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Abstract

Background: electrophysiological assessment of hearing in autistic individuals. Aim: to characterize the
findings obtained in the electrophysiological assessments of autistic individuals, as well as to compare
these to the results obtained for individuals of the same age who present typical development. Method:
16 individuals with autism (study group) and 25 normal individuals (control group), ranging in age from
eight to 20 years underwent anamnesis, pure tone audiometry, speech audiometry, acoustic immitance
mesasures, brainstem auditory evoked potential (BAEP), middle latency response (MLR) and cognitive
potential (P300). Results: the study group presented atered results in al auditory evoked potentials,
showing statistically significant differences when compared to the control group. Concerning the types
of alterations found in the study group the following results were observed: higher occurrence of lower
brainstem alteration in the BAEP, both (electrode and ear effects occurring simultaneously) in the MLR,
and absence of response in the P300. In the quantitative data analysis, statistically significant differences
between the groups were found only for the BAEP regarding the latencies of waves Il and V and
interpeaks I-111 and 1-V. Conclusion: autistic individuals present altered BAEP and P300, suggesting
impairment in the brainstem auditory pathway and corticals / subcorticals areas.

Key Words: Auditory Evoked Potentials; Audiometry; Autistic Disorder; Pervasive Child Development
Disorders.

Resumo

Tema: avaliagdo el etrofisiol égicadaaudi¢do em individuos com autismo. Objetivo: caracterizar osachados
dasavaiagdes el etrofisiol 6gicas daaudigéo emindividuos com autismo, bem como comparar seusresultados
aos obtidos em individuos com desenvolvimento tipico da mesmafaixa etéria. Método: foram realizadas
anamnese, audiometriatonal , logoaudiometria, medidas deimitanciaaclstica, potenciaisevocados auditivos
de tronco encefdlico (PEATE) e de média laténcia (PEAML), e potencial cognitivo (P300), em 16
individuos com autismo (grupo pesquisa) e 25 normais (grupo controle), com idades entre oito e 20 anos.
Resultados: 0 grupo pesquisa apresentou resultados alterados em todos os potenciais evocados auditivos,
havendo diferenca estati sticamente significante quando comparado ao grupo controle. Foi observadauma
maior ocorréncia de alteracdo do tipo tronco encefdico baixo no PEATE, do tipo Ambas no PEAML, e
auséncia de respostano P300, para o grupo pesquisa. Na andlise dos dados quantitativos, verificou-se que
apenas para o PEATE ocorreu diferenca estatisticamente significante entre os grupos, com relagéo as
laténcias das ondas 111 e V e interpicos I-111 e I-V. Conclusdo: individuos com autismo apresentam
ateragdes no PEATE e P300, sugerindo comprometimento da via auditiva em tronco encefdlico, areas
subcorticais e corticais.

Palavras-Chave: Potenciais EvocadosAuditivos; Audiometria; Transtorno Autistico; Transtornos Globais
do Desenvolvimento Infantil.

Magliaro FCL, Scheuer Cl, Assumpg&o Jinior FB, Matas CG. Study of auditory evoked potentialsin autism (original title: Estudo dos potenciais evocados auditivos
em autismo). Pro-Fono Revista de Atualizag8o Cientifica. 2010 jan-mar;22(1):31-6.
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Introduction

According to DSM-IV (Diagnostic and Statistical
Manua of Menta Disorders) (1), theautisticdisorder is
characterized by an abnorma or impaired development
in socid interaction and communication. According to
Ritvo (1976) (2), autism is a developmental disorder
caused by an dterdtion in the central nervous system,
which can cause impairments on perception, socia
interaction, among others. Studies report different
findings regarding e ectrophysiologica hearing testsin
individualswith autism. Among such findings, onecan
citedterationsin brainstem auditory evoked potentials
(3/456,7,89,10,11,12,13) and long latency auditory
evoked potentias(14,15,16,17,18).

Auditory Evoked Potentids (AEP) are objective
measures thet andyze the neurodectric activity aong
the auditory pathway (from the auditory nerve to the
cortex) in response to an acoudtic simulus (19). The
AEPcanbeclassfied asshort, medium, andlong latency
potentias(20).

Because individuals with autism may exhibit
perceptud,, attentionand memory imparments, they might
sometimes be misdiagnosed as hearing impaired.
Therefore, it is necessary to identify dterations in the
central auditory system through objectivetestsin order
to provide an accurate diagnoss and a more effective
intervention, whichwill determineasmaller reductionin
qudity of lifeof theseindividuas.

The purpose of this sudy was to characterize the
findings of eectrophysologica hearing assessment in
individua swith autism and to comparethesefindingsto
those obtained in typically developing individuas.

Method

This research consisted on a cross-sectional,
prospective, observationd and descriptive study. The
reseerch project wasapproved by CAPPesy- HCFMUSP
(No.237/03).All parentsor guardianssigned anInformed
Congent prior to the beginning of procedures.

The study included 41 subjects aged between
eight and 20 years with normal hearing thresholds,
dividedinto two groups: Study Group (SG) composed
by 16individuas(onefemdeand 15 mae) withautism
and mean ageof 11.94 years, and Control Group (CG)
composed by 25 individuals (16 femaes and nine
males) with typical development, no psychiatric,
neurological, language, auditory, and auditory
processing complaints and mean age of 12.16 years.

Participantswere selected to compose SG froma
list of current patients of the Department of
Psychiatry IPQ - HC FMUSP and the Language and
Cognition Laboratory, FMUSP. Specific inclusion
criteria to this group were: medical diagnosis of
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autism; childhood autism; Asperger syndrome or
high-functioning autism according to DSM 1V (1);
absence of neurological diseases; currently under
psychiatric treatment; and presence of social
interaction skills necessary to perform the basic
audiological assessment.

Procedures

Anamnesis (interview with parentsor guardians)
and conventional audiological assessment were
carried out. The audiological assessment was
composed by the following:

- Visud inspection of theexterna auditory canal with
otoscope Heine;

- Immitance testing (tympanometry and ipsilateral
acoudticreflexesat 500, 1000, 2000, 4000 Hz, frequency
of 226 Hz) withthemiddleear andyzer Grason-Stadler,
GSI-33(ANS| S3.39-1987);

- Theshold Tonal Audiometry (frequenciesfrom 250
to 8000 Hz); Speech Recognition Threshold (SRT)
and Percentage Speech Recognition Index (SRI) (21)
withtheaudiometersGSI-61 and GSI-68 from Grason
-Stadler, TDH-50 supra aural headphones (ANSI
S3.6-1989 and 1EC-1988), and soundproof booth
(ANSI S3.1-1991).

Instructions concerning the audiological tests
were provided and reinforced to all participants
during the procedures.

The hearing electrophysiological assessment
was carried out after normal hearing was verified -
thresholds bellow 25 dB for all frequencies tested
and speech audiometry and acoustic immittance
measures within normal range (21, 22).
Electrophysiological assessment was carried out
with the equipment model Traveler Express from
Biologic. Thetest was performed with the partici pant
seated in a recliner chair in an acoustically and
electrically treated room. The electrophysiological
assessments were performed under appropriate
conditions, without the use of sedation. Themaximum
value of artifacts accepted was 10% of the total
stimuli presented at each potential. The skin
(forehead, mastoid, and scalp) was cleaned with
abrasive paste and the electrodes were placed on
the skin according to the standard International
Electrode System (1ES) 10-20 (23) for each potential
analyzed. The acoustic stimuli were presented
through supra-aural phones and the values of
electrode impedance were below 5 kOhms. In this
test, the following potentials were analyzed: P300,
middle latency response (MLR), and brainstem
auditory evoked potential (BAEP). The potentials
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were performed in this sequence to ensure the
individual's attention to the first two tests.
The tone-burst stimulus presented monaurally

a 75dB nHL at apresentationrateof 1.1 stimuli per
second (total of 300 stimuli) was used for the P300.
The freguent stimulus (80%) was presented at 1000
Hz and therareone (20%) at 1500 Hz. The participant
was instructed to be attentive to the rare stimulus
that randomly appeared within a series of frequent
stimuli. They were asked to count aloud the number
of times the rare stimulus occurred. A brief training
was performed before the examination to ensure
understanding of the test procedures. The latency
of P300 wave was used to analyze this potential.

Theacoustic click stimuli presented monaurally
at 70 dB nHL at apresentation rate of 9.9 clicks per
second (total of 1000 stimuli) was used for MLR.
The Na-Paamplitudeswere analyzed in the various
studied moddlities (C3/A1, C3/A2, CA/AL, CAIA2).

Theacoustic click stimuluswith rarefied polarity
presented monaurally at 80 dB nHL at apresentation
rate of 19.0 stimuli per second and with duration of
0.1 ms(total of 2000 stimuli) was used for theBAEP.
Latencies of wavesl, Il and V, and interpeak I-111,
I11-V and 1V were analyzed according to normal
standards values presented in Table 1.

DataClassification

For the BAEP, latencies of wavesl, 111, V and
interpeaksl-111,V, IV ineach ear wereidentified and
analyzed. Theindividua wasclassified asnormal or
abnormal based on standard values from Chart 1.
The alterations were classified into: low brainstem
(LB); high brainstem (HB) or both (concurrent

occurrence of LB and HB alteration).

Regarding the MLR, the Naand Pawaveswere
identified and analyzed in terms of C3/A1, C3/A2,
C4/A1, C4/A2. The waves were compared two by
two. A differencelessthan or equal to 50% between
the amplitudes obtained in each comparison was
indicative of normality (24). The alterations were
classfiedinto: ear effect (EE), eectrodeeffect (ELE);
or both (concurrent occurrenceof EEand ELE inthe
same participant).

The P300 wave latency was identified and
anayzed at the curve of the rare stimulus for each
ear. Participantswereclassfied asnorma or abnormal
according to normal valuesproposed intheliterature
(25) for eech agegroup. Thedterationswereclassified
into: delayed, absent, or both (concurrent occurrence
of delayed and absent in the same participant).

The participant was considered altered when at
least one of the ears, or one of the sides, presented
alterations.

The qualitative data analysis was carried out
through the between and within groups comparison
of normal and altered resultsfor all AEP. The types
of alterationsobserved were analyzed. For such, the
two proportions test and the confidence intervals
for proportions were used.

The quantitative data analysis was carried out
through the observation of mean, median, standard
deviation, lower limit, upper limit, maximum and
minimum results of each AER, for each group. The
between groups analysis for the mean was carried
out and their levels of significance weretested. The
sgnificancelevel adopted wasof 0.05 (5%). ANOVAS
and confidence intervals for the mean were
cdculated.

CHART 1. BAEP latency and interpeak normal standards for individuals above 24 months of age proposed by the evoked potential user

manual.
Wave | Wavellll Wave V Interpeak I-111 Interpeak I11-V Interpeak |-V
Mean (ms) 154 369 5,54 2,14 1,86 4,00
Standard 0,11 0,10 0,19 0,23 0,14 0,20
Deviation (ms)

Estudo dos potenciais evocados auditivos em autismo.
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Results
1-BAEP

No statistically significant difference was
observed in the comparison between the right and
left ears of the absolute latencies of waves |, 111
andV andinterpeak I-111, V, and IV in both groups.
Therefore, theright and | eft ears were grouped, in
each group, and the mean values of latencies and
interpeakswere compared.

Therewasan statistically significant difference
between CG and SG regarding thelatencies of waves
11 and V and interpeaks|-111 and 1V (quantitative
data analysis) (Table 1) as well as regarding the
altered results (qualitative dataanalysis) (Table 2).

In the SG, the most frequent type of alteration
was the LB (83.3%) considered statistically
significant when compared to the types HB (0%),
and both (16.7%).

2-MLR
The Na-Paamplitudes of MLR were compared
(quantitative data analysis) among the modalities

(C3/A1, C3/A2, C4/AL, C4/A2). No statistically
significant between and within groups differences
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were observed.

A statistically significant difference (Table2) was
observed when comparing thenormal and abnormal
results (qualitative data analysis) between the
groups. In the CG, we observed that the most
frequent type of alteration was both (75.0%), being
considered statistically significant different in
comparison to the other types (EE 6.3% and ELE
18.8%). Inthe SG themost frequent type of ateration
was also both (60.0%) although this effect was
statistically significant only for EL E (0%).

3-P300

Therewasno statistically significant difference
between right and left ears for the P300 wave in
both CG and SG. Thus, the ears were grouped for
the between groups comparison. There was no
significant difference between CG and SG
(quantitative data analysis).

Statistically significant difference was observed
between CG and SG for the result of altered P300
(qualitative data analysis) (Table 2). In the SG, the
absence of response (60.0%) was the predominant
typeof alteration and it was statistically significant
only in comparison to the type both (0%).

Magliaro et al.
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TABLE 1. Between-groups comparison of BAEP latencies of waves|, |1l and V and interpeaks I-111, 111-V and IV
BAEP Mean Median Star)dgrd Minimum Maximum n Inf_erl_or Super'lor p-
Deviation Limit Limit value
Control 1,52 1,52 0,09 1,36 1,84 50 1,49 1,54
Wave | 0,124
Study 1,55 1,56 0,07 1,40 1,68 32 1,52 1,57
Control 3,61 3,60 0,10 3,44 3,80 50 3,59 3,64 <0.001
Wave Il .
Study 3,73 3,74 0,11 3,56 3,92 32 3,70 3,77
Control 5,59 5,60 0,11 5,40 5,80 50 5,56 5,62
<0,001
Wave V N
Study 5,69 5,68 0,12 5,44 5,92 32 5,65 5,73
Control 2,09 2,10 0,11 1,84 2,28 50 2,07 2,12
Interpeak .
=1 0,001
Study 2,18 2,16 0,12 2,00 2,48 32 2,14 2,23
Control 1,98 1,96 0,07 1,88 2,16 50 1,96 1,99
Interpeak 0.227
n-v '
Study 1,96 1,96 0,08 1,80 2,12 32 1,93 1,98
Control 4,07 4,08 0,10 3,84 4,24 50 4,04 4,10
Interpeak "
—v 0,006
Study 4,14 4,12 0,12 4,00 4,48 32 4,10 4,18
* p-value considered statistically significant
BAEP: Brainstem Auditory Evoked Potential
TABLE 2. Distribution of occurrence of normal and abnormal results on BAEP, MLR and P300 in the control and study groups.
Control Group Study Group
p-value
n % var n % var
Normal 25 100,0% 10 62,5%
BAEP 0,0% 23,7% <0,001*
Abnormal 0 0,0% 6 37,5%
Normal 9 36,0% 11 68,8%
MLR 18,8% 22,7% 0,041*
Abnormal 16 64,0% 5 31,3%
Normal 25 100,0% 11 68,8%
P300 0,0% 22,7% 0,003*
Abnormal 0 0,0% 5 31,3%

*p-value considered statistically significant ; BAEP: Brainstem Auditory Evoked Potential; MLR: Middle-Latency Response; P300:

Cognitive Potential; n = number; var = variability index of the mean

Estudo dos potenciais evocados auditivos em autismo.
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Discussion
1-BAEP

Table 1 displayed an increase in absolute
latencies of waves Il and V and interpeaks I-111
and 1-V in the SG as compared to the CG. These
findingsarein agreement with studiesthat observed
anincreasein BAEP latencies of waveslll (3) and
V (6,12) andinterpeaks|-I11 (11) andI-V (4,9,12) in
individual swith autism.

We can observeintable 2 that the SG presented
abnormal results, agreeing to the study that
indicated brainstem dysfunction in autistic
individuals(6). For the SG, the alterationstype LB
were the most frequently observed ones. Thus, the
results described above suggest that individuals
with autism have a delay in the conduction of the
acoustic stimulus at the low brainstem region
(345,7,9,11).

Similar findings have been reported by a study
in which more than half (58.4%) of autistic
individuals with normal hearing showed
abnormalities in BAEP - delayed wave V and
interpeak 1-V extension. The authors concluded that
these alterations may occur due to dysfunction of
the brainstem auditory pathway, or even dueto the
involvement of the cochlear efferent system (10).

2-MLR

Table 2 displayed that the CG presented more
abnormal results than the SG did. Since MLR is
clinically useful in the assessment of auditory
processing (AP) disorders(26,27), we hypothesize
here that individuals in the CG could present AP
aterations, which would justify the results.

Individuals with autism have as behavioral
characteristics perception, development, social
networking and speech and language disorders (2)
which may all be related to changesin AP. Thus,
the MLR alterations observed probably reflected
difficulties in processing auditory information in
the subcortical and cortical auditory pathways.
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3-P300

Table 2 displayed that the SG presented
abnormal results on the P300, and the absence of
response (AR) was the most frequently observed
alteration followed by the Delayed Latency (DL)
one. These findings suggest that P300 alterations
in autistic individuals reflect their cognitive and
attentional difficulties as the latency delay of this
waveindicatesthe existence of apossibledeficitin
cognitive processing (28). The P300 issuccessfully
generated aslong astheindividual isableto focus
his/her attention on the rare stimuli (29). In the
present study, we verified that autistic individuals
had difficultiesin focusing the attention on therare
stimuli. Thisfinding confirmsthe attentional deficit
in this population.

The literature reports a decrease in P200 and
P300 componentsin autisticindividuals, indicating
that this population presents abnormalities on
central aspects of auditory processing (involving
registration and storage of auditory information)
(24).

Conclusion

Given thefindings of the present study, we can
concludethat individual swith autism exhibit: BAEP
alterations that suggest impairments on the
auditory brainstem (cochlear nucleus and lateral
lemniscus regions); sync alterations on
neuroelectric pulse generation in this region;
structural or functional aterationsthat interferewith
the transmission of acoustic stimuli along the
auditory pathway; P300 alterations suggesting
involvement of the cortical auditory regions;
cognitive processing, attention, auditory
discrimination, or even memory deficits.

Further studies that assess the central auditory
pathway of autistic individuals are necessary to
better characterize the electrophysiological findings
of this population.

Magliaro et al.
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