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SUMMARY
Introduction:

The number of elderly people, without hearing loss or with mild hearing loss in high frequencies, with
difficulties in understanding speech complaints is growing. Looking for possible dysfunctions at the
primary auditory cortical level we underwent this study.

Objective:

evaluate these people by mean of the auditory evoked potentials generated at the primary auditory
cortex.

Method:

The study group was composed of 19 elderly individuals, with ages between 60 and 80 years old, who
had difficulties in understanding to speech complaints unjustifiable on conventional audiological
evaluation basis. The latencies values for N1 e P2 cortical auditory evoked potentials were measured.

Results:

Waves N1 e P2 were obtained in all evaluated individuals with latency values within the normal range.

Conclusion:

It was concluded that N1 and P2 latencies were unaffected by the auditory dysfunction presented in
the evaluated individuals.
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INTRODUCTION
Determining topographic levels of a hearing disorder
is not as simple as it seems, especially when the individual
complains of hearing difficulties in speech understanding
when auditory tests are in normal conditions.
It has been noticed an increase of elderly people
with hearing disorder-related symptoms due to the rising
number of the life expectancy of this population.
Complaint of “listen, but do not understand”
symptom, mainly in noise environment, where there are
music and people talking, is becoming more frequent from
people aging over 60.
Mild to moderate sensorineural hearing loss on
speech frequency, especially for sharp sound, has been
affecting most of those individuals and it is also the
reason for their peripheral-otological-alteration-based
complaints.
Another explanation which should be analyzed is for
complaints of individuals with normal hearing test or
hearing loss on frequencies of 4000 HZ.
In the past few years, alterations on nervous system
on hearing arising from aging have been taken as a serious
factor of speech understanding by the elderly with or
without expressive hearing loss (1).
Such alterations could justify the fact that only 40 to
60% of the elderly who wear hearing aid is favored by it (2).
Audiology has been increasing regarding research,
by helping evaluation, diagnosis and habilitation and
rehabilitation interventions on hearing system pathology.
Alterations on central auditory process tests involving
hearing abilities of localization, attention, figure-ground,
memory, recognition, analysis and auditory synthesis can
be present on individuals, with or without hearing loss, who
complain of communication difficulty (3).
Conventional central auditory process tests take
long to be performed and they depend on patients’
cooperation.
Electrophysiological approach to evaluate cortical
auditory activities can be quicker and less tiring for patients.
Evoked auditory potentials is fundamental on
audiology process, though the ability to receive electric
potentials, which are made into several levels of the
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nervous system in response to acoustic stimulation, counts
for a single diagnosis method.
The waves N1 and P2 were the first evoked auditory
potentials on hearing electrophysiology history described
by Davis P.A. (4).
Such potentials are related to auditory system on
primary and secondary cortical areas involved in the central
auditory process. Achieving them does not depend on
patient’s active participation, but requiring they become
alert and still (5).
They are great in amplitude terms and easy to
obtain. Latency N1 is usually from 80 to110ms and P2 from
150 to 200ms.
The Potential N1 starts from the primary auditory
cortex in the lateral and superior area of the superior
temporal gyrus. The potential P2 also starts from the same
point as N1 and goes along Sylvian fissure contralaterally to
stimulation, by involving cortical areas of auditory agnosia
(7). Its electric activity core is placed next to Heschl’s gyrus
(8) and its latency has been considerably higher in the
elderly (9).
P300 (P3) is another long-distance latency auditory
potential which has been a topic of study on elderly
auditory (10,11), in latencies between 250 and 350ms in
young adults. In order to arise it, it is necessary the active
participation by the patients who should count on the
different frequency stimuli P300 is not achieved if patient
only hears but is not able to count any stimulus. That is why
such potential originates from the individual and is socalled endogenous. It is always found together with N1 and
P2 which precede it.
The potentials N1 and P2 were used to determine
auditory threshold on difficult-to-evaluate patients (12,13)
and has been presenting with alterations on neural pathology
which affects brain auditory cortex (14,15,16,17,18,19).
Researches on N1 and P2 have been bringing
important information on the elderly brain activity with no
clear neural pathology.
The amplitude N1 was lower in the elderly group
when compared to young adults. The elderly was stimulated
by hearing sounds in one ear and conversation sounds in
the other (20),
The level of the acceptable background noise while
hearing conversations was related to differences on latencies
N1 and P2. That acceptable background noise is in dBs
degree which measures the amount of noise a person can
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hear with no discomfort. Higher latencies were found in
individuals who could bear more noise with no discomfort
when talking. These two electrophysiological indicators
were used regardless age, gender and hearing level (21).
The use of stimuli with speech sound in clear sound
places has been applied to make electrophysiological test
closer to everyday hearing conditions (22).
There is a notable clinic and scientific interest on
studying auditory processing through cortical evoked
auditory potentials. The reason is that it is believed they
show sound recognition and/or detection (23).
All the information already mentioned assures the
importance of studying electrophysiological evaluation of
hearing process through evoked potentials of latencies N1
and P2 in elderly population who complain of difficulties
in speech understanding and with normal conventional
audiologic evaluation.
The target of this study is to evaluate N1 and P2
behavior by determining figures of latencies N1 and P2 in
the elderly with hearing complaints and normal audiometry.

METHOD
After being approved by the Research Ethics
Committee of UFSM (process# 0078.0.246.000-05), 6
males and 13 females aging between 60 and 80 were
selected. They searched for ENT clinic and were assisted
by the first author of this study from January 2006 to June
2207. They reported good hearing but difficulty in speech
understanding when people talked at the same time. All of
them accepted to take part in the study by signing the Free
and Clear Consent Term. All patients presented ENT exam
in normal condition, audiometry test with up to 25 dB NA
tonal threshold average in the frequencies of 500, 1000,
2000 and 3000 Hz and Percentage Index of Speech
Recognition higher than 80% in both sides.
The exclusion data were: cerebral vascular accident
history: cranial trauma; cerebral tumors; elderly insanity;
schizophrenia; aphasia; chronic renal failure; drinking
problems; Multiple Sclerosis; Parkinson, Huntington and
Alzheimer’s Diseases; psychoactive drug use; absences in
evaluations and patients who did not agree on taking part
in the study.
AMPLAID 315 audiometer by discending-ascending
technique was applied to perform tonal audiometry tests.
The potentials N1 and P2 were achieved by using
MASBE CONTRONIC and as stimulus Tone Bursts of 1000
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Hz with 50 ms and 10 ms of rise decay times, through
headphones, in simultaneous and binaural way, on the
frequency of 0.8 pps, and intensity of 80 dB NA. Bioelectrical
activity was between 1 and 20 Hz, the analysis gap was
1000ms and recorded from electrons placed in CZ-A1 and
CZ-A2 with immitance lower than 5 Kohms and the
difference between them no more than 2 Kohms. 240
stimuli were presented in a single intensity and repeated
to affirm results. Patients were asked to keep open eyes
staring at an aim within their sight field. In order to keep
alert level in constancy, it was required the patients to keep
counting the 2000 Hz stimuli, which were less frequent
(N1 and P2 potential research was done together with the
P300 one). Counting stimuli correctly was a criterion to
validate the response to P300, which confirmed the patient’s
attention.
Latencies of N1 and P2 peaks (picture 1) were
measured on the response by the frequent stimuli (1000
Hz), and normal-considered figures were 120 ms and 228
ms respectively (5).
Results from amplitude measures from N1 and P2 as
well as latencies and amplitudes from P330 will be soon
topics for the coming studies.

RESULTS
The N1 and P2 potentials were achieved in all
individuals in response to 1000 Hz stimuli in constant way
when researching P300 with intensity of 80 dBNA.
Table 1 displays the average of latencies with
standard deviation for N1 and P2. The maximum figures for
N1 and N2 were 120ms and 220ms respectively.

DISCUSSION
CRANFORD (24) reported latencies of 97 ms (DP 7)
for N1 and 187 (DP 22) in 40 individuals aging from 20
and 80 years (10 of them were between 60 and 80 years
old) with normal hearing regarding their ages. They
were volunteers in a study on the effects of contralateral
noise presence when researching N1 and P2. These
figures of latencies are quite similar to the ones of this
current study.
F RANCO (25), when studying 25 volunteers in
normal condition aging from 22 to 58 years (average
age 38), reported 90 ms (DP 8) for latencies N1 and
180 ms (DP 18 ) for P2. Latencies for N1 were lower
than the ones from this study and remained the same
for P2.
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Table 1. N1 and P2 latency figures of 19 elderly patients
with hearing difficulty complaints non-explainable by the
findings of audiometric exams.
Potential
Average
Standard Deviation
N1
100 ms
09 ms
P2
176 ms
25 ms

Disorders on central auditory process should be
suspected every time complaints of speech
understanding and reception were higher than
conventional audiometric evaluation professionals would
suppose (little audiometric alteration for lost of
communication complaints). Such suspicion should also
be taken into consideration when hearing aid efficiency
is lower than expected, by considering only conventional
audilogical findings.
Picture 1. Example of Cortical Auditory Evoked Potential Cortical Auditory Evoked Potential in response to a series of
300 50ms-duration tone bursts; intensity: 80 dBNA; obtained
in a 1000 Ms gap; sensibility; 5µV/ div, from a 75-year-old
female patient. The superior line displays the promediation of
60 responses to rare stimuli (2000 Hz) that patients could
count. The intermediate line displays the promediation of 240
responses to frequent stimuli (1000 Hz), unknown by patient.
The inferior line displays the result of the subtraction between
the first and the second responses, which produced the
cancelation of N1 and P2 and which made N2 and P300 stand
out.

TAMPAS (21) examined 21 young adults (average
age of 24 years) and achieved latencies of 89 ms (DP 12)
for N1 and 145 ms (DE 15). The difference in P2 latency
should be related to the evaluated age, thus both N1 and
P2 increase according to age. This increase does not
mean much for N1, but it is fundamental for P2 which
increases 40 ms between 20 and 80 years (26) on the
average.
Latency figures from N1 and P2 in this study are
considered normal according to the abnormal criteria on N1
and P2 research on adults: 1) obtained waves with no
response; 2) absent waves; 3) N1 latency higher than 120
ms and 4) P2 latency higher than 228 ms applied by Musiek
1994 (5) and, 5) they coincide with figures from other
studies already mentioned.
Studies which relate central auditory process
with potentials of long latency on elderly population
have been focused on P300 research (8). Although N1
and P2 are displayed in all studies which research
P300, we did not find any studies relating their latencies
with difficulties on speech understanding in the
literature.
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In the past few years, therapies for auditory process
disorder have been important for providing a better hearing
(and life) quality to the elderly with communication
problems, by justifying more attention on diagnosing such
disorder.
The electrophysiological evaluations of other
dimensions of N1 and P2 as well as the researches on other
potentials of auditory cerebral cortex are the targets of the
coming studies by the current team, aiming to find objective
tools on diagnosis and follow-up of the central auditory
process disorders.

CONCLUSION
Latencies of auditory potentials of N1 and P2 long
latency did not present any alterations on elderly patients
who complained of speech understanding difficulty and
who presented normal tonal audiometry on frequencies
lower than 4000 Hz, which suggested that the latency of
such potentials is not affected by this type of hearing
problem.
The fact that this population (complaining of speech
understanding) did not present alterations on latency of
such potentials suggests that hearing disorder would not be
in the sites from those studied in this work
electrophysiologically.
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