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Abstract

Electrophysiological recordings allow the evaluation of the func-

tional integrity of the peripheral and central auditory structures.
Among them, the Auditory Brainstem Responses (ABR) are a funda-
mental tool for the study of the neurophysiology of the auditory
pathways. Due to the low amplitude and the unavoidable noise
contamination, both biological and external, the use of procedures
that improve the quality and definition of the recordings obtained
is required.

This study aims to evaluate ABR's reliability and validity. Reliability
is analyzed through the Standard Deviation Ratio (SDR); and the
Correlation Coefficient between Replicates (CCR); which allow for
assessing the consistency and reproducibility of the responses.
Weighted averaging improves the signal-to-noise ratio (SNR) and
reduces the time required for electrophysiological evaluation.

Convergent validity evaluates the correlation between electrophysi-
ological and behavioral tests when measuring the same construct,
in this case, auditory perception. Criterion validity determines the
scale in which a test correlates with an external reference variable,
such as the degree of hearing loss or the clinical diagnosis of hear-
ing loss. Different statistical procedures arise to establish the audi-
tory thresholds through the ABRs. It's postulated that, in order to
estimate the auditory thresholds through ABRs, each institute must

Clinical Implications

The precision of Auditory Brainstem Responses depends on factors such as

the signal to noise ratio, the stability of the neurophysiological response, the
intra-observer and inter-observer variability, and the biological variability. For a
quality evaluation of the recordings, statistical estimates are used, which allow
for a quantification of the sources of variability. Techniques such as weighted
average improve reliability and reduce the time required for the test. In addition,
the precision increases when each institution establishes models between
physiological and behavioral tests, guaranteeing consistent and reproducible
estimations of the auditory thresholds. This precision improvement allows for a
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more trustworthy characterization of auditory sensitivity, which facilitates the
diagnosis and the appropriate selection of intervention strategies, especially with

less cooperative patients.
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establish its own control group. Additionally, the most commonly
used procedures are analyzed to improve the correlation between
ABRs and behavioral responses.

Introduction

In clinical practice, diverse methods are used to evalu-
ate auditory function, ranging from behavioral pro-
cedures, such as pure-tone audiometry, to objective
evaluations, such as Otoacoustic Emissions (OAE) and
the Auditory Brainstem Responses (ABRs) (Norton
et al., 2000; Nufiez Batalla et al., 2020; Widen et al.,
2005). These examinations must meet methodological
criteria that support precise diagnosis and facilitate
therapeutic decision making. In this context, it is cru-
cial to answer three key questions: Does the recorded
neurophysiological component really measure what
it is intended to measure? Are the recordings consist-
ent and reproducible in different moments and con-
ditions? And, lastly, is the examination able to detect
clinically meaningful changes or relevant differences
between individuals or groups?

ABRs allow for obtaining objective responses asso-
ciated with auditory sensitivity. The neurophysiologi-
cal response allows for evaluating the functionality
of the auditory pathways, from the cochlea and the
auditory vestibular nerve to the brainstem (Barajas de
Prat et al., 2007; Barajas, 1985; Delgado Hernandez
et al., 2003). The low amplitude of the physiological
signal, as well as the presence of artifacts, has a direct
influence on the quality of the recordings. The state
of alertness of the patient, muscular movements or
electric perturbations may cause variations in the
results, affecting its precision. To improve its reli-
ability, procedures like filtering the signal and aver-
aging are applied. The latter, introduced by Dawson
(1954), consists of the combination of the obtained
responses after the repeated presentation of stim-
uli, thus minimizing the random interferences of the
electroencephalographic activity in the background.
The filtering of the signal deletes undesired frequen-
cies through the application of high-pass or low-pass
filters, restricting the recording to a specific range of
frequencies (Doyle & Hyde, 1981). The setup of this
parameter is established according to the compo-
nent or the neurobiological activity to be analyzed.
For example, in the frequency spectrum, ABRs are
found mostly between 500 Hz and 1500 Hz. For this
reason, a band-pass filter is commonly applied in
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the 30Hz to 100Hz range for the high-pass one, and
another one from 1500 Hz to 3000 Hz for the low-pass
one (Elberling, 1979). This filtering accomplishes two
fundamental objectives: on the one hand, removing
low-frequency noise, which is caused by physiological
artifacts, such as muscular activity (myogenic noise);
and, on the other hand, reducing high-frequency
noise, which generally includes electric interferences
and environmental noise.

Validity refers to the capacity to estimate the audi-
tory sensitivity based on the electrophysiological
responses. This concept is grounded in two funda-
mental indicators: sensitivity and specificity. The sen-
sitivity shows the test's capacity to correctly identify
the positive cases, that is, the subjects with hearing
loss. In turn, the specificity measures the capacity to
detect negative cases, distinguishing the subjects with
normal hearing.

This study analyzes the precision and reliability of
ABRs, considering criteria like reliability, validity, sensi-
tivity and specificity. The methodological foundations
that guarantee a precise evolution and reproducible
analysis are examined; these include strategies for
the minimization of artifacts and the improvement of
signal to noise ratio. Additionally, the impact of these
procedures is emphasized in the optimization of the
auditory diagnosis, allowing for a better identification
of hearing loss and facilitating evidence-based clinical
decision making.

Measure’s reliability:
Averaging Techniques

The components identified in the electrophysiologi-
cal recording can be referred to as observed scores,
which are composed by two main elements: the true
score, which represents the physiological response
to a stimulus, and the associated error, which corre-
sponds to the background noise of the EEG (electro-
encephalogram). Reliability is defined as the observed
variability's proportion attributable to the true score.
In the case of ABRs, the reproducibility of the record-
ings is a key factor for reliability, since the tests can be
obtained in variable conditions. This quotient allows
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for determining the extent to which the results are
free of errors and reflects the measure’s accuracy.
The following equation establishes the reliability in
relation to the variance:

i
SHEN

[@RN]

Where:

R: Reliability (value between 0 and 1).

o Variance of the True Score (desired component
of the measure).

0'5: Total Observed Variance, which includes both
the true variance and the error variance.

Additionally, the total observed variance is divided
as follows:

2 _ 2 2
O'O—GV-‘r-O'E

Where:

o2 Error Variance.

The equation establishes that the reliability (R)
directly depends on the relation between the true var-
iance (o) and the error (o;). When o7 is low, reliability
approaches its maximum value (R = 1). This happens
because, in these conditions, almost all observed
variance is attributed to differences in the measured
characteristics and not to random fluctuations or
measurement mistakes. In other words, this implies
that the recordings’ results are consistent, steady
and that they primarily reflect the response to the
presented stimuli. On the contrary, when the error's
variance is big in relation to the true variance o2 >> o,
the reliability decreases. In this case, the measures
are so influenced by random or external factors that
it becomes impossible to distinguish the signal from
the background noise.

One of the most effective strategies to improve
the reliability of the recording is increasing the num-
bers of averages. Each additional sweep progressively
reduces the noise’s impact, favoring the signals detec-
tion. This relation is described through the following
equation, described by Hall (2007, p. 95):

_ SignalAmplitude

SNR= NoiseAmplitude

x VNumberofAverages(N)

The signal-to-noise ratio (SNR) improves when
increasing the signal's amplitude, decreasing the
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noise, or raising the number of averages, with a
gain proportional to the square root of the latter.
However, this improvement has decreasing returns,
which becomes especially relevant in small children,
where recording time is limited (Cone & Norrix, 2015).
Figure 1 illustrates this relation, showing how the
SNR varies depending on the number of sweeps and
the stimulation level. The Standard Deviation Ratio
(SDR) is calculated by dividing the standard devia-
tion of the recordings’ average (response + noise)
by that of the residual noise. The first one shows
the observed variance; the second one, the error. A
high SDR denotes a higher ratio of response com-
pared to noise. This measurement, together with the
Correlation Coefficient between Replicates (CCR), was
chosen for its clinic applicability, operative easiness
and literature backing (Hall, 2007; Picton et al., 1983).

Standard Deviation Ratio

The Standard Deviation Ratio (SDR) is a parameter
used in the evaluation of recording’s quality (Madsen
et al., 2018; Picton et al., 1983). Although it doesn't
directly equate to the classic coefficient of reliability,
SDR allows for estimating the extent to which the
evoked response is visible above the background
noise, facilitating a safer interpretation of the neu-
rophysiological activity. SDR is calculated as the
square root of the quotient divided by the variance
of the recording's average (which includes both the
response and the background noise) and the variance
of the residual noise:
2

SDR = | Zsiznalnoise
2

noise

Where:
o? : Variance of the recording's average.

signal+noise*

02 ... Variance of the residual noise, estimated
through the subtraction between two replicates of
the same stimulus.

The noise floor is calculated through a cross-cor-
relation procedure, which consists of subtracting
one replicate from another of the same presenta-
tion (Schimmel, 1967; Wong & Bickford, 1980). This
subtraction removes the coordinated response, only
leaving the random component. Even though the
SDR doesn't directly represent the signal to noise

ratio in decibels like the SNR, it does act like a useful
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Figure 1. Example of the change in SNR with the number of sweeps in a recording obtained in a patient with a hearing loss of 40 dB HL, the amplitude
of the wave V at 80 dB nHL is 1V, with a background EEG of 10 uV. To accomplish an SNR of 2:1, approximately 401 averagings (solid line) are required.
However, at 40 dB nHL, the amplitude of the wave V decreases to 0.5 pV, which increases the averagings to reach the same SNR to 1600 (dashed line).

relative metric for the quantification of the record-
ing'’s clarity. For practicality reasons, standard devia-
tions have been used instead of variances, since they
are directly related to the amplitudes of the evoked
components.

Coefficient of Correlation
between Replicates

The Coefficient of Correlation between Replicates
(CCR) measures the reliability or consistency of the
evoked responses averaged based on two replicates
(Picton et al.,, 1983; Wang et al., 2021). Mathematically,
it is expressed as:

(X, - X )X, - X,)

CCR= — .
\/z()g =X Z(X, =X, )

Where:

X,: Values of the first replicate.

X,: Values of the second replicate.

X,, X,: Averages of each replicate.

A high CCR denotes a good consistency between
replicates, which suggests that the averaged signal is

4

barely affected by the noise. Values of CCR> 0.5 are
considered acceptable, while values over 0.7 suggest
a high level of reproducibility (Berninger et al., 2014).
Low values of SDR or CCR suggest that the record-
ing is dominated by the noise, which can be due to
technical factors, such as bad electrode placement
or excessive background noise. It can also arise from
patient’s conditions, like ocular movement. In these
cases, it is advised to repeat the recording trying to
improve the test’s conditions. The CCR is strongly
related with the SNR. This relation is mathematically
expressed as:

SNR= CCR
1-CCR

Where:

CCR: Coefficient of Correlation between Replicates.

SNR: Signal/Noise Relation.

This equation establishes that the CCR not only
measures the consistency between replicates, but
also acts as a direct indicator of the preponderance
of the signal over the noise. While the CCR gets closer
to 1, the SNR increases in a non-linear way, which
reflects a signal that becomes progressively more
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dominant compared to the noise. In Figure 2 we
can observe that a CCR of 0.7 results in an SNR of
2.3 dB, while a CCR of 0.95 increases the SNR to 19
dB, showing an exponential growth. Conversely, low
values of CCR, close to 0, imply a dominance of the
noise over the signal, which limits the interpretation
of the recording.

The joint interpretation of the SDR and the CCR
is essential for identifying recordings that require a
careful analysis and, in necessary cases, its repetition.
A high SDR together with a low CCR suggests that,
even though the average signal is high compared
to the noise, the replicas have not been consistent.
This may be due to the presence of artifacts or bad
recording conditions, which compromise the reliabil-
ity of the results.

The ideal combination is a high SDR with a high
CCR, which reflects a strong recording, where the
signal is clearly distinguishable from the noise and
remains consistent through the replicas. However, a
high CCR with a low SDR doesn’t necessarily imply a
bad recording, instead, it can simply show that the
response is of low-amplitude but reliable. In these
cases, even if the signal is weak in comparison to the
noise, its consistency between replicas suggest that
the measure is valid.

20.0 -
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Weighted Average

In the classical averaging techniques, it is assumed
that the noise present in the recording is stable, which
means that its statistical attributes, such as the mean
and the variance, remain constant over time (Muhler
& von Specht, 1997). However, this assumption hardly
ever meets real recordings. In clinical environments,
factors such as patient's movements, blinking, back-
ground noise or variations in the electrodes’ place-
ment cause a non-stationary noise that varies in
intensity and characteristics through the recording.
The classic averaging doesn't account for these tem-
poral variations, which affects the recording’s quality
when including the averaging sweeps contaminated
by noise that distort the final result. To address this
limitation, techniques like weighted averaging have
been developed. These assume a non- stationary
model of noise (Hoke et al., 1984; McKearney et al.,
2023). This approach divides the recording in discrete
subsets, named blocks, allowing the identification
and exclusion of specific sections affected by peaks
of excessive noise.

In this model, every recording is represented as
the sum of the fixed signal s(t) and a component of

|ccr=0.95 |

SNR =19.00 |
=_C€CCR |
SNR = —¢cr L
@ Example Points
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CCR=0.5
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o
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z ™
2
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5.0-

CCR=0.7
25- / SNR =2.33
0.0 -y } ] I 1 1
0.0 0.2 0.4 0.6 0.8 1.0

CCR (Correlation Coefficient between Replicates)

Figure 2. Relation between CCR and SNR. The chart shows how the SNR increases exponentially while the CCR gets closer to 1. For example, a CCR = 0.7
corresponds to an SNR = 2.33 dB, while a CCR = 0.95 increases the SNR up to 19 dB. The reference lines indicate SNR = 1dB, when signal and noise are

equivalent, and CCR = 0.5, medium value of consistency.
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non-stationary noise c¢(t), which in turn is the product
of a stationary noise n(t) and a multiplicative factor
Ci(t) that varies slowly:

x(6) = s(t) + ¢(6) - n 0

Where:

x(t) is the average recording.

s(t) is the the signal of interest.

¢(t)is a factor that modulates the noise’s amplitude.

n(t) is a stationary noise with measure 0 and uni-
tary variance.

In weighted averaging techniques, specific sta-
tistics are used, such as the variance of the residual
noise and the average power of the signal, to optimize
the SNR (Davila & Mobin, 1992; Kumaragamage et al.,
2016). The variance of the residual noise measures
the spreading of the noise’s amplitudes inside of every
data block, identifying the sections with more artifact
contamination or background noise. On the other
hand, the average signal power evaluates the relative
intensity of the physiological response to the stimuli
inside each block. The procedure begins with the divi-
sion of data in discrete blocks and the estimation of
these parameters in each one. Next, the blocks get
weights ascribed, in a way that those with less vari-
ance of noise and more power of signal have a bigger
influence in the final average.

The block analysis facilitates the usage of sta-
tistical tools that allow for automatically detect-
ing the response. This allows reducing the number
of needed averages to obtain a reliable record-
ing, because it can stop before the established
when meeting a pre-established value of SNR.
This optimizes the required time for the tests and
minimizes the patient’'s burden, especially with
pediatric or difficult to evaluate patients. For exam-
ple, with newborns, the averaging techniques
may avoid the use of sedatives (Cone & Norrix,
2015), as schematically represented in Figure 3,
where the recording’'s segmentation process, the
weigh assignation and the differential contribution
of the blocks according to the noise level are shown.

Convergent validity: Estimating
the pure-tone audiogram

In the diagnostic field, ABRs are a fundamental tool
to evaluate the functionality of the auditory pathways

6
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and detect structural alterations, such as injuries in
the auditory nerve or the brainstem (Barajas, 1985).
Additionally, these recordings allow for estimating
auditory thresholds in populations where the conven-
tional audiometry is not feasible, like in newborns or
patients with limited cooperation capacity (Barajas
et al., 1981).

In both situations, the validity concept acquires a
great clinical importance. In the first case, it is essen-
tial to determine the capacity of ABR to contribute to
the diagnosis of pathologies like auditory neuropathy
(Starr & Rance, 2015), cerebellopontine angle tumors,
such as meningeal tumors (Barajas de Prat et al., 2007),
or delay in the nerve conduction associated with the
demyelination in multiple sclerosis (Barajas, 1982). In
the second case, particularly in the programs of uni-
versal neonatal auditory screening, the validity refers
to the degree in which the obtained results correlate
with the auditory sensitivity evaluated through behav-
ioral methods (Widen et al., 2000).

There are different approaches to establish criteria
validity between these tests, including analytic proce-
dures like the threshold subtraction and the regres-
sion models, as well as diagnostic indicators such as
sensitivity and specificity.

Method of difference
between thresholds

This biological calibration method uses subjects with
normal hearing as a control group to establish the
relation between electrophysiological and percep-
tual responses. For this, the auditory thresholds are
recorded with the same stimuli used in the electro-
physiological evaluation, such as clicks or pure tones
by impulses. Based on this data, the reference level
of 0 dB nHL is defined, equivalent to the average
of the measured thresholds in subjects with nor-
mal hearing (Bagatto et al., 2010; Gorga et al., 2006;
Vander Werff et al., 2009). For example, if the average
behavioral threshold for the stimuli of the ABR in a
normal hearing group is between 30 dB nHL and 500
Hz, this value is established as reference and is con-
sidered equal to 0 dB nHL. If the minimum observ-
able electrophysiological response for this frequency
is 25 dB nHL (5 dB below the 30 dB nHL criteria), a
correction of -5 dB is applied to adjust the estima-
tion, aligning the electrophysiological results with
the behavioral ones. Diverse studies have quantified
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Figure 3. Schematic representation of the weighted averaging principle, based on a temporal simulation of a fictional response. (A) Faint recording with
non-stationary noise contamination, in which a fixed signal s(t) is affected by a noise companent xi(t) of variable intensity. (B) Implementation of the
weighted averaging technique, in which the recording is divided into blocks and averaging coefficients are assigned based on the SNR of each section.
The blocks with less interference and more coherence with the interest signal contribute in a more significant way to the final average. (C) Distribution
of the assigned weights to the blocks based on the noise level, shawing the optimization strategy for the relative contribution of every section in the
estimation process of the underlying signal.

these correction factors for different frequencies, as necessity of complex analysis. Additionally, its appli-
summarized in Table 1. cation is widely generalizable, allowing the use of

This method stands out due to its simplicity and uniform reference values for every patient, as long
ease of implementation in clinical settings, since it as the same configuration of stimuli and calibration
is based on constant references, eliminating the are maintained.
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Table 1. The values represent the correction factors applicable to the physiological results of the ABR to estimate the auditory thresholds of the tonal
audiometry in normal hearing people, expressed in dB nHL. Average differences were calculated by the subtraction methad. The data correspands to
adults, except for the values that Bagatto praposes, obtained from pediatric papulation.

Study 500 Hz 1000 Hz 2000 Hz 4000 HZ
Purdy et al., 1989 9,8 9,4 5,3 8,3
Stapells, 2000 20,4 13,4 11,8
Vander Werff et al., 2009 20,5 10,0 9,6
Bagatto et al., 2010 15 10 5 0
However, this approach has limitations. Reliance Where:
on a group of normal hearing people assumes a con- Y, ohaviora- 1S the predicted behavioral threshold,

stant relationship between the electrophysiologi-
cal and behavioral thresholds, which does not apply
to individuals with hearing loss. Furthermore, with
severe or profound hearing loss the lack of neural
synchronization and the reduction of amplitude in
the response may affect the estimation’s precision,
increasing the prediction’s error margin (Chalak et al.,
2013; Gorga et al., 2006; McCreery et al., 2015).

Regression models for the
threshold estimation

This approach uses linear regression models to esti-
mate the relationship between the electrophysio-
logical and behavioral thresholds, allowing for the
adjustment of the systematic differences between
the two of them (Gorga et al., 2006; McCreery et al.,
2015). Instead of assuming a steady correspondence,
the model identifies variation patterns based on the
frequency and the degree of hearing loss, which facili-
tates the application of specific correction factors.

The model is designed to identify and quantify
these differences through a mathematical represen-
tation that links them with the measures obtained in
the ABRs. The linear regression is adjusted according
to the data through specific equations that reflect how
the differences change based on the observed elec-
trophysiological threshold. Thus, a correction more
precise than those obtained with methods that apply
constant factors is achieved. The equation used for
this model is the following:

+(mx + b)

behavioral Xphysio/og/ca/

obtained after the application of the correction.

X wysioiogicar 1S the observed physiological threshold,
which serves as an initial reference point.

x: is the value of the observed physiological thresh-
old in the mx + b term, which influences the predicted
differences.

m: is the slope, which reflects how the threshold
differences vary based on the physiological thresh-
old (x).

b: is the intersection, which describes the average
difference between thresholds when x=0.

This equation models the systematic discrepancies
between thresholds, allowing for the calculation of
the behavioral threshold as the sum of the observed
physiological threshold X, ., and the predicted
correction (mx + b). This approach is especially useful
in the prescription of hearing aids and the early diag-
nosis of significant hearing loss, because the adap-
tive corrections help avoiding critical mistakes in the
estimations. However, its prescription can be lim-
ited with profound hearing loss, where the response
is weaker and more difficult to model. Additionally,
with newborns and little children, additional adjust-
ments can be needed to improve the prediction. In
this context, to obtain real ear measurements through
probe tube, and in particular the measurement of
the real ear to coupler difference (Real Ear to Coupler
Difference, RECD), it is fundamental to reduce the
inter and intraindividual variability in the audiometric
recordings within these ages and improve the estima-
tions’ precision (Bagatto et al., 2005; Zenker Castro,
2011). Table 2 summarizes the regression models
proposed by McCreery et al. (2015), as well as the
correction factors derived based on frequency and
physiological threshold level.
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Table 2. Models of the differences between physiological and behavioral thresholds, estimated based on linear regression equations proposed by Mc-
Creery et al. (2015). The correction factors are presented with frequencies associated with the physiological threshold's level.

Frequency (Hz) Regression equation Correction factors
500 Y=-0.22x+5.90 20 dB: 5, 40 dB: -3, 60 dB: -7, 80 dB: -12
1000 Y =-0.13x +8.32 20 dB: 5, 40 dB: 3, 60 dB: 0, 80 dB: -2
2000 Y =-0.14x + 731 20 dB: 5,40 dB: 2, 60 dB: -1, 80 dB: -4
4000 Y =-0.16x +9.32 20 dB: 6, 40 dB: 3, 60 dB: 0, 80 dB: -3

An important aspect of this approach is its capac-
ity to adjust to the patient’s degree of hearing loss.
Studies such as those from McCreery et al. (2015)
and Gorga et al. (2006) have demonstrated that the
differences between the electrophysiological and
behavioral thresholds are not linear, especially in
cases with significant hearing loss. For example, it was
observed that the physiological thresholds tend to
underestimate the behavioral thresholds in patients
with severe hearing loss, which emphasizes the need
for the application of dynamic corrections.

Criterion validity. Sensitivity
and specificity

Criterion validity is an indicator that the diagnostic
tests used is able to identify both the presence and
the absence of hearing loss. This indicator becomes
significantly relevant in clinical settings, such as neo-
natal screening, where an early detection is essential
to avoid negative repercussions in language and com-
munication development.

The sensitivity measures a test's capacity to cor-
rectly identify individuals with hearing loss (real
positives). This indicator is estimated through the
following equation:

Sensitivity = ppRErr x 100

Where:

RP (Real Positives). Individuals with hearing loss
that have been correctly identified by the test.

FN (False Negatives). Individuals with hearing loss
that have not been detected by the test.

A high sensitivity minimizes the occurrence of false
negatives, which is crucial in neonatal screening. For
example, if an ABR protocol has a sensitivity of 95%, it
means that 95% of the patients with hearing loss will

be correctly identified, while the remaining 5% could
be mistakenly classified as normal hearing individuals.

Specificity evaluates a test's capacity to correctly
identify individuals with normal hearing (true nega-
tives). A high specificity establishes that few people
without hearing loss are mistakenly classified as indi-
viduals suffering from hearing loss. This indicator is
estimated through the equation:

Specificity = %x 100

Where:

TN (True Negatives). Individuals with normal hear-
ing that were correctly identified by the test.

FP (False Positives). Individuals with normal audi-
tion that were mistakenly diagnosed with hearing loss.

Zenker et al. (2013) analyzed the degree of agree-
ment between three institutions that issued hearing
loss diagnoses based on ABR. The results showed a low
correlation in the classification of the cases between
the different institutions, with an intraclass correlation
coefficient (p = 0.37), as shown in Figure 4. This value
indicates a low concordance between the evaluators,
which suggests high diagnostic variability. In clinical
terms, this means that ABR's interpretation was not
consistent across institutions, which could lead to dif-
ferences in the identification of hearing loss depend-
ing on where the test is performed. In this study, low
agreement was associated with a lack of concurrent
validation between electrophysiological and behavioral
tests, which resulted in a high rate of diagnostic errors.

Discussion

The evaluation of the reliability and validity of ABR
recordings allows for assessing its precision and con-
firming its utility in clinical diagnosis. In this study, we
have analyzed how different factors influence the
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Figure 4. Graphic representation of the intraclass correlation coefficient (ICC) in the hearing loss diagnosis based on ABRs of three institutions. A high
variability can be observed between the diagnoses of the evaluated institutions (o = 29.81), showing a low concordance (p = 0.37), which suggests that
the diagnosis significantly depends on the institution that evaluates the patient (Zenker et al., 2013).

quality of the recordings, including the SNR, the repro-
ducibility of the measures and the precision in the
auditory thresholds’ estimation based on neurophysio-
logical responses. The acquisition of these parameters
allows for optimizing the methodology of acquisition
and interpretation of ABR, minimizing the variability
and improving its precision as a diagnostic tool.

This review proposes the use of standard statistical
criteria, SDR and CCR, to evaluate the reliability of the
recordings. High values indicate stable and reproduc-
ible recordings, while discrepancies between the two
may reflect the presence of artifacts or non-stationary
noise. These indicators, available in the majority of
commercial teams, allow for a more objective evalu-
ation of the recording’s quality and contribute to a
more accurate interpretation.

Since reliability is a prerequisite for validity, the
implementation of statistical criteria that evaluate
the plots’ results not only improves consistency, but
also strengthens diagnostic capacity. When minimiz-
ing intra and interobserver variability, these indicators
allow for the auditory thresholds' estimation based on
neurophysiological responses to be more precise and
reproducible. This is especially relevant in clinical envi-
ronments where the subjective interpretation still plays
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a key role because the combination of these parame-
ters with predictive models based on linear or logistic
regression improves the objectivity of ABR, reducing the
dependence on experience and increasing its validity.

The optimization of the recording procedure is a
key aspect in improving reliability. It has been dem-
onstrated that weighted averaging techniques are
more effective than traditional methods because
they consider the non-stationary nature of noise and
ascribe more weight to the sections with better SNR.
This approach not only improves the response detect-
ability, but also reduces the total time required for
the recording without compromising the diagnosis’
precision. In pediatric clinical environments, this time
reduction is especially relevant because it allows for
obtaining better recordings, making it easier to per-
form the study in less cooperative population.

From a clinical perspective, the criterion validity
of ABRs is an essential factor for their application in
hearing loss diagnosis. The sensitivity and specificity of
these recordings depend on the precision with which
they can estimate auditory thresholds in comparison
to behavioral tonal audiometry. In this study, the use of
linear regression models and the method of threshold
difference were analyzed, concluding that this allows
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for adjusting the estimations based on electrophysi-
ological responses and minimizing systematic errors.

Lastly, even though this study has identified mul-
tiple strategies to improve the reliability and valid-
ity of ABR, there are some limitations that must be
taken into consideration. The interlaboratory vari-
ability in equipment arrangement and in the record-
ing parameters may affect the comparison of results.
Additionally, ABR interpretation mostly depends on
the examiner’s experience, which emphasizes the
need for developing standardized protocols that
include objective statistical criteria. Future research
should focus on the incorporation of modern tech-
nologies, such as Al and advanced signal processing,
to improve the recording quality and provide objec-
tive tools that complement clinical interpretation, thus
improving the diagnosis precision.

Conclusions

The incorporation of objective quality indicators in
ABR interpretation is key for its clinical use. Reliability
and validity are two of the most important indicators,
since they ensure reproducible recordings and precise
measurements of the auditory thresholds. Reliability,
evaluated through SDR and CCR, allows for identify-
ing stable recordings and minimizing variability, while
validity ensures that the estimated thresholds accu-
rately reflect the auditory situation of the patient.

Beyond the application of standardized protocols,
the use of quantitative criteria improves the clinical
interpretation when reducing artifact influence and
the examiner's subjectivity. Furthermore, their imple-
mentation contributes to the decrease of interlabo-
ratory variability, facilitating comparability of results
between different institutions and optimizing the reli-
ability of ABR as a diagnostic tool. The integration of
these indicators in clinical practice improves the diag-
nosis of hearing loss and facilitates decision making,
especially with populations in which these recordings
are the only evidence of auditory sensitivity.
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