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Electrophysiological characterization of
hearing in individuals with Down syndrome

Caracterizagao eletrofisiologica da audicado em
individuos com Sindrome de Down

ABSTRACT

Introduction: Few studies have performed Brainstem (BAEP) and P300 Auditory Evoked Potentials
simultaneously to assess central auditory pathways in normal hearing individuals with Down syndrome (DS),
mainly because of the difficulty in applying these procedures to this population. Previous studies have suggested
that individuals with DS might present different patterns of response compared with those of individuals with
typical development; nevertheless, the identification of these potentials would be crucial for the establishment
of an accurate audiological diagnosis. Purpose: To characterize BAEP and P300 in normal-hearing individuals
with DS. Methods: BAEP and P300 were analyzed in 17 individuals with DS and in 21 individuals with typical
development aged 7 to 15 years. The results were quantitatively and qualitatively analyzed using descriptive
measures and hypothesis tests. Results: In the quantitative analysis, latency values were lower in the BAEP
for the DS group, with statistically significant difference for wave V and interpeaks I1I-V and I-V; there were
no significant differences in the P300 latency values. In the qualitative analysis, there were a larger number of
individuals with early values for BAEP latencies and late latencies for P300 in the DS group; both comparisons
showed statistically significant differences. Conclusion: Children and adolescents with DS can present early
responses to the components of BAEP, suggesting that their auditory pathway requires less time for the neural
transmission of acoustic stimuli to the brainstem. Concerning P300, individuals with DS may present increased
latencies, suggesting impairment in the central auditory pathway for the cortical processing of auditory information.

RESUMO

Introdugio: Poucos estudos realizaram, concomitantemente, o potencial evocado auditivo de tronco encefalico
(PEATE) e o P300 na Sindrome de Down (SD), em individuos audiologicamente normais, para a avaliagdo
da via auditiva central, principalmente pela dificuldade de realizar estes procedimentos nesta populagdo.
Estudos anteriores sugeriram que individuos com SD podem apresentar padroes de respostas diferentes das
encontradas em individuos com desenvolvimento tipico, sendo que a identificagdo destes seria fundamental para o
estabelecimento de um diagnostico audiologico preciso. Objetivo: Caracterizar o PEATE e o P300 em individuos
com SD audiologicamente normais. Método: Foram analisados o PEATE e o P300 de 17 individuos com SD
e 21 com desenvolvimento tipico de sete a 15 anos. A analise foi quantitativa e qualitativa, utilizando medidas
descritivas e os testes de hipotese. Resultados: Os valores de laténcia foram menores no PEATE para o grupo
SD, com diferenga estatisticamente significante para a onda V, interpicos III-V e I-V; ndo foram encontradas
diferencas significantes nos valores de laténcia do P300. Observou-se maior nimero de individuos com valores
precoces para as laténcias do PEATE e com laténcias atrasadas para o P300 no grupo SD; ambas as comparagoes
mostraram diferengas significantes. Conclusdo: Criangas e adolescentes com SD podem apresentar respostas
precoces para os componentes do PEATE, sugerindo que a via auditiva destes necessita de menor tempo para
a transmissdo neural do estimulo acustico até o tronco encefalico. Quanto ao P300, individuos com SD podem
apresentar laténcias aumentadas, sugerindo comprometimento na via auditiva central quanto ao processamento
cortical da informagdo auditiva.

Study carried out at the Departamento de Fisioterapia, Fonoaudiologia e Terapia Ocupacional, Faculdade de
Medicina, Universidade de Sao Paulo — USP - Sao Paulo (SP), Brazil.
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INTRODUCTION

Down’s syndrome (DS) was first described by John Langdon
Down in 1866, but it was characterized as a genetic disorder
caused by the presence of the extra full or partial chromosome
21 by Lejeune in 195712,

It is the most common genetic occurrence, estimated at one in
800 or 1000 live births. Its diagnosis is confirmed by cytogenetic
investigation considering a series of signs and symptoms, with
the following most commonly found characteristics: intellectual
impairment (100%), muscular hypotonia (99%), oblique palpebral
fissure (90%), increased vascularity (90%), microcephaly (85%),
flat occiput (80%), and joint hypermobility (80%)®.

Auditory impairment in individuals with DS has been widely
reported in the specific literature®®. Hearing loss - conductive,
sensorineural, or mixed - occurs in approximately two thirds
of children with DS7®, with highest incidence for conductive
hearing losses (around 80%) owing to the presence of otitis
caused by constant respiratory tract infections®**19,

In addition, studies have shown that the cochlea of individuals
with DS is anatomically smaller, but apparently the abnormalities
of the inner ear are not frequent!”. However, some authors
have reported that, as of the second decade of life, individuals
with DS may present progressive sensorineural hearing loss,
similar to presbycusis!'?.

Impairment of central areas of the brain can also be verified
in DS, characterized by lesions or dysfunctions. Some authors
have attributed these alterations to failures in habituation
mechanisms, central inhibition deficits in stimulus afferentation,
or disturbances in the cognition mechanism, which may cause
reduction of cerebral neuroelectric activities'?.

Accurate audiological assessment in children with DS is a
challenge because, most of the time, it is performed through
subjective tests, which depend on the child’s participation and
collaboration. Accordingly, studies using objective tests such
as auditory evoked potentials are extremely important in this
population.

The Brainstem Auditory Evoked Potential (BAEP) evaluates
the integrity of the auditory pathway until the brainstem and
it has been one of the most effective tests to assist in the
identification of hearing loss by means of identification of the
electrophysiological threshold. A study using BAEP conducted
with individuals with DS found reduced values of absolute latency
for waves I, 111, and V in children with or without hearing loss,
including conductive hearing loss'¥.

Nevertheless, other authors observed reduced latency values
for waves I and 111 and the interpeak I-III only in children aged
18 months or less!.

Thus it seems to be no consensus on this decrease in latency
values. One of the justifications for these decreased values
would be the smaller head circumference of the child with
DS, reducing the distance of the transmission of the nervous
stimulus"?; another would be the higher transmission velocity
because of early myelination for the age!'>. Therefore, the aim
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of the present study was to verify whether the reduced latency
values previously described can also be observed in older
children or adolescents.

The late, event-related, auditory evoked potential (P300
or Cognitive Potential) is generated when, among a series of
frequent stimuli, an infrequent, random stimulus related to
sensory and cognitive aspects in the processing of auditory
information is detected. Some studies have described an increase
in P3 or P300 wave latency values in adult individuals with
DS®319, The justification for this finding, suggested by some
authors, is that these late P300 latency values may indicate an
early aging process in these individuals; this procedure is useful
for the identification and prevention of pre-senile dementiat'?.

Because of the difficulty in applying the test, there are few
studies involving P300 in children with DS. Considering the
small number of studies on the theme, the current research
intends to analyze the P300 from the perspective of objectively
evaluating the processing of auditory information in individuals
with DS without hearing loss.

Moreover, there are few studies that performed the BAEP and
P300 on Down syndrome, in individuals with normal audiologic
profile, to evaluate the central auditory pathway, mainly due to
the difficulty in conducting these procedures in this population.
Previous studies have suggested that individuals with DS may
present patterns of responses different from those found in
individuals with typical development, and their identification
would be critical for the establishment of an accurate auditory
diagnosis.

Therefore, the objective of this study was to record and
characterize the BAEP with clicks and the P300 in audiologically
normal individuals with DS.

METHODS

The present study was approved by the Research Ethics
Committee of the College of Medicine of the University of Sao
Paulo - FMUSP under protocol number 138/11. The parents/guardians
of all participants signed an Informed Consent Form prior to
commencement of the study.

Sample

Study participants were divided into two groups:

Down syndrome group (DSG) - composed of 17 individuals
(eight males and nine females) with Down syndrome aged seven
to 15 years (mean age = 10.9£1.6 years). All individuals in this
group were undergoing Speech-language Pathology treatment
at the aforementioned institution; 10 presented a history of
otitis media according to their parents, with number of disease
episodes ranging from 2 to 5 (mean of 3.1 episodes).

Control group (CQG) - comprising 21 individuals (five males
and 16 females) with typical development aged seven to 15 years
(mean age = 9.8+1.5 years). Twelve individuals in this group
presented a history of otitis media according to their parents,
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with number of disease episodes ranging from 1 to 3 (mean of
2.42 episodes).
The following inclusion criteria were adopted for both groups:

e Auditory thresholds lower than 15 dBHL for all frequencies
assessed®;

* Type A tympanometry curve and presence of ipsilateral
acoustic reflexes;

* Absence of history of evident psychiatric and neurological
diseases.

It is worth mentioning that, according to the inclusion criteria
adopted at the time of the evaluation, the individuals did not
present middle ear impairment.

Procedures
The following procedures were conducted:

a) Anamnesis: information on the medical and otological
history was collected.

b) Meatoscopy: was performed, using a Heine manufactured
otoscope, prior to the audiological evaluation to eliminate
possible interferences in the examinations (presence of
cerumen, foreign bodies, etc.).

¢) Immittanciometry (tympanometry and measure of ipsilateral
acoustic reflexes at the frequencies of 500, 1000, 2000, and
4000 Hz): was performed using AT 235 (Interacoustic®)
equipment. All participants were submitted to this assessment
prior to the recording of the BAEP; recording of the P300
was conducted on a day different from that of the BAEP;
this procedure was repeated to ensure absence of middle
ear impairment.

d) Pure-tone audiometry: was performed at the frequencies of
500, 1000, 2000, and 4000 Hz using supra-aural headphones
in an acoustic cabin (Grason-Stadler®, GSI-61 audiometer).

e) Electrophysiological hearing evaluation: these procedures
were performed using portable, 2-channel equipment (Biologic®,
Traveller Express) with individuals sitting in a reclining
armchair in an acoustically and electrically treated room.
The acoustic stimuli were presented through a supra-aural
headphone. The impedance values of the electrodes should
be below 5 kOhm. The following parameters were used for
each electrophysiological evaluation:

- BAEP (Brainstem Auditory Evoked Potential): electrodes
were placed on the regions of the left (M1) and right (M2)
mastoids and forehead (Fz) and the earth electrode was placed
on the contralateral ear. Acoustic stimulus was generated
through clicks with duration of 0.1 ms and presentation
rate of 19.1 stimuli per second, totalizing 2000 stimuli in
rarefied polarity. Low-pass filters of 1500 Hz and high-pass
filters of 100 Hz were used with analysis window of 10 ms.
Acoustic stimulus intensity of 80 dB nHL was used to
analyze auditory pathway integrity with assessment of one
ear at a time. Absolute latency values of waves I, Il and V
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and interpeaks I-11I, I1I-V and I-V were analyzed bilaterally
according to the normal values of the equipment (Evoked
Potential User Manual)!?.

In addition to the quantitative analysis, the results were analyzed
qualitatively for each individual, considering the criterion of
normality of the absolute latencies of waves I, 111, and V plus
two standard deviations. The results were classified as follows:

- Normal: for absolute latencies of waves I, III and V within
the normality criteria plus two standard deviations, for each
individual (considering both ears).

- Early: for absolute latencies of any of the waves (I, I1I, and
V) below the established values plus two standard deviations,
for each individual (considering at least one ear).

- Late: for absolute latencies of any of the waves (I, III, and
V) above the established values plus two standard deviations,
for each individual (considering at least one ear).

- P300: electrodes were placed on the regions of the left (M1)
and right (M2) mastoids and vertex (Cz) and the earth electrode
was placed on the forehead (Fz). Tone-burst acoustic stimulus
was used at frequencies of 1000 and 1500 Hz, intensity of
75 dB nHL, and presentation rate of 1.1 stimuli per second,
totalizing 300 stimuli. High-pass filters of 1 Hz and low-pass
filters of 30 Hz were used with analysis window of 800 ms.
Participants were asked to count aloud the rare stimuli
(20% of the stimuli) that would appear randomly among
the frequent stimuli (80% of stimuli) - oddball paradigm;
assessment occurred in one ear at a time.

At the end of the evaluation, participants were instructed to
report to the researcher the number of rare stimuli they heard.
To certify that individuals would be able to discriminate the
rare sounds from the frequent ones, they were instructed to
raise their arms when they heard the first rare stimulus. P300
was identified as a wave of positive polarity with post-stimulus
approximate latency of 300 ms, obtained by subtracting the tracing
corresponding to the rare stimuli in the corresponding tracing
of frequent stimuli. The latency values of the P300 wave were
analyzed. The normality criteria proposed by McPherson®” was
used according to the age range evaluated. It is worth noting that
15 of the 17 children in the DSG underwent P300 recording.

In addition to the quantitative analysis, the results were
analyzed qualitatively for each individual with respect to the
absolute value of the P300 wave. The results were classified
as follows:

- Normal: when the P300 wave latency was within the values
established by McPherson®” according to the age range.

- Late: when increased P300 wave latency was observed in
at least one of the ears compared with the normality values
established by McPherson®”, according to the age range.

It is worth mentioning that two individuals in the DSG
failed to perform the cognitive activity (count the rare stimuli
aloud) for P300 generation, and were therefore excluded from
the sample.

CoDAS 2016;28(6):717-723
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Statistical analysis of the data

The study results were analyzed both quantitatively and
qualitatively: for analysis of the quantitative data, mean and
standard deviation were calculated for the latency values, whereas
for analysis of the qualitative data, a study was performed on
the occurrence of alterations in the BAEP and P300 and on the
types of changes found per individual according to the normality
criteria previously described.

ANOVA and Chi-square association tests were conducted
for comparison between the data of the groups and ears at 5%
significance level.

RESULTS

Quantitative analysis

Initially, the right and left ears were compared within each
group. As no statistically significant difference was observed
for any of the comparisons, the ears were grouped for the
quantitative analyses between groups.

Table 1 shows the latencies of the waves for BAEP and
P300 compared between the groups. Note that the latencies
for all the comparisons are smaller for the DSG and there was
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statistically significant difference for the wave V and interpeaks
1I-V and I-V.

Qualitative analysis

Considering waves I, I1I, and V of the PEATE for both ears,
early latencies were observed for most of the individuals in the
DSG, with 82.35% presenting early latency for the wave V.
Regarding the control group (CG), all individuals presented normal
results. There was statistically significant difference between
groups for the distribution of results in the three categories (early,
normal, and late) for waves I, III, and V (Table 2).

With regard to the P300, there was predominance of normal
results for both groups (67% for DSG and 100% for CG).
However, statistically significant difference was observed
between groups for the distribution of results (normal and late)
in the qualitative analysis (Table 3).

DISCUSSION

In the present study, no statistically significant difference
between the ears was observed for the absolute and interpeak
latency values of the waves in the BAEP and for the latency

Table 1. Mean and standard deviation (in ms) of the latency values for waves |, lll, and V and for interpeaks I-llI, Ill-V, and |-V of the BAEP and the
latency of the P300 for the Down syndrome (DSG) and control (CG) groups
Mean SD Mean SD
BAEP / P300 DSG DSG CG CG p-value
| 1.49 0.14 1.50 0.10 0.776
11l 3.55 0.26 3.61 0.11 0.310
\ 5.37 0.30 5.59 0.12 0.002*
=1 2.05 0.25 2.1 0.11 0.303
n-v 1.82 0.20 1.98 0.07 0.001*
|-V 3.88 0.27 4.08 0.11 0.002*
P300 323 58.80 329.05 28.54 0.558
*p-value statistically significant
Table 2. Distribution of the occurrence of normal, early, and late results in the BAEP for both groups
Early Normal Late Total
BAEP DSG CG DSG CG DSG CG DSG CG p-value
n n n n n n n n
(%) (%) (%) (%) (%) (%) (%) (%)
0 5 21 3 0 17 21 .
Wave | 9(52.9) (0.0) (29.4) (100.0) (17.7) 0.0) (100.0) (100.0) ~ <0-0001
12 0 3 21 2 0 17 21 .
Wave Il (70.6) (0.0) (17.6) (100.0) (11.8) 0.0) (100.0) (100.0)  <0-0001
14 0 2 21 1 0 17 21 N
Wave V (82.3) 0.0) (11.8) (100.0) (5.9) (0.0 (100.0) (100.0)  <0-0001

*p-value statistically significant

Table 3. Distribution of the occurrence of normal and late results in the P300 for the Down syndrome (n=15) and control (n=21) groups

Normal Late Total
P300 DSG CG DSG CG DSG CG p-value
n n n n n n
(%) (%) (%) (%) (%) (%)
Wave P3 10 21 5 0 15 21 0.015*
(66.7) (100.0) (83.3) 0) (100.0) (100.0)

*p-value statistically significant
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values in the P300 for both groups. Such findings corroborate
those of previous studies in which no statistically significant
differences were found between the ears for latency values of
the BAEP and P300 in audiologically normal individuals and in
individuals with Down syndrome®'??. These results reinforce
the fact that, for individuals with DS, the reference values and
analysis criteria for the BAEP and P300 with non-complex
stimuli (clicks and tone burst) can be used equally for both
ears, as it already occurs in clinical practice in individuals with
typical development.

Regarding gender, the findings were not analyzed in relation
to this variable, considering that previous studies have not found
statistically significant differences between male and female
genders for BAEP and P300 responses'®.

With respect to the electrophysiological evaluation performed
using the BAEP, the DSG presented lower mean latency values,
with statistically significant difference only for the absolute
latency of the wave V and for interpeaks I1I-V and I-V, compared
with those of the CG (Table 1). These findings are in agreement
with studies in the literature that report a decrease in the absolute
latency values of the wave V and the interpeak [-V in individuals
with DS1423_ 1t is noteworthy that, in the study by Squires et al.
U9 decreased latency values were observed for all BAEP waves
in children with DS with or without hearing loss.

Our results also corroborate those of a previous study
conducted with newborns with DS in which the researchers
reported a decrease in the latency values of the wave V and
interpeaks III-V and I-V of the BAEP compared with those of
newborns of the CG®*.

In the qualitative analysis, according to Table 2, statistically
significant differences were found between the groups in relation
to the early classification for the values of absolute latencies of
waves I, I1I, and V. Thus it was possible to observe that 58.82%
of the individuals with DS presented early latency for the wave
1, 70.58% for the wave III, and 82.35% for the wave V. These
results agree with those of other studies that found reduced
absolute latency values for the BAEP waves in individuals with
DS compared with individuals with typical development(!52527),
It was also possible to observe higher standard deviation values
in the data of the DSC, thus demonstrating greater variability
of responses in these individuals compared with those of the
control group.

There is no agreement in the specific literature regarding
the justification of early latency values in the BAEP in Down
syndrome. Among the several hypotheses, authors use the
DS phenotype as a justification, considering the smaller skull
circumference and the consequent shorter distance between the
cochlea and the brainstem present in these individuals. Other
theories refer to early progress of myelination in brainstem;
changes in the cochlea and auditory pathway, or simplification
of pathway; greater conduction velocity of the nervous fiber;
and smaller brainstem®@®,

It is worth noting that the early latency values of the wave
V, that is, the region of the upper brainstem, identified in the
quantitative and qualitative analyses were more evident in the
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present study. This finding was not in agreement with those of
other studies conducted with children with DS. Many studies
are in agreement as for the low values of the latencies of waves
III and V and interpeaks I-1II and III-V. It is believed that the
age range involved in this study may have interfered with this
outcome. Some authors have verified early latency values in the
BAEP only for children younger than 18 months, justified by
maturational aspects, that is, with maturational development,
responses to the BAEP of children with DS tend to resemble
those of children with typical development!>25-27),

These early responses are extremely important for the proper
analysis and interpretation of the BAEP in children with DS,
mainly due to the middle ear changes frequently present in this
population, which instead of causing late latency of the waves
(a result often found in patients with conductive hearing loss),
could lead to latency values within normal range.

It is important to mention that participants with DS of the
present study showed a history of otitis, with mean number of
disease episodes of 3.1, slightly higher than that of participants
in the CG (mean number of disease episodes of 2.42). Thus the
number of otitis episodes in childhood is a factor that must be
considered in the analysis of results of auditory evoked potentials,
because it may influence the maturation of the central auditory
pathways®.

Therefore, it is important to emphasize that normative
data from normal individuals should be used with caution in
interpreting the results when the BAEP is used in the audiological
assessment of individuals with DS.

Regarding the quantitative and qualitative analyses of the
P300 (Tables 1 and 3), statistically significant difference was
found between the groups only for the qualitative analysis
(Table 3). This analysis shows that 33% of the individuals with
DS were classified as presenting increased latency in at least
one of the ears. Data from the present survey disagree with
those of other studies in which increased mean latency values
of the P300 were found in individuals with DS, but agree to
verify a larger number of individuals with altered results in the
DSC compared with the CG. Some authors report that increased
latency would be related to sensory and cognitive deficits in the
processing of acoustic information©®.

It is believed that the heterogeneity of the DSC may have
interfered with the results found, that is, although children with
DS present cognitive impairment, this can be quite variable
depending on the stimulation received. It is important to mention
that the population with DS that composed this research was
under speech-language pathology therapy and, therefore, exposed
to therapeutic stimulation that assists its development globally.

From the quantitative analysis of this study it can be inferred
that, due to the variability of values found in the DSC, the
mean values of latency in the P300 were not sensitive for the
identification of central or even cognitive auditory alterations
in individuals with DS; however, a larger number of individuals
with altered P300 results were found in the DSC compared with
the CG. There are several hypotheses regarding the interpretation
of P300 alterations, such as the theory of delayed discrimination
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of sounds, or even premature aging. Some authors report that
P300 analysis is quite complex because it is an auditory evoked
potential resulting from multiple cognitive factors®?. In the
present study, although no altered mean latency values were
found in the P300, the number of individuals with increased
latency values may be related to the cortical processing of auditory
information®, which is directly influenced by external factors
such as the history of otitis episodes in childhood®. It should be
emphasized that the processes of attention and auditory memory
may also be impaired in this population, which may have directly
influenced the generation of this electrophysiological response.
Further studies on the maturational development of auditory
evoked potentials in children with DS, especially with regard to
cortical auditory evoked potentials, would be of extreme interest
for the better understanding of this aspect in this population.

CONCLUSION

Children and adolescents with DS can present early responses
to the components of Brainstem Auditory Evoked Potential
(BAEP), suggesting that their auditory pathway requires less time
for the neural transmission of acoustic stimuli to the brainstem.

Concerning P300, individuals with DS may present increased
latencies, suggesting impairment in the central auditory pathway
for the cortical processing of auditory information.
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