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Screening of Hearing in Infants at Risk in a Tertiary Care Centre: 
A Descriptive Cross- sectional Study

Background: Screening of hearing impairment in children facilitates earlier identification, management and 
prevention of disability. The objective of this study was to perform a screening of hearing in infants at risk in 
Tribhuvan University Teaching Hospital.
Methods: A descriptive cross-sectional study was done among 228 infants who were at risk of hearing loss. All ‘at 
risk’ infants born to mothers in Tribhuvan University Teaching Hospital and ‘at risk’ children below one year of 
age admitted in the pediatric ward and intensive care unit were screened for hearing loss by automated otoacoustic 
emission (OAE) and automated auditory brainstem reflex (ABR). The results were categorized as pass or refer (fail). 
The association between hearing loss and the potential risk factors was analyzed. 
Results: Out of 228 infants screened, 117 (51%) were male and 111 (49%) were female. Seventy (30.7%) failed 
OAE and 44 (19.3%) failed ABR. Univariate analysis (Pearson Chi-square test) showed that the failure rate for 
ABR was significantly associated with preterm babies (p = 0.009), low birth weight (p = 0.009), usage of ototoxic 
drugs (p = 0.03), and intensive care unit stay of more than five days (p = 0.03). Only preterm birth was significantly 
associated with failed OAE test (p = 0.03). 
Conclusion: Premature birth (gestational age < 34 weeks) was associated with failure of the ABR and OAE tests. 
The infants with low birth weight, history of ototoxic drugs, ICU stay more than 5 days were only associated with 
ABR test failure.

The incidence of hearing impairment varies from 
1 to 3 cases per 1000 healthy newborns.¹ Its in-
cidence is as high as 10% in the high-risk group.² 

The causes for hearing loss can be either congenital or 
acquired. Auditory stimuli within the first six months 
of life are crucial for speech and language development 
resulting in better school outcomes, and improved com-
munication skills.³ The hearing loss is usually detected 
at around 20 months when parents express concern for 
their child’s delay in language milestones.⁴  However, 
screening can identify it within three months or younger 
and intervention can be done by six months of age which 
is critical for global development.3,5 Hearing aids fitting 
age has been reduced to 5-7 months from 13-16 months 
because of the early screening program.⁶ However, 

such a program is limited to the developed countries. 
Targeted screening, also known as “at-risk” screening, 
is suitable for the developing world, saving cost and re-
sources. The Joint Committee on Infant Hearing (JCIH 
2007) has identified various risk-indicators for hearing 
loss.⁷ Universal newborn hearing screening (UNHS) is 
a new concept of screening every born child. The cost 
of hearing screening is broadly accepted as it is cost-ef-
fective in comparison to the economic burden it causes. 
UNHS is not feasible in a busy hospital with a huge case 
burden.⁸ In such a scenario, screening of babies only at-
risk of hearing loss (at-risk screening) is more practical. 
Among various tools used for screening, automated oto-
acoustic emission (OAE) is technically easier, faster to 
perform, cheaper but requires a sound-proof room and 
has higher false-positive rates of 15%.9-11 Automated au-
ditory brainstem reflex (ABR) has less false positives and 
can detect patients with auditory neuropathy compared 
to OAE.⁹ The combination of OAE and ABR is associated 
with a reduced referral rate.10 This study aims to perform 
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the screening of hearing in infants at risk and find out 
which parameters are associated with failure of screening 
tests.

METHODS

This descriptive cross-sectional study enrolled 228 infants 
with a potential risk of hearing loss in Tribhuvan Univer-
sity Teaching Hospital, Nepal from January 2016 to June 
2017. A convenient sampling technique was used. The 
sample size was calculated considering a 10% prevalence 
of sensorineural hearing loss among the high-risk ba-
bies.² With a 4% margin of error at a confidence interval 
of 95% and 5% of non-response rate (missing cases), the 
estimated sample size was 228. The ethical clearance was 
taken from the Institutional Review Committee before 
commencing the study. Consent from a parent was tak-
en in written form after the parents were well explained 
about the risk and benefits of the tests.
The inclusion criteria were all the at-risk infants admitted 
in maternity and pediatric wards, and intensive care unit 
(ICU) during the study period. The JCIH 2007 risk factors 
included caregiver concerns, family history of permanent 
childhood hearing loss, ICU stay of more than 5 days, as-
sisted ventilation, exposure to ototoxic drugs, hyperbili-
rubinemia that required exchange transfusion, in-utero 
infections, craniofacial anomalies, syndromic child, syn-
dromes associated with hearing loss, neurodegenerative 
disorders, postnatal infections associated with hearing 
loss, and head trauma requiring hospitalization.⁷ In ad-
dition, babies with low birth weight (< 1500 gm), preterm 
birth (< 34 weeks) or low Apgar score (< 3) were also con-
sidered as at-risk. The parents’ refusal to give consent, 
normal delivery with normal outcome were excluded. 
Only auditory brainstem reflex (ABR) test was possible 
in external auditory canal abnormalities, impacted wax, 
or ear discharge debris. In such scenarios, infants were 
directly referred for diagnostic tests. Very small babies 
(weight < 800 gm) were excluded because of the technical 
problems with the fitting of the ABR headset or OAE probe 
and were referred for the diagnostic test. If an infant was 
sick, the screening was performed only after improvement 
in general condition. The at-risk infants who could not be 
evaluated during their stay in the ICU were evaluated on 
subsequent visits at the high-risk clinic.
The screening was done by a single person in a soundproof 
audiology room to increase the reliability of the test which 
is hampered in a busy and noisy baby nursery. The Path 
Medical Solution Sentiero™ device was used for measur-
ing both automated OAE and automated ABR. Both tests 

were performed for all babies. 
                                                          
The interpretations of the screening outcomes were either 
pass (valid response) or refer (invalid response). Under 
the ideal situation of low artefact and high stability, an 
automated OAE test device checks the presence of tran-
sient evoked OAE at a preset level. An automated ABR 
testing device checks the recording against the standard 
template of ABR wave form. Infants with pass results in 
both tests needed no further testing. Those with any in-
valid response or failed results of either of the tests were 
referred for the diagnostic test (Fig. 1).  Those infants with 
failure of both ABR and OAE test in a single set up were 
immediately referred to an audiology clinic for diagnostic 
ABR. In case the test could not be completed because of 
inadequate sedation, the infant was followed up and re-
tested after six weeks in an immunization/ high-risk clin-
ic. Missing cases, with single test results (either OAE only 
or ABR only), were excluded. We analyzed the failure rate 
of different variables for automated ABR and automated 
OAE using the univariate tests (Pearson Chi-square test) 
in SPSS version 20. 

RESULTS

Out of 228 infants enrolled in the study, 117 (51%) were 
males and 111 (49%) females. There was no missing data. 
Forty-four (19.3%) infants failed the ABR test and 70 
(30.7%) infants failed the OAE test (Figure 2a and 2b).
Univariate analysis revealed that the failure rate of ABR 
test was significantly associated with preterm infants, low 
birth weight infants, those with ICU stay > 5 days and 
those with a history of use of ototoxic agents (p < 0.05).  
Among all the risk factors, only period of gestation was 
significantly associated with OAE test failure (p < 0.05) 
(Table 2). 
Syndromes detected in 26 infants included meningocele/ 
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Figure 1. The flow chart showing screening process
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Table 1. Association of etiologic factor and ABR results (n=228)

Sociodemographic Variables
Result of ABR n (%) χ2 value

(df =1)

p 

valuePass Refer (fail)

Period of gestation Preterm 51 (63.0) 30 (37.0)
6.78 0.009*

Term 116 (78.9) 31 (21.1)

Antenatal risk factor Present 16 (88.9) 2 (11.1)
2.44 0.11

Absent 151 (71.9) 59 (28.1)

ICU stay > 5 days Present 46 (63.9) 26 (36.1)
4.70 0.03*

Absent 121 (77.6) 35 (22.4)

Ototoxic drug Present 36 (62.1) 22 (37.9)
4.96 0.03*

Absent 131 (77.1) 39 (22.9)

Family history of hearing loss Present 11 (73.3) 4 (26.7)
0.00 0.99

Absent 156 (73.2) 57 (26.8)

Birth weight Normal birth weight 116 (78.9) 31 (21.1)
6.78 0.009*

Low birth weight 51 (62.9) 30 (37.1)

Syndromic association Present 20 (76.9) 6 (23.1)
0.20 0.65

Absent 147 (72.8) 55 (27.2)

χ2 value: chi squared test (df = degree of freedom); *Statistically significant (p < 0.05) at 95% Confidence Interval      

Table 2. Association of etiologic factor and OAE results (n=228)

Sociodemographic variables
Result of OAE n (%) χ2 value

(df=1)

p value

Pass Refer (fail)

Period of gestation Preterm 65 (80.2) 16 (19.8)
4.78 0.03*

Term 133 (90.5) 14 (9.5)

Antenatal risk factor Present 15 (83.3) 3 (16.7)
0.21 0.65

Absent 183 (87.1) 27 (12.9)

ICU stay > 5 days Present 58 (80.6) 14 (19.4)
3.64 0.06

Absent 140 (89.7) 16 (10.3)

Ototoxic drug Present 48 (82.8) 10 (17.2)
1.13 0.29

Absent 150 (88.2) 20 (11.8)

Family history of hearing 

loss

Present 14 (93.3) 1 (6.7)
0.59 0.44

Absent 184 (86.4) 29 (13.6)

Birth weight Normal birth weight 132 (89.8) 15 (10.2)
3.16 0.07

Low birth weight 66 (81.5) 15 (18.5)

Syndromic association Present 22 (84.6) 4 (15.4)
0.13 0.72

Absent 176 (87.1) 26 (12.9)

χ2 value: chi squared test (df = degree of freedom); *Statistically significant (p < 0.05) at 95% Confidence Interval

Figure 2. 

(a) Results of screening of infants 

with OAE (n=228)

(b) Results of screening of infants 

with ABR (n=228)

(a) (b)
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meningomyelocele/ encephalocele (n = 12), Downs syn-
drome (n = 6), craniofacial anomaly (n = 4), anal atresia 
(n = 2), and Sturge-Weber Syndrome (n = 2). There was 
no association with the OAE and ABR failure rate in these 
syndromic infants.

          

DISCUSSION

In this study, we used both automated ABR and automat-
ed OAE for screening infants for hearing loss. Around 
19% of infants failed the ABR test and 30% failed the OAE 
test. Our figures are higher than those reported as 0.6 to 
16.7% in the literature.10,12,13 The lower failure rate in the 
developed countries could be because of better perinatal 
management, avoidance of ototoxic drugs and reduced in-
cidence of perinatal asphyxia. Only one study reports the 
failure rate comparable to ours.14 The wide variation in the 
failure rate could be due to a lack of uniformity in the dis-
tribution of risk factors, selection criteria, study designs 
and sample size. The higher failure rate doesn’t indicate 
hearing loss but signifies that the child needs to be fol-
lowed-up till hearing loss is ruled out through diagnostic 
tests. These infants have an increased likelihood of hear-
ing impairment. As the number of risk factors grows, the 
chance of hearing loss and failure rate increases.12,15 The 
results also depend on the type of the devices and tech-
niques used. Automated test has higher failure rate (high 
false positive) than a diagnostic test.16 
ICU stay of more than five days is an important risk fac-
tor.7,12,15 Our study showed similar findings in the ABR 
test. Babies requiring ICU stay have multiple comorbid-
ities associated with hearing loss (hypoxia, prematurity, 
hyperbilirubinemia, bacterial meningitis), with a history 
of ototoxic medication.12 Adequate oxygenation and per-
fusion are crucial for cochlear function while severe hy-

poxia may cause irreversible injury to the outer hair cells 
and stria vascularis. Moreover, birth asphyxia causes hy-
poxic brain injury with damage to the auditory pathway.11 

It explains that they are susceptible to more failure rates 
in ABR which was also confirmed in our study. 
In our study, preterm babies had a higher failure rate in 
both OAE and ABR. Preterm babies have poor neurolog-
ical development and maturation and are more prone 
to hearing loss.17 These patients are commonly exposed 
to multiple risk factors (low Apgar score, ICU care with 
mechanical ventilation, hypoxia, ototoxic drugs, and hy-
perbilirubinemia) which make them more vulnerable to 
hearing loss.11

Low birth weight (< 1500 gm) is not emphasized in the 
JCIH criteria. However, many other studies have included 
this as a risk factor.15 Our study demonstrated a signifi-
cant association of low birth weight and failure at ABR but 
not with OAE. Low birth weight may not be the sole risk 
factor but associated prematurity could have influenced 
the findings. However, very low birth weight babies have 
a higher incidence of poor development of the central ner-
vous system.11

Early identification of risk factors helps in prevention, 
early detection and management. Hence, the screening in 
the antenatal period itself is suggested to avoid missing 
any cases. Our study failed to show any association be-
tween maternal risk factors and failure of both OAE and 
ABR tests. However, a few studies have identified mater-
nal risk factors.7,18

The family history of permanent childhood hearing loss 
is a strong predictor for hearing loss.7,19 Martines et al. 
showed a significantly higher failure rate of 31.6% in chil-
dren with a positive family history of hearing loss.12 How-
ever, a family history was not a predictor of failure in our 
study. This could be because only a few babies had a posi-
tive family history in our study.
The limitations of this study include fallacy in the identi-
fication of comprehensive and accurate risk factors. Our 
infants, especially those admitted in the ICU, had multi-
ple interrelated risk factors, hence we cannot rule out the 
confounding effect of any risk factor. A similar study with 
a larger sample size would increase the validity of the find-
ings. We also could not provide adequate sedation to all 
the infants. We did not follow up the infants with failed 
results for confirmation of the hearing loss. This is a lim-
iting factor for screening studies even in the developed 
countries because of the time, resources, and funding 
constraints.20 

Hearing screening of infants at risk

Figure 3. Distribution of high-risk factors among infants at-

risk (n=228)
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CONCLUSION

Premature birth (gestational age < 34 weeks) was asso-
ciated with failure of the ABR and OAE tests. The infants 
with low birth weight, history of ototoxic drugs, ICU stay 
more than 5 days were only associated with ABR test fail-
ure. 

DECLARATIONS

Ethics approval and consent to participate: Ethical 

approval obtained from the Institutional Review Committee, 

Tribhuvan University Teaching Hospital. Written informed con-

sent taken from a parent of each participant before enrollment.

Consent for publication: Not applicable

Availability of data and materials: The datasets used and/

or analyzed during the current study are available from the cor-

responding author on reasonable request. All relevant data are 

within the manuscript and its supporting information files.

Competing interest: None 

Funding: None

Authors’ contributions: BK: concept, literature search, data 

acquisition, data analysis, manuscript preparation. PT: design, 

data analysis, manuscript revision. YN: design, data analysis, 

manuscript revision. PR: design, data analysis, manuscript 

revision.  SLK: design, data acquisition.  RPSG: concept, design, 

literature search. All the authors have read and approved the 

final manuscript.

Acknowledgement: The authors would like to thank the De-

partment of ENT, TUTH and Department of Pediatrics, TUTH 

for helping in referral of high-risk cases.

REFERENCES

1. Erenberg A, Lemons J, Sia C, Trunkel D, Ziring P. Newborn and 
infant hearing loss: detection and intervention. American 
Academy of Pediatrics. Task Force on Newborn and Infant 
Hearing, 1998-1999. Pediatrics. 1999;103(2):527-30. 

2. Salvago P, Martines E, Martines F. Prevalence and risk factors 
for sensorineural hearing loss: Western Sicily overview. Eur 
Arch Oto-Rhino-L. 2013;270(12):3049-56.

3. Pimperton H, Kennedy CR. The impact of early identification 
of permanent childhood hearing impairment on speech 
and language outcomes. Arch Dis Child. 2012;97(7):648-53.

4. Lang-Roth R. Hearing impairment and language delay 
in infants: Diagnostics and genetics. GMS Curr Top 
Otorhinolaryngol Head Neck Surg. 2014;13. Doc05. 

5. Tomblin JB, Oleson JJ, Ambrose SE, Walker E, Moeller 
MP. The influence of hearing aids on the speech and 
language development of children with hearing loss. JAMA 
Otolaryngol Head Neck Surg. 2014;140(5):403-9.

6. Canale A, Favero E, Lacilla M, Recchia E, Schindler A, Roggero 
N, et al. Age at diagnosis of deaf babies: a retrospective 
analysis highlighting the advantage of newborn hearing 

screening. Int J Pediatr Otorhinolaryngol. 2006;70(7):1283-9. 
7. Joint Committee on Infant Hearing. Year 2007 position 

statement: Principles and guidelines for early hearing 
detection and intervention programs. Pediatrics. 
2007;120(4):898-921.

8. Thompson DC, McPhillips H, Davis RL, Lieu TA, Homer CJ, 
Helfand M. Universal newborn hearing screening: summary 
of evidence. JAMA. 2001;286(16):2000-10.

9. Rakhecha A. Universal neonatal hearing screening 
Neonatologist’s Perspective. Indian Pediatr. 2014;51(3):173-
4.

10. Papacharalampous GX, Nikolopoulos TP, Davilis DI, Xenellis 
IE, Korres SG. Universal newborn hearing screening, a 
revolutionary diagnosis of deafness: real benefits and 
limitations. Eur Arch Otorhinolaryngol. 2011;268(10):1399-
406.

11. Wroblewska-Seniuk K, Greczka G, Dabrowski P, Szyfter-Harris 
J, Mazela J. Hearing impairment in premature newborns- 
analysis based on the national hearing screening database 
in Poland. PloS one. 2017;12(9):e0184359.

12. Martines F, Martines E, Mucia M, Sciacca V, Salvago P. 
Prelingual sensorineural hearing loss and infants at risk: 
Western Sicily report. Int J Pediatr Otorhinolaryngol. 
2013;77(4):513-8. 

13. Ohl C, Dornier L, Czajka C, Chobaut JC, Tavernier L. 
Newborn hearing screening on infants at risk. Int J Pediatr 
Otorhinolaryngol. 2009;73(12):1691-5.

14. Doyle KJ, Burggraaff B, Fujikawa S, Kim J, Macarthur CJ. 
Neonatal hearing screening with otoscopy, auditory brain 
stem response, and otoacoustic emissions. Otolaryngol 
Head Neck Surg. 1997;116(6):597-603. 

15. Bielecki I, Horbulewicz A, Wolan T. Risk factors associated 
with hearing loss in infants: an analysis of 5282 referred 
neonates. Int J Pediatr Otorhinolaryngol. 2011;75(7):925-30.

16. Institute of Health Economics. The safety and efficacy/ 
effectiveness of using automated testing devices for 
universal newborn hearing screening: An update. Edmonton 
AB: Institute of Health Economics. 2012. 

17. Guzzetta F, Conti G, Mercuri E. Auditory processing in 
infancy: do early abnormalities predict disorders of 
language and cognitive development? Dev Med Child 
Neurol. 2011;53:1085-90

18. Kim SH, Choi BY, Park J, Jung EY, Cho SH, Park KH. Maternal 
and placental factors associated with congenital hearing loss 
in very preterm neonates. Pediatr Neonatol. 2017;58(3):236-
44.

19. Meyer C, Witte J, Hildmann A, Hennecke KH, Schunck KU, 
Maul K, et al. Neonatal screening for hearing disorders 
in infants at risk: incidence, risk factors, and follow-up. 
Pediatrics. 1999;104(4):900-4.

20. Olusanya BO, Luxon LM, Wirz SL. Benefits and challenges of 
newborn hearing screening for developing countries. Int J 
Pediatr Otorhinolaryngol. 2004;68(3):287-305.

Kharel B, Neupane Y, Tripathi P, Rayamajhi P, Karna SL, 

Guragain RPS. Screening of hearing in infants at risk in 

a tertiary care centre: a descriptive cross-sectional study. 

JBPKIHS. 2020;3(2): 3-7.

How to Cite

Hearing screening of infants at risk


