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     Multiple sclerosis (MS) is a chronic neurological disease,
which affects young adults at a time when they have to make
most of their personal and professional choices. predicting the
long-term disability of MS is therefore very important for
patients as well as neurologists. it has become even more crucial
nowadays with more and more treatment options becoming
available. 
     Several prognostic factors of long-term irreversible disability
have been described in MS: 1) at onset: ethnicity, sex, age, type
of symptoms, and initial course and 2) later on, they include
recovery from the initial symptoms, delay to the second
neurologic episode, number of relapses in the first few years, and
clinical characteristics in the early phase of the disease.1 recent
studies have also suggested that brainstem involvement is an
important predictor of future disability.2,3 these studies have
shown that the presence of at least one brainstem lesion
increases both the risk of conversion and disability,2 and that two
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ORIGINAL ARTICLE

or more infratentorial lesions best predicts long-term disability.3
another study has shown, when comparing patients with just the
symptomatic brainstem lesion and patients with symptomatic
brainstem lesion together with asymptomatic lesions on the
magnetic resonance imaging (Mri), the latter had statistically
significant higher chance to convert to MS.4 therefore it is very
important to detect brainstem lesions early in order to advise
patients accordingly. 
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     the deficiency of the conventional Mri in the detection of
brainstem lesions is well known.5,6 Vestibular evoked myogenic
potentials (VeMp), on the other hand, are recognized as
fundamental in the assessment of vestibuloocular and
vestibulospinal involvement. two VeMp tests exist: cervical
VeMp (cVeMp) that evaluates integrity of vestibulospinal
pathway and ocular VeMps (oVeMp) that is a manifestation of
vestibuloocular reflex. both oVeMp and cVeMp response
parameters demonstrate good test-retest reliability, making them
good tools for evaluating brainstem involvement.7 abnormal
results of both VeMp in patients with MS implicates lesion of
the brainstem, despite normal Mri and/or neurological
examination.8,9

     therefore we hypothesized that VeMp is superior in
detection of brainstem lesions than other conventional measures
of brainstem damage: clinical examination, auditory evoked
potentials (aep) and brain Mri. 

PATIENTS AND METHODS
     Patients: patients with the diagnosis of relapsing-remitting
MS according to the 2010 revision of the Mcdonald’s criteria
were prospectively included in the study.10 exclusion criteria
were ear disease or medications that could influence VeMp
results like diazepam or clonazepam. all participants were
informed about the details of the experiment and they all signed

informed consent forms. the ethical committee of the
university hospital Centre Zagreb approved the study.
     all patients were examined by the neurologist with at least
five years experience in MS and expanded disability status scale
(edSS) score and brainstem functional system score (bSfS)
(part of the edSS evaluating brainstem symptomatology) were
calculated.
     MRI: Mri was performed on 1.5t and t1, t2, pd and fluid-
attenuated inversion recovery (flair) sequences were analyzed
for presence of brainstem lesions. a neurologist with at least five
years experience in MS reviewed all Mris.
     Auditory evoked potentials: during the experiment
participants sat or lay in a relaxed position in a slightly darkened
room. their eyes were closed in order to avoid ocular artifacts.
activity was recorded with four surface disk electrodes. active
electrodes were situated on the mastoids on both sides and
referred to the vertex electrode (Cz). frontal electrode (fz) was
used as ground electrode. 
     the stimuli were delivered by a pair of headphones. the
stimulation rate was 10 hz and stimuli were acoustic clicks of
0.1 ms duration. at the beginning of the experiment the
perceptive threshold for each participant for each ear was
assessed. during the experiment, the intensity of stimulation
delivered to the tested ear was 70 db higher than the perceptive
threshold. at the same time the white noise with an intensity 30
db lower than the intensity delivered to the tested ear was

bSfS brainstem functional system score (part of the edSS) showing
clinical involvement of the brainstem; aep audiotory evoked poten-
tials, oVeMp ocular vestibular evoked myogenic potentials; cVeMp
cervical vestibular evoked myogenic potentials; VeMp vestibular
evoked myogenic potentials, Mri magnetic resonance imaging; * indi-
cates statistical significance
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Table 1: Showing oVEMP, VEMP and MRI are superior to
AEP in detection of brainstem lesions

bSfS brainstem functional system score (part of the edSS) showing
clinical involvement of the brainstem; aep audiotory evoked poten-
tials, oVeMp ocular vestibular evoked myogenic potentials; Mri mag-
netic resonance imaging; * indicates statistical significance
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P value 

BSFS* 0.003 
AEP* 0.002 
MRI 0.324 

 
                

            
     

 
 
 

            

                
          

 
 
 

                 

                
           

 

Table 2: Showing oVEMP is superior to BSFS and AEP in
detection of brainstem lesions

bSfS brainstem functional system score (part of the edSS) showing
clinical involvement of the brainstem; aep audiotory evoked poten-
tials, cVeMp cervical vestibular evoked myogenic potentials 

 

 
 

                 

                
            

             
   

 
 
 

                

                
            

     
 
 
 

            
 
cVEMP versus 

 
P value 

BSFS 1.000 
AEP 0.839 
MRI 0.054 

 
                

          
 
 
 

                 

                
           

 

Table 3: Showing no difference between cVEMP comparing
to other studied parameters

bSfS brainstem functional system score (part of the edSS) showing
clinical involvement of the brainstem; aep audiotory evoked poten-
tials, Mri magnetic resonance imaging; * indicates statistical signifi-
cance

 

 
 

                 

                
            

             
   

 
 
 

                

                
            

     
 
 
 

            

                
          

 
 
 

                 
 
VEMP versus 

 
P value 

BSFS* < 0.0001 
AEP* < 0.0001 
MRI* 0.012 

 
                

           
 

Table 4: Showing VEMP is superior to BSFS, AEP and MRI
in detection of brainstem lesions
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delivered to the contralateral ear in order to reduce the effect of
the bone conductivity. each series consisted of 1000 stimuli and
was repeated twice for each ear in order to provide
reproducibility. recordings were performed using Medelec
Synergy, oxford instruments, uK. automated analysis
according to the normative values was performed with the same
system.
     the results of aep were regarded either as pathological or
normal according to the normative values for the laboratory. 
     Vestibular evoked myogenic potentials: VeMp was
performed as previously described.9 the presented stimuli were
acoustic clicks of 1 ms duration at an intensity of 130 db sound
proof level (Spl) and the stimulation frequency of 1 hz.
recordings were performed using a brain products brain Vision
recorded and the analysis of the recorded data was performed
using a brain products brain Vision analyzer. We used baseline
normalized values of the sternocleidomastoid muscle (SCM)
amplitude data instead of the absolute value of amplitude,
because absolute amplitude of the evoked response depends on
the amplitude of the muscle activity (muscle contraction) and is
not reliable measure. the baseline normalized value of
amplitude is calculated by dividing the absolute peak to peak
amplitude (p13-n23) with mean value of rectified activity of
muscle in the period prior the stimulus.
     the results of oVeMp and cVeMp were regarded either as
pathological or normal according to the normative values for the
laboratory.

Statistical analysis
     according to a power analysis for exact test, where the size
of the effect (effect size) is 0.15 (according to p1 = 0.8 and p2 =
0.65; information obtained in the pilot study), power of the test
80% and significance level 0.05, a total of 72 patients are
needed. analysis was performed using gpower 3.1 program.
     Statistic analysis was performed using ibM SpSS 19.0
(Chicago, il). We used the Mcnemar's test, which evaluates
changes in related or paired binomial attributes. p values less
than 0.05 were considered significant.

RESULTS
     Seventy two patients participated in the study, 48 females and
24 males, aged from 18 to 58 years (median 33 years). Median
edSS was 1.5 (range from 0 to 3.5). Median disease duration
was 22.5 months (range from 2 to 307 months).
     from 72 patients, 18 (25%) had clinical involvement of the
brainstem evident by bSfS equal or greater than 1. on the other
hand, Mri showed brainstem involvement in 29 (40%) patients.
this difference was statistically significant (p=0.027), indicating
that the Mri is superior comparing to clinical examination in
evaluating brainstem involvement in MS.
     of the neurophysiological tests, aep showed pathological
results in 16 (22%) patients, oVeMp in 36 (50%) patients,
cVeMp in 18 (25%) patients, and VeMp (combination of
oVeMp and cVeMp) in 45 (63%) patients. Comparison between
each test is presented in tables 1-4. Vestibular evoked myogenic
potentials detected brainstem lesions in a higher percentage than
clinical examination, Mri and aep, which was statistically
significant (< 0.0001, 0.012 and < 0.0001, respectively).

DISCUSSION
     results of the present study have shown that VeMps are the
optimal method to detect brainstem lesions in MS and that they
detect them significantly better than clinical examination, aep
or Mri. Simultaneous oVeMp and cVeMp tests may be a
convenient screening tool for assessing crossed vestibulo-ocular
reflexes and ipsilateral sacculo-collic reflexes in every MS
patient because this is a noninvasive and short diagnostic
procedure with very low cost.
     Vestibular evoked myogenic potentials are a new method
which has only recently been investigated in MS. the percentage
of pathological findings, when oVeMp and cVeMp are used in
combination, ranges from 50% to 80%9,11,12, which is
significantly higher percentage than aep13. this was confirmed
by our previous study, which showed that VeMp is superior to
aep in detecting brainstem involvement11. these discrepancies
between clinical and neurophysiological data (clinico-
neurophysiological paradox) and clinical and Mri data (clinic-
radiological paradox) could be explained by the fact that the
information provided by evoked potentials is more related to the
function, unlike Mri, which is more related to anatomy.
nevertheless, detection of brainstem lesions is very important in
MS, since it has been shown that this is one of the best predictors
of conversion from clinically isolated syndrome to MS or for
future disability. as all studies showing the importance of
brainstem lesions used Mri as a tool to detect brainstem lesions,
these results are hard to extrapolate on lesions detected by
evoked potentials.2,14 in spite of this, combinations of different
evoked potentials has shown very high sensitivity and specificity
in predicting future disability in MS.15

     the limitation of this study is that the Mri was done on 1.5t
Mri, especially knowing that turbo spin-echo, double inversion
recovery brain imaging at 3t provides the highest overall
sensitivity in the detection of infratentorial MS lesions.16

     although the present study showed superiority in detection of
brainstem lesions by VeMp, long-term capability of VeMp in
prediction of future disability remains to be investigated . 
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