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identification of hearing loss and characterization of auditory pathway function.
Objective: To predict common frequencies in different types of hearing loss by using click
stimuli auditory brainstem response (ABR) in children. Methods: An analytical cross-
sectional study was conducted at Fatima Memorial Hospital and The Children's Hospital,
Lahore, including 300 children of both sexes aged 0—4 years undergoing click-evoked
ABR evaluation. Clinical history and otoscopy were performed, otoacoustic emissions
were recorded, and wave-V parameters were documented for each ear. Hearing loss type
(conductive vs sensorineural) and degree (mild to profound) were categorized based on
ABR-derived threshold estimates and recorded on a structured proforma. Data were
analyzed using SPSS version 25.0 and summarized as frequencies and percentages.
Results: Of 300 participants, 198 (66.0%) were male and 102 (34.0%) were female; 177
(59.0%) were aged 3—4 years. Otoacoustic emissions showed refer in 300 (100.0%)
children. Sensorineural hearing loss was identified in 261 (87.0%) and conductive
hearing loss in 39 (13.0%). Profound hearing loss was most frequent (101, 33.6%),
followed by mild (69, 23.0%) and moderately severe (69, 23.0%). The most common
dominant wave-V frequency category was 2 kHz (97, 32.3%), followed by 3 kHz (77,
25.7%), 4 kHz (71, 23.7%), and 1 kHz (55, 18.3%). Conclusion: In this referred pediatric
cohort, click-evoked ABR most commonly identified sensorineural hearing loss with a
high proportion of profound impairment, and dominant wave-V responses were most
frequently observed in the 2 kHz category.
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INTRODUCTION

Identification of hearing loss in early childhood is a critical public health priority because undetected auditory impairment during the first years of
life adversely affects speech acquisition, language development, cognitive growth, academic performance, and psychosocial outcomes. Reliable
estimation of hearing thresholds in infants and young children is inherently challenging due to their limited ability to provide consistent behavioral
responses. Consequently, objective electrophysiological measures have become the cornerstone of pediatric audiological assessment, with auditory
evoked potentials representing the most dependable tools for early diagnosis (1). Among these, the auditory brainstem response (ABR) has long
been regarded as the clinical gold standard for estimating hearing sensitivity and neural integrity in populations unable to undergo conventional
behavioral testing (2).

Click-evoked ABR is the most widely used stimulus in routine clinical practice because of its short duration, abrupt onset, and ability to evoke
highly synchronized neural firing across the auditory nerve and brainstem pathways (3). Owing to its broad spectral content, click ABR
predominantly reflects cochlear and neural function within the mid- to high-frequency regions, typically between 2 and 4 kHz, and has
demonstrated good correspondence with behavioral thresholds at these frequencies (4). As a result, click ABR is extensively applied in universal
newborn hearing screening programs, diagnostic follow-up of failed screenings, evaluation of retrocochlear pathology, and intraoperative or
intensive care monitoring (5). Despite these advantages, click-evoked ABR is inherently limited in its frequency specificity, which restricts its
ability to provide detailed information regarding audiometric configuration, particularly at low frequencies (6).

To overcome this limitation, frequency-specific techniques such as tone-burst ABR and auditory steady-state response (ASSR) have been
developed and validated, showing stronger correlations with pure-tone audiometry across discrete frequencies (7). Narrowband chirp stimuli
further enhance neural synchrony by compensating for cochlear traveling wave delay and have demonstrated improved response amplitudes and
threshold estimation accuracy compared with traditional clicks (8). Nevertheless, these advanced techniques are not always available in resource-
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limited settings and often require longer test times, higher technical expertise, or more complex interpretation, which limits their routine use in
many clinical environments (9).

In such contexts, clinicians continue to rely heavily on click-evoked ABR not only to estimate hearing thresholds but also to infer the probable
type and degree of hearing loss. Previous studies have shown that click ABR thresholds can reasonably predict average behavioral thresholds in
the mid- to high-frequency range and may assist in distinguishing sensorineural from conductive hearing loss when interpreted alongside
otoacoustic emissions and clinical findings (10). However, the extent to which click-evoked ABR parameters, particularly wave V characteristics,
can be used to infer common or dominant frequency regions associated with different types and degrees of hearing loss remains insufficiently
explored, especially in young children (11).

The existing literature has largely focused on validating click ABR against behavioral audiometry or comparing it with frequency-specific
electrophysiological methods, with limited emphasis on analyzing frequency-related patterns derived solely from click-evoked responses in
pediatric populations (12). Moreover, most published evidence originates from high-income countries, while data from low- and middle-income
settings remain scarce. Differences in referral patterns, prevalence of severe-to-profound hearing loss, access to diagnostic modalities, and burden
of congenital or early-onset hearing impairment necessitate context-specific evaluation of commonly used diagnostic tools (13).

In Pakistan, national data on pediatric hearing loss assessment using electrophysiological techniques are limited, and click-evoked ABR remains
the most accessible and frequently employed diagnostic modality in tertiary care hospitals. There is a clear need to systematically evaluate how
click ABR findings relate to the type and degree of hearing loss in children and whether consistent frequency-related patterns can be identified
from wave V responses to support clinical decision-making in settings where frequency-specific testing is not routinely feasible (14).

Therefore, the present study was designed to evaluate children aged 0—4 years undergoing click-evoked ABR testing and to examine the distribution
of wave V responses across commonly assessed frequency regions in relation to the type and degree of hearing loss. The central research objective
was to determine whether click-evoked ABR can identify common frequency patterns associated with different types of hearing loss in young
children, thereby contributing evidence to inform its clinical utility and limitations in pediatric audiological practice (15).

MATERIAL AND METHOD

An analytical cross-sectional observational study was conducted to evaluate the relationship between click-evoked auditory brainstem response
findings and the type and degree of hearing loss in children. The study was carried out at the Audiology Departments of Fatima Memorial Hospital
and The Children’s Hospital, Lahore, Pakistan, during September 2022 to June 2023, over a defined study period following formal approval of the
research synopsis. Children presenting for diagnostic hearing evaluation during this period were assessed consecutively according to predefined
eligibility criteria to minimize selection bias and to ensure representation of the clinical referral population.

The study population comprised children of either sex aged between birth and four years who were referred for objective hearing assessment due
to suspected hearing impairment. Participants were included if they were unable to undergo reliable behavioral audiometry because of age or
developmental stage and required electrophysiological evaluation. Children with congenital ear anomalies such as aural atresia, anotia, or
recognized syndromic conditions associated with hearing loss were included to reflect real-world diagnostic practice. Children with severe
neurodevelopmental disabilities or diagnosed intellectual disability that could confound auditory pathway interpretation were excluded. All
participants were recruited after obtaining written informed consent from parents or legal guardians, in accordance with ethical standards for
research involving human subjects.

Each child underwent a standardized audiological assessment protocol. A detailed clinical history was obtained from caregivers, including birth
history, family history of hearing loss, otologic symptoms, and relevant medical information. Otoscopic examination was performed to assess the
external auditory canal and tympanic membrane status prior to electrophysiological testing. Transient evoked otoacoustic emissions were recorded
as part of the diagnostic battery to evaluate cochlear outer hair cell function and to support differentiation of cochlear versus conductive pathology.
Otoacoustic emission outcomes were classified as pass or refer based on device-specific criteria.

Auditory brainstem response testing was performed using surface electrodes placed according to a standard vertex-to-mastoid montage, with
electrode impedances maintained within acceptable limits. Click stimuli were delivered via earphones to each ear separately under controlled test
conditions. Testing was conducted while children were in natural sleep or under medically supervised sedation using oral chloral hydrate
administered according to pediatric safety protocols to ensure minimal movement artifact and optimal waveform acquisition. Wave V was identified
visually by an experienced audiologist, and threshold estimation was based on the lowest stimulus intensity at which a replicable wave V response
was observed. Wave V latency and intensity values were recorded for each ear. Based on the distribution of wave V responses, dominant frequency
regions were categorized according to clinically interpreted frequency ranges commonly associated with click-evoked responses.

Hearing loss was classified by type as sensorineural or conductive using a combination of ABR findings, otoacoustic emission results, and clinical
assessment. Degree of hearing loss was categorized as mild, moderate, moderately severe, severe, or profound based on ABR-derived threshold
estimates, consistent with internationally accepted pediatric audiology criteria. Demographic variables, clinical characteristics,
electrophysiological parameters, and outcome measures were systematically documented using a structured data collection proforma to ensure
consistency and data integrity.

Sample size estimation was performed a priori using established formulas for diagnostic accuracy studies, incorporating expected sensitivity,
specificity, confidence level, and prevalence of pediatric hearing loss reported in the literature (16). Data were entered and analyzed using the
Statistical Package for Social Sciences (SPSS) version 25.0. Descriptive statistics were computed for all variables, with categorical data
summarized as frequencies and percentages and continuous variables expressed using appropriate measures of central tendency and dispersion.
Comparative analyses were conducted to explore associations between ABR parameters and hearing loss categories, with inferential tests selected
based on data distribution and variable type. Statistical significance was assessed using a two-tailed approach with a predefined alpha level. Ethical
approval was obtained from the institutional ethics committee, and all procedures adhered to principles of confidentiality, voluntariness, and
participant safety as outlined in the Declaration of Helsinki (17).
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RESULTS

Most participants were aged 3—4 years (59.0%, n = 177), while 0-2 years accounted for 41.0% (n = 123). Males were more frequent (66.0%, n =
198) than females (34.0%, n = 102). Full-term births predominated (95.7%, n = 287), with 4.3% (n = 13) premature. Family history of hearing loss
was reported in 97.7% (n = 293) of children. The most common dominant wave-V frequency region was 2 kHz (32.3%, n =97). This was followed
by 3 kHz (25.7%, n = 77) and 4 kHz (23.7%, n = 71). The 1 kHz category was least frequent (18.3%, n = 55). Overall, 81.7% (n = 245) fell within
the 2—4 kHz range. A significant association was observed between frequency region and hearing loss type (%> = 18.6, p = 0.001). SNHL increased
from 74.5% at 1 kHz (41/55) to 91.5% at 4 kHz (65/71). Conductive hearing loss decreased from 25.5% at 1 kHz (14/55) to 8.5% at 4 kHz (6/71).
Across all regions, SNHL remained predominant (87.0%, n = 261).

Table 1. Demographic and Clinical Characteristics of Participants (N = 300)

Variable Category n %
Age group (years) 0-2 123 41.0
34 177 59.0
Gender Male 198 66.0
Female 102 34.0
Birth history Full-term 287 95.7
Premature 13 43
Family history of hearing loss Present 293 97.7
Absent 7 2.3

Table 2. Distribution of Dominant Wave-V Frequency Region on Click-ABR (N = 300)

Dominant Wave-V Frequency Region n %

1 kHz 55 18.3
2 kHz 97 323
3 kHz 77 25.7
4 kHz 71 23.7
Total 300 100.0

Table 3. Association Between Dominant Wave-V Frequency Region and Type of Hearing Loss (N = 300)

Frequency Region Conductive HL n (%) SNHL n (%) a p-value
1 kHz 14 (25.5) 41 (74.5)

2 kHz 11 (11.3) 86 (88.7)

3 kHz 8(10.4) 69 (89.6)

4 kHz 6 (8.5) 65 (91.5) 18.6 0.001
Total 39 261

Table 4. Degree and Type of Hearing Loss Identified by Click-ABR (N = 300)

Classification Category n %

Degree of hearing loss Mild 69 23.0
Moderate 23 7.7
Moderately Severe 69 23.0
Severe 38 12.7
Profound 101 33.6

Type of hearing loss Conductive 39 13.0
Sensorineural 261 87.0
Mixed 0 0.0

Profound hearing loss was most frequent (33.6%, n = 101). Mild and moderately severe loss were equally prevalent (23.0%, n = 69 each). Severe
hearing loss was 12.7% (n = 38) and moderate was 7.7% (n = 23). SNHL comprised 87.0% (n = 261), while conductive loss accounted for 13.0%
(n=39).

Table 5. Mean Wave-V Latency by Degree of Hearing Loss (ANOVA) (N = 300)

Degree of Hearing Loss Mean Latency + SD (ms) 95% CI1 p-value
Mild 6.48 +0.42 6.38-6.58

Moderate 6.92+0.51 6.71-7.13

Moderately Severe 7.41 £0.63 7.26-7.56

Severe 8.02+0.71 7.84-8.20

Profound 8.61 £0.84 8.45-8.77 <0.001

Wave-V latency increased progressively with increasing severity, from 6.48 ms (mild) to 8.61 ms (profound). The mean prolongation from mild
to profound was 2.13 ms (8.61 vs 6.48 ms). Confidence intervals shifted upward across severity categories, indicating consistent latency
prolongation. The overall difference in latency across groups was statistically significant (ANOVA p < 0.001). All children had an OAE “refer”
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result (100.0%, n = 300). No participant recorded an OAE “pass” (0.0%, n = 0). This indicates universally abnormal OAE screening within the
referred cohort. OAE results should be interpreted alongside click-ABR typing (SNHL 87.0%; conductive 13.0%).

Table 6. Otoacoustic Emission Outcomes (N = 300)

OAE Outcome n %

Refer 300 100.0

Pass 0 0.0

Total 300 100.0
DISCUSSION:

The present study provides a hospital-based profile of click-evoked ABR findings among children aged 0—4 years referred for objective hearing
assessment and demonstrates a marked predominance of sensorineural pathology and severe auditory impairment. Within this referred cohort,
sensorineural hearing loss (SNHL) accounted for 87.0% of cases, while conductive hearing loss represented 13.0%, with no mixed hearing loss
identified. This distribution is clinically plausible in a tertiary-care diagnostic pathway where referrals are often enriched for permanent hearing
loss and more advanced degrees of impairment, but it also underscores the importance of interpreting these proportions as characteristics of a
referred clinical sample rather than population prevalence. Comparable work evaluating electrophysiological protocols in infants has emphasized
that comprehensive objective testing frameworks are particularly valuable in severe-to-profound hearing loss because behavioral confirmation can
be delayed or unreliable in early life, reinforcing the practical role of ABR-based categorization in this age group (11).

In the current sample, the degree of hearing loss was skewed toward greater severity, with profound loss comprising the largest category (33.6%),
followed by equal proportions of mild and moderately severe loss (23.0% each), and smaller proportions of severe (12.7%) and moderate (7.7%)
loss. This pattern aligns with evidence that electrophysiological referrals—particularly in tertiary pediatric settings—frequently capture children
with clinically significant impairment who either failed early screening or presented later due to delayed recognition. Studies comparing click-
evoked ABR with other objective modalities suggest that the clinical management of a meaningful subset of children can change depending on the
method used, especially in severe-to-profound ranges where the presence or absence of residual hearing becomes central to amplification and
implant candidacy decisions (13).

A key study-specific observation was the distribution of “maximum wave V” across nominal frequency categories, where the highest proportion
occurred at 2 kHz (32.3%), followed by 3 kHz (25.7%), 4 kHz (23.7%), and 1 kHz (18.3%). While click stimuli are broadband and are not
inherently frequency-specific, clinical and research evidence indicates that click-ABR thresholds correspond most closely to behavioral sensitivity
within the mid- to high-frequency region, commonly approximated between 2 and 4 kHz (2). Accordingly, the predominance of higher “maximum
wave V” categories centered around 2—4 kHz in the present results is directionally consistent with the known physiological weighting of click-
evoked responses, which are driven more strongly by basal cochlear regions than by apical low-frequency generators. However, to support the
study aim of “predicting common frequencies,” it is essential that the operational derivation of these frequency categories from click-ABR outputs
is explicitly defined and, ideally, validated against an external frequency-specific reference such as tone-burst ABR, ASSR, or behavioral
audiometry when developmentally possible (14).

The study also found that all participants demonstrated “refer” outcomes on otoacoustic emissions (100%). In a referred cohort with a high burden
of SNHL and severe-to-profound impairment, this finding is not unexpected, as absent or abnormal OAEs are common in cochlear pathology.
Nonetheless, universal “refer” outcomes can also reflect conductive dysfunction, middle ear effusion, ambient/physiologic noise during testing, or
protocol thresholds, and therefore should be interpreted alongside otoscopy and, ideally, tympanometry to differentiate cochlear from conductive
contributions. Work incorporating bone-conduction click-evoked ABR alongside air-conduction ABR has shown value in clarifying conductive
involvement and reducing false-positive pathways in neonatal follow-up, supporting the methodological justification for adding bone-conduction
ABR when conductive components or congenital outer/middle ear anomalies are suspected (6). This consideration is particularly relevant to the
present study because children with atresia and anotia were included, conditions in which air-conduction testing alone can limit accurate etiological
classification.

From a translational standpoint, the predominance of SNHL observed here supports the clinical utility of click-ABR as a first-line objective tool
for identifying significant permanent impairment in early childhood, consistent with reports that click-evoked ABR can assist in predicting hearing
loss type when interpreted within a structured diagnostic pathway (15). However, because click-ABR is not frequency-specific and may under-
represent low-frequency sensitivity, the study’s recommendations to incorporate tone-burst and chirp stimuli are well-supported by prior evidence
demonstrating improved waveform detectability and stronger correspondence with behavioral thresholds under frequency-specific paradigms
(5,17). Several methodological considerations temper interpretation and generalizability. First, the use of non-probability purposive sampling in
tertiary hospitals likely introduced referral bias toward more severe disease, which may partly explain the high proportion of profound loss and
the predominance of SNHL. Finally, sex distribution showed a male predominance, but prior work suggests that sex-related differences in ABR
wave V latency are small and can be influenced by anatomical factors such as head size; therefore, any interpretation of sex patterns should be
cautious unless explicitly modeled and adjusted (18).

CONCLUSION:

The findings of this study demonstrate that click-evoked auditory brainstem response testing, when applied in a tertiary-care pediatric population,
most frequently identifies sensorineural hearing loss of severe to profound degree in children aged 0—4 years. Sensorineural pathology constituted
the dominant type of hearing loss, and profound impairment represented the largest severity category, reflecting the clinical characteristics of a
referred diagnostic cohort. The distribution of dominant wave-V responses was concentrated within the mid- to high-frequency region, with 2 kHz
emerging as the most common frequency category, consistent with the known physiological weighting of click-evoked ABR toward basal cochlear
regions. Progressive prolongation of wave-V latency with increasing hearing loss severity further supports the utility of click-ABR as an objective
indicator of auditory pathway dysfunction in early childhood.
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While these results reinforce the value of click-evoked ABR for identifying the presence, type, and overall severity of hearing loss in young
children, they also highlight its limitations for precise frequency-specific threshold estimation. Accordingly, click-ABR should be interpreted as a
robust screening and diagnostic tool within a comprehensive pediatric audiological framework rather than as a standalone method for detailed
audiometric profiling. Integration of frequency-specific electrophysiological techniques, including tone-burst and chirp-evoked ABR and bone-
conduction ABR where indicated, is essential to enhance diagnostic accuracy, support early intervention planning, and optimize hearing
management strategies in pediatric populations.
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