™ Peertechz

ARCHIVES OF

a
=]
(=]
-4
(L]
-
<
o
4
-
o

mail otolaryngology@peertechz com

Dayane Domeneghini Didoné, Sheila
Jacques Oppitz, Maiara Santos
Goncalves* and Michele Vargas
Garcia

Federal University of Santa Maria, Department

of Morphology - Building 19, Av. Roraima, 1000,
University City - Camobi Neighborhood, Santa Maria-
RS, CEP: 97105-900, Brazil

Received: 17 June, 2019
Accepted: 23 July, 2019
Published: 25 July, 2019

*Corresponding author: Maiara Santos Gongalves,
Federal University of Santa Maria, Department of Mor-
phology - Building 19, Av. Roraima, 1000, University
City - Camobi Neighborhood, Santa Maria-RS, CEP:
97105-900, Brazil, E-mail: maiarasg@yahoo.com.br

https://www.peertechz.com

") Check for updates

Introduction

The clinical audiologist gained a strong ally in the diagnostic
process of central auditory alterations from the association
between electrophysiological and behavioral methods.

The auditory evoked potentials refer to a series of electrical
changes that occur from the inner ear to the cerebral cortex in
response to sound stimulation [1], occurring in time (ms) and
amplitude (1V) determined, thus enabling them to be classified
as short, medium and long latency potentials [2].

Specifically, long-latency auditory evoked potentials
(LEALL) reflect the neuroelectric activity of the auditory
pathway in the thalamus and auditory cortex regions, reporting
discrimination, integration, and attention skills [3]. This
potential is divided into exogenous and endogenous evoked
potentials.

Exogenous potentials (P1, N1, P2, N2) are influenced by the
physical characteristics of the stimulus (intensity, frequency
and duration), independent of the individual's attention to the
acoustic stimuli, and may appear latently around 50 to 200 ms
after stimulation. The presence of these components indicates
that there was encoding of the stimulus in the auditory
cortex, whereas absence suggests non-coding. Endogenous
potential (P3) is elicited through internal events related to the
individual's cognitive function [4], and is expected to appear
with approximate latency at 300 ms post-stimulation in adult
individuals [5].
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P3 mainly reflects the activity of the thalamus and cortex,
structures that involve the functions of discrimination,
integration and attention, so it is used to detect changes in
information processing, immediate memory and decision
making. Graphically, it is characterized by a wave of great
amplitude, which is generated by the expectation of the sound
perception of a rare stimulus, in exchange for another frequent
stimulus. This type of stimulus is called the oddball paradigm,
where the individual must discriminate two different stimuli,
one being frequently presented and the other being randomly
introduced, called the rare stimulus [6].

There are two main markers of this potential, the latency
that is used to measure the time elapsed from the application
of the stimulus to the time when P3 occurs, and the amplitude,
which signifies the size of the neural activation in response to
the stimulus, the importance of measuring them.

As for latency to toneburst stimuli, Martin, Tremblay and
Korczak (5], classify the exogenous components as a 'P1-
N1-P2' complex, where, in normal hearing adults, the negative
peak appears approximately after 100 ms after stimulus, and is
therefore called the N100. The same can be said of P2. P1 has an
approximate latency of 50 ms from the start of pacing. Kraus
and McGee [7], argue that the latency of the N1 component is
between 80 and 250 ms, P2 is about 200 ms, N2 is between
200 and 400 ms, and P3 is between 250 and 350 ms in adult
individuals. Furthermore, McPherson [4], believes that the
N1 components would present latency between 80 and 150,
P2 between 145 and 180 and P3 between 220 and 380 ms.
For speech stimuli, some authors point out that the values
considered normative may be different when compared with
toneburst [8,9].

As for amplitude values, the range of normality found in
the literature is still very broad, ranging from 1.7 to 20puV. For
Ruth and Lambert [10], McPherson [4] and Kraus and McGee
[11], the normal range for amplitude of P3 would be between 1.7
pV and 19.0 pVv.

Based on the above, and considering the variety of protocols
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of normality, the objective of this study was to normalize
cortical potentials based on the results found in normal-
hearing adults with different stimuli using the Intelligent
Hearing Systems brand equipment. Also, the degree of ease of
recognition between verbal and non-verbal stimuli of P3 was
verified.

Methodology

This is a cross-sectional, individual, observational, and
contemporary study. It was approved by the Research Ethics
Committee (CEP) of the Federal University of Santa Maria
(UFSM) under the protocol 25933514.1.0000.5346.

The sampling procedure was performed in a simple
randomized manner, from June to September 2013. Adult
subjects without otological complaints were selected from
the Audiology and Electrophysiology Outpatient Clinic of a
University Hospital of Rio Grande do Sul. informed about
the purpose of the research and agreed to participate in it by
signing the Informed Consent Term.

As inclusion criterion, hearing was considered: normal
hearing according to criteria defined by Lloyd and Kaplan [12],
tympanogram type A and acoustic reflexes present, according
to Jerger [13].

Individuals with a history of hearing, neurological and
language risk were excluded from the sample, and this
information was collected by means of an anamnesis previously
performed.

All participants included in the sample were submitted
to the same protocol of examinations, which consisted of
audiological evaluation and PEALL research with speech
stimulus and toneburst.

Visual inspection of the external auditory meatus was
performed using the Klinic Welch-Allyn clinical otoscope
to rule out any changes that could influence audiometric
thresholds. Next, the tonal audiometry was performed in an
acoustically treated booth and through the Iteras II audiometer
of the Madsen brand.

The tympanometric curve and the acoustic reflexes,
searched in the frequencies of 500 Hz to 4000 Hz, bilaterally
and in the contralateral mode, were analyzed using the AT235
middle ear analyzer from Interacoustics.

The search for long-latency auditory evoked potentials
was performed with two-channel Intelligent Hearing Systems.
After cleansing the skin with abrasive paste, the electrodes were
placed in positions A1 (left mastoid) and A2 (right mastoid), Cz
(vertex), with the ground electrode (Fpz) on the forehead. The
impedance value of the electrodes should be less than or equal
to 3 kohms.

For this examination, the patient was instructed to pay
attention to the different stimuli (rare stimulus) that appeared
randomly, within a series of equal stimuli (frequent stimulus).
The percentage of presentation of the rare stimuli was of 20%,
whereas for frequent stimuli was of 80%.

Non-verbal (toneburst) stimuli were used at frequencies of
1000 Hz (frequent stimulus) and 4000 Hz (rare stimulus); and
verbal (syllables / ba / - frequent stimulus and / ga /, /da /e
/ di / - rare stimuli) presented binaural at an intensity of 75
dBHL. For each type of stimulus (verbal and nonverbal), 300
stimuli (approximately 240 frequent and 60 rare) were used to
obtain the potentials. The tracings were not replicated, since
replication could accustom the patient in recognizing the rare
stimulus, besides causing fatigue and compromising attention.

The research started with pa / ba / and / ga /, followed by
/ba/and /di/,/ba/and/ da/ and toneburst, being that all
the verbal stimuli verbal so that the patient could know them.

From the tracing corresponding to the frequent stimulus,
the latencies of the waves P1, N1, P2, N2; and from the plot
corresponding to the rare stimulus, the latency and amplitude
values of the P3 wave were evaluated.

After the examination, each individual was instructed
to compare the rare verbal stimuli / di /, / ga / e / da / and
indicate the most easily recognizable. He was then instructed
to compare the result of this classification with the rare non-
verbal tone burst stimulus (4000 Hz), again indicating which
would be the easiest recognition.

As study variables, the latencies of the components P1, N1,
P2, N2 and P3 and the amplitude of P3 for the four types of
stimuli were analyzed.

Results

In the period included in the research, 30 individuals were
evaluated, 15 (50%) of the male gender and 15 (50%) of the
female gender. The mean age was 23.3 (+ 3.5) years.

From the information concerning the latency values of
the components P1, N1, P2, N2 and P3, for the four different
stimuli, the estimates for mean and standard deviation were
obtained, as shown in table 1.

The results of the amplitude values of P3 are shown in table

Table 3 presents the information regarding the percentage
of presence and absence of potentials for each type of stimulus.

Discussion

The long latency potential evaluates the cognitive processes
of hearing, that is, it allows to know the functional use that the
individual makes of the stimulus and to infer about the auditory
abilities of memory, attention and auditory discrimination. It
is currently used to detect auditory processing disorders along
with behavioral assessments.

Compared with the international literature, the researches
involving PEALL in Brazil are recent, which makes it necessary
to adopt reference criteria.

The standardization of cortical potentials is fundamental
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Table 1: Mean and standard deviation for latency of P1, N1, P2, N2 and P3 according to ear and type of stimulus.

VEUETE BA x GA BA x DA BA x DI 1000 x 4000 Hz

P1

oD 26 62,2 8,1 27 59,8 81 25 65,5 18,3 22 62,2 119
OE 25 62,6 109 25 60,4 7,0 25 67,2 17,5 21 64,1 133
N1

oD 30 103,8ab 104 30 103,3ab 11,9 30 107,8a 18,2 30 99,3b 14,7
OE 30 108,3 10,5 30 103,7 10,9 30 109,3 179 30 101,9 16,2
P2 sss

oD 30 173,2ab 199 30 175,7ab 20,4 30 182,7a 26,2 30 171,5b 26,7
OE 30 176,9b 17,0 30 175,5b 24,5 30 187,1a 241 30 175,5b 28,6
N2

oD 23 245,7ab 37,0 16 237,1b 434 14 251,6a 37,7 10 216,4c 34,8
OE 22 255,3ab 29,6 14 232,6b 38,7 13 261,4a 332 13 218,5¢c 39,2

P(value) 0,188 0,526 0,720 0,517
P300

oD 26 341,7a 44,2 26 301,5¢ 47,5 25 324,2b 59,2 25 297,0b 27,3
OE 26 344,4a 46,5 28 303,4c 46,3 21 329,9ab 63,4 24 300,4b 36,4

Table 2: Mean and standard deviation of the amplitude of the P3 component of both ears according to the stimulus.

Variaves BA x GA BA x DA BA x DI 1000 x 4000 Hz
N

n DP n DP ] DP DP
Amplitude do P3
oD 27 6,2 22 30 6,9 53 24 6,3 28 26 58 2,1
OE 26 6,6b 2,1 28 7,82 54 21 6,7b 2,5 24 6,1c 2,3
P(value) 0,700 0,095 >0,999 0,737

Table 3: Frequency of occurrence of the components P1, N1, P2, N2 and P3 of both ears according to the stimulus.

Varia-veis BA x GA BA x DA BA x DI 1000 x 4000 Hz

P1
oD 26 86,7 4 133 27 90,0 3 10,0 25 833 5 16,7 22 733 8 26,7
OE 25 83,3 5 16,7 25 83,3 5 16,7 25 833 5 16,7 21 70,0 9 30,0
N1
oD 30 100,0 0 00 30 100,0 0 0,0 30 100,0 0 00 30 100,0 0 00
OE 30 100,0 0 0,0 30 100,0 0 0,0 30 100,0 0 00 30 100,0 0 00
P2
oD 30 100,0 0 00 30 100,0 0 0,0 30 100,0 0 00 30 100,0 0 00
OE 30 100,0 0 00 30 100,0 0 00 30 100,0 0 00 30 100,0 0 00
N2
oD 23 76,7 7 233 16 53,3 14 46,7 14 46,7 16 53,3 10 333 20 66,7
OE 22 733 8 26,7 14 46,7 16 53,3 13 433 17 56,7 13 433 17 56,7
P300
oD 26 86,7 4 133 26 86,7 4 133 25 833 5 16,7 25 833 5 16,7
OE 26 86,7 4 133 28 933 2 6,7 21 70,0 9 30,0 24 80,0 6 20,0
so that this evaluation can be used in clinical practice, helping, In our study, mean P1 latency for right and left ears for
along with the behavioral evaluations, in the diagnosis of the toneburst stimulus was 63.13 ms. These results agree
auditory processing alterations. partially with Albrecht and Uwer [14], where the authors found
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values of 56 ms and 43 ms for the left and right hemispheres,
respectively.

For N1 with toneburst, mean latency between the ears was
100.6 ms also agreeing with the study of Albrecht and Uwer
[14]. Kraus and McGee [7], propose N1 values ranging from 80
to 250ms and, McPherson [4], variations from 80 to 150ms.
Considering the minimum and maximum values found in
this study, our results agree with the variability proposed by
McPherson [4].

In this study, the average latency of P2 for right and left
ears with toneburst was 173.5 ms, agreeing with César and
Munhoz [15], who found values close to 182 ms. Our results
also agree with Kraus and McGee [7], where the authors report
latency close to 200ms. Considering minimum and maximum
values our results also agree with McPherson [4], describe
latency range ranging from 145 to 180ms.

For N2 the average for toneburst was 217.45. These results
agree with Colafémina et al., [16], who found values of 231.2 ms
for this component.

The mean latency for the P300 with toneburst found in
this study was 298.7ms. These results agree with the study
by Crippa, Aita and Ferreira [17], in which the mean latency
for P3 was 299.4ms in the right ear and 296.9ms in the left
ear. However, it disagrees with the study by Duarte et al., [18],
where the average for the P300 was 341ms. Some authors, such
as Hall [19], point out that the variations for the P300 can be
justified by determinants such as different equipment, patient
care, age, among others.

In relation to the amplitude of P3, what is observed in
the literature are variations from 1.7 to 20uV (Reis; Iorio,
[20], and many scholars do not characterize amplitude as an
important parameter in P3 interpretation [21]. Because it is a
normalization study, the amplitude was analyzed in this study.
For the tone burst, the average between the ears was 5.95uV.
These results agree with the study by Pinzan-Faria [22], where
the average for ears with normal thresholds was 6.47uV.
However, our results disagree with the study by Silva, Pinto
and Matas [23], in which the mean amplitude for individuals
without central alterations was 10.6uV. Picton [24] notes that
the amplitude of P3 is variable due to the different levels of
attention during the examination.

Speech stimuli have been increasingly used in clinical
practice since they contribute to the verification of related
cortical regions such as speech signal processing. As the
present research deals with a descriptive and normative study,
the variables between speech stimuli and tone burst were not
statistically compared. However, it was observed that the mean
of the exogenous components and the P3 was higher for the
speech stimuli when compared to the tone burst, except for the
P1 component, in which the average for most speech stimuli
was lower when compared to the pure tones. These results
agree with Massa et al. [25] and Alvarenga et al., [26], in which
the authors emphasize that P300 latency increases when the
"targets" for discrimination are more "difficult" than the
standard, ie, latency is sensitive to the task processing demand.

In terms of amplitude, some scholars report that the
amplitude decreases the greater the difficulty of the task's
difficulty [27], Geal-Dor, Kamenir, Babkoff, 2005 [28], Massa
et al 2011 [25]. If we consider the greater complexity of speech
stimuli at the level of cortical processing, this assertion is not
justified for the present research, since the amplitude was
higher for the speech stimuli. However, when we consider
the subject's opinion for the difficulties of the stimulus, our
research agrees with the authors mentioned above, since the
individuals reported that the majority of the speech stimuli
are easier when compared with the tone burst, and the mean
amplitude was higher for syllabic contrasts. The variable
"difficulty" of the task was not analyzed for the present article,
however they are part of another parallel research.

Regarding the occurrence of potentials, in this study the
N1-P2 complex was visualized in all patients and in all types
of stimuli. These results corroborate with the literature, which
states that from the age of 16 this complex can already be
visualized, being dependent on the maturational process [29].
The occurrence of P1 and N2 was higher for speech stimuli than
for tone burst. Novak et al., [30], report that N2 is related to
the process of identification and attention to the rare stimulus,
being correlated with the difficulty level of the task. This fact
justifies the greatest occurrence for speech stimuli for N2,
since, as previously reported, most individuals reported having
greater ease in identifying these contrasts. P1 is considered
the potential of greater variability in adults due to the greater
difficulty of visualization. Albrecht, Suchodoletz and Uwer [14],
report that P1 is not as reliable for interpreting the results in
adults. We believe that a higher occurrence of this potential
for speech stimuli may be correlated with the greater cortical
stimulation of speech contrasts.

From this research can be characterized the latency and
amplitude values for the cortical potentials through different
speech and tone burst stimuli. This standardization can be
used, along with other research, as a reference for clinical use.

Thus, in general, we found that for speech stimuli the
overall mean of P1 latency was 62.95 ms whereas for tone
burst it was 63.15. For N1 the mean was 106.03 ms for speech
and 100.6 ms for pure tones. The mean P2 was 178.51 ms for
speech and 173.5 ms for tone burst. For N2 the mean latency
was 247.28 ms for speech and 217.45 ms for tone burst. For
P3, the mean was 324.18 ms for speech and 298.7 ms for tone
burst. The amplitude was 6.75 uV for speech stimuli and 5.95
ms for tone burst. These values can be used as a reference in
other studies.

Conclusion

It was possible to characterize latency and amplitude values
for cortical potentials with different speech and tone burst
stimuli.
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