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INTRODUCTION

Multiple sclerosis (MS) is chronic inflammatory demyelina-
ting disease of the central nervous system (CNS), and the 
leading cause of disability in young adults. Considering that 
inflammation can affect any part of the CNS, this disease can 
present itself with myriad of symptoms, thus it is sometimes 
called “the disease with thousand faces”. Symptoms that pa-
tients develop are caused by inflammation leading to demye-
lination (i.e. the disruption of the myelin sheath) which results 
in slowing of impulse conduction through neuronal pathways, 
and functional deficits in systems innervated by demyelinated 
nerve fibres (e.g. locomotor and sensory system). For exam-
ple, one of the more important and frequently affected fun-
ctions, particularly in patients with longer disease duration, is 
walking. According to North American Research Committee 
on Multiple Sclerosis registry 45% of MS patients aged 
between 18-64 years use some form of mobility devices (1). 
Moreover, MS is the leading cause of wheelchair use in this 
age group (2). It is only recently that a wider range of drugs 
for treating MS became available, and they can be divided in 
two groups, i.e. the first and second line. The second line of 
treatment includes more efficient drugs, but with more seve-
re possible side-effects. This line of treatment is used in pa-
tients with more aggressive disease course or in patients who 
were unresponsive to the first line treatment.

Considering this wider range of therapies available today, one 
of the challenges is to estimate which therapy is the best 

choice for specific patient taking into account his or her cu-
rrent health state and factors which may indicate future co-
urse of disease in this patient. In addition to neurological 
examination, brain and cervical spinal cord magnetic reso-
nance imaging (MRI) is typically used in order to gain insi-
ght into patients’ current state and disease activity. Studies 
have shown that demyelinating lesions detected with the 
MRI in some parts of the CNS, such as the brainstem, carry 
higher risk for worse disease course (3-5). On the other hand, 
it is also known that MRI findings do not always correlate 
with clinical finding, meaning that patient may have some 
symptoms, but no corresponding lesions are evident on MRI. 
The latter is referred to as the clinico-radiological paradox 
(6), which is particularly emphasized in the brainstem region 
(7). Thus there is a need for additional methods and tools for 
assessing different neurological system, and evoked poten-
tials are one of these methods.

EVOKED POTENTIALS

Evoked potentials (EP) are a group of different slightly di-
fferent diagnostic procedures, but all share the same prin-
ciple; the response of specific neural pathway to appropria-
te stimulation is recorded and analysed. Using this principle, 
numerous neural pathways and systems can be inspected, 
for example somatosensory system (somatosensory evoked 
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potentials – SSEP), vestibular (vestibular evoked myogenic 
potentials – VEMP), visual (visual evoked potentials – 
VEP), auditory (brainstem auditory evoked potentials – 
BAEP), and motor system. For instance, one of the most 
commonly used types of stimuli is the electric impulse. The 
electric impulse is sensed by sensory nerve fibres which 
then emit the information from the place of stimulation (e.g. 
ankle) to cerebral sensory cortex. The sensory information 
is transduced as a transient “travelling” change of the ele-
ctric potential on the membrane of nerve cells, and these 
changes in the electric potential (so called evoked poten-
tials) can be recorded via electrodes placed along the exa-
mined neural pathway. Several parameters of the recorded 
response are analysed (i.e. the amplitude, latency and morp-
hology of the response) and compared to the referent values 
of healthy population. The name of the recorded response 
(the so called “wave”) usually contains information on the 
polarity of electric potential change (i.e. positive (P) or ne-
gative (N)), and the approximate time (measured in milli-
seconds) needed for the evoked potential to travel the 
distance from the site of stimulation to the measuring ele-
ctrode in healthy population. For example, P100 wave des-
cribes positive change of the electric potential measured at 
100 ms after the stimulation.

THE ROLE OF EVOKED POTENTIALS 
IN MULTIPLE SCLEROSIS

The role of EPs in the assessment of MS patients changed 
over time, and with the emergence of new technologies, 
especially the magnetic resonance imaging (MRI), EPs 
were unjustifiably considered less useful. In recent years 
EPs are becoming increasingly important in MS diagnosti-
cs, which is clearly reflected in the fact that visual evoked 
potentials became enlisted in the new criteria for diagnosing 
MS (8). In contrast to imaging methods, such as the MRI, 
EPs can give us insight in the actual function of the speci-
fic neural pathway. Since demyelinating inflammation of 
the central nervous system is the hallmark of MS, typical 
finding on EPs in MS are prolonged latencies of responses. 
Other common findings are decreased amplitudes or even 
absence of response depending on the degree of damage of 
myelin sheaths or neurons themselves.

VISUAL EVOKED POTENTIALS (VEP)

Considering that the first manifestation of MS in about 
20% of patients is the inflammation of the optic nerve 
(i.e. optic neuritis – ON), VEPs are one of the most com-
monly used methods among Eps (9). Typical finding on 
VEP in the acute phase of ON are prolonged latencies 
(Figure 1) and reduced amplitudes of the responses. Al-
though the amplitudes of VEP responses return to normal 
some time after the ON, the latency of the response usu-
ally remains prolonged. The sensitivity for identifying a 
patient who experienced ON some time in the past is 
77-100% (10, 11). It is for this reason that VEPs can be 
used for estimating whether the patient fulfils one of the 
criteria for diagnosing MS, i.e. the dissemination in time.

SMATOSENSORY EVOKED POTENTIALS (SSEP)

SSEPs of upper and lower extremities can give us insight 
in the function of somatosensory pathway in dorsal colu-
mns of the spinal cord and thalamo-cortical sensory system 
in the brain. The value of evoked potentials as a method 
lies primarily in their ability to detect subclinical damage 
of the nervous system, and SSEPs of lower extremities (Fi-
gure 2) are considered to be one of the most valuable met-
hods among Eps (12). Studies have shown that SSEPs of 
lower extremities can detect the damage of spinal cord so-
matosensory system in as much as 80% of MS patients 
without corresponding clinical symptoms (13).

Fig. 1: An example of prolonged latency of visual evoked potential res-
ponse. P100 wave was recorded more than 120 ms after the stimulation.

Fig. 2: An example of normal response recorded during SSEP of lower 
extremities. In this diagnostic procedure tibial nerve is stimulated via 
electric impulse at the level of ankle, and the responses are recorded at 
several spinal cord levels, as well as over sensory cortex of the brain.
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BRAINSTEM EVOKED POTENTIALS

Brainstem auditory evoked potentials (BAEP) and vestibu-
lar evoked myogenic potentials (VEMP) evaluate the fun-
ction of auditory and vestibular system (i.e. system respon-
sible for sense of balance) at the level of the brainstem. 
While BAEP is one of the least sensitive methods among 
EPs (14), VEMP has been shown to be superior compared 
to BAEP, as well as compared to neurological exam and 
brain MRI (15). SSEP of the trigeminal nerve has also pro-
ven to be valuable in detecting lesions of upper portion of 
the brainstem (i.e. the mesencephalon) in MS patients (16).

THE EVOKED POTENTIAL SCORE

Considering that by using different EP methods various par-
ts of the nervous system can be evaluated, an idea to create 
an indicator of the global state of function of MS patients’ 
nervous system was born. By marking every VEP and BAEP 
response, and motor and SSEP responses of upper and lower 
extremities according to hypothetical degree of damage, and 
summing-up all of the result, Leocani et al. developed the 
so-called evoked potential score (EP score). In this model 
normal responses were marked as 0, prolonged latencies as 
1, abnormal morphologies of waves was marked as 2, and 
an absence of response was marked as 3 (17). In this longi-
tudinal study patients were followed-up for about three years, 
and EP score correlated well with neurologist’s clinical fin-
dings, but it also showed predictive value. Subjects who had 
EP score higher than the median of this sample had 72.5% 
higher risk for clinical worsening in the control period. Also, 
another retrospective study with longer follow-up period 
confirmed the predictive value of EP score (18).

One of the shortfalls of both studies is that only BAEP 
was used to evaluate the function of the brainstem. This 
is especially important considering the before-mentioned 
correlation between brainstem lesions and higher risk for 
worse course of the disease. It is for that reason that the 
VEMP score was developed. VEMP score correlated well 
with both clinical and MRI findings of brainstem integri-
ty, and it also had independent predictive value of clinical 
state of MS patients (19, 20). The value of VEMP score 
as a predictor of disease course is still a matter of study.

CONCLUSION

Evoked potentials are very valuable neurophysiological met-
hod in diagnostics and follow-up of MS patients. The biggest 
advantage of EPs is the ability to detect subclinical damage 
of the nervous system. Also, considering that this method 
gives us information about the functional state of the inspected 
neural pathway, it is complementary to MRI when evaluating 
MS patients. Some studies have shown that by using a battery 
of EPs can be used to gain better understanding of the current 
state of individual MS patient, and can even be used to iden-
tify patients at higher risk of disease progression. This predi-
ctive value is especially important when deciding which 
therapy is the most suitable one for specific MS patient.

References

[1] Kister I, Chamot E, Salter AR, Cutter GR, Bacon TE, Herbert 
J. Disability in multiple sclerosis: a reference for patients and 
clinicians. Neurology. 2013; 80:1018-24.

[2] Kaye, HS, Kang T, LaPlante MP. Mobility Device Use in the 
United States. National Institute on Disability and Rehabili-
tation Research, US Department of Education, 2000. (http://
www.disabled-world.com/pdf/mobility-report.pdf) (accessed 
8.01.2017.)

[3] Filippi M, Horsfield MA, Morrissey SP et al. Quantitative 
brain MRI lesion load predicts the course of clinically isola-
ted syndromes suggestive of multiple sclerosis. Neurology 
1994;44:635-641.

[4] Sailer M, O’riordan JI, Thompson AJ et al. Quantitative MRI 
in patients with clinically isolated syndromes suggestive of 
demyelination. Neurology 1999;52:599-606.

[5] Minneboo A, Barkhof F, Polman CH, Uitdehaag BM, Knol 
DL, Castelijns JA. Infratentorial lesions predict long-term 
disability in patients with initial findings suggestive of mul-
tiple sclerosis. Arch neurol 2004;61;217-221.

[6] Barkhof F. The clinico-radiological paradox in multiple scle-
rosis revisited. Curr opin neurol 2002;15:239-245.

[7] Zadro I, Barun B, Habek M, Brinar VV. Isolated cranial ner-
ve palsies in multiple sclerosis. Clin Neurol Neurosurg 
2008;110:886-888.

[8] MAGNIMS Study Group. MRI criteria for the diagnosis of 
multiple sclerosis: MAGNIMS consensus guidelines. Lancet 
Neurol. 2016; 15:292-303.

[9] Brownlee WJ, Miller DH. Clinically isolated syndromes and 
the relationship to multiple sclerosis. J Clin Neurosci. 2014; 
21:2065-71.

[10] Movassat M, Piri N, AhmadAbadi MN. Visual Evoked Po-
tential Study in Multiple Sclerosis Disease. Iran J Ophthalmol 
2009;21:37-44.

[11] J Palace. Making the diagnosis of multiple sclerosis. J Neurol 
Neurosurg Psychiatry 2001;71:ii3-ii8.

[12] Djuric S, Djuric V, Zivkovic M, Milosevic V, Jolic M, Sta-
menovic J, Djordjevic G, Calixto M. Are somatosensory evo-
ked potentials of the tibial nerve the most sensitive test in 
diagnosing multiple sclerosis? Neurol India 2010;58:537-41.

[13] Kraft GH, Aminoff MJ, Baran EM, Litchy WJ, Stolov WC. So-
matosensory evoked potentials: clinical uses. AAEM Somatosen-
sory Evoked Potentials Subcommittee. American Association of 
Electrodiagnostic Medicine. Muscle Nerve 1998;21:252-8.

[14] Comi G, Leocani L, Medaglini S, Locatelli T, Martinelli V, 
Santuccio G, Rossi P.Measuring evoked responses in multiple 
sclerosis. Mult Scler. 1999; 5:263-7.

[15] Skorić MK, Adamec I, Mađarić VN, Habek M. Evaluation of 
brainstem involvement in multiple sclerosis. Can J Neurol 
Sci 2014;41:346-9.

[16] Krbot Skorić M, Adamec I, Crnošija L, Gabelić T, Barun B, 
Zadro I, Butković Soldo S, Habek M. Tongue somatosensory 
evoked potentials reflect midbrain involvement in patients with 
clinically isolated syndrome. Croat Med J 2016; 57:558-565.

[17] Leocani L, Rovaris M, Boneschi FM, Medaglini S, Rossi P, 
Martinelli V, Amadio S, Comi G. Multimodal evoked poten-
tials to assess the evolution of multiple sclerosis: a longitu-
dinal study J Neurol Neurosurg Psychiatry 2006;77:1030-1035.

[18] Invernizzi P, Bertolasi L, Bianchi MR, Turatti M, Gajofatto A, 
Benedetti MD. Prognostic value of multimodal evoked potentials 
in multiple sclerosis: the EP score. J Neurol 2011;258:1933-9.

[19] Gabelić T, Krbot Skorić M, Adamec I, Barun B, Zadro I, Habek 
M. The vestibular evoked myogenic potentials (VEMP) score: 
a promising tool for evaluation of brainstem involvement in 
multiple sclerosis. Eur J Neurol 2015;22:261-9, e21.

[20] Crnošija L, Krbot Skorić M, Gabelić T, Adamec I, Habek M. 
Vestibular evoked myogenic potentials and MRI in early mul-
tiple sclerosis: Validation of the VEMP score. J Neurol Sci. 
2017; 372:28-32.

Engeneering Power 2017-02-05.indd   11 14.4.2017.   14:51:47


