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Effect of the arousal state on automatic detection of cortical 
auditory evoked responses in neonates

Efeito do estado atencional na detecção automática das respostas 

auditivas corticais em neonatos
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Michele Vargas Garcia4, Kátia de Almeida2, Alessandra Spada Durante2

ABSTRACT

Purpose: The aim of the present study was to compare latency and amplitude 
of the cortical auditory evoked response P1i among newborns in an alert 
state and during light sleep. Methods: Twenty-five neonates with normal 
transient evoked otoacoustic emissions were tested with cortical auditory 
evoked potentials (CAEP): 10 were in an alert state and 15 in light sleep 
during testing. For the investigation of cortical potentials, a single-channel 
Hearlab System equipment, Cortical Tone Evaluation module (CTE), was 
used. The P1i potential was investigated monoaurally at an 80dBnHL 
intensity at 500, 1000, 2000 and 4000 Hz. P1i was automatically detected 
by the equipment. Latency and amplitude were marked by three judges. 
The responses of the newborn in an alert state were compared with those in 
light sleep. Results: There was no statistically significant difference between 
the two groups of neonates for the amplitude and latency values at the four 
tested frequencies. Conclusion: There was no influence of the neonates’ 
behavioral state on the evaluation of the P1i auditory cortical potential. 

Keywords: Evoked potentials, Auditory; Sleep; Hearing; Infant, Newborn; 
Electrophysiology

RESUMO

Objetivo: O objetivo desse estudo foi comparar a latência e amplitude do 
potencial evocado auditivo cortical P1i entre neonatos em estado de alerta 
e durante o sono leve. Métodos: Vinte e cinco neonatos com emissões 
otoacústicas evocadas transientes presentes foram testados, por meio do 
potencial evocado auditivo cortical (PEAC), sendo dez em estado de alerta e 
15 durante o sono leve. Para pesquisa dos potenciais corticais, utilizou-se o 
equipamento Hearlab System, de um canal, no módulo Cortical Tone Evaluation 
(CTE). O potencial P1i foi pesquisado de forma monoaural, na intensidade 
de 80 dBnNA, para as frequências de 500, 1000, 2000 e 4000Hz. A detecção 
do P1i foi feita de maneira automática pelo equipamento. A marcação da 
latência e amplitude foi realizada por três juízes. Resultados: Não houve 
diferença estatisticamente significativa entre os dois grupos de neonatos 
para os valores de amplitude e latência, nas quatro frequências testadas. 
Conclusão: Não houve influência do estado comportamental dos neonatos 
na avaliação do potencial cortical P1i. 

Palavras-chave: Potenciais evocados auditivos; Sono; Audição; Neonatos; 
Eletrofisiologia
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INTRODUCTION

The Cortical Auditory Evoked Potentials (CAEP) were 
discovered in the 1930s and thoroughly researched in the 1960s 
and 1970s(1,2). However, with the discovery of short-latency 
potentials, and due to difficulties in achieving the CAEP, such 
evaluation has not been frequently used in the clinical practice, 
especially in children under 12 months(1,2). The difficulties 
of this assessment in very young children are mainly due to 
the maturational issues, which influence the interpretation of 
the results(1). In addition, although it is found that newborns 
learn during sleep(3) the assessment auditory cortical evoked 
potentials during different behavioral stages on neonatal period 
is controversial in the literature(4).

With the advancement of technology, some devices allow an 
automatic CAEP analysis, thus making it easier to use and an 
important tool in assessing the arrival of the acoustic stimulus 
in the auditory cortex(5,6). The Hearlab System equipment, 
developed by the National Acoustic Laboratories (NAL) in 
Australia, has brought greater reliability of cortical responses, 
allowing the audiologist to rethink the use of CAEP both in 
research and in the clinical practice. In early latency responses, 
the evoked potentials are relatively stable, but in late latency 
evoked potentials, detection can be impaired by the instability 
of the true evoked potential, as well as residual noise. So, 
methods that reduce residual noise are needed(7).

Among the main clinical applications, the verification of 
hearing aids(8), cochlear implants(9), monitoring the maturational 
process in different populations(9-12) and the investigation of the 
cortical threshold(5,13) are the main objectives of this assessment.

In adults, the CAEP is defined as the complex P1-N1-P2, 
being that the latency and amplitude are influenced by the 
characteristics of the stimuli(1,14). The amplitude refers to the 
magnitude of the response, being measured in in microvolts 
(μV), whereas latency is referred as the response time after the 
acoustic stimulus, and is measured in milliseconds (msec)(14). 
These responses refer to the amount of neurons responsive to 
a sound stimuli, the number of neurons recruited, the extend 
of neural activation and neural synchrony. Thus, the P1-N1-P2 
complex reflects the detection of the acoustic stimulus at central 
level, reflecting the excitatory postsynaptic potentials at the level 
of the thalamus and higher auditory cortex, being the primary 
auditory cortex and association areas(14).

In children, the response is classified by a peak of greater 
prominence(15), followed by a broad negative trough(1). The obligatory 
cortical auditory evoked potential is mainly comprised of the 
positive peak, that occurring between approximately 90-300ms 
in infancy and early childhood(15). Other studies, involving 
different populations, like children with hearing loss, and with 
different types of stimuli, like speech stimuli, describes that 
this positive peak, which is the most visible component, occurs 
at about 200-300ms(16-18). This component can be evidenced 
as early as in the first years of life in children due to the fact 
that it is related mainly to the detection of the stimulus in the 
auditory cortex(10,19,20). Due to the fact that these potentials are 
exogenous, the type of stimulus influences the morphology and 
results obtained(1). The positive peak has most commonly been 
labeled as P2 and the later negative deflection as N2. However, 
results between studies should be carefully interpreted, since 

the nomenclatures vary between laboratories and the children’s 
cortical potentials are different from those seen in adults(4).

The CAEP can be elicited with a variety of stimuli, but 
the use of tone burst of different frequencies may reflect the 
organization of cortical generators and their development(1), 
being important in the maturational auditory investigation.

The behavioral state of children during the electrophysiological 
assessments is an important factor for detection of auditory 
responses. For short-latency auditory evoked potentials it is 
necessary for the individual to be in a state of sleep(21), while 
there is influence of the behavioral state for cortical and middle 
auditory evoked potentials, since assessments depend on skills 
such as attention and auditory discrimination(2,20).

Because it is an exogenous potential, the cortical auditory 
response is related to the detection of the acoustic stimulus in 
the primary auditory cortex(22). The behavioral status of very 
young children during evaluation of cortical auditory evoked 
potentials has been debated in the literature(4) but there is a 
shortage of studies involving this topic in neonates.

Newborns spend amount of time sleeping and the auditory 
information may enter the brain even in this state(3). The period of 
active and quiet sleep is present after 35 weeks post-conception, 
and can be detected by behavioral observation(23). The brain 
activation is markedly different in the two sleep states: during 
active sleep the neonatal brain is similar to wakefulness(24). 
By contrast, during quiet sleep, a decreased cortical activation 
is observed(24). The active, only called light or REM (Rapid Eye 
Movement) sleep is the prevailing sleep stage in the newborn(25).

The electroencephalographic patterns in neonates in active 
sleep cannot be differentiated from those of awake state(26). Other 
study also describes that light/active sleep would not affect the 
response related to the detection of the stimulus in the auditory 
cortex(27). In contrast, researchers(20) report that the behavioral 
state can have an influence on amplitude. Besides that, they(20) 
add that the speech stimuli evoke larger responses amplitudes 
in neonates due to the significance of the stimulus.

The knowledge about the influence of the behavioral state 
of the neonate on the cortical auditory potential is extremely 
useful, as it allows one to obtain information about the brain 
function since the neonatal period.

The hypothesis guiding this study is that the behavioral state 
exerts no influence on the cortical responses in neonates, since 
the cortical auditory evoked potential is elicited upon detection 
of the acoustic stimulus in the primary auditory cortex. The 
possibility of obtaining cortical responses during light sleep 
in neonates, which could facilitate the applicability of CAEP 
in this age group, justifies this study, since responses are very 
difficult to be obtained due to the large number of artifacts that 
arise from employing usual equipment when assessing neonates 
who remain in the waking state.

Considering the above, this study aimed to compare the P1i 
auditory cortical potential responses among newborns in an 
alert state and during light sleep in order to assess the influence 
these two behavioral stages exert over responses.
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METHODS

This is an observational, cross-sectional, analytical and 
contemporary study on neonates treated at the Audiology and 
Speech Therapy Clinic at the Faculdade de Ciências Médicas 
da Santa Casa de São Paulo teaching hospital.

This study was conducted through a partnership between 
Universidade Federal do Rio Grande do Sul and Faculdade de 
Ciências Médicas da Santa Casa de São Paulo, and approved by 
the Research Ethics Committees at both institutions under register 
number 44965015.8.1001.5334 and 40667415.0.0000.5479.

The sample was consisted in a non-probabilistic fashion, as 
per convenience. Only neonates whose parents or guardians, 
after receiving information on the objectives and methodology 
of the study, agreed to the procedures to be performed and who 
signed the Voluntary and Informed Consent Form (VICF), 
complying with the resolution 466/12 on research involving 
human subjects, participated in the study.

The study enrolled 25 full-term neonates with up to 28 days 
of life, of both sexes, with bilaterally present transient evoked 
otoacoustic emissions and without risk indicators for hearing 
loss, in accordance with the Joint Committee on Infant Hearing 
(JCIH, 2007)(28). Neonates with hearing loss, neurological disorders 
and/or syndromes were excluded from the study. Newborns 
with a gestational age equal to or greater than 37 weeks were 
considered to be full-term neonates(29).

The evaluations were undertaken at an electrically and 
acoustically treated room, and the neonates were held on the 
lap of their parents/guardians, who were seated in a comfortable 
armchair. Prior to the conduction of the tests, the neonates 
underwent visual inspection of the external acoustic meatus 
bilaterally, and the ear canals were not obstructed.

Transient otoacoustic emissions (TOAE) were measured 
in both ears with a nonlinear click stimulus, 20-ms window, 
at 1000, 1500, 2000, 3000 and 4000 Hz, with an intensity of 
approximately 80 dBSPL. TOAE were considered present when 
the signal/noise ratio was greater than or equal to 3 dB for the 
frequency of 1000Hz and 6 dB for all other frequencies, in at 
least three of the five frequencies measured. The recording of 
TOAE was made in quiet place with an Otometrics AccuScreen 
device.

For the investigation of CAEP, 25 newborns were divided into 
two groups: 10 newborns remained in an alert state (Group 1 – G1), 
five males and five females, and 15 newborns remained in light 
sleep (Group 2 – G2), six males and nine females.

The behavioral state of neonates was controlled by two 
judges, who monitored the newborns throughout the evaluation. 
The identification of the behavioral state of neonates was based 
on the criteria described in the Neonatal Behavioral Assessment 
Scale (Brazelton Scale)(30). This scale has six behavioral states: 
State 1: deep sleep; State 2: light sleep, closed eyes, some body 
movement; State 3: sleepy, eyes opening and closing; State 4: 
awake, open eyes, minimum body movements; State 5: fully 
awake, vigorous body movements; State 6: crying. The G1 
neonates remained between states 4, whereas the G2 neonates 
remained between states 2 and 3.

For the investigation of cortical potentials, a single-channel 
Hearlab equipment, Cortical Tone Evaluation module (CTE), 
was used. This equipment has specific filters for controlling 
artifacts as the child moves her or his body, thereby ensuring 
the reliability of cortical responses. The residual noise was 

controlled during all assessment and the Hearlab incorporates 
a display which indicates the quality of the cortical response 
recorded in relation to the noise level of the signal. A residual 
noise level value less or equal to 3.2 μV indicates a good quality 
recording; a value between 3.2 and 3.6 μV indicates a slightly 
compromised recording and a value higher than 3.6 μV indicates 
a poor quality recording. In this study, the maximum value 
allowed for noise was 3.6 μV and for this reason participants 
with extreme agitation and excess movement were excluded. 
In this study two participants were excluded for this reason. 
The ambient noise level did not exceed 35 dB A. In addition, 
all neonates have cortical auditory evoked responses in at least 
35 dBnHL. This response was investigated in order to exclude 
possible participants with suspected hearing loss.

The stimuli was a 40-msec tone burst presented through 
insert earphones, and the responses were then measured at the 
frequencies of 500, 1000, 2000 and 4000 Hz in the intensity of 
80 dBnHL in order to assess response latency and amplitude. 
The side to be assessed was randomly chosen. Each participant 
was evaluated on only one side due to the fact that the equipment 
was of one channel, and did not allow the simultaneous 
evaluation of both ears. Besides that, due to brain immaturity in 
the neonatal period, the hemispheric dominance was not taken 
into account in the present study. The intensity was chosen in 
order to obtain a better morphology of the responses, since the 
amplitude is greater at higher intensity(19,31).

The reference electrode was placed on the right (M2) or left 
(M1) mastoid whereas the active electrode was placed on the 
vertex (Cz) and the ground electrode, on the forehead (Fpz). 
Prior to attaching the electrodes to the skin of neonates, it was 
prepared with the aid of gauze and an abrasive paste (Nuprep®). 
The impedance was maintained at or below 5 kohms throughout 
the assessment.

The parameters for assessing cortical auditory evoked 
potentials were: stimuli tone burst, with an alternating polarity, 
interstimulus interval of 1.125 msec, duration of 40 msec, 
0.5 stimulation/sec, rise-fall of 10 msec, plateau of 30 msec, filter 
high-pass: 0.16 Hz; Low-pass: 0.30 Hz and cosine envelope.

The presence or absence of cortical responses (P1i) was 
automatically analyzed by the equipment, which applies 
Hotelling’s T2 statistical analyses to analyze the signal/noise 
ratio of the responses obtained at each one of the frequencies 
measured. In this case, each sample was divided into nine 
portions within the analysis period of 50ms each in a window 
of up to 500ms. The mean of each point was tested using the 
multivariate analysis of variance. The applied statistical test tested 
the waveform hypothesis to be different from random noise. 
Responses were considered present when the obtained p-value 
was less than or equal to 0.05, that is, when the response was 
greater than the noise. We used at least 50 accepted stimuli to 
evoke cortical responses. The cortical auditory evoked potentials 
require less stimuli when compared to a short latency evoked 
potential, since the habituation of responses in central auditory 
system(7). When the response was obtained and considered 
statistically significant by the equipment, with at least 50 stimuli, 
the evaluator paused the test.

One recording was performed for each frequency due to the 
fact that it is an automatic analysis equipment and does not allow 
the visualization of two tracings simultaneously. This protocol 
is in agreement with the recommendations of procedures for 
research of the CAEP(2), which cites this type of assessment in 
equipment with automatic analysis.
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The identification and marking of potential latency and 
amplitude was performed manually because the equipment 
does not have the latency and amplitude marking. In order to 
ensure the reliability of the results, three judges with experience 
in hearing electrophysiology marked the results. The examiners 
were oriented to mark the P1i (p= positive; 1= first peak, 
i= infant) as the first highest positive and visible peak that could 
be observed in 500ms window. The amplitude was measured 
from the baseline (zero point) to the point of greatest amplitude 
of the peak. The effectiveness of an automated statistic detection 
versus experienced examiners in detecting the presence of infant 
CAEP has already been studied in another research, evidencing 
the reliability of the automatic responses(7). The figure 1 show 
an example of cortical auditory evoked potentials in a neonate 
of this study.

The data were tabulated in Excel and analyzed with the aid of 
the Statistical Package for Social Sciences version 20.0 software 
for Windows. A two-way ANOVA with the between factor 
Group and with a repeated measure for factor Frequency was 
performed for the two dependent variables latency (msec) and 
amplitude (microVolt).

RESULTS

The descriptive variables of the neonates who participated 
in the study are shown in Table 1.

For latency, there was no significant effect for group, 
F(1,23)=0.63, p=0.44; no significant effect for frequency, 
F(3,69)=0.49, p=0.69; and no significant effect for interaction 
between group and frequency, F(3,69)=0.46, p=0.71 (Table 2).

For amplitude, there was no significant effect for group, 
F(1,23)=0.28, p=0.60; no significant effect for frequency, 
F(3,69)=0.98, p=0.41; and no significant effect for interaction 
between group and frequency, F(3,69)=0.79, p=0.50 (Table 3).

Figure 1. Example of cortical auditory evoked potential in 500Hz in a neonate of the present study. The vertical line in the wave show the marked 
identified by the judges.

Table 1. Gestational age and age on the date of the assessment, by 
group

Gestational age (weeks) 
[min-max]

Age on the day of 
the assessment 
(days) [min-max]

G1(n=10) 39.5 [38 – 41] 10.9 [7 – 16]
G2(n=15) 39.8 [38 – 41] 9.8 [6 – 22]

Legend: min=minimum; max=maximum; G1=group1; G2=group 2.

Table 2. P1i mean latency values at the intensity of 80 dB nHL by 
frequency and group.

Frequency

Average lat 
[min-max] 

(msec)
G1 (n=10)

SD

Average lat 
[min-maxi] 

(msec)
G2 (n=15)

SD

500Hz 230
[140-359]

61.02 251.53
[164-343]

43.39

1000Hz 220.60
[125-283]

52.56 246.67
[187-399]

57.03

2000Hz 247.2
[180-353]

57.82 249.93
[182-368]

48.68

4000Hz 244.3
[112-379]

82.29 246.20
[168-370]

50.67

Legend: lat=latency; min=minimum; max=maximum; msec= milliseconds; 
SD= standard deviation

Table 3. P1i mean amplitude values at the intensity of 80 dB nHL by 
frequency and group

Frequency
Mean amp 

G1[min-max]
(n=10)

SD
Mean amp 

G2[min-max]
(n=15)

SD

500Hz 6.89
[1.11-12.71]

3.75 7.25
[1.39-18.78]

4.52

1000Hz 7.38
[2.45-12.57]

2.67 9.12
[3.84-21.83]

5.36

2000Hz 8.00
[4.07-12.81]

3.11 7.33
[2.6-14.49]

3.42

4000Hz 6.49
[2.5-10.65]

2.78 7.57
[2.77-15.95]

3.04

Legend: amp= amplitude; min=minimum; max=maximum; uV= microvolts; 
SD= standard deviation
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DISCUSSION

In this study, it was possible to detect the P1i wave at an 
intensity of 80 dBnHL in newborns both in light sleep and 
wakefulness. These results are consistent with other studies(22,27,32,33), 
in which the P1 component was detected during different 
behavioral states. Although the cortical activity is different 
for each stage of sleep, the detection of the acoustic stimulus 
in the primary auditory cortex would be similar during both 
sleep and wakefulness, by which fact the P1 potential could 
be detected in these behavioral states in the age group studied.

In this study, there was no statistically significant difference 
between the groups assessed for latency and amplitude. 
The latency averages of the P1i component of both groups were 
observed to be in agreement with the values proposed in the 
literature for the pediatric population(12,17-19). Some authors(20) go 
on to indicate that latency can be influenced, even though the 
morphology of the waveform may be similar across different 
behavioral states. This was not observed in this study, but we 
suggest further research be conducted with a larger sample size.

With regard to the amplitude, researchers report that both 
the behavioral state and the type of acoustic stimulus can have 
a direct influence on this variable, and speech stimuli evoke 
larger responses amplitudes in neonates due to the significance 
of the stimuli(20). In this study, tone burst stimuli were used due 
to equipment availability, and there was observed no difference 
across behavioral states between the two groups. No similar 
studies were found that would allow for a comparison of the 
amplitude values in the neonatal period, which might be used 
as references to the protocol used.

The use of the Hearlab System equipment in this study, 
which provides automatic analysis, allowed the examiners 
greater reliability, in agreement with other studies that have also 
relied on such equipment, but with different populations(18,31,34). 
The behavioral state of neonates did not have an influence on 
the responses obtained at the different frequencies investigated.

REM would be ideal for assessing the exogenous potentials 
in the neonatal period. One of the reasons derives from the fact 
that acetylcholine levels, an important neurotransmitter/hormone 
for maintaining wakefulness, are similar during REM sleep and 
wakefulness(35). Furthermore, cell hyperpolarization would be 
greater during the early stages of sleep, thus leading to higher 
cortical-potential responses.

Although the results were satisfactory during the first month 
of life, light sleep (or REM sleep) time decreases with increasing 
age(25), which could compromise the results from the cortical 
auditory assessment in older children. Several studies have been 
conducted in children from three months; however, the CAEP 
results were obtained with the children in an alert state(13,19-21).

In general, the results of this study corroborate those obtained 
by other studies(22,27,32,36), in which cortical potentials were 
identified during sleep, albeit in different populations. The results 
are also in agreement with those of a recent study(37), in which 
researchers assessed newborns during light sleep and report 
that it is possible to obtain cortical responses in that behavioral 
state. Other researchers(22), in an animal model, describe that 
the hearing detection ability is preserved across the different 
stages of sleep, therefore suggesting that the primary sensory 
cortex activity is evoked by external acoustic stimuli, with 
little relation to the waking state. This statement apparently 
can be contemplated in humans, since this response are related 

to sensory perception of sounds(37). These statements justifies 
the results of this study and supports the initial hypothesis that 
the assessment of cortical potentials can be carried out during 
light sleep in newborns.

The possibility of detecting cortical responses in this sleep 
stage allows the assessment of core functions to be accurate as 
early as in the neonatal period. The use of an automatic analysis 
device in this study ensured the reliability of cortical responses, 
which were not influenced by artifacts, which, in turn, could 
have become a bias when comparing the results. This fact 
permits CAEP to be used for assessing the central auditory 
maturation(12,37) and as an additional audiological diagnostic 
method as early as in the neonatal period.

In this study, only the P1i potential was analyzed because 
it is the most evident in the neonatal tracing, but the N2 
component analysis is also interesting for understanding the 
maturational aspects of the central auditory structures, since 
in pediatric population P1 and N2 are the two most described 
components(38). The components N1 and P2 are seen throughout 
the process maturational(38).

Thus, other studies with a larger sample and analysis of 
other cortical auditory evoked potentials, such as N2, may be 
useful to better understand the influence of behavioral states 
in the neonatal period. Perhaps, in this study, no difference 
between maturational states was identified due to the analysis 
of only the P1i component. These potentials help the clinician 
understand the maturational aspects of the auditory system and 
may be useful in the early identification of possible auditory 
changes throughout development.

CONCLUSION

The behavioral states of the neonates assessed in this study 
did not interfere with the achievement of the P1i potential, both 
in terms of latency and amplitude. This result contributes with 
the scientific literature that the P1i component can be visualized 
even in light sleep during the neonatal period, facilitating its 
application during this period.
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