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ABSTRACT

Purpose: to monitor, with long-latency auditory evoked potentials, the plasticity of the
central auditory pathways in adults and older adults, new users of hearing aids.

Methods: a total of 15 adults and older adults, aged 55 to 85 years, participated in the
research. They had a symmetric bilateral mild to moderate sensorineural hearing loss,
without previous experience with any type of hearing aid. The long-latency auditory
evoked potentials were conducted with and without amplification, at 60 and 75 dBnHL,
with speech stimulus in a sound field, in two assessment moments: up to one week
after fitting the hearing aid and after six months of its use. The Student’s t-test was
used for statistical analysis, considering significant the p-value < 0.05.

Results: responses with lower latency values were observed for the right ear in the
second assessment. Comparing the first with the second assessment, both with and
without the hearing aid, an increase in the amplitude of P2-N2 was observed, as well
as an increase in the latency of the P2 component at the intensity of 75 dBnHL. No
statistically significant differences were observed at the intensity of 60 dBnHL.

Conclusion: the use of the hearing aid promoted the plasticity of the central auditory
pathways, increasing the number of neurons responsive to the sound stimuli.

Keywords: Hearing Aids; Neuronal Plasticity; Evoked Potentials, Auditory; Hearing
Loss; Sensorial Deprivation
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INTRODUCTION

Neuroplasticity is the central nervous system’s
ability to be modified through a structural and/or
functional reorganization. It is dependent on intrinsic
and environmental mechanisms and takes place after
the intervention, resulting from either exercising an
ability or being frequently exposed to a stimulus’.

Stimulating the auditory pathways with the current
technological resources — such as the cochlear implant
and hearing aid (HA) — brings about noticeable changes
in the neuronal connections, evidencing the existence
of neural plasticity’. The effects of plasticity resulting
from the use of HA can be assessed with auditory
electrophysiological tests, also known as auditory
evoked potentials?.

The auditory evoked potentials are objective proce-
dures used in the field of clinical audiology to assess
the neuroelectric activity of the auditory pathway, from
the auditory nerve to the cerebral cortex, in response
to an acoustic stimulus. Such activity can be picked up
with surface electrodes attached to the earlobes, face,
or scalp®.

The P1, N1, P2, and N2 components of the long-
latency auditory evoked potentials (LLAEP) are being
investigated in the specialized literature. It has proved
to be quite promising in the assessment of HA users
to verify modifications in the central auditory nervous
system (CANS) following auditory stimulation with
sound amplification*5. These components’ possible
generators encompass areas of the primary (superior
temporal lobe) and secondary auditory cortex, and the
limbic system, and are interfered by the neural plasticity
process®.

Besides these, the results of the P3 (or P300)
component of the LLAEP are also being researched
in HA users, proving to be an effective method to
verify how these people are objectively processing
the acoustic signal. The possible P300 generators
encompass the hippocampus, frontal lobe, and parietal
lobes®.

There is a vast amount of published longitudinal
studies in the scientific literature describing the effects
of neural plasticity with LLAEP analysis in patients
who use electronic devices. Nevertheless, most of the
articles report the experiences of either children or
cochlear implant users. Also, there are in the literature
studies assessing older adults, but not longitudinally,
and approaching the assessment of experienced HA
users.
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Hence, there is a need for scientific evidence of the
benefit of amplifying neural plasticity in adult and older
adult HA users following a certain period of stimulation
throughout the rehabilitation process.

The present study’s differential is the longitudinal
assessment (before and after six months of experience)
of adult and older adult new HA users to measure the
effects of neural plasticity in their auditory pathway. The
hypothesis is that adults and older adults with sensori-
neural hearing loss improve in the LLAEP due to their
use of the HA.

This study aimed to monitor, with the LLAEP, the
plasticity of the central auditory pathways in adults and
older adults, new HA users.

METHODS

This is a prospective longitudinal study conducted
with adults and older adults with a symmetric, bilateral,
mild to moderate sensorineural hearing loss.

This research was approved by the research
ethics committee of the Faculdade de Medicina da
Universidade de Séo Paulo — FMUSP, Sao Paulo, Brazil,
under number 228/15, having complied with the ethical
precepts for human research. The collection began
after the project had been approved by the ethics
committee. All the participants were informed of its
objectives and procedures and signed the informed
consent form.

Altogether, 15 adult and older adult individuals,
aged 55 to 85 years (72 = 7.16 years), seven males
and eight females, participated in the study. All of them
were beginning to use the HA.

The inclusion criteria were defined as:

* Having normal otoscopy;

* Presenting mild to moderate symmetric bilateral
sensorineural hearing loss, according to Lloyd and
Kaplan’s classification’;

* Having used the HA for up to a week before the first
assessment;

* Not having a neurologic or psychiatric impairment
that might hinder their understanding of the proce-
dures to be followed. Using medications or having
chronic diseases were not considered at this
moment.

Conventional audiological assessments (measuring
the acoustic immittance, pure-tone threshold
audiometry, and speech audiometry) were performed
to discard changes in the middle ear and determine the
hearing thresholds.



All the procedures described below were performed
in two separate moments: up to one week after
fitting the HA and after six months using the HA. The
selection, fitting, and follow-up of HA use, as well as the
fine adjustments, when necessary, were done by the
speech-language-hearing team of the hearing health
service attended by the adults and older adults for
follow-up before the audiological assessments.

For the LLAEP, the skin was cleaned and the
electrodes attached with electrolytic paste in prede-
termined positions (vertex — Cz, and right and left
mastoids — M2 and M1), following the norm in the
International Electrode System IES 10-20%. The
electrodes’ impedance values, which had to be below
5 kOhms, were verified.

The equipment used to pick up the LLAEP was the
model Smart EP USB Jr manufactured by Intelligent
Hearing Systems (IHS 5020). The acoustic speech
stimuli (syllables /ba/ and /da/) were presented at the
intensities of 60 dBnHL and 75 dBnHL in an acousti-
cally treated room, in a previously calibrated sound
field, and with the loudspeaker positioned at 0° azimuth
one meter away from the patient.

The stimulus was presented at the rate of 1.1 per
second, totaling 300 stimuli — 15% corresponding to the
rare stimulus (syllable /ba/) and 85%, to the frequent
stimulus (syllable /da/). The analysis window lasted 512
ms, and the high-pass and low-pass filters were set at
1 and 30 Hz.

Each person was assessed in two conditions: one
of them with both devices turned on, and the other
without the HA. Thus, the ears were simultaneously
stimulated, and the responses of both left and right
auditory pathways were picked up.

The individuals were instructed to pay attention to
the rare stimuli, which were randomly presented amid a
series of frequent stimuli. They were asked to count the
number of times the rare event occurred®. Considering
the oddball paradigm, each hearing condition (with and
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without the HA, and at the intensities of 60 dBnHL and
75 dBnHL) was collected only once.

After the LLAEP pick-up, the P1, N1, P2, N2, and P3
components were analyzed. The P3 component (an
emerging positive peak at approximately 300 ms) was
analyzed in relation to its latency and amplitude (N2-P3)
in the tracing corresponding to the rare stimulus. In the
tracing corresponding to the frequent stimulus, the P1
and P2 components were identified (emerging positive
peaks at approximately 50 ms and 150 ms), as well
as the corresponding N1 and N2 (emerging negative
peaks at approximately 100 ms and 200 ms), whose
latency and amplitude were analyzed (P1-N1 and
P2-N2) (Figure 1).

Marm

s

N/r

Figure 1. Example of the analysis of the tracing of long-latency
auditory evoked potentials
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To increase the accuracy of the result analysis,
the electrophysiologic tracings were blindly analyzed
by two judges (professionals experienced in LLAEP
analysis). Whenever there were divergences, a third
judge (who had not had access to the previous
analyses) was consulted.

Each component’s latency and amplitude results
were analyzed with descriptive statistical measures
concerning the mean and standard deviation values.

Afterward, the data were analyzed with inferential
analysis to compare the results obtained in the right

and left auditory pathway. In a second analysis stage,
the results obtained in the two assessment moments
(up to one week using the HA and after six months
experiencing it) were compared.

Considering that the data obtained in the sample
presented a normal distribution around the mean, the
Student’s paired t-test was used to analyze the compar-
isons. The statistically significant differences were
considered based on p-values up to 0.05.

RESULTS

Table 1. Comparison between latencies (milliseconds) and amplitudes (microvolts) of the components of the long-latency auditory
evoked potentials in the right and left auditory pathways, at the intensity of 60 dBnHL, without the hearing aid

1+ Assessment p-value 2% Assessment p-value
i E 94 (110 0.410 57 (214 0.591
o1 EES
1o a0 miEe
e 1ol mE
1o e
P i e Eﬁg; 0.210 i Ejg; 0.905
T~ T A
N2-P3 ! - Eigg; 0.454 20 Eigg; 0574

Legend: R- right auditory pathway; L- left auditory pathway; Mean (= standard deviation)

Student’s t-test
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Table 2. Comparison between latencies (milliseconds) and amplitudes (microvolts) of the components of the long-latency auditory
evoked potentials in the right and left auditory pathways, at the intensity of 60 dBnHL, with the hearing aid

19 Assessment p-value 2" Assessment p-value

i FE ;23 Eiggi 0.260 322 Ef;gg 0.012*
T EE e R o
& i 17 Eig ; 0372 e Eij ; 0.300
T MR mmal
- DT R
P1-N1 ! i Eifé; 0.383 i Eigg; 0.900
P2-N2 ! o EB 0.842 o Ejj; 1,000
S R

Legend: R- right auditory pathway; L- left auditory pathway; Mean (+ standard deviation); *p-value with a statistically significant difference.

Table 3. Comparison between latencies (milliseconds) and amplitudes (microvolts) of the components of the long-latency auditory
evoked potentials in the right and left auditory pathways, at the intensity of 75 dBnHL, without the hearing aid

19 Assessment p-value 2" Assessment p-value
i FE 8801?7({_;1861(;) 0.664 ;22 Eifég; 0.251
R R R
o] EmGE o Eiaw
1 oEE o B .
o1 mED e D
S T U T A
e 1 BEE e B e
N2-P3 ! o Efg ;; 0.306 . Eig g; 0.509

Legend: R- right auditory pathway; L- left auditory pathway; Mean (= standard deviation)

Student’s t-test
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Table 4. Comparison between latencies (milliseconds) and amplitudes (microvolts) of the components of the long-latency auditory
evoked potentials in the right and left auditory pathways, at the intensity of 75 dBnHL, with the hearing aid

1+ Assessment p-value 2" Assessment p-value

i y 777467((;9689)) 0.283 Qfg Efg:i 0.046*
o1 R e omEm
7L sy o4 207 (340 0351
2L ey 0872 2771 (w45 0354
o1 B mER
P1-N1 ! jg Ei g; 0.151 jg Ejg; 0.982
e 1 BES o BER
N2-P3 " '8 Eigjg 0.354 . ggg; 0.932

Legend: R- right auditory pathway; L- left auditory pathway; Mean (+ standard deviation); *p-value with a statistically significant difference.

Student’s t-test

In the comparison between right and left auditory
pathways, considering both intensities and both
assessment moments, no significant differences were
verified in any of the components assessed without the
HA (Tables 1 and 3).

As for the assessments with the HA, there were
statistically significant differences for the latencies of
the P1 and N1 components in the second assessment
at 60 dBnHL - with greater latencies in the left (Table
2). In the second assessment as well, at the intensity
of 75 dBnHL, a statistically significant difference was
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observed between the right and left auditory pathways
for the latency of the P1 component using HA — the
greatest values were also observed in the left (Table 4).

When each of the LLAEP components was analyzed
for each intensity used, with and without HA, statisti-
cally significant differences were observed between
the first and second assessment, in the left auditory
pathway, for the P2-N2 amplitude (Figures 2 and 3).
The amplitude was greater after six months using the
HA.



H First assessment

B Second assessment

6 0.699
0.452
> 0.629
0.328 :
S 4
2 0.095 0.042*
(V]
T3
=
°
£
1
0
P1-N1 R P1-N1L P2-N2 R P2-N2 L N2-P3 R N2-P3 L
P1-N1R P1-N1L P2-N2 R P2-N2 L N2-P3 R N2-P3 L
15t Assessment 3.95 4.3 2.3 2.1 4.6 5.6
2" Assessment 4.3 4.5 3.2 3.2 5.2 4.8

Legend: R- right auditory pathway; L- left auditory pathway; *p-value with a statistically significant difference
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Figure 2. Comparison of the amplitudes of the long-latency auditory evoked potentials between the 1st and 2nd assessments, without the
hearing aid, at the intensity of 75 dBnHL

B First assessment

u Second assessment

0.111
0.152 0.679
0.868
4
S
= *
i 0.466 0.028
k]
=
=2
g 2
<
1
0
P1-N1R P1-N1L P2-N2R P2-N2L N2-P3R N2-P3 L
P1-N1R P1-N1L P2-N2 R P2-N2 L N2-P3 R N2-P3 L
1t Assessment 4.2 4.9 2 1.9 4.8 4.2
2" Assessment 4.3 43 2.5 3.1 4.5 5.6

Legend: R- right auditory pathway; L- left auditory pathway; *p-value with a statistically significant difference

Figure 3. Comparison of the amplitudes of the long-latency auditory evoked potentials between the 1st and 2nd assessments, with the
hearing aid, at the intensity of 75 dBnHL

Differences were observed in the left auditory
pathway latency results of the N2 component between
both assessments, both without (Figure 4) and with
HA (Figure 5) — the latency was greater in the second

assessment.

Concerning the comparison between the first and
second assessment at the intensity of 60 dBnHL,
no statistically significant differences were observed
neither with HA, nor without it (p-values > 0.05).
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400 H First assessment = Second assessment

0.378 0.333

350
0.054 0.004*
0.102 0.175
0.285 0.747
100 0.873 0.718
50
N2-R N2-L P3-R P3-L

P1-R P1-L N1-R N1-L P2-R P2-L

Latencies (ms)
N N w
o [OA) o
o o o

[any
(%
o

P1-R P1-L N1-R N1-L P2-R P2-L N2-R ' N2-L | P3-R | P3-L
15t Assessment 80.3 81.7 129.8 130 202.9 214.3 | 249.7 | 252.7 | 359.6 | 355.8
2" Assessment 78.9 83.3 122.3 128.3 224.6 226.1 | 2845 | 285 | 348.1 | 346.8

Legend: R- right auditory pathway; L- left auditory pathway; *p-value with a statistically significant difference

Figure 4. Comparison of the latencies of the long-latency auditory evoked potentials between the 1st and 2nd assessments, without the
hearing aid, at the intensity of 75 dBnHL

H First assessment B Second assessment
400

350 0.358 0.972

w
o
o

0.018*
0.101

0.252

N
[
o

0.179

100 0.651 0.213
i I .
0
P1-R P1-L N1-R N1-L P2-R
P1-R P1-L N1-R N1-L P2-R P2-L N2-R | N2-L | P3-R | P3-L

1t Assessment 74.7 77.6 123.1 126.3 202.6 2429 | 2443 | 2429 | 334.1 | 3478
2"d Assessment 75.9 81.2 126.3 1253 216 220.7 | 266.7 | 277.1 | 349 | 3483

Latencies (ms)
S
o

[y
w1
o

P2-L N2-R N2-L P3-R P3-L

Legend: R- right auditory pathway; L- left auditory pathway; *p-value with a statistically significant difference

Figure 5. Comparison of the latencies of the long-latency auditory evoked potentials between the 1st and 2nd assessments, with the
hearing aid, at the intensity of 75 dBnHL

DISCUSSION In the first stage, the results obtained in the right and

In this study, the LLAEP was used to verify modifica- left auditory pathways were compared with and without
tions in the latencies and amplitudes associated with HA. Greater latency time in the sound processing in the
amplification in adults and older adults, new HA users, left auditory pathway was observed in the analysis of
to monitor the auditory pathway plasticity. some components.
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Considering that the neural pathways are crossed
throughout the CANS and that the right hemisphere
processes mainly nonverbal sounds, while the left
processes mainly verbal sounds'®2, the better
responses (lower latencies) observed in the right
auditory pathway (left hemisphere) can be justified, as
the acoustic stimulus used to elicit the neural responses
in the present research was speech.

Regarding the longitudinal monitoring of the
auditory pathway before and after six months using the
HA, an increase in the P2-N2 amplitude was verified at
the intensity of 75 dBnHL, both with and without the HA,
in the left auditory pathway.

Few studies in the literature assessed the plasticity
resulting from the use of hearing aids in adult and older
adult new HA users, and they came to conflicting results.
One of them assessed the impact that using HA for six
months had on the P300 in individuals 16 to 60 years old
with unilateral sensorineural hearing loss. They used the
tone-burst stimulus presented at 70 to 100 dB, depending
on the person’s hearing threshold'®. An increase in the
amplitude of the P300 component was verified', differing
from the findings in this study; however, the methodology
and sample differed considerably as well.

Another study, with a different methodology from the
present one (using 500 and 3000 Hz tones, presented
at 65, 75, and 85 dB), aimed to investigate changes
in the central auditory processing in adult uni- and
bilateral new HA users. After 12 weeks, no significant
change was observed in either the N1 or P2 waves,
although a significant improvement was noticed in
speech recognition'.

Previous studies demonstrate that, with the use
of the HA, there is a decrease in the latencies, an
increase in the amplitudes, and an improvement in
the morphology of the LLAEP waves when compared
with the nonuse of the HA. Moreover, the increase in
the amplitude of the LLAEP components reflects the
plasticity following auditory treatment in adults and
can reflect a possible increase in the neural synchrony.
Hence, it is likely that the effects of amplification furnish
similar changes in the neural synchrony for older
hearers and that these effects are measurable using the
amplitudes of cortical auditory evoked potentials'®'’, as
observed in the findings of the present study.

An increase was observed in the latency of the
N2 component after six months using the HA. It is
difficult to explain this finding since what is expected
is a decrease in the latency due to the plasticity.
Nonetheless, previous studies have been showing
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situations similar to what was observed in the present
study. The authors have related these findings to the
influences determined by the algorithms of the HAs820,
For instance, when the LLAEP was compared between
using and not using HA, a delay in the latencies of the
N1 and P2 waves was observed in the amplified ears’®.
Another study comparing analog and digital HAs with
LLAEP verified latencies in the N1 and P2 waves,
without significant differences between using and not
using HA, as well as a significant delay in the latencies
of N1 and P2 for both digital HAs'.

As for the intensity of the acoustic stimulus, greater
latency and lower amplitude values were observed
at the lowest intensity assessed (60 dBnHL). These
findings were already expected, especially for the first
LLAEP components (P1, N1, P2, and N2), which are
considered exogenous due to their being interfered
by the characteristics of the acoustic stimulus - i.e.,
the lower the intensity, the fewer neurons respond to
the stimulation, which decreases the amplitude and
increases the latency of the response?.

In this study, 75 dBnHL was the best intensity
employed for the acoustic stimulus, as at this intensity
the responses were registered with the lowest latencies
and greatest amplitudes, making it easier to visualize
the LLAEP components.

Hence, it is suggested that the increase in amplitude
observed in the present study is related to the morpho-
logical and functional changes resulting from the
increase in the number of responsive neurons, as
well as the increase in the dendritic ramification and
synaptic connections and synchronizations'®?!, which
took place in the adults and older adults assessed after
six months using the HA.

The human brain’s capacity is known to change
much more effectively with the auditory experience
in younger people. However, such plasticity is also
present throughout life’” and the findings of the present
study reinforce the idea that even in a degenerating
aging pathway, the effects of neural plasticity are
present. Therefore, it is essential to perform interven-
tions in them.

CONCLUSION

The results revealed that using a HA for six months
could intensify the CANS plasticity in the sample
studied, increasing the number of neurons responsive
to sound stimuli. This reinforces the need for adults and
older adults presented with mild to moderate sensori-
neural hearing loss to use hearing aids.
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