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ABSTRACT

Background: Vestibular evoked myogenic potentials (VEMP) are electromyographic responses to high-intensity
acoustic stimuli to test vestibular system, otolith function and integrity of inferior vestibular nerve. These are easy to
perform and non-invasive. In this study, we aimed at clinical application of VEMP to evaluate common peripheral
vestibular disorders.

Methods: Prospective observational study carried in ENT department during January 2015-November 2016 over 40
patients in age group between 30-70 years with history of vertigo who underwent regular neuro-otological
examination and VEMP.

Results: Of these, 25 diagnosed with BPPV, 11 with Meniere’s disease, and four with vestibular neuritis. Eight
patients showed delayed VEMP responses. 28 (70%) patients had normal VEMP, 12 (30%) had abnormal VEMP
responses. Out of 25 patients suffering from benign paroxysmal positional vertigo (BPPV) posterior semi-circular
canal was involved in 20 (80%) patients and lateral semi-circular canal in 5 (20%) patients. Abnormal VEMP was
found in 5 (20%) patients involving posterior semi-circular canal and in 1 (20%) patient involving lateral semi-
circular canal. In patients with Meniere’s disease stage |, Meniere’s disease was observed in 7 (63.6%), stage II in 2
(18.1%), and stage IV disease in 1 (9.09%) patient. In these patients, abnormal VEMP was found in 3 (42.8%) of 7
stage I, 1 (50%) of 2 stage Il and 1 (100%) of stage IV patients. One (20%) patient had abnormal VEMP responses
during study.

Conclusions: VEMP are short-latency EMG that evaluates saccule and inferior vestibular nerve in peripheral
vestibular nervous system. VEMP should be considered as complementary test along with conventional vestibular
function tests in patients with peripheral vertigo.
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INTRODUCTION

Vestibular evoked myogenic potentials (VEMP) are
electromyographic responses to high-intensity acoustic
stimuli that are used as a test for the vestibular system by
providing information on otolith function and the
functional integrity of the inferior vestibular nerve.’
VEMP are a test that evaluates the saccule and inferior
vestibular nerve in the peripheral vestibular nervous
system. These are easy to perform, non-invasive, and
cause minimal patient discomfort.?

BPPV, Meniere’s disease, and Vestibular Neuritis are the
most common diseases that cause peripheral vertigo.® The
development of peripheral vertigo can be associated with
the saccule or inferior vestibular nerve, which are
pathways for VEMP. Also, in Meniere’s disease, as the
process may be associated with a pathologic change in
the saccule, VEMP testing could provide information
about the involvement of the saccule in peripheral
vertigo. Patients with vestibular neuritis show unilateral
peripheral vestibular dysfunction mainly in the superior
vestibular nerve.*
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The application of VEMP to study the function of otolith
organ and integrity of inferior vestibular nerve in
peripheral vestibular disorders is not eloquently reported
earlier. In this study, we aimed at the clinical application
of VEMP as a tool to evaluate the common peripheral
vestibular disorders BPPV, Meniere’s disease, and
vestibular neuritis.

Objectives

The objectives of the present study were the assessment
of the involvement of semi-circular canal in BPPV,
evaluation of saccular hydrops in Meniere’s disease and
assessment of cases of vestibular neuritis by VEMP.

METHODS

This study is a prospective observational study carried at
otorhinolaryngology department of Narayana medical
college, and hospital, Chinthareddypalem, Nellore during
the period of January 2015-November 2016 after
institutional ethics committee clearance. The sample size
of the study was 40 patients with age group between 30-
70 years who presented to the outpatient department with
a history of vertigo. Patients in age between 30-70 years
having vertigo were included in the study. Patients
having central nervous system diseases, with limitation of
neck movements, history of any head and neck injury,
with history of usage of drugs like anti-epileptics, muscle
relaxants, vestibular toxic drugs and with history of head
and neck surgery were excluded from the study.

All the study population suffering with clinical features
of wvertigo underwent a regular neuro-otological
examination. After the complete neuro-otological
examination and clinical tests performed, patients were
accordingly categorized into three groups group 1-BPPV,
group 2- Meniere’s disease and group 3-vestibular
neuritis.

The diagnosis of BPPV is based on medical history and
findings of characteristic nystagmus in the Dix-Hallpike
and head roll tests.” Meniere’s disease was diagnosed
using criteria established by the 1995 American academy
of otolaryngology-head and neck surgery balance and
hearing committee. Those patients who had experienced
vertigo attack lasting for at least several hours, absence of
auditory and neurological symptoms was included in this
group.®

The battery of clinical tests performed included otoscopy,
pure tone audiometry, fistula test, Dix Hallpike test, head
roll test, cerebellar function tests, Unterberger's stepping
test, and electronystagmography (ENG). All these
patients underwent a vestibular assessment by using
VEMP.

In the study population suffering from vertigo, VEMP
responses were recorded from the sternocleidomastoid
EMG to reflect the repetitive summative relaxation of the

sternocleidomastoid in response to synchronized acoustic
stimulation of the ipsilateral ear/saccule. The electrode
montages were placed to perceive positive on upper 1/3™
sternocleidomastoid, negative on the sternum at the
sternal notch, and ground or reference electrode on the
forehead.” VEMP was performed in an audiological
sound-treated room with electrical isolation using GSI
AUDERA equipment and software having ER-3A insert
earphones as output transducers.®

Initially, the patient is placed on a couch in the supine
position. The test is conducted in a lying position with the
head flexed opposite to gravity. Precautions are taken to
maintain absolute silence and switching off all the
electronic devices which can interfere with the responses.
The test measures relaxation impulses on a contracted
sternocleidomastoid muscle in response to acoustic
stimulation of the saccule. Individual small amplitude
relaxation impulses are summated on a background of
electromyogram (EMG) activity.

Patients were given stimulus type of short duration tone
pip (2-1-2 cycles) with stimulus frequency of 500 Hz,
stimulus intensity of 105 dB NHL with alternating
stimulus polarity at a stimulus rate of 5.1/sec with filter
settings of 10-750 Hz. The test was repeated twice at
each intensity level on both sides for the confirmation of
the obtained response based on wave morphology and
repeatability. The latencies of P1, N1 are measured. The
amplitude of the waveform from P1 to N1 is also
measured. Interaural amplitude difference (IAD) was
calculated based on the formula amplitude of the affected
ear-amplitude of the contralateral ear/amplitude of the
affected ear with amplitude of the contralateral ear x 100.
Values above 30% were considered abnormal.

Based on the clinical features and clinical normative, the
following criteria were set for peripheral vestibular
disorders. Criteria for vestibular dysfunction include
absent VEMP responses with prolonged pl and nl
latencies (msec), decreased P1-N1 amplitude (uV) and
IAD ratio >30%. The normative data we observed in
otherwise normal patients are mentioned in the table
mentioned below.

Table 1: Normative data of VEMP.

VEMP parameters Range Mean + SD
P1 latency (msec) 11.2-15.4 13.2+1.27
N1 latency (msec) 19.5-24.2 22.1+1.54
P1-N1 amplitude(uv) 40.3-227.5  81.7+30.9

The normative values for latency and VEMP asymmetry
ratio were calculated as mean * two standard deviations.
Independent sample T test using SPSS software version
22.0 was used to analyse the data.

Latencies longer than the calculated upper limit were
interpreted as abnormal. Any VEMP asymmetry ratio
above the calculated upper limit (mean + two standard

International Journal of Otorhinolaryngology and Head and Neck Surgery | November 2021 | Vol 7 | Issue 11  Page 1725



Sirige S et al. Int J Otorhinolaryngol Head Neck Surg. 2021 Nov;7(11):1724-1728

deviations) was considered to reflect depressed response
on the side with lower amplitude findings and was
interpreted as abnormal. Absence of a meaningful
waveform with P13 and N23 (no response) was also
considered an abnormal finding.

RESULTS

A total number of 40 patients were selected for the study.
Out of 40 patients with vertigo 25 were categorized into
BPPV group, 11 of these patients were grouped to be
suffering from Meniere’s disease, and four patients were
grouped to be suffering from vestibular neuritis. The 20
(50%) of these patients were in the age group of 40-50
years. In the following 40 patients, vertigo was a most
common complaint in 40 (100%) of patients followed by
hard of hearing in 30 (75%), tinnitus was seen in 15
(37.5%), and aural fullness was seen in 10 (25%) of
patients.

Among 40 patients having peripheral vestibular
disorders, eight patients showed delayed VEMP
responses. VEMP responses (latencies) in these eight
patients, when compared to the normative data
established from the normal population are delayed
(P1>13.2+1.27, N1>22.19+1.54).

Also, in the study group of 40 patients with peripheral
vestibular disorders, it was observed that 28 (70%)
patients had normal VEMP responses, 12 (30%) patients
had abnormal VEMP responses. These patients were
further classified based on the disease process as a cause
for vertigo, and the details were mentioned in the Table
mentioned below.

Table 2: VEMP responses in patients with peripheral
vestibular disorders.

VEMP BPPV  Meniere Vestibular %
responses (% % neuritis (% °
Abnormal o o0 5454) 1 (25) 30
response
Normal
response 19 (76) 69 (55.6) 3(75) 70

Out of 25 patients suffering from BPPV, after performing
VEMP, it was observed that the posterior semi-circular
canal was involved in 20 patients and lateral semi-
circular canal in 5 patients. In this group of BPPV
patients, abnormal VEMP were found in 5 out of 25
(20%) patients involving posterior semi-circular canal
and in 1 out of 5 (20%) patient involving lateral semi-
circular canal.

Similarly, among the group of patients suffering with
Meniere’s disease after performing VEMP disease of the
patient was staged and among these 11 Meniere’s disease
patients it was observed that stage I Meniere’s disease
was observed in 7 (63.6%), stage Il in 2 (18.1%), and
stage IV disease in 1 (9.09%) patient. None of these

patients in our study were diagnosed to be suffering from
stage III Meniere’s disease. Also, it was observed from
VEMP findings that abnormal VEMP were found in 3
(42.8%) of 7 stage I, 1 (50%) of 2 stage Il and 1 (100%)
of stage IV Meniere’s disease patients.

Patients having vestibular neuritis recording of VEMP
findings showed inferior vestibular neuritis diagnosed in
1 (25%) out of 4 patients with vestibular neuritis. Also, it
was observed that this 1 (20%) patient out of these five
patients of vestibular neuropathy had abnormal VEMP
responses during the study.

DISCUSSION

Our normative clinical results indicated 100% VEMP
responses could be obtained in individuals with normal
hearing sensitivity and no episodes of vestibular
dysfunction. As normative data for VEMP cannot be
standardized globally, clinical normative was established
for the present study purpose.

In the present study, tone pips were used at a frequency
of 500 Hz for eliciting VEMP responses and found that
the responses obtained were more reliable. Wang et al
compared the VEMP responses evoked by click stimuli
with those evoked by tone pips in healthy young
individuals and observed that the response rates of VEMP
were 93 % for click and 100 % for tone pips.”’

In the present study, the initial response at around 13 ms
latency was positive wave followed by a negative wave at
around 23 ms. This initial response was because of the
placement of the electrodes. In the present study, the
positive electrode was placed on the upper third of
sternocleidomastoid, whereas the negative electrode was
placed at the sternal notch. The early component of the
VEMP depends on the integrity of vestibular afferents,
mainly saccule, and inferior vestibular nerve.*

In patients with BPPV, the posterior semi-circular canal
is the most commonly affected, followed by the lateral
semi-circular canal, with the anterior semi-circular canal
rarely involved.> Available literature suggests that
VEMP evaluates the pathway from the saccule, through
the inferior vestibular nerve and vestibular nucleus, to the
lower brainstem. It can be drawn that only patients with
posterior BPPV innervated by the inferior vestibular
nerve would show abnormal findings in modifying values
of VEMP.* Though ENG is considered as the gold
standard to evaluate the function of the vestibular system,
it stimulates the horizontal semicircular canal, thus
evaluating the integrity of only superior vestibular
nerve.?

Also, it was observed that the rates of abnormal VEMP
were similar in patients with involvement of the posterior
and lateral canal is 25.0% in each category. Results,
therefore, suggest that abnormal VEMP findings are not
related to the location of the lesion. The reason for
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abnormal VEMP in lateral canal BPPV was not explained
in any previous pieces of literature.

Abnormal VEMP rates were significantly higher in
Meniere’s disease than in the other disorders.** The
saccule is the second most frequent location for endolym-
phatic hydrops, and fifty percent of Meniere’s disease
involves saccular hydrops. The severe form of
endolymphatic hydrops is most frequently found in the
saccule. Thus, in these patients who have minimal
hearing loss at present but who display sustained saccular
hydrops, harbor sensory cells that are not dead but which
are on course for functional loss with time.*®

In the present study, three out of 7 patients with stage |
Meniere's disease showed abnormal VEMP indicating
saccular hydrops or dysfunction that will be at risk for
more hearing aggravation than patients with normal
saccular function. A relationship has been demonstrated
between increasing inter-aural vestibular evoked
myogenic potential amplitude difference (i.e., right ear-
left ear/right ear with left ear) and Meniere’s disease
stage progression.

One (25%), out of four patients was identified with
vestibular neuritis, involving inferior vestibular nerve.
The unique feature of inferior vestibular neuritis patient
was normal caloric test results but abnormal vestibular
evoked myogenic potential test results thus establishing a
firm diagnosis of inferior vestibular neuritis.'® Findings
of the present study provide objective evidence that
inferior vestibular neuritis does indeed exist, as a novel
subtype of vestibular neuritis. Previously it had been
believed that vestibular neuritis mainly affects the
superior vestibular nerve; however, cervical vestibular
evoked myogenic potential testing revealed that
vestibular neuritis could involve not only superior
vestibular nerve but also inferior nerve too.’

Limitations

Our study was performed in limited number of 40
patients only which is not very much adequate to observe
the normative data and pathological data. However,
owing to the cost of the tests and population availability
we could confine to the above population in the study
group. If larger population was available during the
study, data could have helped us to affirm our findings.

CONCLUSION

Vestibular testing is an important tool in the evaluation
and management of the patient with dizziness. The
bedside evaluation of the dizzy patient, with a careful
history and a thorough neurological examination is
crucial in establishing the clinical diagnosis. Although
ENG provides information about the status of the
vestibular system, major limitations are the inability to
evaluate the function of the saccule and inferior
vestibular nerve.

VEMPs are short-latency EMGs recorded from the
tonically contracted sternocleidomastoid muscle in
response to acoustic stimuli at relatively high intensities
that evaluates the saccule and inferior vestibular nerve in
the peripheral vestibular nervous system. Therefore,
VEMP should be considered as a complementary test
along with the conventional vestibular function tests in
patients with peripheral vertigo.
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