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Abstract Introduction Any type of sensory deprivation in childhood resulting from conductive
hearing loss may impair the development of peripheral and central auditory pathway
structures with negative consequences for binaural processing.
Objective To characterize and compare monoaural and binaural auditory responses
in neonates and children without and with a history of recurrent otitis.
Methods The study included participants from 0 to 8 years and 11 months old, in
good general health conditions, of both genders, divided into a control group, with no
history of otitis, and a study group, with history of recurrent otitis. Cortical potential
with speech stimulus /ba/-/da/ was used as collection procedure. The arithmetic
calculation of the 512 points of the wave was performed to obtain the grand average
of the waves of the subjects in both groups. The Shapiro-Wilk and mixed repeated
measures analysis of covariance (ANCOVA) statistical tests were performed to analyze
the group effect, the condition, and the interaction (group versus condition) control-
ling the effect of the age-sex covariable.
Results There was a statistically significant difference between the groups for all
latency values; and for the P1, N1, P2, and N2 latencies, the differences between the
groups occurred in the three analyzed conditions (right and left ears and binaural),
revealing the influence of sensory deprivation. There were no significant differences in
relation to wave amplitudes.
Conclusion There are differences in the cortical potential with speech stimuli and in
the binaural interaction component of children with and without history of recurrent
otitis.
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Introduction

Thefirst 2 years of an individual’s life are themost significant
for the development of auditory and language skills. Neuro-
plasticity during this period is at its maximum, and the
cortex is more responsive.1 Thus, when in contact with
external stimuli, the child’s auditory system reaches more
advanced stages of maturation, according to the age and
auditory experience, which favors language acquisition.

Binaurality is the central auditory nervous system’s
(CANS) ability to receive sound information from both ears
(right and left), analyze, integrate, and separate sound infor-
mation. This binaural processing of information ensures the
understanding of different sounds and enables the individual
to communicate in environments with different sound sour-
ces, difficult listening conditions and allows efficient
communication.

Such binaural mechanisms occur from the perception of
minimal acoustic differences in the phase, frequency, inten-
sity, and time of a sound, in each ear.2 Understanding these
acoustic parameters requires the brain to perceive interaural
time differences (ITD), for example, to enable specific func-
tions, such as sound localization.3

It is noteworthy that suchmechanisms and binaural skills,
such as understanding speech in noise, will be improved
according with the individual’s age, maturation, and hearing
experience.

The presence of transient hearing loss in childhood causes
fluctuation in hearing and sensory deprivation. Consequent-
ly, it impairs the development of peripheral and central
auditory pathway structures and interferes with these bin-
aural mechanisms.4

The most common cause of conductive hearing loss in
children is related to otitis media, defined as an inflammation
of the middle ear, often associated with fluid increase in this
region, which may or may not be infected by viruses or
bacteria.5 Otitis media manifestation is silent, as it may be
associatedwith infections, inflammations, or extrinsic factors,
such as adenoids.6

Among thedifferentaudiologicalprocedures that assess the
integrity of the CANS,wehighlight auditory evokedpotentials.
Cortical auditory evoked potential (CAEP) is a diagnostic test
that assesses the electrophysiological response and enables
the analysis of the electrical responses generated in the
auditory pathway with monoaural and binaural stimulation7;
it can be used to study the binaural interaction component
(BIC).

The binaural interaction component (BIC) is obtained
through CAEP responses and is derived by the algebraic
sum of the monoaural responses, right and left, subtracted
from the response obtained with bilateral stimulation. For
this reason, it reflects the response of the electrical activity of
specifically binaural neurons and is very useful to investigate
structures of the CANS and the functioning of the binaural
auditory abilities of sound localization, for example.8

One study performed BIC on subjectswith normal hearing
using the rarefaction click stimulus, and the results demon-
strated that BIC with long-latency potentials consisted of the

appearance of two negative peaks and one positive peak. The
author described strong evidence that binaural processing in
the auditory pathway may bring important information
regarding the activity in the thalamocortical portions of
the auditory pathways and the auditory skills linked to
linguistic auditory recognition.8

Studies that directly link BIC with sensory deprivation
resulting from middle ear changes are unprecedented in the
literature. In this area, a more recent study was found
regarding the results of auditory evoked potentials (AEPs)
in a child population with otitis media, although not related
to BIC. Such studies demonstrated that CAEP in childrenwith
otitis media may have increased latency, latency asymme-
tries between the right ear (RE) and left ear (LE), and
difficulties in binaural interaction.9 Binaural interaction
component is believed to bring important information in
addition to these findings in the literature on binaural
auditory processing, which reflects the innovation of this
study for the scientific community.

The results of the present studymay help to direct clinical
intervention and promote new preventive or treatment
approaches aimed at binaural stimulation in children with
history of recurrent otitis. In addition, the study can also
promote the understanding of the development of binaural
neural processes in neonates and children with and without
hearing disorders and the impact of the history of infection
by conductive component in these processes.

Objective

To characterize and compare monoaural and binaural audi-
tory responses in neonates and children without and with a
history of recurrent otitis.

Methods

The present study is cross-sectional and documentary. It was
performed after approval by the research ethics committee
of the institutionwhere it was performed in accordancewith
resolution 466/2012, and its approval number is
56892216.2.0000.5406/2016. All parents and guardians au-
thorized the research and signed a free and informed consent
form.

Regarding the sample, 72 subjects participated in the
study, 43 boys and 29 girls, aged 1 month to 8 years and
11 months old. The subjects were distributed into two
groups, with no history of recurrent otitis (control group
[CG]) and with history of recurrent otitis (study group [SG]).

Control group: 37 babies and children without hearing
complaints andwith no history of hearing disorders, selected
by spontaneous demand at the institution. All participants in
this group had hearing within normal thresholds, with tonal
thresholds, as evidenced by type “A” tympanometry,10 pure-
tone audiometry (PTA), or visual reinforcement audiometry
(VRA) at 20 dBHL (ANSI) and/or who passed the hearing
screening with click-stimulus brainstem auditory evoked
potential (BAEP-click) with wave V at 30 dBHL11; in addition
to the presence of a response in the otoacoustic emissions
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(OAE) testing. The subjects did not present any neurological,
behavioral, or psychological impairments, confirmed by
anamnesiswith the parents or verified in themedical history
anamnesis.

Study group: 35 babies and childrenwith a history of up to
threeormore episodes of bilateral or unilateral secretoryotitis
media during childhood, diagnosed and monitored by the
institution’s otolaryngologist. The history of infection was
confirmed by anamnesis with the parents and guardians at
the time of assessment and verified in the anamneses and
previous audiological exams in themedical history. All partic-
ipants in this group had hearing within normal thresholds at
the time of collection assessment, with tonal thresholds, as
evidenced by type A tympanometry,10 pure tone audiometry
(PTA) or visual reinforcement audiometry (VRA) at 20 dBHL
(ANSI) and/or who passed the hearing test with BAEP-click
with the presence of wave V at 30 dBHL11; in addition to the
presence of a response in the OAE testing. Tympanometry was
performed with a 1,000Hz probe for neonates and a 226Hz
one for children over 12 months.12 Normal curves were
considered the ones with tympanometric peak pressure be-
tween-100toþ50daPa, and for staticcompliance, from0.20 to
0.68ml.10This informationwascollected in themedical record
prior to the collection procedure.

As for the collection procedure, the CAEP was performed
using Bio-logic Navigator Pro equipment (Natus Medical Inc.,
Pleasanton, CA, USA) and recorded using five disposable
electrodes positioned at Fpz, the ground electrode, Fz and
Cz, these as the active electrodes, in reference to electrodes
A1 and A2, which were in the subject’s left and right earlobes
(Fz and Cz/A1 and Fz and Cz/A2), using the 2 recording
channels of the equipment to stimulate the right and left
ears and bilaterally. Thus, in all recordings, the same electric
field was used for the subsequent BIC calculation.

Impedance wasmaintained below 5 Kohms. Speech stimu-
lus /ba/-/da/ was used to acquire CAEP.13 Stimuli were ran-
domly presented as monoaurals in the 2% proportion of rare
stimuli /da/ outofa total of 100 stimuli /ba/ - oddball paradigm,
recorded in a 500 milliseconds window with 1 to 30Hz
bandpass filtering, 50,000x amplification, alternating polarity
and stimulation rate at 1.9 stimuli/second. Natural speech
stimuli were fluid 180ms-duration male voices recorded at
70 dBHL, extracted from the second syllable during the emis-
sion [dada], inwhich formants F1, F2, and F3 were obtained in
their initial and stable portion. Such stimuliwere developed at
thelinguistics laboratoryof the InstituteofLanguageStudies,at
Universidade de Campinas, recorded in Praat (Version 4.2.31,
Phonetic Sciences, University of Amsterdam), at 48 KHz, and
then recorded in CD for wave format insertion and insertion in
the Bio-logic Navigator (Natus) equipment software.

The activity of eye movement was indirectly controlled,
the electrical activity of the brainwasmonitored in real time
throughout the examination.When the voltage exceeded the
baseline, the examination was stopped, and ocular fixation
was requested. The examinationwas only resumedwhen the
cortical activity remained stable.

After examination collection, P1-N1-P2-N2 complex was
identified—first waves that appear in sequence and present

negative-positive-negative polarity, respectively, according
to the patient’s chronological age, always performed in the
“Cz” vertex recording of the infrequent stimulus /da/. Such
identification was performed by the researcher and after-
wards by two judges, experts in thefield of electrophysiology
with no personal identification of the subjects or information
regarding age groups or groups.

The analyses and calculations were developed by the
researchers of the institution’s research laboratory14 using
the formula: BIC¼ ([Dþ E] - BIN). At first, the wave data for
all patients were extracted from the software AEP to AESCII
(Biologic) and transposed into an Excel spreadsheet (Micro-
soft Corp., Redmond, WA, USA). The numerical information
of the 512 CAEP wave points was compiled and mathemati-
cally analyzed for calculating BIC. Such analysis corre-
sponded to the sum of the predetermined waves in an
Excel algorithm obtained by the stimulation of the right
(D) and left (E) ears followed by the subtraction of the
wave obtained by the bilateral stimulation.

In relation to the statistical analysis, 2-way mixed repeat-
ed measures analysis of covariance (ANCOVA) tests were
performed to analyze the group effect (CG and SG), the
condition (right, left, and bilateral stimulation) and the
interaction (group versus condition), controlling the effect
of age-sex covariates.

Box’s M test was used to verify whether the covariance
matrices of the observed dependent variables are the same
for both groups, and Mauchly’s sphericity test was used to
test the sphericity hypothesis. In case of sphericity hypothe-
sis rejection, the analyzes were based on the Greenhouse-
Geisser multivariate test.

The main effect within the group and/or condition was
analyzed using the Bonferroni multiple comparison test. The
adopted confidence level was 5%. The data were analyzed
using IBM SPSS for Windows version 24.0. (IBM Corp.
Armonk, NY, USA). The data are presented in the results in
tables and graphs.

Results

The results below present the descriptive and comparative
analyses of the monoaural and binaural auditory responses
of children from the CG and SG.

As for the CAEP, after statistical analysis, a significant
difference was observed between CG and SG groups for all
latency values; and for the latencies of the P1, N1, P2, and N2
potentials, the differences between the groups occurred in
the three analyzed conditions (RE, LE, and BILAT), which
demonstrates the influence of the history of recurrent otitis
for CG (►Table 1).

However, there were no significant differences in relation
to the age groups; that is, statistically there is no direct
interference of age in the presented results. In this study, age
was not amajor factor for changes in CAEP in this population.
Regarding gender, only for N1 latency significance was
observed in males (►Table 1).

For amplitude, no significant differences were observed
between groups, conditions, or interaction (►Table 2).
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There was no significance for any value or presented
condition; however, P1 is observed as the only one approach-
ing the significant value of p � 0.05 in the comparison
between groups.

It is noteworthy that the amplitude value means of P1 for
RE and BILAT is higher in the SG, which can demonstrate a
functional difference between ears in this group.

Next, ►Fig. 1 shows the recording obtained from the
grand average of BIC component, calculated frommonoaural
and binaural recordings in the two groups (CGand SG)will be
presented. The geometric shapes represent the appearance
of two positive peaks and two negative peaks.

Regarding BIC, there is a difference between the groups in
the characteristics of the peaks obtained from the calculation

Table 1 Descriptive and comparative analysis of cortical auditory evoked potential latency components of the right, left and
bilateral ears

Groups ANCOVA

CG¼Normal
(n¼ 37)

SG¼ Infection
(n¼ 35)

Group Condition Interaction

Condition Mean SD Mean SD p p p

LatRE_Cz_P1 73.4 19.0 87.2 27.9 0.001� 0.689 0.064

LatLE_Cz_P1 73.8 21.2 87.0 26.9

LatBILAT_Cz_P1 58.8 33.3 90.9 37.6

LatRE_Cz_N1 115.1 35.3 135.3 44.6 0.001� 0.249 0.344s

LatLE_Cz_N1 113.0 30.6 139.9 52.3

LatBILAT_Cz_N1 92.0 51.5 132.4 51.9

LatRE_Cz_P2 166.1 41.9 193.7 44.9 0.001� 0.483 0.334

LatLE_Cz_P2 175.4 37.0 206.0 46.4

LatBILAT_Cz_P2 148.5 70.7 196.7 57.5

LatRE_Cz_N2 225.2 46.4 258.4 46.3 0.001� 0.406 0.596

LatLE_Cz_N2 241.6 46.9 270.3 53.5

LatBILAT_Cz_N2 212.2 101.8 261.6 63.8

Abbreviations: ANCOVA, analysis of covariance; BILAT, bilateral; CG, control group; Lat, latency; LE, left ear; RE, right ear; SD, standard deviation; SG,
study group.
Note: �p � 0.05 for significant effect by ANCOVA; s p � 0.05 for significant effect of sex covariate; equal superscript letters indicate significant
differences by Bonferroni multiple comparison test.

Table 2 Descriptive and comparative analysis of cortical auditory evoked potential amplitude components of the right, left and
bilateral ears and group effect and condition

Groups ANCOVA

CG (n¼ 37) SG (n¼ 35) Group Condition Interaction

Condition Mean SD Mean SD p p p

AmplRE_Cz_P1 4.04 4.12 3.66 3.31 0.051 0.268 0.143

AmplLE_Cz_P1 2.08 2.33 4.38 4.12

AmplBILAT_Cz_P1 2.66 4.07 4.96 5.23

AmplRE_Cz_N1 �2.34 3.31 �2.22 2.84 0.839 0.942 0.733

AmplLE_Cz_N1 �2.44 2.59 �2.87 2.50

AmplBILAT_Cz_N1 �1.56 3.21 �1.08 3.96

AmplRE_Cz_P2 3.40 3.04 2.96 2.87 0.770 0.373 0.536

AmplLE_Cz_P2 2.89 3.05 2.66 4.39

AmplBILAT_Cz_P2 3.45 5.02 4.29 3.69

AmplRE_Cz_N2 �5.27 3.58 �5.48 3.85 0.306 0.633 0.595

AmplLE_Cz_N2 �4.34 3.50 �5.99 3.78

AmplBILAT_Cz_N2 �5.41 5.66 �6.21 4.87

Abbreviations: Ampl, amplitude; ANCOVA, analysis of covariance; BILAT, bilateral; CG, control group; LE, left ear; RE, right ear; SD, standard
deviation; SG, study group.
Note: �p � 0.05 for significant effect by ANCOVA; s p � 0.05 for significant effect of sex covariate; equal superscript letters indicate significant
differences by Bonferroni multiple comparison test.
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of the binaural integration component, with increased la-
tency and reduced amplitudes for the subjects in the SG.

Discussion

The P1-N1-P2-N2 wave complex of the CAEP was found in all
children participating in the study, even those up to 1 year
old. According to the literature in the area, P1 and N1
components tend to be better visualized in children from 5
or 8 years old.15

The P1 component is a biomarker of auditory matura-
tion16,17 over the years and greater exposure to different
auditory stimuli; it tends to decrease in relation to its latency
and amplitude, similarly to other components such as N1,
whose value also decreases over time, reflecting develop-
ment.15,18 And P2, which, with greater auditory stimulation
and auditory training, tends to have decreased latency and
amplitude over time, demonstrating the effect of auditory
and language learning.19

In the present study, statistically significant difference
was found for all latency values between groups; however,
without direct interference from age. Regarding the analyzed
conditions, significant difference was also found for all (LE,
RE, and BILAT), and for the latencies of P1, N1, P2, and N2
components, the differences between the groups occurred in
the three analyzed conditions: LE, RE, and BILAT.

The results suggest that there are differences in the
electrical response of the entire central auditory pathway
in the analyzed population and age group, represented by the
statistical difference between the components of the wave
complex. Regardless of the side affected by the infection and
the etiology, otitis primarily affects the peripheral auditory
pathway,4 and the CANS can undergo changes, in the long
term, in the presence of recurrent otitis.9 Although some
isolated values of individuals in the SG are within the normal
standards for CAEP,7 when comparing with children with no

history of alterations, there is a statistical difference between
them, which may reflect differences in binaural develop-
ment, since for bilateral stimulation, statistical differences
occurred for all components of the wave complex.

Therewasnostatisticaldifference inamplitudebetween the
groups (►Table 2); however, considering the mean values, in
general, the SG obtained higher numerical values, demonstrat-
ing greater difficulty in capturing the responses to CAEP verbal
stimulus, which, in addition, may indicate delayed auditory
maturation in these individuals. What is expected is that over
the years and with greater exposure to the sound world, the
auditory pathway matures21 and acquires the ability to re-
spond and perform auditory detection and discrimination
tasks automatically and faster, which would bemore compati-
ble with a decrease in the amplitude values of the wave
components; this couldbeobserved in theCG,butnot intheSG.

In the results found in the present study, the higher
numerical values of the SG compared with the CG may
indicate that in the presence of a history of recurrent otitis,
maturation and learning of skills tend to be delayed. The
grand averages presented by graphs 2 to 4 help in this
reflection, as it is possible to observe how much the history
of recurrent otitis interferes in the morphology of the wave
components, especially in the recordings of the grand bilat-
eral average.

Regarding the analysis of binaurality and the binaural inter-
action component (BIC), the observedmorphologyof the grand
average of the recordings was flattened, of low amplitude,
worse in the SG group, especially considering that the binaural
response goes through several structures of the central and
peripheral auditory pathways, including the contralateral ear.2

Thus, regardless of the side affectedby themiddle ear infection,
thebinauralpathwaywill havemoredifficulty inprocessing the
information to be captured by bilateral CAEP.

As the central structures responsible for binaurality, such as
the lower and upper colliculi, are themain structures involved
in hearing,2 we can assume that any change in the reception
and processing of auditory information by these structures
will influence the acquisition of binaural hearing skills.

In addition, the history of recurrent otitis, which leads to
sensory deprivation in children in the development phase,
produces losses in the long term, in the perception of the
auditory cues of interaural differences in time and level to be
understood and developed.3

Binaural interaction component in neonates can vary
greatly as to the appearance of the complex waves, demon-
strating immaturity in the binaural interaction of these
subjects, especially with faster stimuli, such as BAEP with
click.21 A previous study that analyzed BIC when CAEP was
recorded with high-intensity click stimulus showed shorter
latencies in children with external ear changes than in
adults.22However, no studies relating BIC of CAEP in children
with middle ear changes were found.

Studies discussing changes in the middle ear and the
findings regarding binaurality were performed with other
auditory evoked potentials, such as BAEP. These investiga-
tions found that when researching these potentials in chil-
drenwith otitismedia, their componentsmayhave increased

Fig. 1 Binaural interaction component (BIC) Cortical auditory evoked
potential - Control group and study group.
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latency, latency asymmetries between the RE LE and diffi-
culties in binaural interaction.9 The BIC results of the present
study prove the latency differences between children in the
CG and SG also in relation to the morphology of the BIC
waves.

Thus, the hypotheses of the study were confirmed; there
were differences in the CAEP results in relation to the latency
values of all components of the wave, in the three analyzed
conditions (LE, RE, and BILAT), between the groups. Further-
more, the hypothesis that sensory deprivation resulting from
a history of conductive component due to middle ear infec-
tions was confirmed; it may affect the maturation and
development of the binaural interaction component be-
tween the central auditory pathways.

Such findings reinforce the need for hearing health pro-
motion and prevention. Parents and familymembers need to
be better informed about the consequences of recurrent
otitis, the risk of sensory deprivation and the need for
audiological monitoring in these cases.

For the audiology scientific community, it is important to
reflect on the need to assess binaurality in cases of children
with a history of recurrent otitis. More investments are
needed for further research to assess binaurality in children
with different types of hearing conditions, ages, and clinical
conditions.

Conclusion

There are differences between CAEP responses in relation to
the latency values of the wave components in all the ana-
lyzed conditions, LE, RE, and BILAT. There are maturational
differences in babies and children with and without history
of recurrent otitis, especially for bilateral stimulation for all
CAEP wave components, which was also confirmed by BIC
wave analysis.
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