PArggsgtt £g 8)(5)5(2% ) 7 (%(3;)/0 ) 0.78 0.86
Congenital Pneumonia PArggsgtt 49;(17%%2@3) 4(%(3;)/0 ) 1.004 0.800

Significance at the level (p<0.05) Chi-square test

Out of 73 neonates who failed in 1st OAE, 2nd OAE
was done at the time of first vaccination i.e., 6weeks
(45days). Out of 73, 2nd OAE was done only on 62
neonates as others could not be followed up due to
increasing COVID cases and Lockdown. Among the
risk factors, out of 38 preterm, 3 (7.89%) failed; out of
34 neonates with RDS, 2 (5.88%) failed; out of 13
patients with seizures,1(7.69%) failed; among 29

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

neonates with sepsis, 3(10.33%) failed; among 43
neonates who received phototherapy, 2(4.65%) failed;
among 32 neonates who received antibiotics, 3
(9.37%) failed; out of 44 neonates who received
oxygen, 3(6.81%) failed. Out of all these risk factors
values of neonates with seizures (p=0.003) and sepsis
(p=0.026) were statistically significant.
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Table 4: Comparison of Selected Variables Based on Risk Factors of BERA

Risk Factor PI\'IAuSn;ber of Frqu%(ﬁ/ Chi-square P-value

Gestational age P_rreet::rrnm 1()((2050%j$) 13((17050'%2) 3.348 0.764
Birth asphyxia FXSSSE:]‘: 10((20003% 40(53%%@) 0.375 0.829
RDS T e il
MAS Aosent |00 | a0y | 09 | 0792
T Aot |0 | agooy | 0% | 0983

CHD Aosent 10006 | d0oom | S 02

0,

Seizures T :
o |t 50 | 30000 | o7y | o
Hyperbilirubinemia ngssgg: 10(?830'_3;;3) 58806833 0.850 0.654
Phototherapy ngsssg: 10(?830'_3;;3) 58806833 0.856 0.931
Antibiotics Present 10(%00'9;% 31((1500%%) 2756 0.252
NEC Nosent |00 | a@og | 01 | 0%
Oxygen Requirement FXS:SQ: 1(()3(:?"39;/;’/2) ggg%gz;g 0.942 0.623
Exchange transfusion FXS:SQ: 1 (02(880)/0 ) 7 (%((())(())0)/0 ) 0.048 0.946
Congenital Pneumonia FXSSSEEE 1(02(880)/0 ) 4(%(88&) ) 0.810 0.667

DISCUSSION

Hearing loss can be considered as the most common
birth defect. Early detection of hearing impairment by
screening at or shortly after birth helps in appropriate
intervention that are critical for speech, language and
cognitive development. Universal Neonatal Hearing
Screening (UNHS) is done in all child irrespective of
presence or absence of risk factor to identify hearing
impairment as early as possible to provide
interventions.

This study was conducted for a period of 10 months,
included a total of 320 neonates after excluding
newborns who died (10), early discharge before OAE
screening (8) and having family history of hearing
loss (3). First OAE was done on 320 neonates of
which 73 (22.8%) failed. This high number of false
positives (22.8%) may be due to premature outer hair
cells or due to incomplete clearance of normal fetal

Table 5: Comparison with other studies

middle ear fluid as first OAE is done before
discharge, which are the reasons to verify these results
later with 2nd OAE after 6 weeks or with more
specific methods such as BERA. Out of 73 who failed
first OAE, 11 neonates were missed due to COVID
and various other reasons so 2nd OAE was done only
on 62 neonates, of which 5 (1.56%) failed and all
these 5 neonates were followed up and among them 4
(1.25%) failed in BERA.

In our study 320 neonates were included and it
showed that 4 out of 320 neonates failed BERA. Thus,
the prevalence of hearing loss was 1.25%. A study by
James M et al., 48 found the prevalence rate among
high-risk newborns as 0.63% which is almost similar
to our study. Following table shows prevalence of
hearing loss among high-risk newborns in various
studies.

Study on hearing loss in high Prevalence per 100 | Prevalenceper100 with Prevalenceper

risk newborns with first OAE Second OAE 100BERA

Our study (n=320) 73 (22.8%) 5(1.56%) 4 (1.25%)
JamesMetal.}"(n=4628) 275 (6.4%) 44 (0.95%) 6 (0.63%)
Nair VS et al.,*® (n=200) 101 (50.5%) - 1 (0.5%)

PaulAKet al.**(n=2031) 234 (11.52%) 78 (3.84%) 21 (1.03%)
Jose et al., ® (n=231) 38 (6.1%) 4 (1.73%) 2 (0.86%)

1000
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Prevalence of individual risk factor as in JCIH (Joint
committee on infant hearing) includes 171 neonates
are preterm (53.4%), 22 neonates had perinatal
asphyxia (6.7%),hyperbilirubinemia requiring
phototherapy were 197 neonates (61.6%), 209
(65.3%) required oxygen and ototoxic medicine were
given to 127 neonates (39.7%).

Present study found prematurity (p=0.002) to be
significantly related to failure of initial screening.
Similar observation was seen in study by Nair VS et
al.,(p=0.01), James M et al., (p=0.000) and Pourarian
S et al, (p=0.013) where prematurity was
significantly associated with hearing loss. Prematurity
should be considered as one of the risk factors for
hearing loss in NICU population, as their respiratory
system is not fully developed which necessitates the
oxygen requirement and infections occurring due to
their weekend immune system which requires
antibiotic coverage. Among these variables’ we found
that antibiotics (aminoglycosides) given (p=0.014)
was significantly associated with hearing loss which
was similar to the finding in a study by James M et al.
(p=0.000), oxygen requirement was also seen to be
associated with hearing loss (p=0.07) but it was not
statistically significant. This was similar to the finding
in the study by Pourarian S et al.

Present study also showed that 10 (3.12%) neonates
out of 320 had developed NEC, among which 5
(1.56%) of them failed the initial screening (1st OAE)
which was statistically significant (p=0.031) but all
these 5 neonates passed in 2nd OAE.

We also found 29 (9.1%) neonates out of 320 had
developed seizures of which 14 (4.37%) failed the
initial screening and out of 14 neonate’s 2nd OAE
was done on 13 neonates as 1 missed follow up,
among these 13 neonates 1 (7.69%) failed the 2nd
OAE screening, both of which are statistically
significant (p=0.0001 and p=0.003 respectively). A
study by Bergman | et al., showed that 16.7% of
neonates surviving seizures had developed hearing
loss. However, there is lack of research on the
correlation between seizures and NEC with hearing
loss which needs further studies to find the
association.

Sepsis is found to be associated with the failure of
both 1st and 2nd OAE screening and is statistically
significant (p=0.0004 & p=0.026) which is similar to
the study by James M et al., but is in contrast the
study by Pourarian et al., which may be explained by
the smaller sample size.

Present study didn’t show any statistically significant
correlation between RDS,TTN, Congenital
Pneumonia, CHD and Birth asphyxia with hearing
loss, which is similar to the finding from the study by
Pourarian et al.,

As described above many risk factors have been
found to be associated with transient hearing loss
among neonates (failure of initial screening). But the
same association was not established for actual
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hearing impairment found in BERA. This could be
attributed to premature outer hair cells in newborns or
other physiological changes in newborn ear.

CONCLUSION

Even though high risk newborns are at greater risk,
hearing evaluation is important in all newborn
irrespective of presence of risk factor for hearing
impairment. Two step evaluation with OAE followed
by BERA are tend to be useful. And also, while
dealing with these newborns unnecessary oxygen
therapy and antibiotics should be avoided. Hearing
aids are to be advised to those babies with hearing
impairment as early as possible to avoid significant
morbidity and disabilities associated with hearing
loss.

REFERENCES

1. Fisher DA, Dassault JH, Foley TP, Klein AH,
Lanfranchi S, Larsen PR, et al., Screening for
congenital hypothyroidism: results of screening
one million North. American infants.J Pediatr.
1979;94:700-5.

2. Bickel H, Bachmann C, Beckers R, Brandt NJ,
Clayton BE, Corrado G, et al., Neonatal mass
screening formetabolic disorders: summary of
recent sessions of the committee of experts to
study inborn metabolic diseases. Eur J
Pediatr.1981;137:133-9.

3. Mehra S, Eavey RD, Keamy DG Jr. The
epidemiology of hearing impairment in the
United  States: newborns, children, and
adolescents. Otolaryngol Head Neck Surg.
2009;140:461-72.

4. Stach BA, RamachandranVS. Hearing disorders
in children. In: Madell JR, Flexer C eds. Pediatric
Audiology:  Diagnosis,  Technology, and
Management. New York: Thieme Medical
Publishers Inc.; 2008. P. 3-12.

5. Judith A, Mason MS, Kenneth R, Herrmann
MD.Universal infant hearing screening by
automated  auditory  brainstem  response
measurement. Pediatrics. 1998;101:221-8.

6. Jane E. Stewart, Aimee Knorr, Hearing Loss in
Neonatal Intensive Care Unit Graduates: Manual
of Neonatal Care. A Lippincott Manual. 7t
edition. 2012: 65:846-850.

7. Nagapoornima P, Ramesh A, Srilakshmi, Rao S,
Patricia PL, Gore M, et al., Universal hearing
screening. Indian J Pediatr. 2007;74:545-9.

8. Paul AK. Early identification of hearing loss and
centralized newborn hearing screening facility-

The  Cochin  experience.Indian Pediatr.
2011;48:355-9.
9. Rai N, Thakur N. Universal screening of

newborns to detect hearing impairment-Is it
necessary? Int. J
PediatrOtorhinolaryngol.2013;77:1036-41.

1001



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 14, No. 2, February 2025

DOI: 10.69605/ijlbpr_14.2.2025.180

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Yoshinaga-Itano C, Sedey AL, Coulter DK, Mehl
AL. Language of early and lateridentified
children  with  hearing loss.  Pediatrics.
1998;102:1161-1171

Report of the Collective Study on Prevalence and
Etiology of Hearing Impairment. New Delhi:
ICMR and Department of Science; 1983.

Kacker SK. The Scope of Pediatric Audiology in
India. In: Deka RC, Kacker SK, Vijayalakshmi B,
eds. Pediatric Audiology in India, 1st ed. New
Delhi: Otorhinolaryngological Research Society
of AIMS; 1997.p.20.

Vaid N, Shanbag J, Nikam R, Biswas A.
Neonatal  hearing  screening-The  Indian
experience. Cochlear Implants Int. 2009;10:111-
4,

Ramesh A, Nagapoornima M, Srilakshmi V,
Dominic M. Swarnarekha. Guidelines to
Establish a Hospital-based Neonatal Hearing
Screening Programme in the Indian Setting.
JAIISH.2008;27:105-9.

Watkin PM, Baldwin M, McEnery G. Neonatal at
risk screening and the identification of deafness.
Arch Dis Child. 1991;66:1130-1135.

Joint Committee on Infant Hearing; American
Academy of Audiology; American Academy of
Pediatrics; American Speech-Language-Hearing
Association; Directors of Speech and Hearing
Programmes in State Health and Welfare
Agencies. Year 2000 Position Statement:
Principles and guidelines for early hearing
detection and intervention  programmes.
Pediatrics.2000;106;798-817.

James M, Kumar P, Ninan PJ. A study on
prevalence and risk factors of hearing Impairment
among newborns. Int. J Contemp Pediatr.
2018;5:304-9

Nair VS, Das P, Soundararajan P. Prevalence and
risk factors of hearing impairment among
neonates admitted in NICU in a tertiary care
centre in South India. Int. J Contemp.
Pediatr.2018;5:1342-7.

Paul AK. Early identification of hearing loss and
centralized newborn hearing screening facility:
The Cochin  experience. Indian Pediatr.
2011,48:355-9.

Jose DJ, Renjit RE, Manonmony S. Prevalence of
hearing impairment among high risk neonates-a
hospital-based screening study. Int. J Biomed
Adv. Res. 2016;7(3):131-4.

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

Online ISSN: 2250-3137
Print ISSN: 2977-0122

1002



