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ABSTRACT

Background: Hearing is a vital sensory function necessary for normal speech,
language, and cognitive development in early childhood. Undetected neonatal
hearing loss can lead to significant delays in communication skills and long-term
psychosocial challenges. The incidence of hearing impairment is considerably
higher among neonates admitted to the Neonatal Intensive Care Unit (NICU) due
to exposure to multiple risk factors such as prematurity, low birth weight,
hyperbilirubinemia, ototoxic medications, and prolonged hospitalization.

Aim: To determine the association between NICU stay and hearing loss in
neonates.

Materials and Methods: This hospital-based prospective cohort study was
conducted in the Department of Otorhinolaryngology at Maharaja Agrasen
Medical College, Agroha, Hisar, Haryana, over a period of 18 months (June 2023—
December 2024). A total of 200 neonates were enrolled and divided into two
groups: Group 1 (normal neonates, n=100) and Group 2 (NICU-admitted neonates
for >24 hours, n=100). Hearing screening was performed using Distortion Product
Otoacoustic Emissions (DPOAE) at discharge. Neonates with “REFER” results
underwent repeat OAE at 3 months, followed by Auditory Steady-State Response
(ASSR) at 6 months for definitive diagnosis. Data were analysed using SPSS
version 22. Statistical significance was considered at p<0.05.

Results: Hearing loss was identified in 3% of NICU-admitted neonates, while no
cases were observed in normal neonates (p=0.044). High-risk neonates had
significantly higher rates of prematurity (41% vs 13%), low birth weight (63% vs
16%), and LSCS delivery (62% vs 30%) (p<0.001). A strong association was
observed between prolonged NICU stay and hearing loss, with all affected
neonates having NICU stay >11 days (p=0.0001). No independent association was
found between hearing loss and factors such as gender, socioeconomic status,
gestational age, or mode of delivery on multivariate analysis.

Conclusion: NICU admission is a significant risk factor for neonatal hearing loss,
particularly with prolonged hospital stay. Early screening using OAE followed by
confirmatory ASSR is essential for timely detection. Implementation of routine
neonatal hearing screening programs, especially in high-risk populations, is crucial
to prevent long-term developmental delays.

Keywords: Neonatal hearing loss, NICU, OAE, ASSR, Screening, Risk factors,
Prematurity.
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INTRODUCTION

Hearing plays a fundamental role in the development of speech, language, and cognitive abilities in early childhood. Any
impairment in hearing during the neonatal period can have long-term consequences on communication skills, educational
achievement, and psychosocial development (1). Congenital and early-onset hearing loss affects approximately 1-3 per
1000 live births in the general population; however, the incidence increases significantly among high-risk neonates,
particularly those admitted to the Neonatal Intensive Care Unit (NICU), where it may range from 2% to 10% (2,3).

Neonates admitted to NICU are exposed to multiple risk factors that predispose them to hearing impairment. These include
prematurity, low birth weight, hypoxic ischemic encephalopathy, hyperbilirubinemia requiring exchange transfusion, use
of ototoxic medications such as aminoglycosides, mechanical ventilation, and neonatal infections (4,5). The cumulative
effect of these factors increases the vulnerability of the auditory system, particularly the cochlea and auditory neural
pathways.

Early identification of hearing loss is crucial because the first six months of life represent a critical period for auditory and
language development. Studies have demonstrated that infants diagnosed and rehabilitated before six months of age exhibit
significantly better language outcomes compared to those diagnosed later (6). This has led to the development of Universal
Newborn Hearing Screening (UNHS) programs, which aim to screen all newborns for hearing impairment before hospital
discharge (7).

Otoacoustic emissions (OAE) testing is widely used as a primary screening tool due to its non-invasive nature, rapid
execution, and high sensitivity for detecting cochlear (outer hair cell) dysfunction (8). However, OAE may miss neural
hearing deficits such as auditory neuropathy. Therefore, confirmatory tests such as Auditory Brainstem Response (ABR)
or Auditory Steady-State Response (ASSR) are recommended for definitive diagnosis (9).

Despite the implementation of screening programs, disparities exist in coverage and follow-up, especially in developing
countries. In India, neonatal hearing screening is not universally implemented, and many cases remain undiagnosed until
later childhood (10). This delay can result in irreversible deficits in speech and language development, emphasizing the
need for effective screening strategies.

Several studies have reported a higher incidence of hearing loss among NICU-admitted neonates compared to healthy
newborns (11,12). However, variability exists in reported prevalence rates due to differences in study populations,
screening protocols, and diagnostic criteria. Additionally, there is a need for region-specific data to understand the burden
of neonatal hearing impairment and associated risk factors.

This prospective cohort study was undertaken to compare hearing outcomes between normal neonates and those admitted
to NICU at a tertiary care center in Haryana. By evaluating the association between NICU stay and hearing loss, the study
aims to contribute to the existing body of evidence and support the implementation of targeted screening and early
intervention strategies.

MATERIALS AND METHODOLOGY
Study Design:
This was a hospital-based prospective cohort study.

Study Setting:
The study was conducted in the Department of Otorhinolaryngology in collaboration with the Department of Pediatrics at
Mabharaja Agrasen Medical College, Agroha, Hisar, Haryana.

Study Duration:
The study was carried out over a period of 18 months (June 2023 to December 2024), which included patient recruitment,
follow-up assessments, data collection, analysis, and report writing.

Study Population:
The study population comprised neonates within 28 days of life, including both healthy neonates and those admitted to the
NICU for more than 24 hours.

Sample Size:

The sample size was calculated using OpenEpi software based on prior study findings. Considering 80% power and 5%
level of significance, the required sample size was 192, which was rounded to 200 neonates, with 100 neonates in each
group to account for possible loss to follow-up.
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Sampling Technique:
A convenient sampling technique was employed, and all eligible neonates were enrolled consecutively until the desired
sample size was achieved.

Grouping of Study Participants:
¢ Group 1 (Control Group):
Normal neonates (<28 days) with no history of NICU admission.
e Group 2 (Exposed Group):
Neonates admitted to NICU for more than 24 hours.

Inclusion Criteria:
e Neonates aged <28 days
e Neonates whose parents/guardians provided informed consent
e  For Group 2: NICU admission >24 hours

Exclusion Criteria:
e Neonates with congenital ear anomalies
e Neonates with active ear infections
e Neonates on prolonged ventilatory support (>28 days)
e  Critically ill neonates where testing was not feasible

Study Procedure:

After obtaining ethical clearance, informed consent was obtained from parents. A detailed history was recorded, including:
e  Maternal history: infections, drug intake, radiation exposure
e Natal history: gestational age, mode of delivery
e Postnatal history: birth weight, NICU stay duration, jaundice, infections, ototoxic drug exposure

Clinical Examination:
A thorough ENT examination was performed using an otoscope to assess external auditory canal and tympanic membrane.
Oral cavity and nasal examination were also carried out.

Audiological Assessment:

1. First Stage Screening (DPOAE):
Conducted at discharge for all neonates. Results were categorized as PASS or REFER.

2. Second Stage Screening:
Neonates with REFER results underwent repeat OAE at 3 months.

3. Confirmatory Test (ASSR):
Neonates failing the second OAE underwent ASSR at 6 months, which provided objective confirmation and
grading of hearing loss.

Data Collection:
Data were collected using a predesigned and pretested proforma. All findings were recorded systematically and entered
into Microsoft Excel.

Outcome Measures:
e Primary Outcome: Incidence of hearing loss
e Secondary Outcome: Association of hearing loss with NICU-related risk factors

Statistical Analysis:
e Data analysed using SPSS version 22
e (Categorical variables: Chi-square test
e Continuous variables: Independent t-test
e p-value <0.05 considered statistically significant

Ethical Considerations:
e Institutional Ethics Committee approval obtained
e  Written informed consent taken from parents
e Confidentiality and privacy maintained throughout
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RESULTS

This study included a total of 200 neonates, divided equally into two groups: Group 1 (normal neonates, n=100) and Group
2 (high-risk neonates admitted to NICU for >24 hours, n=100). All neonates underwent hearing screening using Distortion
Product Otoacoustic Emissions (DPOAE) at discharge, followed by repeat OAE at 3 months for those with REFER results,
and confirmatory Auditory Steady-State Response (ASSR) at 6 months where required.

The demographic and clinical variables including gender, gestational age, birth weight, and mode of delivery were analysed
and compared between the two groups. Additionally, hearing outcomes and their association with NICU stay were
evaluated.

Baseline Characteristics of Study Population
Table 1: Comparison of Demographic and Clinical Characteristics

Variable Normal Neonates (n=100) | High-Risk Neonates (n=100) | p-value
Male 37 (37%) 57 (57%) 0.007
Female 63 (63%) 43 (43%)

Preterm (<37 weeks) 13 (13%) 41 (41%) 0.0001
Term (>37 weeks) 87 (87%) 59 (59%)

LSCS Delivery 30 (30%) 62 (62%) 0.0001
Normal Delivery (NVD) | 70 (70%) 38 (38%)

The baseline characteristics demonstrate significant differences between the two groups. The proportion of male neonates
was significantly higher in the NICU group (57%) compared to the normal group (37%), with a statistically significant
difference (p=0.007).

A markedly higher percentage of preterm neonates was observed in the high-risk group (41%) compared to only 13% in
the normal group, indicating a strong association between prematurity and NICU admission (p=0.0001).

Similarly, LSCS deliveries were significantly more common in the high-risk group (62%) compared to 30% in normal
neonates, whereas normal vaginal deliveries predominated in the normal group (70% vs 38%). This difference was highly
significant (p=0.0001), suggesting that operative deliveries are more frequent among high-risk neonates.

Birth Weight Distribution
Table 2: Distribution Based on Birth Weight

Birth Weight Category | Normal Neonates (n=100) | High-Risk Neonates (n=100) | p-value
<1.5kg 0 (0%) 9 (9%) 0.0001
1.5-2.0 kg 0 (0%) 17 (17%)

2.0-2.5kg 16 (16%) 37 (37%)

2.5-3.5kg 83 (83%) 37 (37%)

>3.5kg 1 (1%) 0 (0%)

Birth weight distribution showed a highly significant difference between the two groups (p=0.0001). The majority of
normal neonates (83%) had normal birth weight (2.5-3.5 kg), whereas only 37% of high-risk neonates fell in this category.

Conversely, low birth weight (<2.5 kg) was significantly more prevalent in high-risk neonates, accounting for 63% (9%
extremely low + 17% very low + 37% low birth weight) compared to only 16% in normal neonates. This finding strongly
suggests that low birth weight is a major determinant of NICU admission and a marker of neonatal vulnerability.

Hearing Outcomes and Association with NICU Stay
Table 3: Hearing Loss and Association with NICU Stay

Parameter Normal Neonates (n=100) | High-Risk Neonates (n=100) | p-value
Hearing Loss Present 0 (0%) 3 (3%) 0.044
Hearing Loss Absent 100 (100%) 97 (97%)

NICU Stay <10 days (HL cases) | — 0 (0%) 0.0001
NICU Stay >11 days (HL cases) | — 3 (100%)

Hearing assessment revealed that no cases of hearing loss were identified among normal neonates, whereas 3% of high-
risk neonates (3 out of 100) were diagnosed with hearing impairment. This difference was statistically significant
(p=0.044), indicating that NICU admission is associated with an increased risk of hearing loss.
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Further analysis of NICU duration demonstrated that no hearing loss cases were observed in neonates with NICU stay <10
days, while all cases of hearing loss (100%) occurred in neonates with NICU stay >11 days. The association between
prolonged NICU stay and hearing loss was found to be highly significant (p=0.0001).

Among neonates with 11-15 days of NICU stay, approximately 18.2% developed hearing loss, while 50% of neonates with
NICU stay >15 days were affected, although the latter group had a small sample size. These findings highlight a strong
correlation between prolonged NICU exposure and auditory impairment.

DISCUSSION

The present prospective cohort study was conducted to evaluate and compare hearing outcomes among normal neonates
and those admitted to the Neonatal Intensive Care Unit (NICU), and to determine the association between NICU stay and
hearing loss. The findings of this study clearly demonstrate that high-risk neonates admitted to NICU have a significantly
higher likelihood of developing hearing impairment, particularly with increasing duration of NICU stay.

In the present study, the incidence of hearing loss was 3% among NICU-admitted neonates, while no cases were identified
among normal neonates. This difference was statistically significant (p=0.044), indicating a clear association between
NICU admission and increased risk of hearing loss. Similar findings have been reported in previous studies, where the
prevalence of hearing impairment among NICU neonates ranged between 2% and 10%, significantly higher than that
observed in the general neonatal population (2). This increased susceptibility is primarily attributed to the presence of
multiple risk factors in NICU settings.

Gender distribution in the present study showed a significantly higher proportion of males in the high-risk group (57% vs
37%, p=0.007). Although this difference was statistically significant, multivariate analysis did not establish gender as an
independent predictor of hearing loss. This observation is consistent with earlier studies, which have reported that while
male neonates may have higher NICU admission rates, gender itself does not significantly influence hearing outcomes (3).
Socioeconomic status (SES) did not show a statistically significant association with hearing loss (p=0.525). The
distribution of neonates across SES categories was relatively uniform in both groups, suggesting that socioeconomic factors
may not directly influence neonatal hearing outcomes when access to healthcare services is similar. This finding is in
agreement with previous literature, which indicates that SES primarily affects access to screening and intervention rather
than the biological occurrence of hearing loss (4).

A significant association was observed between mode of delivery and NICU admission, with a higher proportion of high-
risk neonates delivered via LSCS (62% vs 30%, p=0.0001). This may reflect the underlying obstetric complications
necessitating operative delivery. However, mode of delivery did not emerge as an independent risk factor for hearing loss
in multivariate analysis. Similar findings have been reported in earlier studies, where LSCS was associated with NICU
admission but not directly linked to auditory impairment (5).

Gestational age showed a highly significant difference between the two groups, with preterm neonates constituting 41% of
the NICU group compared to only 13% in the normal group (p=0.0001). Prematurity is a well-established risk factor for
hearing loss due to immature cochlear function, increased vulnerability to hypoxic injury, and higher exposure to ototoxic
medications (7). Although prematurity did not emerge as an independent predictor in regression analysis, its indirect role
through NICU-related complications cannot be overlooked.

Birth weight analysis revealed that low birth weight (<2.5 kg) was significantly more prevalent among high-risk neonates
(63% vs 16%, p=0.0001). Low birth weight is often associated with prematurity and intrauterine growth restriction, both
of which contribute to increased neonatal morbidity and risk of hearing impairment. Previous studies have consistently
demonstrated an association between low birth weight and auditory dysfunction, particularly in the presence of other risk
factors (9).

One of the most important findings of this study was the strong association between duration of NICU stay and hearing
loss. No cases of hearing impairment were observed in neonates with NICU stay <10 days, whereas all cases of hearing
loss occurred in neonates with prolonged NICU stay (=11 days), with a highly significant p-value (p=0.0001). This finding
is consistent with earlier studies, which have shown that prolonged NICU exposure increases the risk of hearing loss due
to cumulative exposure to risk factors such as mechanical ventilation, ototoxic drugs, infections, and hyperbilirubinemia

(11).

In neonates with NICU stay of 11-15 days, 18.2% developed hearing loss, while 50% of neonates with stay >15 days were
affected, although the latter group had a small sample size. This trend clearly indicates a dose-response relationship between
duration of NICU stay and risk of hearing impairment. Such findings highlight the importance of minimizing NICU stay
duration wherever possible and ensuring close monitoring of high-risk neonates.
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Multivariate regression analysis in the present study did not identify individual variables such as sex, SES, gestational age,
mode of delivery, or birth weight as independent predictors of hearing loss. This suggests that hearing impairment in
neonates is multifactorial, resulting from the combined effect of multiple risk factors rather than a single determinant.
Similar conclusions have been drawn in previous studies, emphasizing the complex interplay of perinatal and postnatal
factors in the development of auditory dysfunction (12).

The use of DPOAE as a primary screening tool followed by ASSR for confirmation proved to be effective in early
identification of hearing loss. OAE is known for its high sensitivity in detecting cochlear dysfunction, while ASSR provides
objective estimation of hearing thresholds (13). The staged screening protocol used in this study ensured accurate diagnosis
and minimized false-positive results.

The findings of this study have important clinical implications. Early identification of hearing loss allows timely
intervention, including hearing aids, cochlear implants, and speech therapy, which are crucial for optimal language
development. The results strongly support the implementation of universal newborn hearing screening programs,
particularly in high-risk populations such as NICU-admitted neonates (14,15).

However, this study has certain limitations. The relatively small number of hearing loss cases may limit the generalizability
of the findings. Additionally, long-term follow-up beyond six months was not conducted, which could have provided
further insights into late-onset hearing loss. Future studies with larger sample sizes and extended follow-up are
recommended.

CONCLUSION

The present study demonstrates that NICU admission is a significant risk factor for neonatal hearing loss, with an incidence
of 3% among high-risk neonates compared to 0% in normal neonates. Prolonged NICU stay (>11 days) was strongly
associated with increased risk of hearing impairment.

Although individual factors such as prematurity, low birth weight, and mode of delivery were significantly associated with
NICU admission, none independently predicted hearing loss on multivariate analysis, suggesting a multifactorial etiology.
Routine early hearing screening using OAE followed by confirmatory ASSR should be implemented, especially in NICU
settings. Early detection and timely intervention are essential to prevent long-term developmental delays and improve
quality of life.
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