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Correlation of the findings of auditory steady-state 

evoked potential and of behavioral hearing assessment 

in infants with sensorineural hearing loss

Correlação dos achados do potencial evocado auditivo  

de estado estável e da avaliação auditiva comportamental 

em lactentes com perda auditiva sensorioneural

ABSTRACT

Purpose: To correlate the findings of an open-field audiometry with the thresholds of steady-state auditory-

evoked potentials (SSAEPs) found in infants of up to 6 months of age with sensorineural hearing loss. 

Methods: This study included 19 infants with sensorineural hearing loss (8 males and 11 females), with 

minimum age of 2 months and maximum age of 6 months. The SSAEPs were assessed at 500 and 2000 Hz, 

and the audiometry was performed in open field through observation of behavioral responses to sound 

stimuli, at the same frequencies. Results: We observed a significant correlation between the findings of both 

tests conducted at 500 and 2000 Hz, with p-values of 0.002 and 0.013, respectively. There was no statistical 

difference between ears (p=0.532) and genders (p=0.615). Conclusion: We conclude that there was a significant 

correlation between the SSAEP thresholds and the findings of the open-field audiometry. Therefore, we can 

affirm that the SSAEPs are a viable examination, able to predict the degree and configuration of hearing loss 

in infants of up to 6 months of age, and that they can be included in the clinical routine of hearing assessments 

conducted in children.

RESUMO

Objetivo: Correlacionar os achados da audiometria infantil em campo livre com os limiares do Potencial 

Evocado Auditivo de Estado Estável (PEAEE) encontrados em lactentes de até 6 meses de idade com perda 

auditiva sensorioneural. Métodos: Foram incluídos no estudo 19 lactentes, oito do gênero masculino e 11 

do feminino, com idade mínima de 2 e máxima de 6 meses, que apresentaram perda auditiva sensorioneural. 

Foi realizada a pesquisa do PEAEE nas frequências de 500 e 2.000 Hz e realizada a audiometria em campo livre 

por meio da observação das respostas comportamentais frente a estímulos sonoros, nas mesmas frequências. 

Resultados: Observamos correlação significativa entre os achados das duas testagens nas frequências de 

500 e 2.000 Hz, sendo os valores de p=0,002 e p=0,013, respectivamente. Não houve diferença estatística 

entre orelhas (p=0,532) e gêneros (p=0,615). Conclusão: Concluímos que há correlação significativa entre 

os limiares do PEAEE e os achados obtidos na audiometria infantil em campo livre. Sendo assim, podemos 

afirmar que o PEAEE é um exame viável, capaz de predizer o grau e a configuração da perda auditiva em 

lactentes menores de 6 meses, podendo ser incluído na rotina clínica da avaliação audiológica infantil.
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INTRODUCTION

Hearing is a prerequisite for the spontaneous acquisition 
and development of oral language, as well as for receiving and 
imparting knowledge(1-3). Moreover, congenital hearing loss 
is the most prevalent human communication disorder world-
wide(4,5). Therefore, it is important to identify hearing losses 
still in early childhood through the universal neonatal hearing 
screening (UNHS) to provide infants with early interventions 
and shorten the time lived with hearing loss(5,6).

Because hearing assessments conducted through observ-
ing behavioral responses to sound stimuli are a frequently 
unreliable method to determine auditory thresholds in infants 
younger than 6 months of age(7,8), researchers have increasingly 
attempted to describe this population’s electrophysiological 
responses to obtain more consistent and objective responses 
that are conducive to hearing estimates and confirmation of 
early diagnoses of hearing loss(6,8-18).

Currently, steady-state auditory-evoked potentials 
(SSAEPs) have been investigated. Among their great advan-
tages, the SSAEPs stimulate various frequencies in both ears 
simultaneously, which positively influences the duration of 
this assessment. Moreover, it is possible to measure residual 
hearing, as the stimuli can reach levels close to 125 dBNH, thus 
allowing for assessments of a broader frequency range than 
through brainstem auditory-evoked potentials (BAEPs), from 
250 to 8000 Hz, and responses are present even when BAEPs 
are absent(6,10,16,19-23).

The SSAEPs are repetitive electrophysiological responses 
to tones presented continuously, modulated in amplitude and 
frequency. They are obtained through a fast presentation of 
stimuli, which does not allow the nervous system to return to 
its initial condition. Thus, a specific stimulus evokes a cycle of 
responses that superimpose themselves to the response caused 
by the subsequent stimulus, and the nervous system keeps on 
responding. This continuous neural response is called steady 
state(6,8,19–21).

Some authors have shown the applicability of the 
SSAEPs and a significant correlation between minimum 
response levels (MRLs), BAEP electrophysiological thresh-
olds, and results of behavioral hearing assessments in infants 
and children with normal hearing(9,10,12,15-17,22,24), but only a 
few studies have been carried out describing the use of the 
SSAEPs in infants with hearing loss and small children 
who are difficult to be evaluated solely through behavioral 
assessments(9-11,18-20,25).

In light of this, and to contribute towards the advancement 
of research in this area, in this study our purpose was to corre-
late the findings obtained from behavioral hearing assessments 
to the MRLs of the SSAEPs in infants of up to 6 months of age 
with sensorineural hearing loss.

METHODS

This study was conducted at the Hearing Health Ambulatory 
of Hospital Nossa Senhora da Conceição (HNSC), in partner-
ship with the Speech-Language Pathology and Audiology 

program of Universidade Federal do Rio Grande do Sul 
(UFRGS). It was approved by the ethics committees of the 
HNSC (protocol no. 11.137) and of the UFRGS Psychology 
Institute (protocol no. 2011.039).

The parents or legal guardians of the infants were duly 
informed about the purposes of this study, and they agreed to 
participate by signing the informed consent form. We pledged 
to use the information collected only for scientific purposes, 
and kept the patients’ data confidential.

We included 19 infants in the study (8 males and 11 fe-
males), for a total of 38 ears tested. The individuals had 
either failed the UNHS conducted by the HNSC or been 
referred by the hearing health network of the State of Rio 
Grande do Sul because they did not pass the UNHS in 
their original location, from March 2011 to March 2012. 
Their minimum age was 2 months, the maximum age was 
6 months, and the average was 4 months. To be included 
in this study, the participants had to meet the following 
criteria: having undergone an otorhinolaryngological as-
sessment; presenting no complaints about alterations in 
the external and/or middle ear; presenting no impediments 
that could interfere with the examinations, such as, secre-
tions, earwax, or foreign body in the external ear; having 
previously undergone transient-evoked otoacoustic emis-
sions (TEOAEs), BAEPs, and frequency-specific BAEPs 
(FS-BAEPs); having air and bone pathways with altered 
responses; and presenting tympanometry with a type-A 
curve, according to Jerger(26).

The TEOAEs were conducted with a Biologic device 
(model Scout) and were considered altered when the signal-
to-noise ratio was lower than 6 dB in three consecutive fre-
quencies, with a reproducibility of 75% in each frequency 
and overall reproducibility higher than or equal to 70%(4,5,7).

The BAEPs were obtained with a Smart EP device manu-
factured by Intelligent Hearing Systems (IHS) and in-ear ER-
3A earphones. A stimulus of 80 dBHL was used to assess the 
integrity of the auditory pathway. Using the same device, we 
investigated the FS-BAEPs at 500 and 2000 Hz, with normality 
criteria of 35 and 30 dBHL, respectively(13,14).

We investigated the measurements of acoustic immit-
tance with a 1000-Hz catheter and an Interacoustics device 
(model AT235H). They were considered altered in the pres-
ence of a maximum peak of complacency or when the latter 
was duplicated, decreased, or pointed to negative pressure. 
These are the standards suggested by the American Speech-
Language-Hearing Association (ASHA)(4) and by Alvarenga(7). 
The clinical evaluations of the condition of the external and 
middle ears were carried out by an otorhinolaryngologist 
through otoscopy.

To investigate the SSAEPs, we also used an IHS Smart EP 
device and in-ear ER-3A earphones. The MRLs were detected 
through stimulation by a complex acoustic signal formed by 
carrier frequencies of 500 and 2000 Hz, bilaterally, modu-
lated with amplitudes of 77 and 93 Hz in the left ear, and of 
79 and 95 Hz in the right ear. The reference electrodes were 
placed on the right (A2) and left (A1) mastoid, and the active 
(Fz) and earth (Fpz) electrodes were placed on the forehead. 
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Before placing the electrodes, the necessary body part was 
cleaned with an abrasive paste (Nuprep®). The impedance was 
maintained at or below 5 kΩ. The thresholds were determined 
by descending the dB 20 by 20 and increasing them 10 by 10; 
once close to the minimum threshold, the dB varied 5 by 5. 
The initial intensity was around 70 dBHL, and the minimum 
intensity was 0 dBHL(21). All children needed to undergo the 
investigation of their auditory-evoked potentials in more than 
one session.

We highlight that, during the process of testing the SSAEPs, 
the MRLs were obtained in dBSPL, and the results were then 
converted to dBHL, according to the conversion table of the 
equipment use, that is, subtracting 26 dB at a 500-Hz frequency 
and 13 dB at a 2000-Hz frequency.

The open-field audiometry conducted through observing 
behavioral responses to sound stimuli was carried out with 
an Interacoustics audiometer (model AC30), with visual re-
inforcement in an acoustic booth. The infant was positioned 
on his/her mother’s or legal guardian’s lap or on a specific 
chair at a distance of 70 cm from the speakers, 0° azimuth, 
in medial position to the sound boxes and the visual stimuli. 
The observation of behavioral responses with visual rein-
forcement followed an application protocol based on inter-
national(27) and national(7,28,29) studies. We highlight that the 
open-field audiometry was conducted simultaneously by 
two speech-language audiologists who had no access to the 
SSAEP results obtained by other speech-language audiolo-
gists. Moreover, the SSAEP results were analyzed by two 
speech-language audiologists. All the data were analyzed by 
three different evaluators, two speech-language audiologists 
and one speech-language pathology and audiology student, 
on different occasions.

We researched the frequencies of 500 and 2000 Hz, with 
the stimulus initially presented at an intensity of 80 dHL or 
higher, descending 10 by 10 and ascending 5 by 5(7). We con-
sidered the following responses as behavioral responses to 
sound stimuli: cochleopalpebral reflex, lateralocular movement, 
lateral sound localization, increased or decreased pacifier suc-
tion, smiling, crying, attention, startling, frowning, and general 
body movements, among others, as described in the literature 
consulted(7,27-29).

A databank based on the protocols used was assembled 
with Microsoft Excel. We used Wilcoxon’s test to compare 
the findings of both evaluations. McNemar’s test was used to 
analyze the correlation coefficients between the SSAEP thresh-
olds, the open-field audiometry thresholds, and the degrees of 
hearing loss.

The analyses were performed with the program Statistical 
Package for the Social Sciences (SPSS), version 17.0, and the 
level of significance adopted was 5% (p≤0.05). The categorical 
data were presented in relative frequency, and the quantita-
tive data were yielded through averages.

RESULTS

During the conduction of this study, we assessed 19 infants 
who met the inclusion criteria and totalized 38 ears analyzed. 

The sample’s characteristics are displayed in Table 1. All infants 
had bilateral sensorineural hearing loss.

There was significant correlation between the SSAEP re-
sults and the findings of the open-field audiometry, as shown 
in Table 2.

We did not observe any significant correlation between the 
genders (p=0.615) or the ears (p=0.532).

The analysis of the correlation coefficients found be-
tween the SSAEP thresholds and the open-field audiometry 
thresholds is presented in Table 3. We observed a more 
marked correlation between severe and profound degrees 
of hearing loss.

The findings of the open-field audiometry by observing 
behavioral responses to sound stimuli were correlated with the 
SSAEP results of the better ear.

According to our initial proposal, we would research the 
frequencies of 500, 1000, 2000, and 4000 Hz in both testing 
sessions, but some infants did not conclude their SSAEP as-
sessments within the period of collection. Therefore, we con-
sidered the responses obtained at 500 and 2000 Hz, as these 
were tested in all infants.

Table 1. Characteristics of the sample

Characteristics n=19

Age (months)

Average (min–max) 4 (2–6)

Gender – n(%)

Male 8 (42)

Female 11 (58)

Caption: min = minimum; max = maximum

Table 2. Comparison of the thresholds obtained through the SSAEPs 
and the open-field behavioral audiometry at the frequencies of 500 
and 2000 Hz

Frequency

tested (Hz)

SSAEP

Mn (min–max)

Behavioral

 audiometry 

Mn (min–max)

p-value*

500 70 (35–110 ) 70 (40–↓) 0.002

2.000 80 (50–↓) 85 (50–↓) 0.013

*Wilcoxon’s test
Caption: Mn = mean; min = minimum value; max = maximum value; ↓ = absence 
of response at the equipment’s maximum intensity

Table 3. Correlation coefficients between the thresholds of the steady-
state auditory-evoked potentials, open-field audiometry thresholds, and 
the degrees of hearing loss

Intensity (dB) Coefficient*

35–40 0.52

41–55 0.58

56–70 0.72

71–90 0.83

Higher than 90 0.95

*McNemar’s test
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DISCUSSION

The use of increasingly more objective tools to evaluate 
infants younger than 6 months of age and very small children 
is essential to detect hearing loss early, thus reducing the 
time lived with hearing loss and avoiding possible devel-
opmental deficits.

Among the procedures used in hearing assessments of 
children, the SSAEPs have stood out and studies have been 
increasingly carried out due to the great advantages, among 
which we cite the objectivity of the answers yielded, providing 
an electrophysiological threshold(6,7,19-21).

The results presented in this study point to a strong correla-
tion between the SSAEP results and the thresholds obtained 
in the open-field audiometry with observation of behavioral 
responses in the population studied. These results corroborate 
the findings described in similar studies found in the literature 
published over the past years(6,11,12,15,18,22,25).

We verified that the value of p at 500 Hz indicated a 
stronger correlation than the one obtained at 2000 Hz, a fact 
also presented by other authors(6,20). However, this fact is 
contrary to some studies in which the authors report more 
marked correlations at high frequencies, because cochlear 
tonotopy and a higher energy concentration of the stimuli 
are found in this range(8,9,11).

Upon analyzing the correlation coefficients found be-
tween the SSAEP thresholds, the open-field audiometry 
thresholds, and the degrees of hearing loss, we verified sig-
nificant correlations in all degrees. We observed a stronger 
correlation between the severe and profound degrees, a fact 
that is in agreement with findings described in the literature, 
stronger even than those found in individuals with normal 
hearing, probably due, according to the authors, to the pres-
ence of recruitment(6,10,15,18,20,25,30), which facilitates the iden-
tification of a stimulus.

Upon comparing the SSAEP responses between the ears 
separately and between the sexes, we did not detect any 
significant correlations, and this finding corroborates those 
described by other authors(19,30).

We noticed that the difference between the thresholds 
of both evaluations was, on average, 10 dB at 500 Hz and 
15 dB at 2000 Hz. Similar differences were found in other 
studies(6,8,9,12,15,18,19,25,30). Some authors have reported that these 
differences tend to decrease as age progresses, as the degree 
of hearing loss becomes more severe, and also according 
to the frequency tested, and that they are less noticeable 
in high frequencies(11,12,15,17,20,22). We can suppose that, most 
probably, such remarkable differences between the results of 
the evaluations conducted are due to the sample’s age, which 
did not surpass 6 months. Moreover, the fact that the great-
est difference was found at 2000 Hz does not corroborate 
other studies in which the authors report greater differences 
at 500 Hz(8,11); nevertheless, our findings are similar to those 
of other studies that indicate greater differences in higher 
frequencies(22,30). This difference can be attributed to the 
methodology used, as there are other equipment, protocols, 
and software programs for data analysis, as well as other 

types of stimuli used in research. It can also be attributed 
to the characteristics of the hearing losses of the infants as-
sessed, and to the age differences within the group analyzed. 
Furthermore, we believe that the number of participants may 
have been a limiting factor in this study.

Despite this difference, the behavioral responses ob-
served were consistent, and the significant correlation 
between the two tests indicates that the SSAEPs, when 
conducted in infants younger than 6 months of age, can 
objectively provide important data that ensure early and 
better interventions in each case. Furthermore, due to the 
great advantages of this procedure in comparison to other 
hearing examinations carried out with small children, it 
provides an important support for the selection and fitting of 
hearing devices, as well as referrals for cochlear implants. 
However, the results must not be used in isolation and must 
not exclude hearing assessments with observation of behav-
ioral responses to sound stimuli.

CONCLUSION

At the end of this study, we verified that there was a 
significant correlation between the SSAEP thresholds and 
the findings of the open-field audiometry performed in 
infants with sensorineural hearing loss. We also observed 
a significant correlation between the thresholds and the 
degrees of hearing loss, more markedly in relation to the 
severe and profound degrees. There was no significant cor-
relation among the SSAEP values regarding the variables 
ear and gender.

Therefore, we can affirm that the SSAEPs are a viable 
examination able to predict the degree and configuration of 
hearing loss in infants of up to 6 months of age, and they can 
be included in the clinical routine of hearing assessments 
conducted in children, considering the importance of more 
objective methods that aim at detecting hearing loss in its 
early stages and ensuring the most adequate conduct for 
each case. Nevertheless, we understand that more studies 
must be conducted on this topic, with a larger number of 
participants and the purpose of standardizing and character-
izing this procedure.
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