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Abstract
Objective: Since magnetic resonance imaging (MRI) became central in the diagnosis and follow-up of Multiple Sclerosis (MS), evoked potentials
(EP) studies appear to have lost their value, despite their ability to indicate the real-time status of the physiological system, and the nature of the
lesion. In this study, we investigated the diagnostic utility of EPs and their correlation with MRI findings in our patients who were evaluated for
suspected MS.
Materials and Methods: In this study, the medical records at first admission of 100 patients who were evaluated for suspected MS were
analyzed retrospectively. The correlations of EPs with clinical and MRI findings were analyzed.

Results: The VEP test was more sensitive than orbital MRI in detecting optic nerve involvement. tSEP agreed with 81% of the MRI findings
and mSEP with 55%. On the other hand, in patients with normal spinal MRI, mSEP and tSEP indicated functional impairment in 44% and 67%
of the cases, respectively. Although MRI seems to be more useful in detecting brainstem abnormalities, only the BAEP study revealed subclinical
involvement in 12% of the patients. Again, VEP indicated subclinical involvement in 18% and mSEP in 29% of the cases.
Discussion: Evoked potential studies are still valuable in revealing abnormalities that cannot be detected by conventional MRI techniques. It
is an indisputable fact that EP is more sensitive than MRI in detecting optic nerve lesions. In particular, EPs are especially useful for diagnosis and
follow-up when MRI cannot be performed or takes too much time.
Keywords: Evoked Potentials; Multiple Sclerosis; Magnetic Resonance Imaging

Abbreviations: MRI: Magnetic Resonance Imaging; MS: Multiple Sclerosis; EP: Evoked Potentials; VEP: Visual Evoked Potential

Introduction
Since magnetic resonance imaging (MRI) became central in
the diagnosis and follow-up of Multiple Sclerosis (MS), evoked
potentials (EP) studies appear to have lost their value, despite
their ability to indicate the real-time status of the physiological
system, and the nature of the lesion [1-5]. Indeed, EPs are rarely
mentioned in the current literature, and are not found as frequently
as MRI in clinical studies. The measurement of EPs is noninvasive,
inexpensive, easy to access and implement, and provides clear
numerical values to evaluate signal propagation in time and space
in cases of suspected MS [6]. In this study, we investigated the
diagnostic utility of EPs and their correlation with MRI findings in
our patients who were evaluated for suspected MS.

retrospectively. The correlations of evoked potentials with clinical
and MRI findings were analyzed.

Materials and Methods

The EPs tests included: visual evoked potential (VEP), median
nerve somatosensory evoked potential (median SEP), tibial nerve
somatosensory evoked potential (tibial SEP), and brainstem
auditory evoked potential (BAEP). A Keypoint (Alpine, Denmark)
instrument was used to record the EPs. All MRI images were
obtained with a 1.5 T super-conductive magnet (Philips Achieva)
with a standard head coil of 8-16 channels. Transverse T1 and T2weighted, transverse FLAIR, Coronal T2-weighted, and contrast
T1 sequences were obtained, according to the conventional MRI
protocol.

In this study, the medical records at first admission of 100
patients who were evaluated for suspected MS were analyzed

The sensitivity of the methods was compared using Fisher’s
exact test. The sensitivity of the tests was calculated as the fraction
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of abnormal findings in patients diagnosed with MS according to
McDonald criteria. p <0.05 and p <0.01 were considered statistically
significant.

Results

The records at first admission of 32 male and 68 female patients
were examined. The age range was 22-34 years (mean 26.7) for male
patients, and 18-42 (mean 25.2) for females. All patients underwent
cranial MRI examination. Moreover, 16 patients had orbital MRI,
93 patients had cervical MRI and 23 patients underwent thoracic
MRI. VEP was recorded on all patients, median SEP (mSEP) on 93 of
them, tibial SEP (tSEP) on 21 and BAEP on 92. The mean P100 wave
latency was prolonged in 15 out of 16 symptomatic patients with
orbital MRI. Only 5 of these patients showed orbital MRI lesions.
In the other 10 patients, while the orbital MRI was normal, the
P100 wave latency was prolonged (Table 1). In 72 patients (72%),
VEP examination showed delayed conduction. Of these, 54 were
symptomatic and 18 were asymptomatic. Out of 28 patients with
normal VEP examination, 4 had visual symptoms (Table 2). Forty
patients out of the 93 who had mSEP performed were symptomatic.
Out of the 28 patients found abnormal by both spinal MRI and mSEP
examination, 9 were subclinical.
Table 1: Optic nerve abnormalities on MRI and VEP.
Data

n =16

Abnormal orbital MRI; abnormal VEP

5

Normal orbital MRI; abnormal VEP

10

Abnormal orbital MRI; normal VEP
Normal orbital MRI; normal VEP

Table 2: VEP abnormalities in patients with MS.

0
1

Data

n =100

with symptom; abnormal VEP

54

without symptom; abnormal VEP

18

with symptom; normal VEP

without symptom; normal VEP

4

24

In 24 patients spinal MRI revealed a cervical lesion while
mSEP was normal. Three of these patients were subclinical. In 18
asymptomatic patients the mSEP was delayed while spinal MRI
was normal, therefore mSEP was the only evidence of subclinical
involvement. Spinal MRI alone indicated subclinical involvement
in only 3 patients (Table 3). Complete spinal MRI (cervical and
thoracic) was performed on 23 patients. tSEP examination
was performed on 21 out of 23 fully symptomatic patients and
conduction delay was detected in 18 of them. In 16 of these, spinal
MRI revealed lesions, while it was normal in the other 2 (Table 4).
mSEP was abnormal in 46 (49%) of 93 tested patients, and in 18
(86%) of 21 patients who were tested for tSEP. Agreement of MRI
findings with tSEP and was found in 81% of the cases, and in 55%
with mSEP. BAEP was performed on 92 patients and abnormalities
were detected in 12 of them (13%). Only one of these patients was
symptomatic. In 9 out of 12 patients with BAEP interpeak latency
delay, an MRI lesion was detected in the appropriate localization,
while 3 had no MRI localized lesions.

Table 3: The agreement between MRI and mSEP.
Data

n =93

Abnormal cervical MRI; abnormal median
SEP

28 (19 symptomatic, 9
subclinical)

Normal cervical MRI; abnormal median
SEP

18 (all subclinical)

Abnormal cervical MRI; normal median
SEP

24 (21 symptomatic, 3
subclinical)

Normal cervical MRI; normal median SEP

23 (all subclinical)

Table 4: The agreement between MRI and tSEP.
Data

n =23

Abnormal spinal MRI; abnormal tibial SEP

16

Normal spinal MRI; abnormal tibial SEP

2

Abnormal spinal MRI; normal tibial SEP

2

Normal spinal MRI; normal tibial SEP

1

Abnormal spinal MRI; tibial SEP not applied

1

Normal spinal MRI; tibial SEP not applied

1

Although 37 patients had brain stem lesions on cranial MRI,
BAEP was normal in 28 of them (Table 5). In 33 examinations (21
asymptomatic and 12 symptomatic) the MRI of the related region
did not detect lesions, whereas EPs (VEP, medial and tibial SEP,
BAEP) detected abnormalities (Table 6). Moreover, considering
the fact that only the VEP test revealed subclinical optic nerve
involvement in 18 patients who were asymptomatic and who had
not undergone orbital MRI examination, subclinical effects were
detected only by EP tests in a total of 39 cases. VEP was abnormal
in 72 (72%) of the 100 patients tested, in 46 (49%) of 93 patients
tested for mSEP, in 18 (86%) of the 21 tested for tSEP, and in 12
(13%) of the 92 patients tested for BAEP (Figure 1). When these
four types of EPs test were compared, VEP, mSEP and tSEP gave
significantly more abnormal results than BAEP in MS patients. VEP
and tSEP abnormality rates were comparable. Both VEP and tSEP
showed a higher percentage of abnormalities than mSEP (Table
7). A pathway delay was revealed by VEP in 10 out of 11 (91%)
patients with negative orbital MRI, by mSEP in 18 out of 41 MRInegative patients (44%), by tSEP in 2 out of 3 (67%) MRI-negative
patients, and by BAEP in 3 out of 55 (5%) MRI-negative patients
(Figure 2).
Table 5: The agreement between MRI and BAEP.
Data

n= 92 (1 symptomatic)

Abnormal brainstem MRI; abnormal BAEP

9 ( 1 symptomatic)

Normal brainstem MRI; abnormal BAEP

3

Abnormal brainstem MRI; normal BAEP

28

Normal brainstem MRI; normal BAEP

52

Normal spinal MRI; tibial SEP not applied

1

Abnormal spinal MRI; tibial SEP not applied

1
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Table 6: EP abnormalities in MRI-negative MS patients for
related pathway.
Data
Abnormal VEP; normal MRI

10 (all symptomatic)

Abnormal median SEP; normal MRI

18 (all asymptomatic)

Abnormal BAEP; normal MRI

3 (all asymptomatic)

Abnormal tibial SEP; normal MRI

2 (all symptomatic)

Table 7: Statistical significance for the difference between the
modalities of evoked potentials.
Parameters
VEP

VEP

mSEP

0.002**

BAEP

0.000**

tSEP

0.273

mSEP

0.003**
0.000**

Fisher’s exact test *p < 0.05. **p < 0.01

tSEP

and mSEP were more sensitive than BAEP, and their sensitivity
was comparable (Table 8). VEP in 18 out of 100 (18%) patients
tested, mSEP in 27/93 (29%), and BAEP in 11/92 (12%) showed
evidence of subclinical involvement in asymptomatic patients
(Figure 3). Thus, mSEP is superior to BAEP in detecting subclinical
involvement and the sensitivity of VEP is similar to that of BAEP
and mSEP (Table 9).
Table 8: Statistical significance for the difference between the
modalities of evoked potentials in MRI-negative MS patients for
related pathway.
Parameters
VEP

mSEP
0.000**

0.007**

tSEP

BAEP

VEP

0.396

0.000**

mSEP

0.583

0.000**

Fisher's exact test *p < 0.05. **p < 0.01

tSEP

0.018*

Table 9: Statistical significance for the difference between the
modalities of evoked potentials in asymptomatic MS patients for
related pathway.
Parameters
VEP

mSEP
BAEP

VEP
0.088
0.314

Fisher's exact test *p < 0.05 **p < 0.01

mSEP

0.006**

Figure 1: Percentage of abnormal results of VEP, mSEP,
tSEP and BAEP in patients with MS.

Figure 3: Percentage of abnormal results of VEP, mSEP
and BAEP in asymptomatic MS patients.

Discussion

Figure 2: Percentage of abnormal results of VEP, mSEP,
tSEP and BAEP in MRI-negative MS patients for related
pathway.
When there was no visible lesion in the MRI of the relevant
region, VEP was more sensitive than mSEP and BAEP, but not than
tSEP, in revealing the abnormality in the related pathway. tSEP

Abnormal VEP, mSEP, tSEP, and BAEP results were found,
respectively, in 72%, 49%, 86%, and 13% of our patients. The
VEP test was more sensitive than orbital MRI in detecting optic
nerve involvement. Moreover, in all patients in whom orbital
MRI demonstrated optic nerve involvement, VEP had already
detected a delay in conduction. Orbital MRI did not provide
additional information about optic nerve involvement in patients
who had normal VEP. tSEP was more often abnormal than mSEP,
but this may be due to the fact that tSEP was performed only on
symptomatic patients. tSEP agreed with 81% of the MRI findings
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and mSEP with 55%. On the other hand, in patients with normal
spinal MRI, mSEP and tSEP indicated functional impairment in 44%
and 67% of the cases, respectively. Although MRI seems to be more
useful in detecting brainstem abnormalities, in 3 patients, only the
BAEP study revealed subclinical involvement. Again, VEP indicated
subclinical involvement in 18% and mSEP in 29% of the cases. Most
of the clinical symptoms of MS reflect altered impulse generation
and transmission in the central nervous system.

EPs are measurements of central signal transduction in vivo
and provide a quantitative measurement of functional impairment
in the associated pathways [2-5]. After Halliday et al. [7] reported a
delay in P100 wave latency in almost all MS patients, even with no
history of optic neuritis, VEP tests attracted great interest: Many
later studies repeatedly showed similar findings, although with
smaller effects than reported in the original one, thus establishing
VEP as a sensitive method to detect clinically silent lesions. In
later studies, a significant number of patients with MS were also
shown to have BAEP and SEP abnormalities without a lesion in the
relevant site [8-10]. Before the advent of MRI, EPs were a routine
component of the diagnosis of MS. However, due to its relatively
high specificity and sensitivity to subclinical lesions, for several
years MRI has largely replaced EPs in monitoring the dissemination
of lesions in time and space in patients presenting with the typical
symptoms of MS and excluding alternative diagnoses [1]. However,
overconfidence in imaging results leads to misdiagnosis. In spite
of well-established diagnostic criteria, misdiagnosis remains a
problem.

In a study conducted by Solomon et al., the final diagnoses of
110 patients with MS who were re-evaluated in a MS center was
changed to migraine (22%), fibromyalgia (15%), nonspecific
symptoms with abnormal MRI (12%), psychogenic disorders
(11%), and neuromyelitis optica spectrum disorders (6%). In
these cases, cerebrospinal fluid analysis and EPs can help the
clinician [11]. Although current criteria for MS diagnosis do not
require neurophysiological testing [1], there are cases in which
electrophysiological data can provide useful diagnostic information.
EPs may show spatial dissemination of the lesions. During the
course of MS, EPs may be used to confirm uncertain relapses in
patients expressing vague or transient symptoms [12]. It has been
reported that 50-90% of MS patients have abnormalities in one
or more of the EPs [13]. The ability of EPs to detect subclinical
lesions of the optic nerve and spinal cord has been demonstrated
in many studies [14]. Although conventional MRI is accepted as
the standard examination in diagnosing MS and monitoring the
disease, it usually shows weak association with functional data, a
phenomenon known as functional-anatomical paradox [5,15].
In contrast, EP can be used to assess the long, relevant pathways
that are well correlated with functional involvement [16]. The
sensitivity of an EP study depends on the length of the measured
pathways and the probability that the relevant functional system
suffers a demyelinating lesion [4]. Ko [17] showed that VEP can
detect optic nerve lesions with 100% sensitivity whereas SEP has
lower sensitivity (64%) in detecting spinal cord lesions. This result

is in contrast with the expectation that long afferent spinal tracts
are more common in MS, because the SEP will be normal in small
cord lesions that leave a sufficient number of fast conducting fibers
intact. This study also revealed the near equality of BAEP and MRI
in detecting brain stem lesions, the superiority of MRI over SEP in
detecting spinal cord lesions, and the undisputed superiority of
VEP over MRI in detecting optic nerve lesions. In their study, Dijuric
et al. [18] found that tSEP was more sensitive than mSEP, VEP and
BAEP, followed by VEP. BAEP had the lowest sensitivity. Although
EPs can detect subclinical CNS involvement, their sensitivity to
brain lesions is much lower than MRI.

MRI is clearly superior to EPs in detecting supratentorial
lesions, since plaques are preferably located in periventricular
regions, which do not affect sensory and motor pathways, while
EPs can only be abnormal when such pathways are affected [19].
Though EPs provide information limited to known pathways,
and this fact limits their value in the diagnosis of MS, this is an
advantage when evaluating functional impairments in MS patients,
since EPs are directly related to functionality [19,20]. Although it
is now easier to diagnose MS with the new MRI-based diagnostic
criteria, many aspects of the disease can be demonstrated primarily
or only by using neurophysiological studies that today appear to
be generally neglected. The expert consensus of the MAGNIMS
network suggested the inclusion of optic nerve involvement for
diagnosing spatial dissemination in the revised McDonald’s criteria
[21]. What does EP tell us? A normal EP test when MRI shows
demonstrable involvement of the related pathways tells us that an
adequate amount of fast-conducting fibers is still retained [17].
Furthermore, if despite a delayed initial response in EP the
cortical response occurs within the normal latency range, we may
infer that functional amplification and reorganization are still
satisfactory [22-25]. In contrast, EPs cannot capture silent lesions
located outside the relevant pathways. Since there are no relevant
pathways that can be evaluated with EPs in the periventricular
field, which is frequently affected in MS, EPs will not provide
information about this region [19]. Because of these handicaps, a
normal EP result (SEP and BAEP) cannot guarantee the preserved
functionality of related pathways. But, an EP abnormality can tell
us, in the early stages of the disease, that the normal-looking white
matter in the MRI of the relevant pathway is not actually normal. EP
abnormalities, irrespective of the presence of visible lesions in the
MRI, are never negligible, as they can reveal both the inadequacy
of fast-transmitting fibers and a serious functional impact with
insufficient adaptation. So EPs tell us more than we think. In
cases where MRI and neurological examination and anamnesis
provide only the minimum conditions for diagnosis, subclinical
abnormalities shown in one or several EPs will also be effective as
additional parameters to devise a treatment plan.

Conclusion

It is clear that evoked potential studies are still valuable in
revealing abnormalities that cannot be detected by conventional
MRI techniques. It is an indisputable fact that EP is more sensitive
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than MRI in detecting optic nerve lesions. In particular, EPs are
especially useful for diagnosis and follow-up when MRI cannot be
performed, or takes too much time.
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