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Cortical maturation of long latency auditory
evoked potentials in hearing children: the
complex P1-N1-P2-N2

Maturagao dos potenciais evocados auditivos
de longa laténcia em criangas ouvintes:
analise do complexo P1-N1-P2-N2

ABSTRACT

Purpose: The purpose of this study was to monitor the emergence and changes to the components of the
Long Latency Auditory Evoked Potentials (LLAEP) in normal hearing children. Methods: This longitudinal
study included children of both genders: seven aged between 10 and 35 months, and eight children between
37 and 63 months. The electrophysiological hearing evaluation consisted of analysis of LLAEP obtained in a
sound field generated with loudspeakers positioned at an azimuth of 90°, through which the syllable /ba/ was
played at an intensity of 70 dB HL. Each child underwent an initial evaluation followed by two re-evaluations
three and nine months later. Results: The emergence of LLAEP components across the nine-month follow-up
period was observed. P1 and N2 were the most common components in children of this age range. There was no
statistically significant difference regarding the occurrence of P1, N1, P2, and N2 components amongst younger
and older children. Regarding latency values, the greatest changes overtime were observed in the P1 component
for younger children and in the N2 component for older children. Only the P1 component significantly differed
between the groups, with the highest latency values observed in younger children. Conclusion: LLAEP maturation
occurs gradually and the emergence of complex components appears to be related more to the maturation of the
central auditory nervous system than to chronological age.

RESUMO

Objetivo: O objetivo deste estudo foi monitorar o surgimento e as mudangas nos componentes dos Potenciais
Evocados Auditivos de Longa Laténcia (PEALL) em criangas com audi¢do normal. Método: Estudo longitudinal
com criangas de ambos os géneros, sendo: sete criangas com idade entre 10 e 35 meses, € oito criangas com
idade entre 37 ¢ 63 meses. A avaliagdo eletrofisiologica da audi¢do consistiu na analise dos PEALL obtidos
em campo sonoro com as caixas posicionadas a 90° azimute, por meio da silaba /ba/ na intensidade de
70 dBnNA. Cada crianga passou por uma avalia¢do inicial seguida por duas reavaliagdes apds trés e nove
meses. Resultados: Foi observado surgimento dos componentes dos PEALL ao longo dos nove meses de
acompanhamento, sendo os componentes P1 e N2 os mais frequentes em criangas desta faixa etaria. Nao houve
diferenca estatistica no que diz respeito a ocorréncia dos componentes P1, N1, P2 e N2 entre as criangas mais
novas ou mais velhas. No que tange aos valores de laténcia, as maiores diferengas ao longo dos nove meses
foram observadas no componente P1 para as criangas mais novas e para o componente N2 para as criangas mais
velhas. Somente o componente P1 apresentou diferenca estatisticamente significante entre os grupos, sendo
que foram observados maiores valores de laténcia entre as criangas mais novas. Conclusio: A maturagdo dos
PEALL ocorre gradualmente e o surgimento dos componentes do complexo parece estar mais relacionado a
maturagao do sistema nervoso auditivo central do que a idade cronologica.
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INTRODUCTION

Hearing is a sense existent in the human being from the fifth
month of intrauterine life. From that time on, the experiences
lived by the individual allow the Central Auditory Nervous
System (CANS) to go through neurophysiological changes,
through neuronal plasticity, allowing auditory learning.
This phenomenon of auditory maturation allows the development
of auditory abilities, in other words, allows the individual not
only to be capable of hearing, but also for sound stimuli heard
to be detected, discriminated, recognized and understood"-?.

Inrecent decades, Long Latency Auditory Evoked Potentials
(LLAEP), traces generated by bioelectric activities from
central auditory pathways after acoustic stimulation, have
shown themselves to be a resource capable of measuring the
neurophysiological modifications resultant from the maturation
process®¥, For its being an exogenous potential, in other words,
not dependent on the behavioral response of the individual, they
can be a useful tool to evaluate, amongst other things, small
children who have still not developed auditory and/or cognitive
abilities to respond to other evaluations®©.

For this reason, studies have utilized this procedure to
monitor, objectively, cortical maturation after speech-therapy
interventions in children with language alterations”, after
training of central auditory processing®, as well as measuring
the benefits provided by the use of electronic devices, such as
Personal Sound Amplifiers and Cochlear Implants®.

It is known that the maturational development of the CANS
is highly complex. Given this, it is also understood that there are
many individual variables that can favor or hamper this process
and, consequently, directly influence the results of the LLAEP.
Studies report that around only 41% of variability in latency
values can be explained by maturation through the passage of
chronological age. The other values correspond to other variables
such as gender and individual cognitive abilities'?.

Considering the difficulty of realizing this procedure on small
children, there is still little that can be concluded in terms of
the maturation of these potentials in hearing children younger
than six years of age, observing a divergence in the findings
in the literature.

Generally, it is reported in the literature that LLAEP traces in
small children can be characterized by a large positive peak (P1),
which emerges between 100 — 150 ms, followed by a negative
peak (N2), which can be visualized at around 200 — 250 ms.
With maturation of the CANS, it is expected that the components
N1 and P2 emerge gradually, coming from the bifurcation in
the component P111-19),

Despite these findings, other studies only infrequently
observe the components P1 and N1 in infants and children, with
the component P2 being the most encountered”. On the other
hand, in another study, it was observed that only the P1 peak
was clearly present in children of 3 to 7 months of age"® and
that, additionally, the components N1 and P2 are observed with
greater frequency from 12 years of age!!?.

Given the divergence between these results, the need for
further research that would evaluate LLAEP in small children
becomes evident. We hypothesize that a longitudinal analysis
could permit a better understanding in terms of the emergence
of components P1, N1, P2 and N2 of LLAEP in the same way

that modifications to the latency values in amplitude in small
children occur.

Therefore, the objective of the present study was to monitor
the emergence and modifications of LLAEP components in
hearing children younger than six years of age.

METHODS

A clinical study of the longitudinal type made up of 15 children
with normal hearing, divided into two groups: Group 1 (G1) was
made up of seven children (five girls and two boys) who had
an age between 10 and 35 months in the first evaluation, with
the average age being 24 months; group 2 (G2) was made up of
eight children (four girls and four boys), with an age between
37 and 63 months during the first evaluation, with the average
age being 47 months.

The study was approved by the Ethics Commission under
review number 0319/11 and the procedures were carried out
after signing the Free and Informed Consent by the parents or
the respective guardians responsible for the patient.

The children underwent a hearing evaluation prior to the
electrophysiological evaluation to rule out possible hearing loss.
The evaluation was made up of Acoustic immittance measures
(tympanometry and study of acoustic reflexes), and a set of
subjective tests (conventional or conditioned tonal audiometry,
at the least at frequencies of 500, 1,000, 2,000 and 4,000 Hz,
and the recognition limit for speech with simple commands
or words), with these being selected according to the age and
degree of understanding of the test by the child. In two cases,
it was necessary to carry out the Brainstem Auditory Evoked
Response (studying the electrophysiological limit) to complete
the behavioral evaluation results.

The following were used as exclusion criteria: type A
tympanometric curve with acoustic reflexes present, tonal
auditory limits below 20 dB HL for all the frequencies tested and
arecognition limit for speech equal or up to 10 dB HL above the
average of the limits obtained at frequencies of 500, 1,000 and
2,000 Hz. For the Auditory Evoked Brain Stem Potential, the
inclusion criteria consisted of the presence of waves I, Il and
V at 80 dB HL for clicks with absolute and interpeak latencies
within the limits for normality for the age range (according to the
Intelligent Hearing Systems Manual) and the electrophysiological
limit for cliques at 20 dB HL bilaterally.

Additionally, based on the data obtained in the anamnesis,
children without linguistic, cognitive or neural behavior
complaints, including those who had not received speech-therapy
previously, were considered.

All the children in both groups went through the same
procedures at three different times (first evaluation, and
reevaluation three and nine months after the first evaluation),
with the aim of investigating the maturation of the CANS across
the nine months of monitoring.

The LLAEP records were obtained in an acoustically prepared
room with the child in an alert state seated comfortably in a
reclinable chair.

The children were instructed and/or stimulated to watch a
film without sound during the procedure. Due to the inherent
difficulties of working with such young children, the evaluation
was realized in only one ear, which was chosen randomly.
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The equipment utilized was the Smart EP USB Jr from
the Intelligent Hearing Systems (HIS 5020, Miami, Florida),
which possesses two stimulation channels. Channel A was
used to capture the responses from the right side of the channel
and channel B for the left side. The position of the electrodes
followed the norms of the International Electrode System-IES
10-20. The reference electrode was positioned on the mastoid
of the ear tested and connected to the negative entry of the
pre-amplifier, while the active electrode was placed on Cz and
connected to the positive entry. The earth electrode was placed
on Fpz and connected to the ground entry of the pre-amplifier.

After cleaning the skin of the individual with abrasive paste,
the electrodes were positioned with conductive paste for the
electroencephalogram with microporous tape. The level of
impedance of the electrodes was maintained below three kOhms.

The acoustic stimulus was presented using a sound field
system with the speakers positioned at a 90° azimuth at a distance
of 40 cm from the ear being tested. The stimulus used was the
synthesized syllable /ba/ with a total duration of 114.88 ms
(75 ms of the duration of a vowel and 18 ms of the duration of
the consonant) made up of the following formats: F1=818Hz;
F2=1,378Hz; F3=2,024Hz; F4=2,800Hz; F5=4,436Hz1%2",
512 stimulations of alternating polarity were presented with
an interstimulus interval of 416 ms, rate of presentation of
1.9 stimuli per second at an intensity of 70 dB HL. The high
pass and low pass filters were from 1 and 30 Hz, respectively,
with an analysis window maintained between 0 ms pre-stimulus
and 500 ms post-stimulus.

Two samples for each individual were collected with the
aim of confirming the presence of an electrophysiological
response. The components P1, N1, P2 and N2 of the LLAEP
were analyzed in terms of their presence or absence in each
evaluation. These components were identified considering the
latency values, the wave amplitude and the reproducibility of
the trace. The amplitude measures consisted of the distance
(height) between the positive peak and the following negative
peak (P1-N1 and P2-N2).

To increase the accuracy of the analysis of the results, the
electrophysiological traces were analyzed by three professionals
(blind for the study) qualified for LLAEP analysis.

The results were statistically analyzed and the Chi square
and Mid-P Exact tests were utilized to compare the proportion of
responses present or absent for the components P1, N1, P2 and
N2 between the three evaluations and between both the groups.
Ap-value less than 0.05 was considered statistically significant.
Children who had an absence of all LLAEP components were
excluded from the statistical calculations.

RESULTS

Across the nine months of monitoring, the presence of the
components P1 and N2 were observed in 100% of individuals
from both groups from the first evaluation. The components N1
and P2 were emerging over time during monitoring (Figure 1).

The components N1 and P2 were identified in 14.2% of
children from Gl in the first evaluation and became more
frequent over time during monitoring, reaching an index of
71.4% in the third evaluation. For the children from G2, the
components N1 and P2 were identified in 25% of the children

in the first evaluation, reaching 62.5% after nine months of
monitoring (Figure 2).

A tendency toward statistical significance in terms of the
proportion of responses present over the nine months of monitoring
was observed only in G1 for the components N1 and P2 between
the first and third evaluations (p-value close to 0.05) (Table 1).

A descriptive analysis of the data and the average values
and of the standard deviations referent to the values for latency
and amplitude of components P1, N1, P2 and N2 was realized,
measurements in each evaluation in both groups are presented
in Tables 2 and 3 respectively.

Due to a small number of children who showed presence of
components N1 and P2, especially in the first two evaluations, it was
not possible to compare the latency values for these components
using the statistical tests, or the values for amplitude of P1-N1
and P2-N2 over the nine months of monitoring. Therefore, the
statistical analysis was only made up of the analysis of latency
values of the components P1 and N2.

A statistical difference was observed in the latency values
of component N2 for the G1 between the first and second
evaluations. On the other hand, for the component P1, a statistical
difference in the latency values between the 1% and 3%, 2" and 3™
was observed as well as between the three evaluations. For G2,
statistical differences were only observed for the component
N2 between the 1* and 3% evaluations and between the three
(Table 4).

When comparing the latency values for components P1 and
N2 between both groups in the three evaluations, statistical
difference was only observed in the latency of component P1 in
the 1% and 2™ evaluations, with the latency values of the children
from G1 being greater than those for G2 (Table 5).
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Figure 1. Representation of the analysis of the PEALL obtained from
one of the children during the three moments of evaluation
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Figure 2. Percentage of individuals who showed presence of the components P1, N1, P2 and N2 in the three evaluatioins in both groups

Table 1. P-value of the difference of occurrence of the components P1, N1, P2 and N2 between the evaluations for both groups

Comparison between the evaluations El G2
P1 N1 P2 N2 P1 N1 P2 N2
First x Second 1.000 0.143 0.315 1.000 1.000 0.365 0.365 1.000
First x Third 1.000 0.054 0.054 1.000 1.000 0.178 0.178 1.000
Second x Third 1.000 0.633 0.347 1.000 1.000 0.657 0.657 1.000
First x Second x Third 1.000 0.083 0.097 1.000 1.000 0.309 0.309 1.000

Legend: G1-Group 1; G2- Group 2

Table 2. Average of latency values and amplitude of the components P1, N1, P2 and N2 in the three evaluations of G1

Evaluation Latency (ms) Amplitude (pV)
P1 N1 P2 N2 P1-N1 P2-N2

1st N 7 1 1 7 1 1

Average (DP) 129.71 (11.88) 234.00 (---) 261.00 (---) 261.29 (35.36) 4.74 (---) 0.62 (---)
ond N 7 4 3 7 4 3

Average (DP) 127.86 (11.13) 174.50 (36.19) 213.00 (35.79) 253.57 (31.28) 3.41 (3.41) 2.67 (1.43)
ard N 7 5 5 7 5 5

Average (DP) 121.00 (7.83) 173.80 (23,21) 206.60 (36.18) 251.71 (40.04) 3.36 (1.36) 3.35 (1.24)

Legend: N- Sample number; DP- Standard deviation; ms- milliseconds; pyV- microvolts

Table 3. Average of latency values and amplitude of the components P1, N1, P2 and N2 in the three evaluations of the G2

Evaluation Latency (ms) Amplitude (pV)
P1 N1 P2 N2 P1-N1 P2-N2
1st N 8 2 2 8 2 2
Average (DP) 119.25 (4.40) 202.50 (14.85) 251.00 (41.01) 273.13 (21.09) 5.91(0.77) 2.23 (2.25)
ond N 8 4 4 8 4 4
Average (DP) 118.25 (5.34) 198.00 (11.52) 238.75 (18.50) 269.00 (19.84) 6.63 (1.02) 2.98 (2.10)
N 8 5 5 8 5 5
Average (DP) 117.63 (5.10) 185.40 (11.84) 209.60 (16.23) 259.38 (21.81) 5.63 (1.31) 3.49 (1.92)
Legend: N- Sample number; DP- Standard deviation; ms- milliseconds; pyV- microvolts
Table 4. P-value of the differences of the latency values of the components P1 and N2 between the three evaluations for both groups
Comparison between the evaluations a1 G2
P1 N2 P1 N2
First x Second 0.168 0.047* 0.519 0.036*
First x Third 0.007* 0.298 0.317 0.017*
Second x Third 0.012* 0.868 0.653 0.076
First x Second x Third 0.001* 0.472 0.537 0.008*

Legend: G1-Group 1; G2- Group 2; *p < 0.05
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Table 5. P-value of the differences of the latency values of the components
P1 and N2 in the three evaluations between the groups G1 and G2

Comparison between the Latency
evaluations P1 N2
1st evaluation 0.037* 0.438
2nd evaluation 0.048* 0.268
3rd evaluation 0.333 0.647
*0 < 0.05
DISCUSSION

In the literature, there are gaps in terms of the development
of LLAEP components in small children, both in terms of their
emergence as well as in terms of the modifications of the latency
values and amplitude. Therefore, the objective of the present
study was to monitor the emergence and the modifications of
LLAEP components in hearing children younger than six years
of age, over a nine-month monitoring period.

In the data obtained, it was possible to observe in all the
traces, the P1 component as a positive wave with a large
amplitude, which appears at around 120 ms, followed by a
negative wave (N2) which can be visualized at around 250 ms.
Such results agree with findings in the literature that affirm that
the components P1 and N2 have the greatest frequency in small
children'*-13:1421),

On the other hand a study, which evaluated LLAEP evoked by
noise stimuli observed in children with ages between one month
and five years, found mainly the component P2 in all individuals.
The latency of this component was of approximately 174 ms
in children with an age range between seven and 18 months
and of approximately 134 ms in children with an age between
24 and 66 months'”. Such values, are similar to latency values
for the component P1 observed both in the present study, as
well as reported by other authors who evaluated children in a
similar age range!'*'%2223)_ It is important to highlight that such
findings can be derived by the different collection procedures
utilized to record LLAEP values, considering that the components
P1, N1, P2 and N2 are exogenous potentials and therefore,
can suffer modifications according to the characteristics of the
stimulus.

In terms of components N1 and P2, neither was identified
in all of the moments of the evaluation, with an increase being
observed in the percentage of presence of these components,
going from 14.2% in the first evaluation to 71.4% in the last
evaluation in the G1, and from 25% to 62.5% in the G2 during
the same time interval. These results agreed with those observed
in the literature, which reported observing mainly the presence
of the components P1 and N2 in small children and that, with
the advance of age, the other components emerged in a gradual
manner!31624),

In cases in which the emergence of these components
(N1 and P2) were observed over the nine months, it was possible
to see that they originated from an emergent bifurcation in the
component P1, and that they subsequently became more defined
(Figure 1). This data corroborates findings in the literature that
also described the same phenomenon516:29,

When comparing the occurrence of P1, N1, P2 and N2 over
the nine months of monitoring, it was found that the results
were similar in both the groups: in G1 only one extra child
presented the components N1 and P2 in comparison with G2.
Considering these similarities, these findings could indicate
that the emergence of LLAEP components was more related
to the degree of maturation of the CANS than to chronological
age. Unfortunately, the small sample size, made additional
conclusions difficult. Studies with a larger sample size would
be necessary to strengthen these results.

It is known that maturation of the CANS is dependent
on intrinsic and extrinsic factors. Intrinsic factors are related
amongst other things to the susceptibility of the individual
and to abilities for learning, such as cognitive functions for
attention and memory. On the other hand, extrinsic factors are
related to the exposure of the individual to the environment29,
Such variables are capable of providing different development
rhythms, and therefore, of leading to differences in the time of
emergence for each component of the complex P1-N1-P2-N2.

With the stimulations of hearing, morphological and functional
modifications occur in the CANS: a greater number of neurons
begin to respond to the sound stimuli, there is an increase in
dendritic ramification, an increase in neuronal myelination, and
the improvement of synaptic synchronizations and connections.
This neuroplasticity allows the gradual emergence of the
components P1, N1, P2 and N2 present in the LLAEP that, in
their turn, become more defined in morphology, with greater
amplitude and lower latency values as maturation occurs!32".

In terms of the latency values, the presence of component
P1 at around 120 ms, followed by a negative peak at around
250 ms were observed. These values, are very close to those
predicted in studies that carry out LLAEP with speech stimuli
in small children¢2%,

Prior studies, which evaluated the latency values of LLAEP
components identified the component P1 in children of three
years of age at approximately 130 ms, followed by a negative
peak observed at around 250 to 450 ms !¥. Other authors
evaluated children with ages between three and four years
of age and observed latency values of the component P1 at
approximately 107 ms®.

Some authors evaluated LLAEP with speech stimuli in
individuals with an age range less that that evaluated in the
present study (babies of three to eight months) observing latency
values for P1 and N2 greater than those of the present study
(P1 between 150 and 200 ms and N2 with latency between
250 and 300 ms)©@¥. Other authors observed in children of two
to three years (age range similar to that of the present study)
latency values for P1 of 133 to 156 ms and N2 of 242 to 255 ms,
and in children of 4 to 8§ years (age range greater than that of
the present study), found latency values for P1 of 126 to 149 ms
and N2 of 239 to 251 ms"9.

After nine months of stimulation, a reduction of latency values
of component P1 in younger children (G1) was observed, as well
as for component N2 in older children (G2). It is known that
myelination as well as maturation of the auditory nervous fibers,
mainly occurs in peripheral regions and gradually extends to
the more central regions of the auditory system®®. This process
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is possibly responsible for the reduction in latency values for
LLAEP components>*?, In the present study, a reduction of
the latency for P1 in younger children reflects the increase in
myelination in the primary auditory cortex. In older children
(G2), there was a greater reduction in the latency values for N2,
showing greater maturation in the central auditory pathways,
as well as the supratemporal cortex.

It is observed that, generally, the latency values are lower in
older children. When comparing the two groups, the component
P1 showed statistical difference in the latency values in the first
and second evaluations. In the group of younger children (G1),
the latency values for P1 were greater than those found in the
older group of children. The data from this study suggests that
this component seems to be the biomarker for the development
of the auditory system in normally hearing children.

In a study with children between four and 12 years of age,
it was observed that the main effect resultant from maturation
was a reduction in latency of the component P1 with the increase
of age, independently of the placement of the electrode and of
the type of acoustic stimulus®. For some authors, the response
of the LLAEP depended on the placement of the electrode for
recording, accepting that the only peak can originate by different
generators and that these areas have different maturation
rates®. However, the authors of this study®”, observed that
there is little variation in latency for P1 and N1B according to
the different position of the electrode on the scalp. Up until ten
years of age, the component P2 is much more evident when
recorded with an electrode in a more posterior position (Pz)
than in a position further back (Cz and Fz). The latency of
component N2 increased according to age, with electrodes in
a central position (Cz, C3 and C4), but the electrodes were not
altered on the frontal area (Fz). Unfortunately, the LLAEP in the
study were measured on only one recording channel, in which
the electrode was not placed in the Cz position. Therefore, the
analysis of various places for positioning of electrodes was
limited and should be considered for future studies.

We should highlight that a difficulty in comparing the studies
that evaluated the LLAEP is the variety of procedures used for
data collection. Considering that this is an exogenous potential,
that is to say, influenced by the characteristics of the stimulus,
these methodological variations can explain the great diversity
of findings existent in the literature.

This variability observed in LLAEP studies, both in terms
of latency values and amplitude, and of the occurrence of
components of the P1-N1-P2-N2 complex, together with the
difficulty of realizing the procedure on such small children leads
to a scientific difficulty to standardize the values for normality.

Therefore, in cases evaluated individually, the LLAEP allow
us to estimate if the functioning of the CANS is close to that
expected for chronological age, however it does not allow us to
determine with precision if the result is normal or altered. Such
a procedure seems to be very effective to evaluate the degree
of maturation and neuroplasticity of the CANS, and therefore,
is useful for longitudinal monitoring.

It is worth noting that further studies, testing diverse types
of procedures and with a larger sample are necessary to better

understand how the maturation process of the LLAEP takes
place in children of this age range.

CONCLUSION

The LLAEP showed itself to be an effective clinical
resource to monitor the cortical modifications resultant from
the maturation process.

In the present study, the gradual emergence of LLAEP
components was observed, as well as a significant reduction in
the latency of the component P1 in younger children and of the
component N2 in older children. These findings suggest that
the modifications of the LLAEP seem to be more related to the
maturation of the CANS than to chronological age.
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