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Introduction Cortical auditory evoked potentials (CAEPs) can be used to evaluate
both peripheral and cortical components of auditory function, and contribute to the
assessment of functional sensitivity and auditory thresholds, especially in neonates and
infants. Auditory evoked potentials reflect auditory maturity and precede the acquisi-
tion of more complex auditory and cognitive skills, and are therefore crucial for speech
and language development.

Objective The aim of the present study was to determine the presence, latency and
amplitude of CAEP components in response to verbal stimuli in children aged 2 years
old.

Methods The sample consisted of 19 subjects, 10 of whom were male while 9 were
female. All of the participants were 24 months old at the time of assessment.
Results A total of 17 of the participants displayed all components of the CAEP.
Additionally, no significant differences were observed between genders or ears in the
present sample. The presence of all components of the CAEP in subjects aged 2 years
old confirms the existence of a critical period for the maturation of auditory pathways
in the first 2 years of life.

Conclusion In the present study, in addition to the P1/N1 components, it was
possible to observe the presence of the CAEP P2/N2 components in individuals
aged 24 months, confirming the existence of a critical period for the maturation of
the auditory pathways in the first 2 years of life.

exposure to the stimulus, and are generated by the bioelec-
trical activity of thalamocortical neurons.?

Auditory evoked potentials (AEPs) measure the electrical
activity generated at several levels of the nervous system
in response to acoustic stimuli."? Auditory evoked potentials
are classified based on their latency into the following
categories: brainstem auditory evoked potentials (BAEPs)
have a latency of 0 to 10 ms, and consist of short latency
potentials which travel from the auditory nerves to the
brainstem; Middle-Latency Auditory Evoked Potentials
(MLAEPs) have a latency of 10 to 80 ms; and Long Latency
Auditory Evoked Potentials (LLAEPs) occur 80 to 600 ms after
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In neonates and infants, the study of AEPs contributes to
the assessment of the sensitivity, maturation, and neuro-
plasticity of auditory pathways, consisting an important
source of information on auditory processing and the poten-
tial need of sound amplification, facilitating the implemen-
tation of early intervention programs, if necessary.*-

Cortical auditory evoked potentials (CAEPs) are long-
latency responses also known as exogenous potentials, since
they are determined by the physical properties of the stimu-
lus rather than by the response of the subject. Cortical
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auditory evoked potentials consist of a series of waves (P1,
N1, P2 and N2) of varying amplitude, latency and polarity.
The waves can be either positive (P) or negative (N) and tend
to occur 50 to 300 ms after the onset of the stimulus. These
waves signal the arrival of the stimulus at the auditory
cortex, and therefore contribute to the assessment of func-
tional sensitivity and auditory thresholds.’

Cortical auditory evoked potentials reflect the detection
of the stimulus by the auditory system. This process depends
on the maturation of auditory pathways connecting periph-
eral structures to the auditory cortex’ and precedes the
acquisition of more complex auditory and cognitive skills,
and is therefore crucial for speech and language develop-
ment.'? Cortical auditory evoked potentials are also consid-
ered a biomarker of auditory maturity. Exogenous potentials
decrease in latency and increase in amplitude during the 1%
year of life, reaching full maturity at ~ 14 years old,>":12
although they may continue to change well into the 29
decade of life."?

At birth, it is possible to detect the presence of the
components P1/N1;'4'> however, the age at which the other
components of the CAEP arise is not yet precisely known.'®
The changes in these components are related to the age that
they reflect in the maturation of the neural processes gener-
ating the response.

Auditory maturation depends on several internal and
external factors, including exposure to auditory stimulation,
individual differences in developmental rates, as well as the
integrity of the auditory system.17 There is no consensus in
the literature regarding the age at which different compo-
nents of LLAEPs first appear, or the age-based reference
values for signal latency,'” although studies on the topic
have been conducted.>7%:11.12.14.18-31

To date, no studies appear to have investigated CAEPs
using verbal stimuli and the Smart EP platform (Intelligent
Hearing Systems, Miami, FL, USA) in 2-year-old subjects. We
hypothesized that P2 and N2 waves would be present by the
age of 2 years old, since the level of myelination of the
auditory cortex at this age would allow for the emergence
of these components of the CAEP. The aim of the present
study was to determine the presence, latency and amplitude
of CAEP components in response to verbal stimuli in children
aged 2 years old.

Method

This was a prospective, quantitative study conducted as part of
a postdoctoral fellowship (PNPD-CAPES). This protocol was
approved by a university research ethics committee (protocol
number CAAE: 28586914.0.0000.5346.). All of the procedures
were conducted in accordance with the ethical recommenda-
tions of National Health Resolution 466/2012. Researchers
signed a confidentiality agreement, while the parents or
guardians of the participants provided written consent to
the participation of their children in the study.

The sample consisted of 2-year-olds, born at term, seen at
the Neonatal Auditory Screening service of a public health
center, where the subjects underwent a transient otoacous-
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tic emissions test, when they did not present a risk indicator
for hearing impairment (to affirm the integrity of outer hair
cells, and therefore, assure normal cochlear function) and/or
Automatic Auditory Brainstem Response evaluation (hearing
threshold of 35 dBnHL in both ears, confirming the integrity
of auditory pathways in the brainstem, in children, present a
risk indicator for hearing impairment as hyperbilirubinemia,
syndromes, congenital infections and others), following the
international protocol of the Joint Committee of Infant
Hearing32

Data were collected at the Audiology and Electrophysiol-
ogy Laboratory of the institution where the study was
conducted. Procedures included an interview, visual inspec-
tion of the outer ear and acoustic immittance measurements.

Parents or guardians were interviewed to collect informa-
tion regarding the hearing abilities, cognitive and language
development, overall health and eligibility for assessment of
the subjects.

The outer ear was examined using a Klinic Welch-Allyn
brand otoscope, to identify any alterations or obstructions in
the outer ear canal which would interfere with subsequent
procedures.

Acoustic immittance measurements were conducted
using an Interacoustics AT235 audiometer (Interacoustics,
Middelfart, Denmark). The tympanometric curve and con-
tralateral acoustic reflexes (at 500 to 4,000 Hz) were investi-
gated to identify any middle-ear alterations which would
interfere with data collection.>3

Subjects with no alterations in any examinations under-
went an assessment of CAEPs, which were recorded and
analyzed using the Smart EP platform. During the evaluation,
subjects were comfortably seated on the laps of their guard-
ians, watching a soundless video on a tablet PC, to ensure
they sat still during data collection. After positioning the
subject, the skin was cleaned using Nuprep abrasive gel
(Weaver and Company, Aurora, CO, USA). Electrical signals
were captured using MaxxFIX electrically conductive gel
(Carbofix, Herzeliya, Israel) and electrodes were placed in
the following locations: M1 and M2 (left and right mastoid,
respectively), Cz (vertex) and Fpz (ground). Stimuli were
presented through in-ear headphones, simultaneously to
both ears, and consisted of the standard syllable /ba/,?® at
a fixed intensity of 70 dBnHL. Each subject was presented
with a total of 300 stimuli. Only trials with < 10% artifacts
were considered for analysis. Those with >10% artifacts
were excluded from the study.

To ensure the quality of the recordings, some subjects
were asked to change positions to reduce myogenic interfer-
ence. In some cases, for instance, subjects were asked to close
their eyes to avoid ocular artifacts.>* To ensure the reliability
of our findings, recordings were made in duplicate, and
assessment sessions were rescheduled, if necessary.

Electrode impedance was < 3 kOhms, with alternate polari-
ty,and a 1to 30 Hz passband filter with a 1,020 ms window. The
responses to standard stimuli (the syllable /ba/), their latency in
milliseconds (ms) and the P1-N1 and P2-N2 amplitudes in
microvolts (uV) were recorded. Amplitude was defined as the
peak-to-trough distance, as recommended by the Smart EP
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product manual. The AEPs recordings were based on those
described by Didoné et al.?® The study in question defined P1 as
the highest peak between 50 and 200ms after the onset of the
stimulus, and N1 as the greatest negative deflection observed
after P1. In relation to P2 and N2, the highest peak and
deflection after the P1-N1 complex was considered.

All of the recordings were analyzed by two raters, both of
whom were speech pathologists with practical and theoretical
knowledge of electrophysiological methods, especially the
assessment of CAEPs. Both raters were given copies of the
recordings and asked to independently verify the latency and
amplitude of P1, N1, P2 and N2. Raters were masked to
participant groups to improve the reliability of the findings.
The researchers later replicated these measurements using the
[HS software (Intelligent Hearing Systems, SmartEP, Miami,
Flérida, USA).

Considering the aforementioned eligibility criteria, the
initial sample comprised 48 neonates who underwent corti-
cal auditory evoked potentials (CAEPs). However, 29 new-
borns were excluded due to excess artifacts (> 10%) on CAEP
recordings. As such, the final sample consisted of 19 subjects,
10 of whom were male while 9 were female.

Data were entered into a Microsoft Excel (Microsoft
Corporantion, Redmond, WA, USA) spreadsheet for statistical
analysis. Interrater agreement was evaluated using the Wil-
coxon signed rank test and revealed no significant differ-
ences between the two sets of latency and amplitude ratings.
The mean of the two ratings was therefore used in all
subsequent analyses. The presence, latency (in ms) and
amplitude (in pV) of each component of the CAEP was
compared between ears and genders. Data were analyzed
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using the chi-squared, Wilcoxon and Mann-Whitney U tests.
Results were considered significant at p <0.05. Confidence
intervals (CIs) were calculated at the 95% level.

Results

The first variable analyzed was the presence of each compo-
nent of the CAEP in the sample. The presence of each
component of the CAEP according to the gender and the
ear of the subject is shown in =Table 1. The prevalence of P1
and N1 did not differ across the sample, since both were
detected in all participants.

The comparison between the latency (ms) and amplitude
(uV) of components measured in either ear is shown
in =Table 2. The sample size differed for P2 and N2 record-
ings, since these responses were only displayed by some of
the participants.

No significant differences were identified between the left
and right ears. The influence of gender on each component of
the CAEP was analyzed by comparing the mean values of
both ears for each participant (=Table 3). Only one compo-
nent of the CAEP (P1) differed between genders; in the
others, no statistically significant difference was observed.

Discussion

The development of the auditory cortex in the first year of life
is marked by the emergence of neurofilaments in the upper
layers of the auditory cortex, which are responsible for the
emergence of the first components of the CAEP, such as the
P1-N1 complex.”?"?3 Some researchers?® have suggested

Table 1 Analysis of the occurrence of components P1, N1, P2 and N2 of the cortical auditory evoked potential in the sample

studied considering the variable genus, by ear (n=19)

Variables Female gender Male gender p-value
Present Absent Present Absent
n (%) n (%) n (%) n (%)
P1 RE 9 0 10 0 -
(100.00%) (0.00%) (100.00%) (0.00%)
LE 9 0 10 0 -
(100.00%) (0.00%) (100.00%) (0.00%)
N1 RE 9 0 10 0
(100.00%) (0.00%) (100.00%) (0.00%)
LE 9 0 10 0 -
(100.00%) (0.00%) (100.00%) (0.00%)
P2 RE 7 2 10 0 0.071
(77.78%) (22.22%) (100.00%) (0.00%)
LE 7 2 10 0 0.071
(77.78%) (22.22%) (100.00%) (0.00%)
N2 RE 7 2 10 0 0.071
(77.78%) (22.22%) (100.00%) (0.00%)
LE 7 2 10 0 0.071
(77.78%) (22.22% (100.00%) (0.00%)

Abbreviations: LE, left ear; RE, right ear.

*p-value <0.05 statistically significant; n =sample number.% = Percentage. Chi-squared test.
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Table 2 Comparison of the latency (ms) and amplitude (uV) of different components of the cortical auditory evoked potential

detected in the right and left ear

n Mean Median SD Q1 Q3 p-value

Latency

(ms)

P1 RE 19 124.736 122.000 20.711 104.000 136.000 0.434
LE 19 127.684 132.000 18.248 114.000 144.000

N1 RE 19 237.157 236.000 44.792 216.000 268.000 0.924
LE 19 236.631 236.000 40.293 210.000 260.000

P2 RE 17 388.823 386.000 86.470 321.000 425.000 0.831
LE 17 388.411 382.000 75.317 332.000 425.000

N2 RE 17 472.647 452.000 110.525 428.000 540.000 0.624
LE 17 474.058 453.000 100.441 416.000 558.000

Amplitude

(uV)

PTN1 RE 19 6.735 6.640 2.665 4.520 8.980 0.903
LE 19 6.943 7.010 2.127 5.570 8.840

P2N2 RE 17 3.351 2.740 1.560 2.340 4.460 0.407
LE 17 3.161 2.970 0.995 2.410 3.430

Abbreviations: LE, left ear; RE, right ear; SD, Standard deviation.
“statistically significant at p < 0.05. Wilcoxon test.

that there is a critical period for the maturation of the neural
regions that generate the CAEP at ~ 8 to 12 months old, since
this response undergoes significant changes at this age.
Studies have found that while the P1 component can be
recorded in all children, the P2 response can only be reliably
detected at ~ 2 years old. Additionally, chronological age has
been found to be the most influential variable in the devel-

Table 3 Gender comparisons of the latency (ms) and
amplitude (uV) of the P1, N1, P2, and N2 components of the
cortical auditory evoked potential (n=19)

Variables | Female gender | Male gender p-value
(n=09) (n=10)
Mean £SD Mean £SD
Latency
(ms)
P1 118.22+£21.50 | 136.20+£9.21 0.034"
N1 237.33+40.97 | 236.00+41.87 | 0.660
P2 380.00+52.46 | 390.40+90.14 | 0.965
N2 474.00+74.51 | 483.40+101.86 | 0.859
Amplitude
(V)
PIN1 6.84+1.62 7.024+2.58 0.904
P2N2 3.26£1.29 3.27+0.91 0.678

Abbreviations: ms, milliseconds; pV, microvolts; n, sample size; SD,
Standard deviation.

p value for. Mann-Whitney U test.
*statistically significant at p < 0.05.
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opment of auditory pathways, since the latency of CAEP
components appear to decrease in direct proportion to the
age of the subject®>7-8:27,

As shown in =Table 1, all 19 participants in the present
study displayed the P1/N1 components, while 17 displayed
the P2/N2 component at 2 years old. These findings support
the idea of a critical period for the maturation of auditory
pathways during the first years of life. These results also
confirm our initial hypothesis, since all components of the
CAEP could be detected at 2 years old. These conclusions
agree with the previously cited studies.>’-811:12.21.24.29 The
absence of the P2/N2 complex?%23 in some participants may
be attributed to individual variations in development, intrin-
sic to each subject, as well as by exposure to auditory stimuli
in the first years of life, related to daily life situations, such as
exposure to music, and interaction between family and the
subject.!”

Another important point concerns the auditory abilities
involved in generating these potentials. It is known that P2 is
related to discrimination skills, while N2 involves atten-
tion.""2* Thus, it is noted that the absence of P2 and N2 in
some infants may be a maturational problem, but another
hypothesis may be the use of a syllable as an acoustic
stimulus. Perhaps such a stimulus is not interesting to
evidence such components. Authors refer to what words
evoked significantly larger CAEPs in newborns compared
with responses evoked by tones, but in other age groups the
effects of stimulus type on component amplitudes and
latencies were less consistent.'®

The present findings also showed that the presence,
latency and amplitude of CAEP components did not
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significantly differ between the right and left ear, corrobo-
rating the hypothesis that central auditory skills develop
synchronously in the left and right ear, as suggested by
previous studies.'®3? These results also support the idea
that auditory stimuli are processed bilaterally, and evoke
similar responses in the central nervous system regardless of
the ear which first detects it, as discussed by previous
studies,14.18.28-30

As can be seen in =Table 3, only one component of the
CAEP (P1) differed between genders. The literature suggests
that the latency of LLAEP components is similar between
males and females;®?>-?8-31 however, more studies compar-
ing genders in the pediatric population are suggested for
such finding to have clinical and |/ or scientific relevance.
Therefore, in the present sample, we conclude that the
maturation of auditory pathways was similar between ears
and genders.

Authors report that gender differences that exist in the
auditory system may interact with peripheral and hemi-
spheric asymmetry for processing the sound. Otoacoustic
emissions, click- and tone-evoked auditory responses and
frequency following response (FFR) show differences be-
tween the genders. The authors hypothesized that in the
FFR that difference would also exist, with females having
faster and larger responses than males, and that these differ-
ences would be restricted to the encoding of the rapid
features of the syllable speech such as the onset of the burst
and formant noise-related frequencies.3”

These findings have similarities only to the findings of the
present study with respect to P1, perhaps because this
component is a response from an area closer to the area
responsible for FFR.

The latency of CAEP components, summarized in ~Tables
2 and 3, has also been investigated in a previous study which
sought to calculate the average interval for the latency of
these potentials in subjects aged between 6 and 48 months
old. The authors of the study in question reported an interval
of 150 to 190 ms for P1; 210 to 260 ms for N1; 260 to 331 ms
for P2; and 250 to 450 ms for N2.° In a separate study,23 the
mean latency and amplitude of P1 and N1 components in
subjects aged between 3 and 8 months old was analyzed for
verbal stimuli of different intensities. In the present study,
the P1/N1 complex was detected in all participants. The
mean latency of the P1 wave was between 150 and
200 ms, while that of the N1 component was between 250
and 300 ms. Other authors?? also analyzed CAEPs in response
to stimuli of varying intensity (30 dBnHL to 60 dBnHL) in
subjects aged between 4 and 12 months old and found that
the P2-N2 component was present in 87% of the sample. The
mean latency for stimuli presented at 60 dBnHL was 132 ms
for P1, 215.70 ms for N1, 333.08 ms for P2 and 461.67 ms for
N2.

Some studies?'-?3 have also found that the intensity and
acoustic characteristics of the stimulus have a significant
influence on the latency and amplitude of CAEP components.
These investigations have found that stimulus intensity is
directly related to the amplitude and inversely related to the
latency of AEPs.

Costa et al.

Reference values for the latency and amplitude of CAEP
components have been established by previous studies of
pediatric populations.*818:20.21.23 However, these values
differ between studies, possibly due to variations in the
recording equipment used, the type of data analysis, and
the characteristics of the samples studied.

Conclusion

In the present study, in addition to the P1/N1 components, it
was possible to observe the presence of the CAEP P2/N2
components in individuals aged 24 months old, confirming
the existence of a critical period for the maturation of the
auditory pathways in the first 2 years of life.
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