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Abstract

Background: auditory steady-state response (A SSR) isindicated asapromising techniquein the assessment
of the hearing status of children. Aim: to investigate the level of agreement between the results of the
ASSR and the visual reinforcement audiometry (VRA) in agroup of children, thus examining the clinical
applicability of this technique in hearing assessment of children. Method: participants were 14 children
with ages between 4 and 36 months (mean 16 months) with the diagnosis of cochlear hearing loss. The
ASSR was recorded in the frequencies of 0.5, 1, 2 and 4kHz for multiple simultaneous stimul ation and the
results were compared with the visual reinforcement audiometry (VRA). Results: theintraclass correlation
coefficients between ASSR and VRA were 0.90, 0.93, 0.93 and 0.89 respectively for the frequencies of
0.5, 1, 2 and 4kHz, indicating a strong correlation between the techniques. Conclusion: the ASSR can
provide accurate information to support the selection of hearing aids for children when it is not possible
to perform the VRA.

Key Words: Auditory Evoked Potential; Hearing Loss; Children; Infants.

Resumo

Tema: os potenciais evocados auditivos de estado estéavel (PEAEE) tém sido apontados como uma
técnica promissora na avaliagdo audiol dgica infantil. Objetivo: investigar o nivel de concordancia entre
os resultados do PEAEE e a audiometriade reforgo visual (VRA) em um grupo de criangas, averiguando
assim a aplicabilidade clinica desta técnica naavaliagdo audiol égicainfantil. Método: foram avaliadas 14
criangas com idade entre 4 e 36 meses (média 16 meses) com diagnéstico de perda auditiva coclear. Os
PEAEE foram registrados nas frequéncias de 0,5; 1; 2 e 4kHz pela estimulagdo multipla simultanea, e os
resultados obtidos foram comparados com osresultadosda V RA. Resultados: os coeficientes de correl agdo
intraclasse entre as respostas dos PEAEE e da VRA foram de 0,90; 0,93; 0,93 e 0,89 para as frequéncias
de 0,5; 1; 2 e 4kHz, respectivamente, indicando forte concordancia entre as técnicas. Conclusdo: os
PEAEE podem fornecer informagdes precisas paraque se possadar inicio aselecdo e adaptacdo dosAAS

em criangas nas quais ainda ndo é possivel arealizacdo daVRA.

Palavras-Chave: Potencial Evocado Auditivo; Deficiéncia Auditiva; Crianca.
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Introduction

The success of early intervention for children with
hearing loss depends on the eval uation techniques thet
may reflect accuratehearing threshol dsbeforesix months
of age, for the adequate programming of hearing aids
HA)(L,2.

Recently, theuseof Auditory Steady-StateResponse
(ASSR) hasbecomean optionfor theobjectiveeva uation
of children's hearing before six months of age. The
possibility to estimate hearing a multiplefrequenciesin
both earssmultaneoudy (3,4), toassessresidud hearing
in cases of profound hearing loss (5,6), added to the
automate detection of responses reducing the risk of
ubjectiveinterpretation (7) aretheadvantagespresented
by theASSR.

Severd studies have showed agood gpplicability of
ASSR to estimate hearing thresholds of children with
different degrees of hearing loss, pointing it as a
promising technique in the assessment of children's
hearing(1,2,5,6,8,9,10,11, 12,13).

Inthisstudy, thefirst clinica experienceswithASSR
inahigh complexity hearing hedth servicein Brazil will
be addressed. The present sudy aimed to investigate
the concordance level between the results from ASSR
andfromVRA inagroupof childrenwithsensorid hearing
loss, thus verifying the clinica gpplicability of such
technique in the assessment of children's hearing.

Method

This study was carried out in the "Children's
hearing" Center - CeAC, of DERDIC - Divisio de
EstudoseReabilitacdo dos DistirbiosdaComunicacio
daPortificiaUnivers dade Catdlicade Sdo Paulo- PUC/
SP, and it was gpproved by the ethicscommittee of the
ingtitution (protocol n° 113/2008). All carers of the
involved subjects signed the Informed Consent Term
alowing the performance and the publication of this
research and its results, according to Resolution 196/
%.

Fourteen children ranging in age from 04 to 36
months (mean age 16 months), totalizing 28 ears, took
part in thisresearch.

The inclusion criterion was the sensoria hearing
loss diagnosis performed by the medical and
audiologica team of theingtitution. At the behaviora
and electrophysiological assessments day,
tympanometry was performed in order to exclude the
possibility of middleear affections. Children presenting
abnormality intympanometry wereexcluded fromthe
study.

The VRA was performed in a soundproof room
using an Interacoustics audiometer model AC-33,
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insertion phonesmodel ER-3A, avisud reinforcement
box with lighted figures, and some toys for the
digtractiontechnique. A minimumresponselevel (MRL)
wasinvestigated at thefollowing frequencies 0.5, 1, 2
and4kHz. Theinitid intensity tested wastheonejudged
hearableby thechild tested, and did not exceed 110dB
HL indl thefrequencies. TheMRL wereresearchedin
steps of 10 dB and confirmed in steps of 5 dB. The
stimulusused wasthewarbletonecdibrated according
t01S0 389-1 and 1SO 389-2, and the behavioral MRL
wasthelowest intensity in which consistent responses
wereobtained and confirmed.

Auditory Steady-State Response

The equipment used was the Intelligent Hearing
Sysems(IHS), modd "Smart EP".

Simulus

Each stimulus consisted of a combination of four
multiple and simultaneous tone pipes carrying the
frequencies of 0.5, 1, 2 and 4 kHz, & the modulation
frequenciesof approximatdly 77,85, 93 and 101 Hz for
theleft ear and of 79, 87, 95and 103 Hz for theright ear,

respectively.
Recording

Exams were performed during natural sleep.
Reference electrodes were placed at the right mastoid
(A2) and at theleft mastoid (A1), and ectiveelectrodes
(F2) and ground eectrode (Fpz) were placed at the
forehead. TheMRL & 0,5, 1, 2and4kHzwereresearched
smultaneoudy inboth ears. TheMRL wereresearched
in stepsof 10 dB and confirmed in stepsof 5dB. The
exam was stopped as responses were being observed
and maintained with an e ectrica noiselower than 0.05
HV. Each s multaneousmultiplestimuluswas presented
bilateraly through insertion phones ER-3A. When it
was not possible to test both ears, the test was
performed monoauraly. Theinitia intendty was the
one considered hearable by the subject according to
thebehaviora assessment, and it did not exceeded 110
dBSPL.

Andyss

The maximum number of stimuli was adjusted to
400 swespsduring 1.024 seach, dividedin 20 screenings
of 20 sweeps each one. The EEG samples collected
after 20 sweeps, that is, one screening, were used with
afilter of 30-3000Hz, amplifiedwithagain of 1000.0K,
and then processed using aconversion rate A/D of 20
kHz. After each screening, the Fourier's Rapid
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Transformetion (FRT) wasperformed autometically by
the software, showing the result obtained in a polar
plot and inafrequency spectrum. The Ftest calculated
theprobability of theresponsebesgnificantly different
than the mean amplitude of the background noise at
themodultion frequency, aswell asthemeanamplitude
of the background noise in the side bins. When the
dgn-to-noiseratiowashigher than 6.13dB (p=0.05) in
both conditions, the sign was considered a response
(12,14).

Results converson

Resultsof ASSR weretransformedfromdB SPL to
HL according to |SO 389-2 for insertion phones, with
correctionsof -6, -0, -3 and -6 dB for tonesof 0.5, 1, 2
and, respectively - criterion used in a previous study
(12) with the same equipment.

Results Analyss

Dispersondiagramwerebuilt representing thelines
whose dots correspond to equal responsein both tests,
and the concordance between results from ASSR and
fromVRA wasanadyzed usngtheintraclasscorrelation
coefficient (15)

Results

Eight childrendlowedtheperformanceof VRA with
insertion phones enabling the assessment of both ears

separately. Six children did not allow the placement of
insertion phones and the VRA was performed in free
field. Inthosecases, resultswerecompared totheMRL
of theASSRinthe best ear.

Caseswhodidn't present responseinthemaximum
intensity tested wereexcluded from thecomparison. In
the end, 60 MRL in VRA were compared to their
respectivepairsof ASSR: 21 pair for 0.5kHz, 17for 1
kHz, 12for 2kHz and 10 pairsfor 4kHz.

The mean difference and the standard deviation
between both examsfor frequenciesof 0.5, 1, 2and 4
kHz arepresentedin Table 1.

Theintraclasscorrel ation coefficients between the
MRL of ASSRwere0.90,0.93,0.93and0.89for 05,1, 2
and 4 kHz, respectively, indicating strong concordance
between the techniques. The dispersion diagrams
presentedin Graph 1 show alinear relation betweenthe
MRLIinASSRandinVRA; it'spossibleto observethat
thedotsaredigtributed uniformly around thelinewhich
representsthe point in which the MRL inASSR isthe
sameastheMRL inVRA at dl frequencies.

Figure 1 showstypical examplesof how theASSR
could estimate behaviora responses in children with
sensoria hearing loss assessed in this study.

Thefour audiogramsillustrated onthetop of Figure
1(PatA) showtherdationASSRx VRA inthedifferent
degrees of hearing loss. The four audiograms on the
bottom of Figure 1 (Part B) show somecasesinwhich
the MRL in ASSR were better than the behavioral
responses.

TABLE 1. Mean difference and standard deviation between ASSR (dB HL) and VRA (dB HL)

Frequency (Hz) N Difference Standard deviation
500 21 -1,7 8,8
1000 17 15 6,6
2000 12 -0,1 6,9
4000 10 -4,5 75

Legend: ASSR — Auditory Steady-State Response; VRA — Visual Reinforcement Audiometry; dB HL — Decibel Hearing Level; Hz —

Hertz.
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GRAPH 1. Dispersion diagram of MRL (dB HL) in ASSR and in VRA at the frequencies of 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz.
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Legend: ASSR - Auditory Steady-State Response; VRA - Visua Reinforcement Audiometry; dB HL - Decibel Hearing Level; Hz - Hertz.

Discussion

The results presented in this paper indicate that
there is a strong concordance between results from
ASSRandfromVRA inchildrenwith sensoria hearing
loss. Such results are consistent with the ones
reported previoudy in sudieswith babiesand children
with sensorid hearinglosswho performed ASSR with
smpledimulaion(5,8,9, 16,17, 18,19). Anddsowith
studies (1, 2, 12, 20) that used multiple stimulation.

Studies indicate that, either using simple
simulation (5, 10, 17, 18), or multiplestimulation (2),
thedifference betweenthe MRL inASSR tendsto be
lower asthe degree of hearing lossishigher, asit also
happenswith theincrease of the carrier frequency. In
the present study, dueto the reduced number of cases
it was not possible to statitically verify this fact.
However, observing theaudiogramsof Figure 1 - Part
A carefully, it is possible to note such relation.

Ingenerd, themean differencesbetweentheMRL
in both techniques were between 2 and 4 dB, in
agreement with the findings reported by Luts et &l.
(2). Literature points to a great variability among
studies: Aoyagi, Kiren and Furuse (16) reported
differencesfrom4to 16 dB, with standard deviations
between 2 and 15; Rance and Briggs (17) found
sandard deviationsvaryingfrom6to 17 dB depending
on the degree of hearing loss; and Swanepoel, Hugo
and Roode (10) observed differencesfrom4to 8 dB,
with standard deviationsfrom 8to 12 dB.

Inthisstudy, thegrester mean differencewasat 4
kHz, whilesevera studiesreported greater difference
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at the frequency of 0.5 kHz, due to the cochlear
tonotopy (5, 9, 10, 12). Lutsand Wouters (23) reported
greater differences not only at 0.5 kHz, but dso at 4
kHz, dthough the standard deviations observed were
smilar in al frequencies, as observed in the present
study.

In some cases, the difference betweentheMRL in
ASSR and in VRA resulted in a negative value (see
Table 1). Thisindicatesthat, at some point, the MRL
in ASSR were better than the MRL in VRA. These
findings were aso reported in other studies that
compared ASSRwithVRA (8,12). Itiswell established
that the electrophysiological MRL are above the
behavioral thresholds (21). However, hearing
responses in babies and children based on VRA are
variable, oncein the behaviord assessment the MRL
obtained are more elevated than the real hearing
thresholds given the maturation of responses with
the devel opment of auditory and motor skills(12).

There arereportsthat the MRL obtained with the
VRA inchildrenfrom 6to 12 monthsof agewerefrom
10 to 15 dB worse than the ones obtained in older
childrenand adults(12). Thismay explainwhy insome
cases of the present study the MRL in ASSR were
superior than thethosein VRA, asit may be observed
intheaudiogramsof Figure1 - Part B.

Despite such variables, the VRA responses
included in this study were consistent and its strong
correlationwiththeASSR indicatesthat whenitisnot
possibleyet to perform VRA, the ASSR may provide
precise information for the selection and adaptation
of HA.

Rodrigues e Lewis.



Pr6-Fono Revista de Atualizagdo Cientifica. 2010 jan-mar;22(1).

FIGURE 1. Examples of cases of comparison ASSR x VRA at the frequencies of 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz.
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Legend: ASSR - Auditory Steady-State Response; VRA - Visual Reinforcement Audiometry; A- Relation ASSR x VRA in the different degrees of
hearing loss. B- Cases in which the ASSR were better than VRA responses

Nevertheless, the possihility of having a hearing
estimative does not diminish the importance of the
behaviora assessment. The use of evoked potentias
isvery useful for the conclusion of diagnosisin this
agegroup, although the behavioral audiometry isstill
thegold-standard in childhood assessment (8, 12, 17).

A subjectivetest, however, isparticularly difficult
when apatientisavery small child. A method capable
of providing objective hearing thresholds by
frequency specificity becomes necessary for this
population. Strongly correlated to the VRA in this

Potenciais evocados auditivos de estado estével em criangas com perdas auditivas cocleares

study, theASSR was capableto perform animportant
roleintheassessment of children who cannot respond
to behavioral assessment with conditioning
procedures(1, 12).

Thus, theuseof ASSRinthefirst yearsof lifemay
provideinformation that will enabletheaudiologist to
perform selection and adaptation of HA moreprecisaly,
assuring the early intervention and, therefore,
minimizing delays in speech and language
development caused by acongenital hearing loss (1,
5,6,9,12,17).
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Conclusion

This study with 14 children with sensorial
hearing loss alowed to conclude that there is a
strong concordance between ASSR and VRA
responses, indicating that the ASSR may provide
preciseinformation for the sel ection and adaptation
of HA in children who are not yet able to perform
VRA.
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