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The impact of stimulation rates in vestibular evoked myogenic
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estibular evoked myogenic potentials (VEMP) have been used in complementary otoneurological
assessment, but the use of VEMP in clinical settings is limited. VEMPs can be used to assess vestibular

function, particularly of the saccule, the inferior vestibular nerve, and/or the vestibular nucleus.

myogenic potential;
vestibular function
tests.

Objective: To verify the highest possible - and reliable - stimulation rate to obtain VEMPs.

Method: The VEMPs of 18 subjects were acquired using stimulation rates ranging between 5.1 and
40.8 stimuli per second. Study design: cross-sectional contemporary cohort study.

Results: Latencies were kept unaltered and amplitudes were progressively reduced as stimulation
rates were increased. However, ANOVA and the Kruskal-Wallis test failed to find statistically significant
differences between the tested parameters. The study further indicated that when stimulation rates
of 5.1 and 10.2 stimuli per second were compared, no statistically significant differences were
observed in latency.

Conclusion: The highest reliable stimulation rate observed in the group of young adults with normal
hearing included in this study was 10.2 stimuli per second.
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INTRODUCTION

Vestibular evoked myogenic potentials (VEMP)
have been used in the complementary assessment of
vestibular function, particularly of the saccule, the in-
ferior vestibular nerve, and/or the vestibular nucleus'.

Responses are captured from neck muscles
through surface electrodes. The tracings derived from
acoustic stimulation are made up of two complexes of
two-phase waves: p13 and n23'7"!. VEMPs can be ob-
tained from air, bone, and galvanic acoustic stimulation®.

Response characteristics are correlated to the type
of stimulation and frequencies used. Tone bursts'"" or
clicks'®"” can be used in acoustic stimulation. Lower fre-
quencies produce more homogeneous responses, with
500 Hz%121820 a5 the most effective frequency. Response
is analyzed by the selection of peaks and assessment
of amplitudes and latencies***.

In the clinical setting, VEMP testing presents a se-
ries of favorable traits, as it is an objective, non-invasive,
easy-to-perform test that does not bring discomfort to
patients*'*. However, there is no agreed standard to
obtain VEMPs, and a wide array of methods and pro-
tocols have been used®. The most frequently described
stimulation rate is 5 Hz. Nonetheless, higher rates, if
reliable, would expedite the testing protocol.

This study aims to find the highest reliable stimu-
lation rate to obtain VEMPs.

METHOD

This study was approved by the institution’s
Research Ethics Committee and given permit 990/09.
All participants signed informed consent terms before
joining the study.

Eighteen individuals (36 ears) were enrolled in
the study as per the following criteria: ages between 18
and 35 years and auditory thresholds equal to or lower
than 20 dBNA with differences between ears per fre-
quency of 10 dB or under. The number of participants
was calculated based on the sample size for an infinite
population with an alpha of 0.05, a standard deviation
of 9 pV and tolerable error of 3 pV.

Individuals exposed to occupational or leisure
noise, previously submitted to middle or inner ear
surgery, with more than three cases of outer or middle
ear infection in the current year, prior use of ototoxic
medication, presence of systemic alterations conducive
to vestibulocochlear involvement such as diabetes, high
blood pressure, hormonal disorders, and presence of
tinnitus, vertigo, dizziness or other vestibulocochlear
alterations were excluded.

Participants were asked to answer a question-
naire for screening purposes. The following proce-
dures were then carried out: otoscopic examination,
pure-tone audiometry, and VEMP testing.

Surface electrodes positioned on the subjects’
skin were used to record VEMPs. The positive elec-
trode was placed on the middle third of the ster-
nocleidomastoid (SCM) muscle on the side where
stimulation was applied; the negative electrode was
positioned at the level of the tendon of the SCM,
just above the clavicle; and the ground electrode
was placed on the frontal middle line. Patients were
seated during the acquisition of SCM records, with
their heads in maximum lateral rotation turned to the
opposite side of stimuli application.

In VEMP examination, the mean value for 200
tone burst stimuli at 500 Hz was calculated, with
stimulation rates set at 5.1, 10.2, 20.4, and 40.8 stimuli
per second at an intensity of 95 dBNAn with subjects
wearing ER-A3 ear buds. A pass-band filter (5-1000
Hz) with exhibition of 10 to 25 pV per division was
used. Stimulation rates were not set as integer numbers
in order to prevent potentials from being acquired in
phase with the frequency of the Brazilian grid, set at
60 Hz***. Records were captured in 40 ms windows
to encompass all responses'*?.

Wave morphology was used in the interpretation
of test findings. Waves p13 and n23 were delimited by
the latencies of the first positive and negative peaks
by two authors/examiners. Discrepancies between
authors/examiners were resolved by a third author/
examiner.

Statistical method

The data sets were treated and processed us-
ing application Predictive Analytics SoftWare (PASW®
Statistic) release 17.0. Mean values were presented in
tables and graphs, along with standard deviations and
percentile distributions.

Latency and amplitude normality for waves
p13 and n23 was analyzed through the Kolmogorov-
Smirnov test. ANOVA was used to compare latencies
and amplitudes at different stimulation rates (5.1, 10.2,
20.4, and 40.8 stimuli per second) obtained in VEMP
testing, and pairs were compared using the Tukey
or the Kruskal-Wallis test depending on whether the
samples followed a normal distribution or not, respec-
tively. The Mann-Whitney test was used to further
analyze amplitudes, with the purpose of comparing
stimulation rates and check for statistically significant
differences. Statistical significance was attributed to
events with p<0.05; a beta error of 0.1 was admitted.
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RESULTS

The sample included 18 subjects (36 ears), 12 fe-
males (24 ears) and six males (12 ears). The individuals
were aged between 21 and 27 years, and had a mean
age of 23.03 + 1.33 years.

VEMPs were recorded through stimulation and
unilateral data acquisition. Proper morphology was at-
tained in 100% of the ears using a stimulation rate of
5.1 stimuli per second; in 96.87% at 10.2 stimuli per
second; in 86.11% at 20.4 stimuli per second; and in
72.22% at 40.8 stimuli per second. Tone bursts at 500
Hz were used in acoustic stimulation.

The Kolmogorov-Smirnov revealed latencies
and amplitudes followed a normal distribution pat-
tern, except for the latencies seen in wave pl3 for
stimulation rates of 10.2 and 40.8 stimuli per second.
Non-parametric tests were thus used.

The waves were delimited in the test tracings and
absolute latencies and amplitudes were determined for
waves p13 and n23. Table 1 shows the data related to these
parameters for each stimulation rate irrespective of ear.

Table 1 shows that the p13 and n23 wave la-
tencies were kept constant and amplitudes decreased
gradually as stimulation rates were increased. However,
ANOVA and the Kruskal-Wallis test failed to reveal
statistically significant differences between parameters.

Amplitudes were further analyzed by comparing
stimulation rates. The Mann-Whitney test revealed sta-
tistically significant differences for wave pl3 between
stimulation rates of 5.1 and 20.4 stimuli per second
(p=0.03), and 5.1 and 40.8 stimuli per second (p=0.01).
For wave n23, amplitudes were statistically different
only when stimulation rates of 5.1 and 40.8 stimuli per
second were compared (p = 0.02), with no significant
differences seen between stimulation rates of 5.1 and
20.4 stimuli per second (p = 0.06).

Table 1. VEMP latencies and amplitudes for each stimulation rate.

Graph 1 shows a comparison between amplitudes
at different stimulation rates.
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Graph 1. Comparison between amplitudes according to stimulation
rate.

DISCUSSION

The results seen in the studied population sho-
wed that it is possible to consistently acquire records
for waves pl3 and n23 in the time domain on all
analyzed stimulation rates, as similarly reported by
other authors!>%.

The VEMP latency and amplitude results at a sti-
mulation rate of 5.1 stimuli per second seen in this study
were similar to the values reported in the literature®?’.
As for other stimulation rates, reports in the literature
indicate that latency and amplitude tend to decrease as
the stimulation rate is increased - a finding in disagre-
ement with this study when latency is considered!>*.

Some authors have related the decrease in am-
plitude consequent to stimulation rate increases to
possible SCM muscle fatigue during testing, as subjects

Latency (ms)

Amplitude (nV)

p13 n23 p13 n23
Mean 14.10 24.80 260.43 -328.72
5.1 stimuli per second
SD 1.99 2.43 5.68 8.22
Mean 14.11 24.65 77.03 -103.11
10.2 stimuli per second
SD 2.15 2.52 3.53 1.80
Mean 14.20 24.20 60.12 -86.93
20.4 stimuli per second
SD 2.74 3.18 2.43 3.71
o Mean 14.84 2411 27.92 -23.42
40.8 stimuli per second
SD 2.71 412 2.15 2.57
p-value 0.19** 0.54* 0.06* 0.14*

* ANOVA Test ** Kruskal-Wallis Test.
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are required to produce effective muscle contraction
in order to allow for proper recording of potentials.
Thus, the longer the tests, the lower the amplitude?.
Others have described the reduction in amplitude as
a consequence of reflex habituation, as the high rate
of stimulation exhausts sensory cells and delays the
activation of the first neuron®*®**. However, in order
to prevent tested individuals from getting tired and to
avoid SCM muscle fatigue, the subjects included in this
study were asked to rest for one minute between each
data acquisition cycle, i.e., when stimulation rates were
changed, to prevent muscle fatigue and habituation
from occurring.

No statistically significant differences were seen
in latency when stimulation rates of 5.1 and 10.2 stimuli
per second were compared, as also reported by other
authors?. However, most choose a rate of five stimuli
per second, as it allows for more consistent data acqui-
sition and easier identification of tracings®.

Lastly, the rate of 10.2 stimuli per second appe-
ars to be more adequate in clinical applications as it
produces waves with more adequate morphology, with
equal tracing identification and amplitudes which are
not statistically different when compared to the rate of
five stimuli per second, in addition to being visible to
the naked eye. Additionally, tests performed at a rate
of 10.2 stimuli per second reduce patient discomfort
and data acquisition times". Further studies with larger
populations are yet required to confirm the adjustments
recommended for the testing protocol.

CONCLUSION

The highest reliable stimulation rate observed for
the population included in this study was 10.2 stimuli
per second.
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