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Abstract

Background: In multiple sclerosis (MS), even in the presence of clinical brainstem symptoms, the brainstem does not always show gross
lesions on magnetic resonance imaging (MRI). However, MS may impair vestibular-evoked myogenic potential (VEMP) responses.

Material and methods: This study included 70 participants, 40 who were MS patients and 30 healthy adult volunteers as controls. All partici-
pants were subjected to history taking, otological examination, basic audiological evaluation, bedside examination of the dizzy patient, cervical
VEMP (cVEMP), and ocular VEMP (oVEMP).

Results: Of the 40 MS patients, 37.5% had abnormal cVEMP and 67.5% had abnormal oVEMP. Some 23% of the 21 MS patients without brain-
stem lesions on MRI had abnormal cVEMP and oVEMP, including 69% of those who had vertigo. MS patients with brainstem lesions on MRI
had significantly greater oVEMP latency than patients without similar MRI findings.

Conclusions: MS patients showed dysfunction in the vestibulo-ocular and vestibulo-spinal reflexes. This dysfunction is reflected in impaired
oVEMP and cVEMP respectively despite the absence of structural brainstem abnormalities. Thus, VEMP, especially oVEMP, can be used as an
early indicator of brainstem involvement in MS before radiological signs appear on MRI.

Key words: multiple sclerosis « vertigo o vestibulo-spinal reflex « vestibulo-ocular reflex o vestibular-evoked myogenic potential

ZWIAZEK MIEDZY SZYJNYMI I OCZNYMI MIOGENNYMI PRZEDSIONKOWYMI
POTENCJALAMI WYWOLANYMI A OBJAWAMI Z PNIA MOZGU 1 ZMIANAMI
WIDOCZNYMI W MRI U PACJENTOW ZE STWARDNIENIEM ROZSIANYM

Streszczenie

Wprowadzenie: W stwardnieniu rozsianym (SM), nawet gdy wystepuja kliniczne objawy w pniu mézgu, w badaniu rezonansu magnetycznego
(MRI) nie zawsze s3 one widoczne w tym obszarze. SM moze jednak uposledza¢ miogenne przedsionkowe potencjaly wywotane (VEMP).
Celem badania jest dokonanie funkcjonalnej oceny wynikéw badania cVEMP i oVEMP u pacjentow z SM i zbadanie korelacji miedzy tymi
wynikami a zmianami widocznymi w MRI i obrazem klinicznym.

Material i metody: W badaniu uczestniczylo 70 pacjentéw: 40 z SM i grupa kontrolna ztozona z 30 zdrowych dorostych ochotnikow. Wszyscy
uczestnicy przeszli wywiad medyczny, badanie otologiczne, podstawowg ocene audiologiczna, badanie fizykalne zawrotow glowy, badanie
cVEMP i oVEMP.

Wyniki: W grupie 40 pacjentéw ze stwardnieniem rozsianym 37,5% mialo nietypowe cVEMP, a 67,5% nietypowe oVEMP. Okoto 23%
sposrdd 21 pacjentow z SM, u ktérych w badaniu MRI nie byly widoczne zmiany w obrebie pnia mézgu, miato nietypowe cVEMP i oVEMP,
w tym 69% z tych, u ktérych wystepowaly zawroty gtowy. Pacjenci z SM, u ktorych MRI wykrylo zmiany w obrebie pnia mézgu, mieli znaczaco
wigkszg latencje oVEMP niz pacjenci bez takich zmian w badaniu MRI.

Whioski: Przedsionkowo-oczne i przedsionkowo-rdzeniowe odruchy pacjentéw z SM sa odzwierciedlone przez uposledzone odpowiednio
oVEMP i cVEMP pomimo braku strukturalnych nieprawidlowosci w obrebie pnia mézgu. Stad badania VEMP, szczegdlnie oVEMP moga by¢
stosowane jako wczesny wskaznik uszkodzenia pnia mézgu przez SM, wczesniej niz oznaki radiologiczne beda wykrywalne w badaniu MRI.

Stowa kluczowe: stwardnienie rozsiane o zawroty glowy « odruch przedsionkowo-rdzeniowy « odruch przedsionkowo-oczny « miogenne
przedsionkowe potencjaly wywotane
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Introduction

Vestibular-evoked myogenic potentials (VEMPs) are now
widely used to assess the function of otolithic pathways
[1-3]. Cervical VEMPs (cVEMPs) are a manifestation of
the vestibulo-collic reflex (VCR) and involve measuring the
electromyographic (EMG) activity from tonically activated
sternocleidomastoid (SCM) muscles in response to saccu-
lar stimulation [2]. VEMPs can also be recorded from the
extraocular muscles using surface electrodes placed over
the inferior oblique and inferior rectus muscles and are
termed ocular VEMPs (0VEMPs) [4]. Contrary to cVEMPs,
which are an uncrossed inhibitory vestibulo-spinal reflex
(VSR), oVEMPs represent a crossed excitatory vestibulo-
ocular reflex (VOR) [5-7].

VEMPs have generally been regarded as tests for evalu-
ating the function of the otolithic end organs and their
afferents. Thus, they have mostly been applied to disor-
ders involving the peripheral vestibular system. However,
VEMPs can also assess the function of the central vestib-
ulo-spinal and vestibulo-ocular pathways which include
the vestibular fascicle and nuclei, the medial vestibulo-
spinal tract (VST), and the medial longitudinal fascicu-
lus (MLF). In addition, the cerebellum may affect VEMP
responses by modulating the otolithic signals. Therefore,
following possible damage to the vestibular fascicles, ves-
tibular nuclei and their efferents (as well as the cerebel-
lum) are all potentially involved in relaying and process-
ing vestibular signals [8,9].

Multiple sclerosis (MS) is a common disease caused by an
inflammatory demyelinating process in the central nervous
system (CNS). MS is characterized pathologically by multi-
focal areas of demyelination with relative preservation of
axons, resulting in much reduced conduction velocity [10].
It is clinically characterized by signs and symptoms over
space and time [11]. Central vestibular lesions may impair
VEMP responses along the descending (cVEMPs) and
ascending (0VEMPs) tracts in the brainstem. VEMP testing
is a valuable tool for detecting demyelination in the brain-
stem tracts of MS patients. The combined use of cVEMPs
and oVEMPs might be useful for determining the site of
the lesion in the brainstem [8,12]. Since the vestibulo-col-
lic (vestibulo-spinal) and VOR pathways diverge beyond
the nerve root entry zone and the vestibular nuclei, a cen-
tral lesion causing abnormal responses of both cervical
and ocular VEMPs is likely to be localized to the vestib-
ular nerve root entry zone or the vestibular nuclei [8,9].

This study aims to evaluate the findings of cervical and
ocular vestibular evoked myogenic potentials (c(VEMPs
and oVEMPs) in multiple sclerosis patients, and to relate
the cVEMP and oVEMP parameters with the lesions on
MRI and clinical presentation.

Material and methods

The present study comprised 70 adult subjects of both
genders, aged 20-45 years. Subjects were divided into two
groups. The study group included 40 multiple sclerosis (MS)
patients whose Expanded Disability Status Scale (EDSS)
score was 4 or less and not in relapse, and who had dizziness
with or without vertigo. They were age and sex matched

to 30 healthy individuals with normal hearing as a con-
trol group. The study was approved by the Research Ethi-
cal Committee and Otolaryngology department council of
Faculty of Medicine, Cairo University, registration num-
ber 1-530315. Written informed consent was given by all
subjects for participation in the study, and tests were per-
formed in the audiology unit of the ENT department, Kasr
Al-Ainy hospital, Cairo university. The study took place
from February 2016 to December 2018. Healthy controls
were chosen from relatives of patients and working para-
medical personnel. Exclusion criteria were patients with
peripheral vestibular disorders including benign paroxys-
mal positional vertigo (BPPV), postural hypotension, gen-
eral diseases causing peripheral neuropathy such as diabe-
tes, critically ill patients, patients with impaired cognitive
function and/or psychiatric disorder, patients with con-
ductive hearing loss (conductive hearing loss impairs air
conducted VEMPs), patients with peripheral extra-ocular
muscles paresis or visual defect hindering the testing,
patients with cervical vertebral/discogenic disorders, or if
the MS patient was in relapse.

This investigation was a cross-sectional, case-control study.
All participants were subjected to 1) History taking, includ-
ing a full assessment of the dizziness/vertigo complaint.
For the severity assessment, the Arabic translation [13]
of the Dizziness Handicap Inventory questionnaire was
used [14]. 2) Full general and neurological examination
and EDSS scoring. MS patients in the current study were
fully ambulatory without aid according to EDSS score. 3)
MRI of the brain done at the radiology department, Kasr
Al-Ainy hospital, Cairo university, and was read by a neu-
rologist. 4) Otologic examination, including otoscopy and
tuning fork tests. 5) Basic audiological assessment, includ-
ing 5.1) Pure tone audiometry using a two channel audi-
ometer (Itera II, Madsen Corporation, USA), calibrated
according to ISO standards, using TDH 39 headphones
and Radio-ear B71 bone vibrator, in a sound treated room
(Amplisilence Model E), for octave frequencies 0.25-8 kHz
for air conduction and 0.5-4 kHz for bone conduction,
using pulsed stimulus. 5.1) Speech audiometry including
speech reception threshold (SRT) using Arabic spondaic
words [15]. Word discrimination score (WDS), using Ara-
bic phonetically balanced words [16]. 5.3) Tympanometry
and acoustic reflex threshold measurement using a Zodiac
901 (Madsen Corporation, USA), calibrated according to
ISO standards, with a probe tone of 226 Hz and ipsilat-
eral and contralateral elicited reflexes, using pure tones at
0.5, 1, 2, and 4 kHz. 6) Bedside examination of the dizzy
patient to confirm the central origin of the complaint and
to exclude peripheral vestibulopathy, including Romberg
test and sharpened Romberg test. Fukuda stepping test.
Gait examination and tandem walking. Test for sponta-
neous nystagmus to detect unidirectional horizontal nys-
tagmus to exclude peripheral vestibulopathy, and to detect
any rotatory or vertical nystagmus or direction changing
nystagmus suggestive of central lesion. Head thrust test.
Head shaking test to detect any post head shaking nystag-
mus (HSN) to exclude chronic unilateral peripheral ves-
tibulopathy and detect any abnormal HSN result reflect-
ing central vestibulopathy. Cover test of skew deviation to
detect any vertical misalignment of the eyes. Gaze test-
ing to detect any gaze-evoked nystagmus, suggestive of
central lesion. Dix-Hallpike and Roll positioning tests to
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exclude BPPV. 7) Video-nystagmography (VNG) using VNG
equipment (Micromedical Corp, USA) to exclude periph-
eral vestibular lesions and detect any oculomotor tests or
gaze abnormalities, including spontaneous or gaze-evoked
nystagmus. Oculomotor testing (saccade, smooth pursuit,
and optokinetic (OPK) tests). Positional testing, to exclude
BPPV. Caloric test to exclude peripheral vestibulopathy.
8) Subjective visual vertical test using VNG equipment
(Difra, Belgium), to assess brainstem lesions. 9) Vestibu-
lar Evoked Myogenic Potential (VEMP) tests using Neuro-
Audio (Neurosoft Ltd, Russia). For cVEMP, the active elec-
trode was placed on the middle of the sterno-cleido-mastoid
(SCM) muscle, the reference electrode on the upper ster-
num (suprasternal notch), and the ground electrode on the
forehead. Electrode impedance was kept below 5 kQ. Sub-
jects were instructed to sit upright and tense the muscle by
turning their chin to the contralateral shoulder. Rectified
EMG was monitored during recordings to ensure low noise.
Stimuli were tone bursts of 0.5 kHz with rise and fall times
of 1 ms and plateau of 2 ms presented monoaurally at 5 Hz
through insert phones at 100 dBnHL. At least 60 sweeps
were obtained using a 30-2000 Hz filter. The time win-
dow for analysis was 50 ms. For oVEMP, the positive elec-
trode was placed on the orbital margin below the center
of the eye and the reference electrode placed 15-30 mm
below the positive electrode, on the cheek, with the ground
electrode on the forehead. Subjects were instructed to sit
upright, relax their facial muscles, and look up with their
eyes without moving their head. At least 200 sweeps were
made with a 1-1000 Hz filter. Other conditions were
the same as with cVEMP. VEMP responses were judged
as either present or absent according to the presence or
absence of a biphasic response. Parameters measured were
latency in ms and amplitude in uV. For cVEMP, measure-
ments were made of P13 latency, N23 latency, and P13-
N23 peak-to-peak amplitude, and the inter-aural ampli-
tude difference (IAAD) ratio. For oVEMP, measures were
N10 latency, P15 latency, N10-P15 peak-to-peak ampli-
tude, and IAAD. For a reliable interpretation of left-right
difference in VEMP, the amount of the muscle contraction
has to be considered. Therefore, we need to ensure that any
difference in amplitude between the right and left VEMPs
on a patient is due to vestibular abnormality, not due to
individual differences of tonic muscle activity, fatigue, or
improper position. In cVEMP and oVEMP, we used recti-
fied amplitude, a method that simultaneously measures the
muscle contraction power during VEMP recordings. We
also used rectification to normalize the electromyograph
(EMG) based on pre-stimulus EMG activity. The baseline-
normalized value of amplitude (averaged EMG) is calcu-
lated by dividing the absolute peak-to-peak amplitude with
the mean value of rectified activity of muscle in the period
prior to the stimulus.

Data collected from the control group and the cases
was coded, entered, and analyzed using Microsoft Excel
2010 software and then imported into SPSS (Statistical Pack-
age for Social Science) version 19.0 for analysis. Descrip-
tion of variables was presented as follows. Quantitative
variables were in the form of mean and standard devia-
tion (SD); qualitative variables were in the form of num-
bers and percent. According to the type of data, a Mann-
Whitney U-test and Chi-square test with least significance
difference were performed to test for significant differences.
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Pearson’s correlation test was used to determine correla-
tions between individual results. Differences were consid-
ered statistically significant at p <0.05.

Results

The study included 40 patients with MS, 29 (72.5%) females,
and 11 (27.5%) males with a mean age of 29.9 + 7.2, rang-
ing from 23.0 to 45.0 years. The control group included
30 healthy participants, 15 (50%) female and 15 (50%)
males, with a mean age of 29.8 + 5.4, ranging from 24.0 to
44.0 years. Groups were matched regarding age and gender
(p = 0.945; p = 0.080) respectively. The mean MS duration
was 5.3 + 3 years, ranging from 1 to 15 years; 39 (97.5%) of
patients were under treatment. The mean EDSS score was
1.9 * 2, ranging from 0 to 4 with a median of 1.6.

Regarding the clinical symptoms: 5/40 (12.5%) had tin-
nitus, 40 (100%) had dizziness, 22 (55%) had vertigo,
and 8 (20%) had dysarthria. MS patients with brainstem
symptoms only: 5/40 (12.5%); those with cerebellar symp-
toms only: 14/40 (35%); those with combined cerebellar
and brainstem symptoms: 15/40 (37.5%); and those with-
out any cerebellar or brainstem symptoms: 6/40 (15%).

Regarding the severity of vertigo detected by the DHI, the
majority of the MS group had a moderate degree of hand-
icap (Table 1). Regarding MRI findings: MS patients with
brainstem only MRI lesions were 10 (25%), those with cer-
ebellar only MRI lesions were 9 (22.5%), those with brain-
stem and cerebellar lesions were 9 (22.5%), while other
MRI lesions (juxtacortical, periventricular, and pericallo-
sal) were found in 12 (30%). Regarding PTA in MS patients:
37 (92.5%) and 36 (90%) had normal hearing, while 3 (7.5%)
and 4 (10%) had high frequency sensorineural hearing
loss at 4 and 8 kHz in the right and left ears respectively.

In MS patients the mean clockwise subjective visual ver-
tical (CW-SVV) was 0.5 + 1, ranging from -3.5 to 3.1; the
mean counterclockwise (CCW-SVV) was 0.53 + 1, rang-
ing from -3 to 3.4; the mean CW and CCW Average -SVV
was 1.01 + 0.8, ranging from 0.15 to 3.45. In the controls,
the mean CW-SVV was 0.7 + 0.3, ranging from 0 to 1.4;

Table 1. Severity of vertigo in MS patients (7 = 40) mea-
sured by the Dizziness Handicap Inventory total score
and its subscale scores. F = functional; P = physical;
E = emotional

mean + SD 20+3
F score

min - max 14-26

mean + SD 71+18
P score

min - max 4-12

mean = SD 16.6 + 3.1
E score

min - max 12-24

mean = SD 437+ 6.8
Total score

min - max 32-60

mild 5(12.5%)

Handicap degree moderate 31 (77.5%)
No. (%) :

severe 4 (10%)
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the mean CCW-SVV was 0.82 + 0.3, ranging from 0.3 to
1.4; the mean CW and CCW Average -SVV was 0.78 £ 0.3,
ranging from 0.35 to 1.3. There were no statistically sig-
nificant differences between MS patients and the control
groups regarding SVV (p >0.05). However, only 4/40 patients
(10%) showed an abnormal SVV result.

Occulographic abnormalities were found in all MS patients:
abnormal saccades in 35 (87.5%), abnormal OPK test results
in 31 (77.5%), abnormal smooth pursuit in 26 (65%). Gaze-
evoked nystagmus were found in 6 (15%) of the MS patients,
central spontaneous nystagmus in 7 (17.5%), and test of
skew was positive in 3 (7.5%).

In MS patients, cVEMP was lost unilaterally in 2 patients,
and oVEMP was lost unilaterally in 4 patients and lost
bilaterally in 1 patient.

There were statistically significant (p<0.05) delayed Lt
cVEMP P13 latency, and Lt cVEMP N23 latency, in the
MS patients compared to the normal controls. However,
there was no statistically significant difference between
both groups regarding amplitude asymmetry (Table 2).
Four cases (10%) showed asymmetrical cVEMP (2 of
them had 100% asymmetry: unilaterally lost cVEMP, not
included in Table 2), and 36/40 (90%) patients showed
symmetrical (VEMP. There was a statistically significant
(p<0.05) delayed Rt oVEMP N1 and P1 latencies in the
MS patients compared to the controls. MS patients showed
statistically significant less rectified oVEMP amplitude
on both sides (Table 3).

According to our normative values, cVEMP interaural
amplitude difference ratio percent (IAAD%) > 36.55% and
oVEMP IAAD% > 36.1% was considered abnormal, reflect-
ing amplitude asymmetry. cVEMP abnormalities in MS
patients: 2 (13.3%) had amplitude asymmetry, 11 (73.3%)
had latency delay, and 2 (13.3%) had both amplitude asym-
metry and latency delay. oVEMP abnormalities in MS
patients: 5 (18.5%) had amplitude asymmetry, 14 (51.9%)

had latency delay, and 7 (25.9%) had both amplitude asymme-
try and latency delay, and 1 (3.7%) had bilateral lost oVEMP.

Table 4 shows the distribution of latency and amplitude
asymmetry abnormalities, and final cVEMP and oVEMP
results, in MS patients. The final VEMP result was consid-
ered normal if both the latency and amplitude were normal
and considered abnormal if either the latency or the ampli-
tude or both were abnormal. The majority of MS subjects
showed abnormal oVEMP, while the majority showed nor-
mal cVEMPs. Table 5 shows the relation between cVEMP
and oVEMP abnormality distribution (including latency
delay, asymmetry or loss) in MS patients. The majority of
the abnormal cVEMPs showed abnormal oVEMPs, and the
majority of the normal oVEMPs showed normal cVEMPs,
and this abnormality distribution was statistically signif-
icant (Table 5).

There were statistically significant less cVEMP amplitude
and rectified amplitude asymmetry in MS patients with
vertigo than patients without vertigo, but of borderline
significance, even though only 9.1% showed asymmetry
and the asymmetry distribution was not statistically signif-
icant between both groups. There were statistically signif-
icant delayed Lt cVEMP P13 and Lt cVEMP N23 latencies
in MS patients with vertigo compared to the control group.

There was statistically significant more oVEMP amplitude
asymmetry in MS patients with vertigo than in patients
without vertigo, but still the asymmetry distribution was
not statistically significant between both groups. There
were statistically significant delayed Rt oVEMP N1, Rt
oVEMP P1 latencies, less rectified amplitude in both ears,
and more amplitude asymmetry in MS patients with ver-
tigo compared to their controls.

There were no statistically significant differences between
MS patients with or without brainstem symptoms or between
MS patients with or without cerebellar symptoms regard-
ing any of the studied cVEMP and oVEMP parameters.

Table 2. Comparison of cVEMP parameters between MS patients (n = 40) and normal controls (7= 30)

MS cases (n = 40)

Controls (n=30)

cVEMP p-value
Mean SD Min Max Mean SD Min Max
P13 (in ms) 1533 306 123 258 1422 125 120 165 0.067
N23 (in ms) 263 326 177 341 2218 225 165 275 0532
Rt Pl 36%“1’,?““” 4353 148 141 821 4441 1936 107 897 0.833
Rectified P13-N23 amp 104 054 02 29 105 057 0.2 27 0918
(inv)
P13 (in ms) 1554 281 16 276 1407 095 123  16. 0.008*
N23 (in ms) 2347 365 192 369 2192 191 173 262  0.038*
Lt Pl 36%%/;’"“’) 4181 1275 166 776 4397 2203 81 92.1 0.607
Rectified P13-N23 amp 105 051 0.4 3.1 109 064 0.2 32 0.771
(in pv)
IAAD** 1526 1173 14 49 1653 1001 02 304 0639
Rectified IAAD** 1694 1347 0 508 1622 1052 0.0 350 0812

*p-value is statistically significant

**Max IAAD did not include 100% asymmetry value due to unilaterally lost cVEMP in 2 patients
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Table 3. Comparison of oVEMP parameters between MS patients (n = 40) and normal controls (n = 30)

MS cases (n = 40) Controls (n =30)
oVEMP p-value
Mean SD Min Max Mean SD Min Max

N1 (in ms) 1169 147 7.7 161 1061 067 9.4 12.0 0.002*
P1 (in ms) 168 256 125 231 1553 0.8 12,5 175 0.012*

Rt '\”(‘irf L\"’};”p 5.01 2.54 0.1 169 405 361 06 17.2 036
Rectified N1-P1amp (inpV) 019  0.18 0.1 0.9 048 036 0.1 12 <0.001*

N1 (in ms) 1143 1.89 83 191 1064 074 9 124 0.052

P1 (in ms) 1589 202 125 245 153 2.1 57 177 0.282

" N1-P1amp 519 229 0.1 286 44 3.42 05 134 0.467

(in pv)

Rectified N1-P1amp (inpV) 024 0.8 0.1 0.9 0.41 025 0.1 0.9 0.006*

IAAD** 2178 1396 04 607 1759 925 0.2 304 0.231

Rectified IAAD** 2185 251 0 60 1679 1292 0 428 0321

*p-value is statistically significant
**Max IAAD did not include 100% asymmetry value due to unilaterally lost oVEMP in 4 patients

Table 4. Distribution of latency and amplitude asymmetry abnormalities in MS patients. Final cVEMP and oVEMP results,
including latency, asymmetry, or loss

No. 13
Delay
% 32.5%
cVEMP latency result
No. 27
No delay
% 67.5%
No. 4
Asymmetrical
% 10.0%
cVEMP amplitude symmetry
. No. 36
Symmetrical
% 90.0%
No. 21
Delay
% 52.5%
No. 18
OVEMP latency result* No delay
% 45%
No. 1
Bilaterally lost
% 2.5%
No. 12
Asymmetrical
% 30%
No. 27
oVEMP amplitude symmetry* Symmetrical
% 67.5%
No. 1
Bilaterally lost
% 2.5%
No. 15
Abnormal
% 37.5%
Final cVEMP result
No. 25
Normal
% 62.5%
No. 27
Abnormal
% 67.5%
Final oVEMP result
No. 13
Normal
% 32.5%

*N.B. Asymmetrical cVEMP and oVEMP includes patients with total unilateral loss (100% asymmetry)
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Table 5. Relation between cVEMP and oVEMP results (including latency, asymmetry, or loss) in MS patients

Final cVEMP result

Abnormal Normal Total
Abnormal 14 (93.33%) 13 (52%) 27 (67.5%)
Final oVEMP result
Normal 1(6.67%) 12 (48%) 13 (32.5%)
Total 15 (100%) 25 (100%) 40 (100%)
xY'=7.301,p=0.013* (*p-value is statistically significant)
Table 6. Correlation between combined VEMP results and MRI findings in MS patients (n = 40)
Lesions on MRI
B C B, C other Total
No. 1 5 2 4 12
Both normal
% 10% 55.6% 22.2% 33.3% 30.0%
No. 6 2 3 3 14
Both VEMPs abnormal
Combined % 60% 22.2% 33.3% 25% 35.0%
VEMP results No. 0 0 1 0 1
cVEMP abnormal
% 0% 0% 11.1% 0% 2.5%
No. 3 2 3 5 13
oVEMP abnormal
% 30% 22.2% 33.3% 41.7% 32.5%
No. 10 9 9 12 40
Total
% 100% 100% 100% 100% 100%

¥=10.142; p=0.339
B = brainstem; C= cerebellum

There were no statistically significant differences between MS
patients with combined cerebellar and brainstem symptoms
and those without any cerebellar or brainstem symptoms
regarding any of the studied cVEMP and oVEMP parame-
ters, although the majority of those with combined cerebel-
lar and brainstem symptoms (60%) had abnormal cVEMP,
and the majority of those without any cerebellar or brain-
stem symptoms (66.7%) had normal cVEMP, and although
those with combined cerebellar and brainstem symptoms
had a higher percentage (86.7%) of abnormal oVEMP than
those without any cerebellar or brainstem symptoms (66.7%).

MS patients showed different lesions on MRI: juxtacorti-
cal in 26/40 (65%); periventricular in 38/40 (95%); brain-
stem in 19/40 (47.5%); pericallosal in 14/40 (35%); cerebel-
lar in 19/40 (47.5%). Numbers are not mutually exclusive
as a patient could have more than one site of lesion. Thus,
19 MS patients had brainstem lesions on MRI while 21 did
not. Brainstem lesion alone was found in 10/40 (25%), cere-
bellar lesion alone was found in 9/40 (22.5%), brainstem com-
bined with cerebellar lesions were found in 9/40 (22.5%),
and 12/40 (30%) showed other MRI lesion sites. There were
no statistically significant differences of c(VEMP or oVEMP
results between MS patients with or without brainstem
lesions on MRI, except that patients with brainstem lesions
on MRI had statistically significant greater percentage of
oVEMP latency delay (68.4%) than patients without brain-
stem lesions (38.1 %). Although patients with brainstem
lesions on MRI had statistically non-significant greater per-
centage of cVEMP latency delay (47%) than patients without
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brainstem lesions (19%), those without brainstem lesions on
MRI still showed delayed cVEMP latency.

There was no statistically significant difference on fur-
ther analyses of the distribution of the side of latency delay
(whether right or left or bilateral) in either the cVEMP
or the oVEMP and the presence or absence of brainstem
involvement on MRI (p>0.05).

There were no statistically significant differences among MS
patients with different lesions on MRI regarding cVEMP or
oVEMP values (Kruskal-Wallis test for association between
MRI finding and oVEMP), except for a statistically signif-
icant delayed Rt oVEMP P1 latency in the patients with
brainstem lesions on MRI and those with cerebellar lesions
on MRI, and between patients with brainstem lesions on
MRI and those with “other” lesions on MRI.

Although 60% of MS patients with brainstem lesions on
MRI had both types of VEMP abnormal, there were no
statistically significant differences regarding the distribu-
tion (y*) of combined VEMP results among MS patients
with different lesions on MRI (Table 6).

Of the 22 MS patients with vertigo: none had abnormal
cVEMP only, while 9/22 (41%) had abnormal oVEMP only,
and 7/22 (32%) had both abnormal cVEMP and abnormal
oVEMP, and 6 (27%) had both normal cVEMP and nor-
mal oVEMP (Table 6). That is, 16/22 (73%) had an abnor-
mal VEMP (cVEMP, oVEMP, or both).
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Table 7. Distribution of combined VEMP results with presence or absence of vertigo, brainstem symptoms, and brainstem

lesions on MRI in MS patients (n7 = 40)

Combined VEMP results

Both VEMPs Both VEMPs cVEMP only oVEMP only Total p-value
normal abnormal abnormal abnormal
(n=12) (n=14) (n=1) (n=13)
No. 9 5 0 6 20
NO
Brainstem % 225 125 0 15.0 50%
symptoms No. 3 9 1 2 2 0.156
YES
% 7.5 225 25 17.5 50%
NO No. 10 5 0 8 23
Brainstem % 25 125 0 20 57.5%
cerebellar No 5 9 1 5 17 0.059
symptoms YES -
% 5 225 2.5 125 42.5%
No. 4 3 0 4 1
NO % 0 0 0 27.5%
o 1 7.5 1 7.5%
Cerebtellar 0.822
symptoms No. 8 1 1 9 29
YES
% 20 275 2,5 225 70%
No. 9 5 0 7 21
. NO
Brainstem % 225 125 0 17.5 52.5%
lesions on 0.162
MRI No. 3 9 1 6 19
YES
% 75 225 25 15 47.5%
No. 6 7 1 4 18
NO
% 15 17.5 25 10 45%
Vertigo 0.467
No. 6 7 0 9 22
YES
% 15 17.5 0 225 55%
Of the 21 MS patients with no brainstem lesions on MRI, 100%
7/21 (30%) had abnormal oVEMP only, and 5/21 (24%)
had both abnormal cVEMP and abnormal oVEMP (Table 90%
6). That is, 12/21 (57%) had an abnormal VEMP (cVEMP, 4
oVEMP or both). Of the 28 MS patients (70%) having an 80%
abnormal VEMP (cVEMP, oVEMP or both): 12/28 (43%) b
had a normal MRI (Table 7). However, in MS patients there
was no statistically significant difference in the distribu- o 60% 10
tion of cVEMP and oVEMP abnormality with the pres- &
ence or absence of vertigo, other brainstem symptoms, or S 50%
brainstem lesions on MRI. -
& 40%
There were no statistically significant differences between
MS patients with vertigo but without brainstem lesions on e
MRI (13 cases) and the controls regarding cVEMP and —"
oVEMP findings, except for cVEMP amplitude asymme-
try, although this was within the normal range. Further- 10%
more 12/13 (92%) had symmetrical cVEMP. Only one
had asymmetrical cVEMP and 2 had delayed latency (i.e., 0%
3/13 (23%) had abnormal cVEMP) (Figure 1). cVEMP oVEMP
Compared to the controls, there were statistically signifi- Normal

cant delayed Rt N1 and P1 latencies and greater Rt oVEMP
rectified amplitude asymmetry in MS patients with vertigo
but without brainstem lesions on MRI (n = 13). oVEMP
was abnormal in 9/13 (69%) including: latency delay in
5/13 (39%), asymmetry in 2/13 (15%), asymmetry and
latency delay in 2/13 (15%) (Figure 1).

® Amplitude asymmetry and Delayed latency
¥ Delayed latency
B Amplitude asymmetry

Figure 1. cVEMP and oVEMP findings in MS patients with
vertigo but without brainstem lesions on MRI
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Table 8. Correlation between cVEMP and oVEMP findings and Dizziness Handicap Inventory in MS group (/7 = 40)

cVEMP
Dizziness
Handicap Rt Lt e
ectine
Inventory s g3 PI13-N23  Rectified .o n,3 PI3-N23  Rectified Asymmetry ‘yapo.
amplitude  amplitude amplitude  amplitude

r -0.161 0.053 0.275 0.277 -0.140 -0.142 -0.044 0.126 -0.128 -0.148

F score
p 0335 0.760 0.095 0.093 0.389 0.383 0.787 0.440 0.443 0.374
r -0.161 0.031 0.133 0.001 -0.135 -0.107 -0.182 -0.206 -0.078 -0.043

P score
p 0333 0859 0.426 0.997 0.405 0.513 0.261 0.202 0.640 0.797
r -0.150 0.072 0.337 0.157 -0.168 -0.148 -0.023 -0.137 0.011 -0.076

E score
p 0367 0677 0.039* 0.347 0.301  0.362 0.887 0.401 0.947 0.650
TOTAL r -0.179 0.070 0.302 0.189 -0.172 -0.157 -0.071 -0.059 -0.083 -0.122
score p 0281 0684 0.066 0.256 0.289 0.333 0.662 0.718 0618 0.464

oVEMP
Dizziness
Handicap Rt . rectified
Inventor ectine
y b1 N3 P13-N23  Rectified i ppz  P13-N23  Rectified Y™™V aaDo
amplitude amplitude amplitude  amplitude

r -0.093 0.173 0.240 0.145 -0.071 -0.088 0.082 0.003 0.254 0.204

F score
p 0590 0.313 0.159 0.400 0.670 0.600 0.623 0.986 0.141 0.239
r -0.144 0.068 0.167 0.058 -0.099 -0.161 0.035 0.014 0.269 0.135

P score
p 0403 0.694 0.330 0.737 0.552 0.335 0.834 0.931 0.119 0.438
r 0.124 0.230 0.449 -0.147 -0.270 -0.219 0.159 -0.096 0.152 -0.042

E score
p 0471 0.178 0.006* 0.392 0.101 0.187 0.339 0.565 0.383 0.809
TOTAL r -0.035 0.197 0.350 0.019 -0.190 -0.190 0.124 -0.035 0.261 0.110
score p 0838 0250 0.036* 0.914 0.254 0.253 0.458 0.833 0.130 0.529

*p-value is statistically significant

In the present study neither the age of the MS patient, the
duration of MS, or the EDSS scores of MS patients were
correlated to either DHI scores, SVV, cVEMP, or oVEMP
results. Assessed by the total DHI score, the majority of
the MS group - 31/40 patients (77.5%) — had a mod-
erate degree of handicap. In MS patients, as the total
DHI score increased, the Rt N1-P1 oVEMP amplitude
increased, and as the emotional DHI score increased, the
Rt P13-N23 cVEMP amplitude and Rt N1-P1 oVEMP
amplitude increased, but it was a weak positive corre-
lation) (Table 8).

Discussion

Comparison of cVEMP and oVEMP in MS and
controls

In this study cVEMP abnormality was found in 15/40 MS
patients (37.5%), mainly in the form of a latency delay in
11/15 (73%). Only 2/15 (13%) had amplitude asymmetry,
and 2/15 (13%) had both cVEMP latency delay and ampli-
tude asymmetry. This reflected a lesion in the vestibulo-
collic reflex, a part of the VSR ending in the neck, second-
ary to demylelination.
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In cVEMP testing of 42 ears of 21 relapsing-remitting
multiple sclerosis (RRMS) patients, Tutar et al. [17] found
that the mean P1 and N1 latencies of the left ears of RRMS
patients were significantly higher compared to the controls.
There was no significant difference between patients and
controls in terms of the P1-N1 interval or mean amplitude
of the left ear (p>0.05). The P1 and N1 latencies and the
mean P1-N1 interval of the right ears of RRMS patients
were significantly higher than the controls. The P1 and
N1 latencies were prolonged in 13 (42%) of 42 RRMS ears
and 27 ears (64%), respectively.

Gazioglu and Boz [18] found that cVEMPs were detectable
from both sides in all patients. oVEMPs were recordable
from both sides in 56 patients, from one side in 3 patients
and were absent bilaterally in 3 patients (which is near
to our results). oVEMP mean N1 and P1 latencies and
cVEMP mean P13 latency were significantly prolonged in
MS patients (p < 0.01). But there were no significant differ-
ences in cVEMP mean N23 latencies between MS patients
and control subjects. But there were no significant differ-
ences observed in amplitude asymmetry ratios or inter-
peak latency differences of either oVEMP or cVEMP, which
agree with our results.
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Guven et al. [19] studied cVEMP in MS patients and
found that P1-N1 and N2-P2 waves were absent more
frequently in the MS patients than in controls. The mean
P1-N1 amplitude was significantly lower in the MS group
than in the control groups. There were no significant dif-
ferences between the MS and control groups in mean P1,
N1, N2, or P2 latency or N2-P2 amplitude. However, our
study does not agree with theirs.

Koura and Hussein [20] found that 60% of patients with
MS were found to have absent VEMP (P13-N23) on both
the right and left sides, which is a higher percentage than
ours. Patients with preserved VEMP were found to have
significantly delayed latency (P13-N23) in both right and
left sides than controls. The delayed cVEMP P1 latency
agrees with the present study results.

In the current study abnormal oVEMP results were found
in 27/40 (67.5%), mainly in the form of latency delay in
14/40 (52%) of MS patients, with 5/40 (18.5%) of MS patients
with oVEMP amplitude asymmetry, and 7/40 (26%) with
both oVEMP latency delay and amplitude asymmetry and
bilaterally lost oVEMP in 1 patient. This reflected VOR
pathology secondary to demyelination.

Somasundaram et al. [21] found that the evoked potential
latencies (P13 of cVEMP followed by N10 oVEMP) had
the highest predictive accuracy in predicting a future fall
when compared to clinical measures. So, these parameters
can be routinely tested in all MS patients, with P13 being
the most reliable parameter — in agreement with the pres-
ent study results.

For oVEMP testing, Tutar et al. [17] found that 8 RRMS
patients (19%) had no response in the oVEMP test of the
right ear (n = 4) and left ear (n = 4). There was no signif-
icant difference in P1 or N1 latencies or the P1-N1 inter-
val, amplitude of right ears, or amplitude asymmetry ratio
between the patients and controls (p>0.05 for all). In RRMS
ears, the P1 and N1 latencies were prolonged in 26 (62%)
and 27 ears (64%), respectively.

Central vestibular lesions may impair the VEMP responses
along the descending tracts (c(VEMPs) and ascending tracts
(0VEMPs) in the brainstem. Since the vestibulo-collic (ves-
tibulo-spinal) and VOR pathways diverge beyond the nerve
root entry zone and the vestibular nuclei, both cVEMPs
and oVEMPs would, when combined, provide valuable
information in localizing the central lesions. Thus, a cen-
tral lesion causing abnormal responses for both cVEMPs
and oVEMPs is likely to be localized to the vestibular nerve
root entry zone or the vestibular nuclei [22,23].

Correlation of cVEMP and oVEMP findings
with clinical symptoms

MS patients with vertigo in the current study showed sta-
tistically significant delayed cVEMPs and oVEMPs com-
pared to those without vertigo, suggesting that cVEMP and
oVEMP can show subclinical brainstem involvement in
MS, despite the absence of obvious brainstem involvement.

In the current study, of the MS patients having vertigo,
none had abnormal cVEMP only, while 9/22 (41%) had
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abnormal oVEMP only, and 7/22 (32%) had abnormal
both cVEMP and oVEMP, and 6 (27%) had normal both
cVEMP and oVEMP. So, the ascending brainstem path-
way represented by the VOR was more affected than the
descending brainstem pathway represented by the vestib-
ulo-collic reflex. About two-thirds of all abnormal VEMPs
had a normal MRI, highlighting the importance of VEMP
testing, especially the oVEMP as an early indicator before
radiological signs of brainstem involvement begin to appear.

In accordance with our study, Di Stadio et al. [22] reviewed
35 articles on MS and found that nearly 37% of MS patients
suffered from vertigo and 71% of them showed altered
cVEMPs. A significant percentage (35%) of the patients
with altered VEMPs had a normal MRI. They stated that
central vestibular pathways were involved in MS demye-
lination, mostly in the early stage of the disease, while the
peripheral vestibular system was mainly affected in the
late stage of MS.

Aidar and Suzuki [25] assessed the presence and absence
of symptoms (hearing loss, tinnitus, ear fullness, imbal-
ance, and sudden deafness) in MS patients and compared
them with cVEMP results. There was no statistically sig-
nificant difference (agreeing with our results). They stated
that even though non-significant, the group with the pres-
ence of symptoms presented a higher number of absent
responses (35%), indicating a trend that might be better
assessed with a larger study group.

However, Guiven et al. [19] found that cVEMP abnormal-
ities were more frequent in patients with vestibular symp-
toms than in those without, and more in those with brain-
stem symptoms than in those without.

In the current study, cerebellar symptoms were more com-
mon than brainstem symptoms. The majority of those with
combined cerebellar and brainstem symptoms had abnor-
mal cVEMP, and the majority of those with combined cer-
ebellar and brainstem symptoms had a higher percentage
of abnormal oVEMP than those without any cerebellar or
brainstem symptoms.

Gazioglu and Boz [18] found that there was no statisti-
cally significant correlation between the clinical brain-
stem and VEMP abnormalities. However, MS patients
showed a high frequency of abnormality in VEMP tests,
especially in oVEMP tests, which suggests that VEMP tests
may be useful as an adjunct test in the evaluation of brain-
stem dysfunction in MS patients.

cVEMP and oVEMP findings v. lesions on MRI

In the current study, MS patients with a range of lesions
on MRI showed comparable cVEMPs, with no statistically
significant differences among them. Regarding cVEMPs,
MS patients with and without brainstem lesions on MRI
showed comparable cVEMP results.

Oh et al. [26] found abnormal cVEMPs in 31-70 % of
patients with definite MS. Alpini et al. [27] found abnor-
mal cVEMPs that indicated brainstem dysfunction in 4 MS
patients (10%) with normal MRI and no specific clini-
cal signs. Abnormal results of VEMP in patients with MS
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implicate a lesion of the brainstem, despite normal MRI
and/or neurological examination [28]. Versino et al. [29];
Bandini et al. [30]; and Colebatch [31] also found that
delayed cVEMPs responses were the most frequent abnor-
mality but showed little correlation with radiological find-
ings, which is in agreement with our results.

Regarding oVEMP, MS patients with brainstem lesions on
MRI had a statistically significant greater percentage of
latency delay than patients without brainstem lesions on
MRI, and compared to MS patients with cerebellar lesions
on MRI and compared to MS patients with “other” lesions
than brainstem and cerebellar on MRI.

In comparison, Hamed et al. [32] found that oVEMP
mean latencies of N1 and P1, and cVEMP mean latencies
of P13 and N23, were significantly prolonged in the MS
group. There were 14/30 (46.7%) of their MS patients who
had brainstem lesions confirmed by MRI. They found that
the oVEMP test had higher sensitivity than cVEMP in pre-
dicting brainstem lesions.

Results of the current study were statistically significant
in just a few aspects of the analysis, mainly in the latency
of cVEMP and oVEMP, but only on one side (left side for
cVEMP, and right side for oVEMP). However, the distri-
bution of the side of latency delay (whether right or left
or bilateral) was not related to the presence or absence of
brainstem involvement on MRI in either cVEMP or oVEMP.
This suggests the need for further research in this field.

The present study revealed that 14/40 (35%) of MS patients
had abnormality in both cVEMP and oVEMP reflecting
lesions in the descending and ascending brainstem path-
ways. In MS patients, there was no statistically signifi-
cant difference in the distribution of combined VEMP
results — whether combined abnormality in both oVEMP
and cVEMP, or only cVEMP was abnormal, or only oVEMP
was abnormal, or both oVEMP and cVEMP were nor-
mal - and the presence or absence of vertigo, other brain-
stem symptoms, or brainstem lesions on MRI. In other
words, demyelination affects brainstem pathways before
symptoms or radiological findings appear, and hence
VEMPs might be useful in the early detection of brain-
stem involvement in MS patients.

However, in the present study, further comparisons of MS
patients with vertigo but without brainstem lesions on MRI
showed that only 1/13 (8%) had cVEMP amplitude asym-
metry and only 2 had delayed latency - i.e., 3/13 (23%)
had abnormal cVEMP, compared to 10% in the study of
Oh et al. [26].

Regarding oVEMPs, MS patients with vertigo but with-
out brainstem lesions on MRI showed statistically signifi-
cant delayed Rt N1 and P1 latencies and greater Rt oVEMP
rectified amplitude asymmetry than the controls. oVEMP
was abnormal in 9/13 (69%) including latency delay in
5/13 (38%), asymmetry in 2/13 (15%), and asymmetry and
latency delay in 2/13 (15%). This suggests that cVEMP and
oVEMP results could be abnormal despite no MRI brain-
stem sign yet emerging, and might be used as an early mea-
sure to assess MS effects on the brainstem, especially when
the oVEMP is more affected.

In comparison, Crnosija et al. [33] found that there was a sig-
nificant correlation between prolonged latencies and/or
absent VEMP response and the presence of pontine and
medulla oblongata lesions. These differences were evi-
dent when they looked at VEMP changes depending on
the side (left or right) of the lesion. No differences were
observed when they analyzed oVEMP and cVEMP sepa-
rately. Crnosija et al. [33] found that the VEMP score - the
sum of four graded scores derived from the evaluation
of oVEMP and cVEMP in both ears (the four grades
were 0 = normal, 1 = increased latency with normal ampli-
tude and morphology of major potentials, 2 = decrease
in amplitude or altered morphology of major potentials,
and 3 = absence of a major potential) — was significantly
higher in MS patients with clinical involvement of the
brainstem compared with patients without clinical brain-
stem involvement. They concluded that the VEMP score
is a valuable tool in evaluation of brainstem involvement
in patients with early MS. This emphasises the use of both
cVEMP and oVEMP in assessment of brainstem involve-
ment in MS.

Although MRI is considered to be the single most sen-
sitive test for MS, it is recognized that it cannot detect
all lesions in MS patients [34]. Although MS patients
do not always show brainstem or cerebellar lesions on
imaging studies, vertigo and imbalance mostly arise
from structural or functional involvement of the ves-
tibular system. Patients with lesions involving the VOR
and VSR pathways may show various degrees of func-
tional impairment [27].

Abnormal results of both types of VEMP in patients
with MS implicate lesions of the brainstem, despite nor-
mal MRI and/or neurological examination [35,36]. Tutar
et al. [17] concluded that VEMPs are useful for the evalu-
ation of central vestibulopathies. VEMP testing can diag-
nose brainstem lesions in RRMS patients quickly, easily,
and safely without pain, even when MRI shows no brain-
stem involvement. VEMP testing is an electrophysiolog-
ical test that is able to detect early-stage pathologies of
the vestibular system.

Stirmeli et al. [37] found that there was no cVEMP response
in 31.5% of patients with MS who had no central vestib-
ular involvement with MRI and who had no subjective
vestibular system symptoms. In addition, patients with
MS had prolonged P1 and N1 latencies and decreased
P1-N1 peak-to-peak amplitudes. They stated that cVEMP
can be used for subclinical evaluation in patients with MS
without obvious central vestibular system involvement
according to MRIL.

cVEMP and oVEMP findings v. SVV test
findings

In the present study, only 4/40 MS patients (10%) showed an
abnormal SVV result. There were 2/4 of those with abnor-
mal SVV who showed abnormal cVEMP and 3/4 showed
abnormal oVEMP, while only 1/4 showed abnormal com-
bined cVEMP and oVEMP. In comparison with our results,
Versino et al. [29] found that there was no correlation
between the occurrence of abnormalities in VEMP and
SVV abnormalities.
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Age of patient and duration of MS

Neither the age of an MS patient or the duration of MS was
correlated to either DHI score, SVV, or cVEMP or oVEMP
result. In comparison, Atteya et al. [38] concluded from their
study that the risk of falling according to the BBS and BSS
assessment increases in older patients, patients with higher
EDSS scores, and those with increased duration of illness.

EDSS scores in MS

In the present study, EDSS scores of MS patients were all
less than 4.5, and not correlated to either DHI score, SVV,
or c(VEMP or oVEMP results.

Giiven et al. [19] found in their study of MS patients that
there was no relation between disease duration or attack in
the previous year and EDSS score or VEMP abnormalities.
This agrees with our results. But Crnosija et al. [32] found
that the VEMP score correlates well with disease duration
and the overall disability of the MS patient as measured
by EDSS (all their patients’ EDSS scores were <5.5). Gazi-
oglu and Boz [18] found that correlations with clinical or
MRI evidence of brainstem involvement were not signifi-
cant, but they found that both ocular (p<0.05) and cervi-
cal VEMP latencies (p<0.01) were significantly correlated
with EDSS (their patients’ EDSS scores were 2.6 + 2). They
stated that these results appear to indicate the possibility of
asymptomatic or pre-radiological involvement of the ves-
tibulo-collic or VOR pathways in MS patients.
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Conclusions

1) ¢cVEMP abnormality was found in 37.5% of MS
patients, which reflected vestibulo-spinal reflex pathol-
ogy, and oVEMP abnormality was found in 67.5%,
which reflected vestibulo-ocular reflex pathology.

2) Although MS patients with and without vertigo
showed comparable cVEMP and oVEMP asymmetry
results, MS patients with vertigo but without brain-
stem lesions on MRI showed statistically significant
oVEMP latency delay and increased amplitude asym-
metry compared to the controls. This suggests that
oVEMP can be used as an early measure to assess
brainstem effects even when there are no radiologi-
cal brainstem signs.

3) MS patients with brainstem lesions on MRI had sta-
tistically significant oVEMP latency delays compared
to patients with cerebellar or “other” lesions on MRI.

4) EDSS scores of MS, and duration of MS, were not cor-
related to either DHI scores or cVEMP or oVEMP
results.

Recommendations

We recommend the use of cervical and ocular VEMPs in
assessment of the VSR and VOR respectively (i.e. the ascend-
ing and descending brainstem pathways) in MS patients,
especially for detection of early brainstem involvement
before brainstem findings appear radiologically in MRI,
even in the absence of vertigo symptoms.
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