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Infant, newborn; Introduction: The study of the threshold level of cortical auditory response in adults has
Electrophysiology; been investigated in previous studies. Due to maturational issues, little is known about these
Auditory threshold; responses in neonates. Technological advances with automatic analysis devices now allow inves-
Evoked potentials, tigation in specific populations. Thus, new studies are needed to establish the feasibility of using
auditory this auditory potential to identify the lowest levels of responses in children.

Objective: Verify and compare latency and amplitude in 80dBnNA and the minimum level of
cortical auditory response in term and preterm neonates.

Methods: A cross-sectional, comparative study involving 59 neonates, 35 full-term births and
24 preterm births, with positive results in the Neonatal Hearing Screening. The Hearlab system
was used to investigate the P1i auditory potential with tone burst stimulus at frequencies of
500, 1000, 2000 and 4000 Hz. The minimum response level search ranged from 80 to 0 dBNA
and was detected automatically. The results were compared between groups, evaluating the
latency and amplitude in 80 dBNA and the minimum level of cortical auditory response.
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Introduction

Results: The mean values obtained for the minimum level of cortical auditory response in term
group were 26 +8.81; 26.14+6.97; 29 +7.65 and 29.43 +7.04 dBNA and for preterm neonates
of 31.96 +10.41; 34.13+11.34; 33.64+11.03 and 37.73 £ 11.92dBNA, for the frequencies of
500, 1000, 2000 and 4000 Hz, respectively. There was a difference between groups for the
latency of P1i at 4000Hz and the minimum response levels at 500, 1000 and 4000 Hz, with
higher values for preterm infants.

Conclusion: It was possible to obtain latency and amplitude values at 80 dBnNA and the mini-
mum level of cortical response in term and preterm newborns, with different results between
groups, with higher values in those born preterm.

© 2019 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published
by Elsevier Editora Ltda. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Potencial evocado auditivo cortical na avaliagdo de neonatos: um estudo sobre o
nivel minimo de respostas em nascidos a termo e pré-termos

Resumo

Introducdo: A investigacdo do nivel minimo de resposta auditiva cortical tem sido alvo de dife-
rentes estudos em adultos. Devido a questdes de maturacao, pouco se sabe sobre essas respostas
em recém-nascidos. Com o avancgo tecnoldgico, dispositivos de analise automatica surgiram
com o objetivo de retomar essa avaliacao em populagdes especificas. Assim, novos estudos sao
necessarios para verificar a viabilidade do uso desse potencial auditivo na obtencdo de niveis
minimos de respostas na crianca.

Objetivo: Verificar e comparar laténcia e amplitude em 80 dBnNA e o nivel minimo de resposta
auditiva cortical em recém-nascidos a termo e pré-termo.

Método: Estudo transversal, comparativo, envolvendo 59 neonatos, 35 nascidos a termo e 24
pré-termos, com resultados positivos na triagem auditiva neonatal. O sistema Hearlab foi uti-
lizado para investigar o potencial auditivo P1i com estimulo tone burst nas frequéncias de 500,
1000, 2000 e 4000 Hz. A busca do nivel minimo de resposta variou de 80 a 0 dBNA e foi detec-
tado automaticamente. Os resultados foram comparados entre os grupos, avaliando a laténcia
e amplitude em 80 dBNA e o nivel minimo de resposta auditiva cortical.

Resultados: Os valores médios obtidos para o nivel minimo de resposta auditiva cortical no grupo
nascido a termo foram 26 +8,81; 26,144+6,97; 29+7,65 e 29,43 +£7,04dBNA e para recém-
-nascidos  pré-termos foram de 31,96+10,41; 34,13+11,34; 33,64+11,03 e
37,73+11,92dBNA, para as frequéncias de 500, 1000, 2000 e 4000Hz, respectivamente.
Houve diferenca entre os grupos para a laténcia de P1i em 4000Hz e os niveis minimos de
resposta em 500, 1000 e 4000 Hz, com valores maiores em Pré-termos.

Conclusdo: Foi possivel obter valores de laténcia e amplitude em 80 dBnNA e o nivel minimo de
resposta cortical em recém-nascidos a termo e Pré-termos, com resultados diferentes entre os
grupos, com valores maiores em pré-termos.

© 2019 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Publicado
por Elsevier Editora Ltda. Este & um artigo Open Access sob uma licenca CC BY (http://
creativecommons.org/licenses/by/4.0/).

providing information about central auditory functions,"?
greater range of responses due to proximity of the elec-

Cortical auditory evoked potentials (CAEP) were discov-
ered and used in electrophysiological threshold research
since the 1960s and 1970s. Due to some technical dif-
ficulties and the discovery of brainstem auditory evoked
potentials, this evaluation technique was abandoned by
several researchers and even today is not used in clinical
practice for this purpose, since it still lacks appropriate
studies.

Some researchers believe that the use of CAEP has advan-
tages over short-latency auditory evoked potentials, such as

trodes with the generating source and better correlation
with behavioral auditory thresholds.®# In addition, in spe-
cific populations, such as patients with auditory neuropathy,
electrophysiological threshold using CAEP would be the
only reliable electrophysiological procedure to obtain the
answers, because short-term potentials require neural
synchrony.>®

Maturation of the CAEP occurs in late adolescence
and the electrophysiological tracing is composed of the
P1-N1-P2 complex. Visualization of this complex at
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different intensities makes it possible to obtain the cortical
electrophysiological thresholds in this age group.’2¢

In children, the immaturity of the central nervous sys-
tem results in a different morphology of the CAEP than
that seen in adults, with variations in latency and ampli-
tude throughout development.”® The morphology consists
predominantly of a positive peak and a deflection,® with
latencies ranging from 200-250 ms for the positive peak and
350-450 ms for the deflection.® Studies carried out in the
infant population show that CAEP can be used to validate
the effectiveness of hearing aids and cochlear implants''~'*
and in the maturational evaluation of the central nervous
system of specific populations.’>'® The assessment of corti-
cal auditory responses thresholds in children during central
auditory maturation is still poorly studied.>* On the other
hand, investigators have studied the CAEP at different inten-
sity levels in children including infants'” and neonates to
better understand its applicability.>'® Its use in young chil-
dren is advantageous, since it is possible to obtain data in
neonates who are either alert or during light sleep.® '8
Authors'® add that the use of CAEP in estimating the auditory
threshold in young children who are difficult to test behav-
iorally or who can not be sedated could be possible as part
of the audiological evaluation, but this has been explored
very little in the scientific literature.

The development of automatic analysis equipment of
CAEP allowed the clinician to rethink the use of this evalu-
ation, including obtaining the threshold levels of cortical
auditory response in different age groups. Researchers
report that subjective analysis is still the most com-
monly used method, but may be vulnerable to errors of
interpretation.®'? The HearLab System is an automatic
analysis device developed by the National Acoustic Labo-
ratories in Australia. It has high sensitivity for detecting
cortical responses and reducing noise and artifacts; in the
past responses had been more unstable and influenced
by noise when compared to short-latency auditory evoked
potentials.?®

The detection sensitivity of the cortical auditory
responses of the Hearlab System device is high compared
with experienced examiners. Authors?® verified the effec-
tiveness of the Hearlab System automatic response with
experienced CAEP examiners and concluded that both the
automatic analysis device and the examiners had high sen-
sitivity in the detection of responses.

Among the clinical applications of the Hearlab System,
we highlight the research of the minimum cortical response
level by the Cortical Tone Evaluation (CTE) module. In a
recent study, authors? reported average electrophysiologi-
cal responses in adults with normal hearing at 18.23 dBHL
for 500Hz, 15.9dBHL for 1000 Hz, 15.97 dBHL for 2000 Hz
and 17dBHL for 4000Hz. Other investigators'® obtained
averages of electrophysiological responses in neonates of
24.8dBHL at 500 Hz, 25 dBHL at 1000 Hz, 28 dBHL at 2000 Hz
and 29.4dBHL at 4000 Hz, exhibiting higher cortical audi-
tory response thresholds compared to those in adults’? due
to maturational issues. Other researchers'’ reported that it
is possible to obtain responses in infants, even at low inten-
sities, showing the usefulness of CAEP for several clinical
applications.

Because maturational issues influence auditory evoked
potentials, CAEP assessment is required in different age

groups and populations, such as preterm births. Thus, the
automatic analysis of the responses has contributed to
the better understanding and reliability of the same when
obtained in children younger than 3 months,’® a crucial
period for the early audiologic diagnosis. In addition, CAEP
would be ideal for research on the minimal level of responses
in cases of auditory neuropathy and neurological disorders.>

Therefore, due to the paucity of studies and the need
for a better understanding of the possibility of obtaining the
CAEP minimum level response in neonatal population of term
and preterm births that may be influenced by maturational
issues, the present research is undertaken.

Based on the above, the purpose of this study was to
verify and compare the latency and amplitude in 80 dBnNA
and minimum level of cortical response of term and preterm
neonates.

Methods

It is a cross-sectional and observational study, carried out
by Universidade Federal do Rio Grande do Sul in partner-
ship with Faculdade de Ciéncias Médicas da Santa Casa
de Sao Paulo. This study was approved by the Research
Ethics Committees of both Universities under protocols
44965015.8.1001.5334 and 51349315.6.1001.5479.

Only newborns participated in the study. Their parents or
guardians, after receiving information about the objectives
and methodology of the research, agreed to the procedures
to be performed and signed the Free and Informed Consent
Term.

The subject sample consisted of full-term and preterm
babies from the outpatient clinic and the Neonatal Intensive
Care Unit (NICU) of Faculdade de Ciéncias Médicas da Santa
Casa de Sao Paulo.

In the maternity hospital, the parents or guardians were
approached and invited to participate in the research.
When they agreed, the evaluation date was provided by
the researcher. In addition, the participants’ charts were
analyzed with the purpose of verifying the inclusion and
exclusion criteria of the present study. For the participants
of the NICU, the subjects’ selection was performed, initially,
through the verification of the medical records, also with
the purpose of verifying the inclusion and exclusion criteria.
After this stage, the parents or guardians were contacted,
informed about the research, and, if there was interest and
consent, the evaluation date was provided.

Initially, 114 subjects were contacted and 48 did not
agree to participate. During the first month, 66 neonates
were evaluated. After analyzing the results, 7 subjects were
excluded due to the inconclusive results due to the lack
of cooperation of the neonates and consequently, excessive
noise level during the evaluation. The final sample consisted
of 59 subjects, 35 full term (16 female and 19 male) and 24
pre-term (11 female and 13 male). Newborns were consid-
ered preterm if they had gestational age less than or equal
to 36 weeks.”' The subjects were of both sexes and had
positive results in Neonatal Hearing Screening in both ears.
Neonates were assessment through Transient-Evoked Otoa-
coustic Emissions (TEOAEs) and/or automated brainstem
auditory-evoked response, performed prior to hospital dis-
charge, according to the recommendations of the national?
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and international committees?® for the presence or absence
of risk indicators for hearing loss. Neonates without risk
indicators were submitted to TOAEs and neonates with risk
indicators for TOAEs and automated brainstem auditory-
evoked response.

The TEOAEs and/or automated brainstem auditory-
evoked responses were examined using a Madsen Accuscreen
device (GN Otometrics, Kastrup, Denmark). For automated
brainstem auditory-evoked responses, the electrodes were
fixed at the vertex (active), at the position of the C7 ver-
tebra (reference) and at the zygomatic. Results obtained at
35dBHL with click stimuli were considered satisfactory.?* A
satisfactory/positive TEOAE result was considered to be a
signal-to-noise ratio greater than or equal to 3dB for a fre-
quency of 1000Hz and 6dB for frequencies above 1000 Hz
(at least 3 of the 5 frequencies surveyed) bilaterally.?

The following inclusion criteria were used for full-term
infants: gestational age greater than or equal to 37 weeks,
absence of risk indicators for hearing loss,””% in good
health, a positive result in Neonatal Hearing Screening
test and electrophysiological record of adequate morpho-
logical quality. For preterm group, the following inclusion
criteria were adopted: gestational age less than or equal
to 36 weeks, in good health, a positive result in Neona-
tal Hearing Screening test and electrophysiological record
of adequate morphological quality. Subjects with neuro-
logical abnormalities, syndromes and those who did not
cooperate during the exam were excluded from the study.
Subjects with hearing impairment syndromes, family history
of hearing impairment, congenital anomalies, neurological
disorders, congenital infection, bacterial meningitis, and
blood transfusion were also excluded from the preterm and
term group.?®

In this study, 10 preterm did not present risk indicators
for hearing loss and 14 presented additional risk indica-
tors, such as NICU stay for more than five days, ototoxic
use, birth weight less than 1500g and need for ventilation
mechanics. A previous statistical analysis was performed
and did not show differences between the groups (preterm
with and without risk indicators) for all the variables of this
study (latency, amplitude and minimum level of response
in all acoustic stimuli tested) (analysis of variance, ANOVA,
p>0.05). Thus, all subjects were considered in a single group
(preterm group).

The subjects in term and preterm groups were evaluated
between 38 and 43 weeks postconceptional age, being the
corrected age for preterm births.

In the present research the cortical potential P1 was ana-
lyzed, characterized by a peak between 150 and 400 ms,
which was designated P1i (P =Positive, 1=first peak and
I =infant). Such nomenclature was used in order to differen-
tiate the P1 described in the tracing of adult individuals.?”
It should be noted that due to the type of stimulus used
(tone burst), only a positive peak was observed in the elec-
trophysiological tracing, reflecting the characteristics of the
acoustic stimulus.

For the research of the P1i, Hearlab System was used.
This equipment was developed in Australia by the National
Acoustic Laboratories. The cortical tone evaluation mod-
ule was used for assessment of CAEP in the frequencies of
500, 1000, 2000 and 4000 Hz at 80 dBHL. The minimum level
of cortical auditory response was also assessment in these

frequencies, in a monoaural way, being the choice of the
aleatory side. The chosen ear side was made according to the
position of neonate mother’s lap. Studies”'®?8 do not show
hemispheric differences for cortical auditory potentials.

The CAEP was examined by air conduction, with inserted
ER-3A headphones. The equipment has previously been cal-
ibrated in dBHL, according to the technical specifications,
by a qualified professional. It should be emphasized that
for this study, the minimum level of cortical auditory bone
response was not investigated, since it was not the main
objective and due to the delay in the procedure, since the
minimum response level was investigated in four frequen-
cies. However, additional research is being done in the same
lab.

The procedure was performed in an acoustically and elec-
trically treated room. The parents or guardians sat in a
comfortable chair, with the participants comfortably posi-
tioned on their laps. The temperature of the evaluation
environment was controlled and maintained at 24°C and the
ambient noise did not exceed 35Db (A).2

The electrodes were fixed in the following positions:
active electrode in vertex (Cz) (middle line of head), the
ground electrode at the forehead (Fpz), and the refe-
rence electrodes on the right or left Mastoid (M2 or M1)
after cleansing the skin with Nuprep abrasive paste. Their
impedance did not exceed 5 kohms.?

In order to perform the electrophysiological research,
neonates remained in light sleep or awake with mini-
mal body movements, similar to other studies.”'® The
Brazelton?’ scale was used to identify the behavioral sta-
tus of the newborns. This scale has six behavioral states:
State 1: deep sleep; State 2: light sleep, closed eyes, some
body movement; State 3: sleepy, opening and closing eyes;
State 4: awake, eyes open, minimal body movements; State
5: fully awake, vigorous body movements; State 6: crying.
Only neonates in Stages 2, 3 and 4 were included in the
study.

The parameters for the research were tone burst stim-
uli, alternating polarity, cosine envelope, 1.125ms stimulus
interval, duration of 40ms, velocity of 0.5Hz, 10 ms rise-
fall, 30 ms plateau, high pass filter of 0.16 Hz and low pass
of 0.30Hz, according to the equipment manual.°

The noise level was monitored throughout the evaluation.
The maximum level of stimulus rejection considered was 20%
of total stimuli. The equipment has a favorable control of
artifacts and allows the audiologist to be monitored. Resid-
ual noise values less than or equal to 3.2 pV indicate good
signal quality. Values between 3.2 and 3.6 pV were interme-
diate values and values greater than 3.6 .V indicate poor
signal recording quality.>° In this study, the maximum value
allowed for noise was 3.6 wV and, for this reason, two par-
ticipants with extreme agitation and excessive movement
were excluded.

The presence or absence of P1i cortical potential was
automatically detected by the equipment, which applied
Hotelling’s T2 test to analyze the signal-to-noise ratio of the
responses obtained at each frequency and intensity. In this
case, each sample was divided into nine portions within the
analysis period of 50 ms each in a window of up to 500 ms.
The mean of each point was tested using the multivari-
ate ANOVA. The applied statistical test determined whether
the waveform hypothesis was different from random noise.
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Figure 1

= [T 1 @

Example of minimum level cortical auditory response in subjects of the present research. The vertical line identifies

the marking of the P1i component performed by the judges. In the first example the minimum level of cortical response obtained

was 35 dBHL whereas in the second example it was 30 dBHL.

Responses were considered present when the p-value was
<5%; that is, when the response was greater than the noise
and with at least 50 stimuli for each frequency tested.
It should be emphasized that cortical auditory responses
require fewer stimuli to be used due to the habituation of
the central nervous system.* When the response was consid-
ered present by the equipment with at least 50 stimuli, the
evaluation was interrupted by the evaluator.

The tracings were not replicated due to the fact that the
equipment has automatic analysis and does not allow the
visualization of two tracings simultaneously. This protocol is
in accordance with the recommendations* for this type of
procedure with automatic analysis equipment.

The latency and amplitude parameters at 80 dBHL of each
wave for each frequency that was evaluated in this study
were manually considered by three judges with experience
in electrophysiology, because this marking was not per-
formed by the equipment. The evaluations were performed
blindly, without influence of the marking of the results
according to the group. The examiners were instructed
to perform the P1i marking on the highest positive peak
observable within the 500 ms window. The amplitude was
considered from the baseline (zero point) to the point of
greatest amplitude of the wave.

The assessment of minimum level of cortical auditory
response started at an intensity of 80dBHL. Soon after
the intensity was decreased to 30dBHL. In the absence
of response, the intensity was increased in increments of
5dBHL until reaching the threshold level of cortical auditory
response. If the response was present at 30 dBHL, the stim-
ulus intensity was decreased to 15dBHL, shortly afterwards
for 5dBHL and for 0dBHL. In the absence of response, the
intensity was increased in increments of 5dBHL, up to the
minimum detection level of the cortical auditory response.
The minimum level of cortical auditory response was deter-
mined by the presence or absence of a response verified
automatically by the equipment. This protocol was proposed
by one study,*' with small modifications described in another
study,'® in order to facilitate the identification of responses.
Fig. 1 illustrates the research on cortical auditory potential
in 80 dBHL and the minimum level of response in research
subjects.

Threshold

500Hz 1000Hz 2000Hz 4000Hz

Frequency

=g Term Preterm

Figure 2  Minimum
between groups.

level of cortical auditory response

The variables of latency, amplitude in 80 dBHL and the
minimum level of auditory cortical response were com-
pared between groups, and the data were tabulated in Excel
spreadsheets and analyzed through the Statistical Package
for Social Sciences (SPSS) version 20.0. The following sta-
tistical tests were used: Student’s t-test, U-Mann-Whitney
test and Chi-Square test for comparisons between groups.
In addition, additional analyses such as Analysis of Variance
(ANOVA) were performed. The significance level of 5% was
adopted for all analyses.

Results

Table 1 presents the descriptive data of the sample stud-
ied. Regarding the latency values of the cortical component
P1i at 80dBHL, a statistically significant difference was
observed for the frequency of 4000Hz, which was higher
for the preterm neonates (Table 2). However, there were no
statistically significant differences for the values of cortical
potential amplitudes between groups (Table 3).

Regarding the threshold levels of cortical auditory
response, there was a statistically significant difference
between the groups for most of the frequencies evaluated,
with higher values for the preterm group (Table 4 and Fig. 2).
There was no statistically significant difference between



692

Didoné DD et al.

Table 1 Descriptive data of sample.
Variables Total sample(n=59) Term(n = 35) Preterm(n=24) p-value
Gestational age Average 39.52 34.05 <0.0012
(weeks) Minimum 37 28
Maximum 39.28 36
SD 1.16 2.39
Age at the time of Average 40.91 40.37 0.112
evaluation (weeks) Minimum 39 38
Maximum 43 43
SD 1.2 1.3
Ear Right 14 12 0.44°
Left 21 12
Sex Female 16 11 0.99°
Male 19 13
Time of assessment (minutes) 70.94 65.54 0.20°
SD, Standard Deviation.
a Student’s t-test for independent sample.
b Chi-Square test.
The significance level of 5% was adopted.
Table 2 Latency values at 80dBHL for the different frequencies between groups.
Frequency Group Average +SD Median 1°Q 2°Q 3°Q Minimum Maximum p-value
500 Hz Term (n=35) 242.43 + 39.88 244.00 209.00 244.00 277.00 168.00 313.00 0.92°2
Preterm (n=23) 241.35 + 48.79 237.00 202.00 237.00 267.00 169.00 371.00
1000 Hz Term (n=35) 228.94 + 34.98 229.00 208.00 229.00 253.00 157.00 307.00 0.252
Preterm (n=23) 246.43 + 47.49 237.50 208.00 235.00 258.00 200.00 370.00
2000 Hz Term (n=35) 233.14 +42.65 236.00 205.00 236.00 256.00 137.00 353.00 0.97¢
Preterm (n=22) 232.77 + 36.54 231.50 201.50 231.50 256.00 170.00 310.00
4000 Hz Term (n=35) 249.97 + 49.16  243.00 213.00 243.00 271.00 157.00 370.00 0.05%
Preterm (n=23) 279 + 60.49 277.00 234.00 269.00 302.00 178.00 398.00
SD, Standard Deviation; Q, Quartile.
The significance level of 5% was adopted.
a Student’s t-test for independent sample.
Table 3 Amplitude values at 80 dBHL for the different frequencies between groups.
Frequency Group Average £SD Median 1°Q 2°Q 3°Q Minimum Maximum p-value
500 Hz Term (n=35) 6.71 + 3.58 6.00 4.00 6.00 9.00 1.00 19.00 0.45?2
Preterm (n=23) 7.72 £ 4.27 6.79 4.60 6.71 10.10 2.38 20.02
1000 Hz Term (n=35) 7.08 +4.18 7.00 4.00 7.00 8.00 2.00 22.00 0.78%
Preterm (n=23) 7.73 +4.23 7.62 4.58 7.47 10.34 1.94 19.44
2000 Hz Term (n=35) 5.85 +2.86 5.00 4.00 5.00 8.00 2.00 14.00 0.09*
Preterm (n=22) 7.31 +3.27 6.03 4.22 6.35 9.35 2.50 13.73
4000 Hz Term (n=35) 5.82 £2.96 6.00 3.00 6.00 7.00 2.00 16.00 0.582
Preterm (n=23) 6.87 +4.41 6.10 3.58 5.59 9.66 2.32 20.47
SD, Standard Deviation; Q, Quartile.
The significance level of 5% was adopted.
a U-Mann-Whitney test.
ear and sex (p>0.05). Analysis of variance (ANOVA) did Discussion

not detect differences in the frequencies evaluated in both
groups (p>0.05).

Table 5 shows the percentage of detectable threshold
responses by stimulus intensity in both groups.

Figure 3 shows a graph of the latency and intensity func-
tion in both groups.

Electrophysiological assessments are fundamental for audi-
ologic diagnosis in children younger than 6 months. The
evaluation of brainstem auditory evoked potentials and sta-
ble auditory evoked potentials is routine in clinical practice
and well documented in the scientific literature. On the



Cortical auditory evoked potential in neonates

693

Table 4 Comparison of threshold level of cortical auditory response for the different frequencies tested between groups.

Frequency Group Average +SD Median 1°Q 2°Q 3°Q Minimum Maximum p-value

500 Hz Term (n=35) 26.00 + 8.81  30.00 15.00 30.00 30.00 5.00 40.00 0.04%
Preterm (n=23) 31.96 + 10.41 30.00 25.00 30.00 35.00 15.00 60.00

1000 Hz Term (n=35) 26.14 £ 6.97 30.00 25.00 30.00 30.00 0.00 35.00 0.00¢
Preterm (n=23) 34.13 £ 11.34 30.00 30.00 30.00 40.00 15.00 60.00

2000 Hz Term (n=35) 29.00 £ 7.65 30.00 30.00 30.00 35.00 0.00 40.00 0.08%
Preterm (n=22) 33.64 £ 11.03 30.00 30.00 30.00 40.00 5.00 60.00

4000 Hz Term (n=35) 29.43 £7.04 30.00 25.00 30.00 30.00 15.00 50.00 0.05%
Preterm (n=22) 37.73 +£11.92 30.00 30.00 30.00 35.00 25.00 65.00

SD, Standard Deviation; Q, Quartile.
The significance level of 5% was adopted.
a U-Mann-Whitney test.

Table 5 Percentage of the presence of a detectable threshold level CAEP in different intensities in both groups.
Term Preterm
500 Hz 1000 Hz 2000 Hz 4000 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
30dBHL 77% 97% 71% 74% 60% 60% 50% 59%
35dBHL 94% 100% 94% 94% 75% 70% 75% 75%
40 dBHL 100% 100% 100% 97% 91% 88% 88% 84%
45 dBHL 100% 100% 100% 97% 91% 88% 88% 84%
50 dBHL 100% 100% 100% 100% 95% 91% 95% 84%
55dBHL 100% 100% 100% 100% 95% 91% 95% 95%
60 dBHL 100% 100% 100% 100% 100% 100% 100% 95%
65dBHL 100% 100% 100% 100% 100% 100% 100% 100%
Latency x intensity Latency x intensity
(term) (preterm)
100 100
80 . 80 .
> > s
£ 60 2 60
= c
£ 40 2 40
= -_ 1)
20 R 20 *
0 0
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Latency Latency

Figure 3

other hand, the use of CAEP has been reported in older
children and adults as an auxiliary method in audiological
diagnosis, especially in cases where it is not possible to
obtain consistent responses in short-latency auditory evoked
potentials such as auditory neuropathy and in cases of neu-
rological changes, but there is a lack of information in very
young children, as in neonates.

In this study, it was possible to obtain cortical audi-
tory response thresholds in term and preterm newborns
with a positive result in neonatal hearing screening, eval-
uated at the same gestational age. The mean values were
26; 26.14; 29 and 29.43 dBHL for the full-term and 31.96;
34.13; 33.64 and 37.73 dBHL for the preterm neonates, for
the frequencies of 500, 1000, 2000 and 4000 Hz, respec-
tively. Comparison of these values with a study performed
in the same outpatient clinic evaluating adults with normal

Graph of the latency versus intensity in both groups.

hearing’ with the Hearlab System demonstrated differ-
ences in the minimum levels of responses between the
neonates of the present study and the adults in the study
cited. Researchers’ described mean values of 18.23 dBHL for
500Hz, 15.9dBHL for 1000 Hz, 15.97 dBHL for 2000 Hz and
17 dBHL for 4000 Hz. These differences in neonates of both
term and preterm subjects of present study with the adults
of the study cited? support the contention that maturation
influences cortical potentials, with each age group having
responses characteristics as a function of the maturational
process.”?

Comparing the latency and amplitude of the response at
80dBHL between groups, there was a statistically significant
difference in the latency of 4000 Hz, being higher for the
preterm group. Studies®>3* show that central auditory mat-
uration can be impaired with preterm birth, and others**3*
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point to the fact that alterations in cortical auditory evoked
potentials are suggestive and predictive of language and
cognitive alterations throughout child development. The
central auditory areas related to the higher frequencies are
the first to mature*® which may explain the difference found
in 4000 Hz.

In comparisons between groups, statistically significant
differences were found for most frequencies (500, 1000 and
4000 Hz) when the threshold level of cortical response was
evaluated, being higher for the preterm group. These results
are expected due to maturational differences between
groups. A meta-analysis study*® showed differences in the
development of the auditory pathways of full-term and
preterm neonates at the brainstem level. Thus, it is sug-
gested that this immaturity extends to the central level,
which was reflected in higher threshold levels of cortical
responses in this group, even considering the corrected age.

Higher CAEP thresholds of the present study were
observed compared with other studies involving brainstem
auditory evoked potentials and steady-state auditory evoked
responses in neonates. For the full-term group, the mean
values were 26; 26.14; 29 and 29.43 dBHL. Researchers®’
evaluated 30 full-term newborns by steady-state auditory
evoked responses and obtained averages of 25.5; 17.8; 15.3
and 16.3 dBHL for 500, 1000, 2000 and 4000 Hz. In another
study with brainstem auditory evoked potentials®® the elec-
trophysiological thresholds varied from 0 to 20dBHL for
tone burst stimuli of 500 to 4000Hz. A meta-analysis®
reported electrophysiological thresholds for brainstem audi-
tory evoked potentials in children with normal hearing to
have a mean of 19.5; 17.4; 13.6 and 15.5 dBHL for 500, 1000,
2000 and 4000 Hz, reflecting the faster maturation of the
brainstem structures compared to the central structures.

In the present study, it was found that the ability to
detect the cortical response P1i increased as the intensity
of the stimulus increased in both groups. These results are
in agreement with another study*® where the authors looked
for the presence of the P1 component of children between
4 and 12 months of age; it was identifiable in 77% at an
intensity of 30dBSPL and 96% at 60dBSPL. In the present
study the response range was 0-50 dBHL for full-term infants
and 5-65dBHL for preterm infants. Other investigators'®
also described similar results, with variation of 0-50dBHL
to identify the P1 potential in term newborns, which shows
that the minimum threshold responses may be higher in this
population due to the maturational process.*

In this study, we observed an increase in latency with
a decrease in intensity. These results corroborate a simi-
lar study'® reporting that, using other electrophysiological
assessments, the intensity of the acoustic stimulus influ-
enced the latency of the responses due to reduced neural
stimulation. This finding is important to assist the clinician
in performing the examination and identification of the P1
component.

From the results described, it can be seen that the matu-
ration of the central nervous system directly influences the
minimum thresholds of cortical response. Obtaining the min-
imum levels of responses in this population is possible, but
requires caution in interpretation due to neurological imma-
turity, especially in preterm births, since there is a great
variation in dBHL of the level of response found, perhaps
due to variability of the gestational age in this study. It is

believed that CAEP may be used to supplement the audio-
logical diagnosis, especially in populations with neurological
alterations, in which reliable behavioral responses can not
be obtained and short-latency auditory evoked potentials
may present inconclusive results due to altered neural syn-
chrony in patients.

Therefore, it is necessary to study the different age
groups in the child population in order to better understand
the differences in the threshold levels of cortical auditory
response as a function of auditory maturation and, in addi-
tion, to establish criteria for this evaluation. The automatic
analysis device contributes to a greater reliability of results
obtained and may allow the clinician to rethink the use of
these potentials in research and in the future, in clinical
practice, striving for greater reliability in the audiological
diagnosis and consequently quality of life in cases of neuro-
logical alterations.

Conclusion

It was possible to obtain latency and amplitude values at
80dBnNA and a threshold value for cortical responses in
term and preterm newborns, with different results between
groups, with higher values for preterm births. Thus, the use
of CAEP to obtain minimum levels of responses in neonates
should be cautious, always correlating with the audiological
assessments already established in the scientific literature.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Alanazi AA, Nicholson N, Atcherson S, Martin P. The hearlab cor-
tical tone evaluation (CTE) protocol: a clinical feasibility study.
J Hear Sci. 2016;6:54-62.

2. Durante AS, Wieselberg MB, Roque N, Carvalho S, Pucci B,
Gudayol N, et al. Assessment of hearing threshold in adults
with hearing loss using an automated system of cortical audi-
tory evoked potential detection. Braz J Otorhinolaryngol.
2017;83:147-54.

3. Lightfoot G. The N1-P2 Cortical Auditory Evoked Potential in
threshold estimation. Insights Clin Pract. 2006:1-8.

4. British Society of Audiology. Recommended procedure - cortical
auditory evoked potential (CAEP) testing; 2016.

5. He S, Teagle HFB, Roush P, Grose JH, Buchman CA. Objective
hearing threshold estimation in children with auditory neuropa-
thy spectrum disorder. Laryngoscope. 2013;123:2859-61.

6. Bardy F, Van Dun B, Dillon H, Seeto M, Qin H, Loi T, et al.
The cortical automatic threshold estimation in adults. Hear J.
2016;69:32-7.

7. Sharma A, Kraus N, Mcgee TJ, Nicol TG. Developmental changes
in P1 and N1 central auditory responses. Electroencephalogr
Clin Neurophysiol. 1997;104:540-5.

8. Wunderlich JL, Cone-Wesson BK. Maturation of CAEP in infants
and children: a review. Hear Res. 2006;212:212-23.

9. Kushnerenko E. Maturation of the cortical auditory event-
related brain potentials in infancy. Department of Psychology;
2003.

10. Pasman JW, Rotteveel JJ, Graaf R de, Maassen B, Nortermans
SL. Detectability of auditory evoked response components in
preterm infants. Early Hum Dev. 1991;26:129-41.


http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0205
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0210
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0215
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0220
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0225
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0230
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0235
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0240
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0245
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0250

Cortical auditory evoked potential in neonates

695

1.

20.

21.

22.

23.

24.

25.

. Purdy SC, Katsch R, Dillon H,

Sharma A, Martin K, Roland P, Bauer P, Sweeney MH, Gilley P,
et al. P1 latency as a biomarker for central auditory develop-
ment in children with hearing impairment. J Am Acad Audiol.
2005;16:564-73.

. Chang HW, Dillon H, Carter L, Van Dun B, Young ST. The rela-

tionship between cortical auditory evoked potential (CAEP)
detection and estimated audibility in infants with sensorineural
hearing loss. Int J Audiol. 2012;51:663-70.

. Van Dun B, Carter L, Dillon H. Sensitivity of cortical audi-

tory evoked potential detection for hearing-impaired infants in
response to short speech sounds. Audiol Res. 2012;6:e13.

. Punch S, Van Dun B, King A, Carter L, Pearce W. Clinical

experience of using cortical auditory evoked potentials in the
treatment of infants hearing loss in Australia. Semin Hear.
2016;37:36-52.

. Sharma A, Cardon G, Henion K, Roland P. Cortical maturation

and behavioral outcomes in children with auditory neuropathy
spectrum disorder. Int J Audiol. 2011;50:98-106.

. Shafer VL, Yu YH, Wagner M. Maturation of cortical auditory

evoked potentials (CAEPs) to speech recorded from frontocen-
tral and temporal sites: three months to eight years of age. Int
J Psychophysiol. 2015;95:77-93.

. Purdy SC, Sharma M, Munro KJ, Morgan CLA. Stimulus level

effects on speech-evoked obligatory cortical auditory evoked
potentials in infants with normal hearing. Clin Neurophysiol.
2013;124:474-80.

. Oliveira LS, Didoné DD, Durante AS. Automated cortical audi-

tory evoked potentials threshold estimation in neonates. Braz J
Otorhinolaryngol. 2019;85:206-12.

Storey L, Sharma M,
Agung K. The post-auricular muscle response: an objective
electrophysiological method for evaluating hearing sensitivity.
Int J Audiol. 2005;44:625-30.

Carter L, Golding M, Dillon H, Seymor J. The detection of infant
cortical auditory evoked potentials (CAEPs) using statistical and
visual detection techniques. J Am Acad Audiol. 2010;21:347-56.
Born Too Soon. The global action report on preterm birth. World
Health Organization; 2012. p. 1-126.

Lewis DR, Marone SAM, Cruz OLM, Nobrega M. Comité
multiprofissional em salde auditiva: COMUSA. Braz J Otorhi-
nolaryngol. 2010;76:121-8.

American Academy of Pediatrics, Joint Committee on Infant
Hearing. Year 2007 position statement: principles and guide-
lines for early hearing detection and intervention programs.
Pediatrics. 2007;120:898-921.

Sena-Yoshinaga TA, Almeida MG, Cortes-Andrade IF, Lewis DR.
Neonatal hearing screening with automated auditory brainstem
response: using different technologies. Audiol Commun Res.
2014;19:19-24.

Carvallo RM, Sanches SG, Ibidi SM, Soares JC, Durante AS. Effer-
ent inhibition of otoacoustic emissions in preterm neonates.
Braz J Otorhinolaryngol. 2015;81:491-7.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ribeiro FM, Carvallo RM, Marcoux AM. Auditory steady-state
evoked responses for preterm and term neonates. Audiol Neu-
rootol. 2010;15:97-110.

Bisiacchi PS, Mento G, Suppiej A. Cortical auditory processing in
preterm newborns: an ERP study. Biol Psychol. 2009;82:176-85.
Frizzo ACF, Alves RPC, Colafémina JF. Potenciais evoca-
dos auditivos de longa laténcia: um estudo comparativo
entre hemisférios cerebrais. Braz J Otorhinolaryngol. 2001;67:
618-25.

Brazelton TB. Neonatal behavioral assessment scale. London:
Heinemann Medical; 1973 (Clinics in developmental medicine
series, 50).

Hearlab System Operator’s manual; 2010. p. 1-126.

Van Dun B, Dillon H, Seeto M. Estimating hearing thresholds in
hearing-impaired adults through objective detection of cortical
auditory evoked potentials. J Am Acad Audiol. 2015;26:370-83.
Angrisani RMG, Bautzer APD, Matas CG, de Azevedo MF. Poten-
cial evocado auditivo de tronco encefalico em recém-nascido:
influéncia do sexo e da relacdo peso e idade gestacional. Rev
Paul Pediatr. 2013;31:494-500.

Stipdonk LW, Weisglas-Kuperus N, Franken MCJ, Nasserinejad
K, Dudink J, Goedegebure A. Auditory brainstem maturation in
normal-hearing infants born preterm: a meta-analysis. Dev Med
Child Neurol. 2016;58:1009-15.

Maitre NL, Lambert WE, Aschner JL, Key AP. Cortical speech
sound differentiation in the neonatal intensive care unit pre-
dicts cognitive and language development in the first 2 years of
life. Dev Med Child Neurol. 2013;55:834-9.

Hovel H, Partanen E, Tideman E, Stjerngvist K, Hellstrom-
Westas L, Huotilainen M, et al. Auditory event-related
potentials are related to cognition at preschool age after very
preterm birth. Pediatr Res. 2015;77:570-8.

Werner LA. Infant auditory capabilities. Curr Opin Otolaryngol
Head Neck Surg. 2002;10:398-402.

Rodrigues GRI, Lewis R. Establishing auditory steady-state
response thresholds to narrow band CE-chirp® in full-term
neonates. Int J Pediatr Otorhinolaryngol. 2014;78:238-43.
Elsayed AM, Hunter LL, Keefe DH, Feeney P, Brown DK,
Meinzen-Derr J, et al. Air and bone conduction click and tone-
burst auditory brainstem thresholds using Kalman adaptive
processing in non-sedated normal hearing infants. Ear Hear.
2015;36:471-81.

Stapells D. Threshold estimation by the tone-evoked auditory
brainstem response: a literature meta-analysis. J Speech Lang
Pathol Audiol. 2000;24:74-83.

Cone B, Whitaker R. Dynamics of infant cortical auditory evoked
potentials (CAEPs) for tone and speech tokens. Int J Pediatr
Otorhinolaryngol. 2013;77:1162-73.


http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0255
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0260
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0265
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0270
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0275
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0280
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0285
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0290
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0295
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0300
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0305
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0310
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0315
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0320
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0325
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0330
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0335
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0340
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0345
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0350
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0355
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0360
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0365
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0370
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0375
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0380
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0385
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0390
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0395
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400
http://refhub.elsevier.com/S1808-8694(19)30038-2/sbref0400

	Cortical auditory evoked potential in assessment of neonates: a study about minimum level of responses in term and preterm...
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Conflicts of interest
	References


