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Background: Auditory brainstem response (ABR) potential is important for audiological diagnosis, reflecting the integrity of
the structures of the auditory system up to the brainstem. The click stimulus is the best known and is most
used in clinical practice. However, different devices and examiners may yield distinct results, and each institu-
tion tends to use its own parameters. We aimed to analyze the latency values of wave |, Ill, V, and interpeak
intervals I-1lI, 11I-V, |-V values obtained in assessing ABR using a new device.

Material/Methods: We performed a cross-sectional study of 73 participants with normal hearing thresholds and no hearing problems.
All underwent basic audiological (air and bone conduction, Speech Recognition Threshold, Speech Recognition
Index, acoustic reflex, and tympanometry) and electrophysiological evaluation (ABR assessment).

Results: Absolute latency and interpeak values from ABR showed earlier responses in women, faster than internation-
al standards suggest. The responses were similar to other studies carried out previously, with the exception of
wave | values, which were a little earlier in females.

Conclusions: We assessed normative data from measurement of latency values of wave |, lll, V, and interpeak intervals I-lIl,
I1I-V, and |-V applying 2 standard deviations in the assessment of ABR using the new Neuro-Audio/ABR device
created by Neurosoft.
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Background

The brainstem auditory evoked potential (ABR) is an important
instrument for audiological diagnosis, allowing the integrity
of the structures of the auditory system up to the brainstem
to be tested [1]. A variety of verbal and non-verbal stimuli can
be used in the test [2], although a click is the best known and
most used in clinical practice [2,3].

Assessment via ABR has been shown to be able to diagnose
hearing disorders; the technique plays a central role in the
differential diagnosis of cochlear, retrocochlear, or conductive
hearing loss [4,5]. Assessments are made by measuring the
absolute latencies of waves |, Ill, and V, together with the val-
ues of the interpeak intervals I-lll, 11V, and I-V. Hearing def-
icits can be identified through analysis of these values [1-3].

According to Esteves et al [6], different devices and examiners
will yield distinct results; thus, each institution should have
its own standard set of parameters. The normative values of
latency and interpeak intervals are based on population stud-
ies. Equipment known and marketed for a long time has well-
established normative standards.

But with new equipment, an important task is to provide nor-
mative data for that brand and model. A new model of equip-
ment for performing auditory evoked potentials has recently
become available, the Neuro-Audio/ABR device by Neurosoft
(lvanovo, Russia).

The objective of the present study is to latency values of wave
I, 1l, V and interpeak intervals I-1ll, lI-V, I-V values obtained in
ABR evaluation using a newly equipment of ABR, the Neuro-
Audio/ABR device by Neurosoft (Ivanovo, Russia). Thus, it pos-
sible to present a normative data for this equipment.

Material and Methods

Ethics Statement

This retrospective, cross-sectional study was approved by the
Research Ethics Committee (number 2.831.741). Written in-
formed consent was obtained from all participants. Data were
collected at the Audiology and Electrophysiology Laboratory
of Clinica Ouvire.

Participants

Based on results from a previous study, a mean minimum sam-
ple size of 25 individuals was calculated (error of +0.3 on av-
erage and a significance level of 5%). However, the present
study, to ensure accuracy, was performed with a total of 73
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participants (33 men and 40 women, aged 3-79 years at the
time of assessment) were recruited.

Inclusion criteria were age above 3 years, normal otoscopy bi-
laterally, normal hearing and immittance at the time of assess-
ment (defined as pure tone audiometry thresholds below 20 dB
HL from 250 to 8000 Hz and Type A tympanograms with peak
compliance within 0.3 to 1.3 mmhos at -100 to +200 daPa pres-
sure), and the presence of 1 kHz ipsi- and contralateral acoustic
reflexes in both ears at the time of assessment [7]. Exclusion
criteria were lack of behavioral or neurological disorders and/
or genetic syndromes and use of psychoactive medication.

Procedures and Measures

The audiometric evaluation involved 2 types of thresholds.
First, air conduction thresholds were tested at 0.25, 0.5, 1, 2,
3,4, 6, and 8 kHz. Secondly, bone conduction thresholds were
examined at 0.5, 1, 2, and 4 kHz. According to the classifica-
tion of Davis and Silverman, the normal values of the audito-
ry threshold were set down until 15 dB for air conduction and
set down until 20 dB for bone conduction [8]. The assessment
was performed in an acoustic booth using an Interacoustics
AC40 audiometer with TDH39 headset calibrated in accordance
with ISO-389 and IEC-645 norms. For the speech Recognition
Threshold, a list of disyllables was used. The final result was
the intensity when the participant obtained 50% of the words
presented. For the Speech Recognition Index, the list of mono-
syllabic words 40 dB above the mean tonal threshold of 0.5, 1,
and 2 kHz was used for the test. The normal values were ob-
tained if the number of correct answers was 88-100%.

For immittance audiometry (acoustic reflex and tympanom-
etry), we used the Interacoustics 235 h clinical tympanome-
ter through with a 226 Hz probe and the pressure measured
in daPa. Investigation of ipsilateral and contralateral acous-
tic reflexes was carried out with a volume of 0.3-1.3 ml [7].
Immittance audiometry was performed prior to electrophysi-
ological evaluation.

Electrophysiological evaluation was conducted using the
Neuro-Audio device from Neurosoft (lvanovo, Russia).
Electrophysiological responses were recorded while the par-
ticipant was sitting passively in a reclining chair in a comfort-
able position in a sound-attenuating electrically shielded room.

Responses were recorded with the active electrode positioned
on the vertex (Fz), the reference electrode on the ipsilater-
al mastoid, and the ground on the contralateral mastoid [9].
Impedance was maintained below 5 kQ and inter-electrode
impedance below 3 kQ. Participants were asked to keep their
eyes closed to avoid eye movement artifacts. The order in which
the ears were tested was randomized across subjects —in 50%
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Table 1. Statistical analysis of the sample in terms of sex and mean age.

Male
Number 33
Age (mean) 31.0

Female p-value
40 0.413
33.9 0.412

p-value <0.05.

Table 2. Absolute latency and interpeak interval values with differences between sexes.

Men (n=33)

Women (n=40)

<0.001*

RE — right ear; LE — left ear; M — mean; SD — standard deviation; U — result of Wilcoxon test; p — actual p-value. * p-value <0.05.

of patients the right ear was recorded first, and in the oth-
er 50% the left ear was recorded first. A click stimulus of 0.1
ms duration and rarefaction polarity was presented monau-
rally to the right and left ears using insert earphones (ER-3C;
Etymotic Research, Inc.), with a repetition rate of 19.3/s at 80
dB HL. Two collections of 2000 artifact-free stimuli were col-
lected. The band-pass filter was set at 100-3000 Hz.

The data were analyzed and wave peaks were visually identi-
fied and marked as waves |, Ill, and V. The interpeak intervals
[-11, 11-V, and |-V were then calculated.

Statistical Analysis

Statistical analysis was performed using IBM Statistics SPSS
version 24. A statistical test for paired samples was conduct-
ed. First, the assumption of normality was checked using the
Kolmogorov-Smirnov test. This assumption was not fully met,
so for further analysis the Wilcoxon signed rank test was used.
The level of statistical significance was set at P<0.05.
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Results

Age and Sex Distribution

Table 1 presents the age distribution of males and females
and shows that the sample was homogeneous in both anal-
yses (P=0.41).

Absolute Latency and Interpeak Interval Values

Table 2 presents the absolute latency values of waves |, Il
and V and values of the interpeak intervals I-llI, ll-V, and |-V
in the right and left ears at an intensity of 80 dB HL for males
and females. Statistically significant differences between sexes
were found for waves Ill and V (in right and left ears) and for
interpeak intervals I-1ll, 11I-V, and I-V (in right and left ears). In
general, women had lower values than men. Only wave | had
the same result for both sexes in right and left ears.
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Table 3. Expected values considering 2 standard deviations (waves |, Ill, V and intervals I-lll, 1I-V, I-V) at 80 dB nHL.

Ear Gender | 1} \' I-l 1-v 1-v
) M 1.23-1.83 3.45-4.09 5.21-6.21 1.89-2.57 1.67-2.27 3.70-4.20
e T 123187 325413 507607 169261 163215 354454
""""""""""" M 126182  347-419 529629 187271 160232 369481
ST 121189 333405 503611 179247 153225 348456

M — male; F — female.

Expected Normative Data Values of ABR with 2 Standard
Deviations

Absolute latencies of waves |, Ill, and V and of the interpeak
values I-lll, llI-V, and I-V in the right and left ears for females
and males are set out in terms of 2 standard deviations (SD)
from the mean (Table 3).

Discussion

The present study sets out results found with the ABR re-
sponses in individuals who had normal auditory thresholds
using the newly commercialized device. In the literature, there
are several documents with guidelines on good practice for
carrying out ABR assessments, such as the Newborn Hearing
Screening Program (NHSP, 2013) [10] and the British Columbia
Early Hearing Program (2012) [11]. According to these works,
by applying suitable norms when analyzing electrophysiolog-
ical responses, it is possible to use any brand of equipment
available on the market [10,11]. However, the use of norma-
tive values is essential for interpretation of ABR responses.
According to Esteves et al [10], different devices and exam-
iners will yield distinct results; thus, each institution should
have its own standard set of parameters. The present study
used parameters following international guidelines, thus giv-
ing the evaluator confidence in the quality of the data and
the results obtained, and minimizing possible clinician bias-
es and errors.

Our results were based on a Gaussian probabilistic model
considering the expected normative values (+2 standard de-
viations) for the latencies of waves |, lll, and V and the inter-
peak intervals I-IlI, 11I-V, and |-V [12]. It is important to note
that use of +2 standard deviations represents 95.5% of the
population, and this should result in only a small number of
inappropriate diagnoses. The ABR assessment is one of sev-
eral clinical tests used by healthcare professionals to test for
the presence of hearing loss [13,14]. Neurodiagnostics aims
to detect retrocochlear pathologies present in the auditory
nervous system that impair proper functioning of anatomi-
cal structures such as the proximal and distal portions of the

auditory nerve, cochlear nuclei, superior olivary nuclei, lateral
lemnisci, and inferior colliculi [15,16].

The sensitivity of the ABR derives from the normative values
of latency and the interpeak intervals. Hence, these values
must be well established so that it is possible to identify alter-
ations in the auditory nervous system. When considering the
normative values established for each device, researchers re-
port a sensitivity of 89% for the ABR to detect a lesion small-
er than 1.0 cm; if a lesion is 1.0-1.2 cm, the sensitivity of the
test increases to 98%, whereas the sensitivity reaches 100%
if the lesion is larger than 2.0 cm [17].

We analyzed ABR response of individuals with normal hearing
at high intensity (80 dB nHL), rate of 19.3/s, and rarefaction
polarity. These parameters were chosen because a neurodiag-
nostic evaluation must be performed at high intensity (80dB
nHL) so that the neural synchrony of the XVIII nerve and the
brainstem responses are optimized and robust. At higher in-
tensities, the noise level must be controlled [18,19]. The rate
values of 19.3/s provides robust responses with less electrical
interference and is often used in evaluations aimed at neuro-
diagnosis [19-21]. The responses need to be replicable, and if
there is any uncertainty after collecting 2 waveforms, a third
wave should be collected, which should be like the first 2. If
there is a persistent difference between the waves, it is possible
there is excessive noise [19]. Finally, in terms of polarity, previ-
ous studies have reported that rarefaction polarity is more ap-
propriate because it provides better and robust responses [22].

Another interesting finding is the earlier ABR response val-
ues in women than in men. These findings agree with previ-
ous studies in the literature showing that in differences in fe-
males are due to anatomical issues such as smaller head size
and subcortical neural differences [23-27]. Latency values are
directly related to the speed of neural responses following a
sound stimulation. In cases of neurological impairment, due,
for example to the presence of a mass (or tumor) or a reduced
number of neurons in a certain structure within the auditory
trajectory, latency values will be compromised. Therefore, refer-
ence values are essential for an accurate diagnosis to be made,
and from there appropriate interventions and treatments may
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be possible. Assessments of the ABR are the criterion stan-
dard for investigating the maturation and integrity of the au-
ditory pathway from the inner ear to the brainstem [28-31].

Our study used parameters following international guidelines
and thus gives the evaluator confidence in the quality of the
data and the results obtained, minimizing possible clinician bi-
ases and errors. In the present work, the responses were very
similar to those of previous studies, except for wave | values,
which were a little earlier, with values of 1.23 ms (right ear) and
1.21 ms (left ear) for females. Therefore, we strongly recommend
that a survey be carried out with a larger number of female sub-
jects to understand whether this earlier wave | response char-
acteristic is specific to this new device. It is worth noting that
this response model was not found for men in any of the eval-
uated ears. Below, we discuss some previous studies performed
in patients with normal hearing and with different equipment.

Schwartz et al [32] reported ABR responses at 80 dBnHL and
found the following results with +2.5 SD: Wave | (1.29-1.79
ms), Wave IlI (3.32-4.08 ms), Wave V (5.12-6.08 ms), |-l (1.60-
2.80 ms), llI-V (1.42-2.26 ms), and |-V (3.59-4.49 ms). Joseph
et al [33] reported the ABR responses at 80 dBnHL and found
the following results considering the absolute mean of the val-
ues: Wave | (1.65 ms), Wave IIl (3.80 ms), Wave V (5.64 ms),
-1 (2.15 ms), 11I-V (1.84 ms) and |-V (3.99 ms). Hall [23] pre-
sented the ABR responses at 80 dBnHL and the following re-
sults were found with +2.0 SD: Wave | (1.37-1.93 ms), Wave
Il (3.4-4.16 ms), Wave V (5.18-6.10 ms), I-Ill (1.87-2.43 ms),
l1I-V (1.56-2.12 ms), and 1-V (3.59-4.39 ms). Hood (1998) [34]
reported the ABR responses in women with normal hearing at
80 dBnHL and found the following results with +2 SD: Wave |
(1.37-1.93 ms), Wave Ill (3.44-4.16 ms), Wave V (5.18-6.10 ms),
-1l (1.87-2.43 ms), IlI-V (1.56-2.12 ms), and |-V (3.59-4.39 ms).
Musiek et al [35] analyzed only the responses of the interpeak
intervals of the ABR at 80 dBnHL and found the following re-
sults with +£2SD: I-11l (1.80-2.30 ms), ll-V (1.40-2.30 ms), and
I-V (3.36-4.40 ms).

References:

—_

. Picton TW. Human auditory evoked potentials. 1% ed. San Diego (CA): Plural
Publishing; 2011

. Sanfins MD, Donadon C, Skarzynski PH, Colella-Santos MF. Electrophysiology
and Auditory Training. In: Naz S, editor. Auditory system — function and dis-
orders. 1t ed. London: IntechOpen; 2021

. Moller AR, Janetta P). Auditory evoked potentials recorded intracranially
from the brain in man. Exp Neurol. 1982;78:144-57

. Hecox K, Galambos R. Brain stem auditory evoked responses in human in-
fants and adults. Arch Otolaryngol. 1974;99:30-33

. House J, Brackmann D. Brainstem audiometry in neurologic diagnosis. Arch
Otolaryngol. 1979;105:305-9

. Esteves MCBN, Dell’Aringa AHB, Arruda GV, et al. Brainstem evoked re-
sponse audiometry in normal hearing subjects. Braz J Otorhinolaryngol.
2009;75:420-25

N

w

»

S,

[=))

CLINICAL RESEARCH

Our study showed the following responses at 80 dBnHL
in normal hearing with +2SD: Right ear (male) — [Wave |
(1.23-1.83 ms), Wave Il (3.45-4.09 ms), Wave V (5.21-6.21
ms), -1l (1.89-2.57 ms), lll-V (1.67-2.27 ms), and |-V (3.70-
4.20 ms)]; Right ear (woman) — [Wave | (1.23-1.87 ms), Wave
Il (3.45-4.13 ms), Wave V (5.07-6.07 ms), I-lll (1.69-2.61 ms),
l11-V (1.63-2.15 ms), and |-V (3.54-4.54 ms)]; Left ear (male) —
[Wave | (1.26-1.82 ms), Wave IIl (3.47-4.19 ms), Wave V (5.29-
6.29 ms), I-111 (1.87-2.71 ms), I1I-V (1.60-2.32 ms) and |-V (3.69-
4.81 ms)] and Left ear (woman) — [Wave | (1.21-1.89 ms), Wave
Il (3.33-4.05 ms), Wave V (5.03-6.11 ms), I-lll (1.79-2.47 ms),
l11-V (1.53-2.25 ms), and |-V (3.48-4.56 ms)].

The participants who took part in this study were all at least
3 years old, since research has concluded that there is stabi-
lization of latency at age 24-36 months, after which matura-
tion in the brainstem is complete and the responses of chil-
dren and adults become similar [22]. Therefore, the values
described in the present study should not be applied to pa-
tients under 3 years of age. For this portion of the pediatric
population, further studies will be required to verify the ABR
responses. The next stage of this research will be to compare
the values obtained with the new device with those obtained
using standard equipment.

Conclusions

We assessed normative data through of measurement of la-
tency values of wave |, Ill, V, and interpeak intervals I-1ll, Ill-V
and |-V values applying 2 standard deviations in the assess-
ment of ABR using the new Neuro-Audio device by Neurosoft.
Normative values are set out in Table 3.
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