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ABSTRACT

In this study, we aimed to investigate habituation of pattern-reversal visually evoked potentials (VEPs) in
patients with relapsing remitting (RR) multiple sclerosis (MS). Twenty-one patients with this diagnosis and
with a history of optic neuritis (ON), 29 such patients without a history of ON, and 25 normal controls were
enrolled to study. One eye of each patient in the group with a history of ON and one eye of each subject in the
control group was randomly selected. In the group with a past history of ON, the affected eye of the patients
was selected in unilateral cases and the eye in which showed the greater latency delay of the P100 component in
bilateral cases. P100 amplitudes were determined by visual inspection in 10 blocks of 512 responses and
habituation was analysed as the percentage amplitude change between the 1st and 2nd–10th blocks. Amplitude
of the P100 component of the VEP showed a significant clear-cut habituation after the first block in the control
group but neither patient group showed a significant decrease in P100 amplitude. We conclude that our
electrophysiological study has shown a lack of habituation in patients suffering from RR MS. This result could
be important for the evaluation of visual system involvement in patients with MS, with or without a previous
history of ON.
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INTRODUCTION

In healthy subjects, the amplitude of evoked cortical
responses normally decreases with repetitive presen-
tation of a stimulus. This phenomenon is commonly
referred to as habituation.1 Habituation is also defined
as a behavioural response that results from repeated
stimulation and that does not involve sensory
adaptation, sensory fatigue nor motor fatigue.2 The
mechanism of habituation is still not well understood.
Many studies refer to habituation as a ‘‘simple’’ form
of learning.3 However, the physiological processes
underlying habituation is not simple. Habituation
requires a rich collection of cellular mechanisms
involving different types of neurons, and stimulus
paradigms that are differentially recruited in different
parts of the nervous system.1,3 In humans, habituation

is studied through evoked potential stimulation and
manifests as a reduction in the amplitude of the
evoked response to repeated stimulation. Visual
habituation has been consistently reported to be
impaired in migraine and this impairment is con-
sidered a neuro-physiological hallmark of dysregula-
tion of cortical sensory information processing; the
subcortical activating system and reduced efficiency
of intracortical inhibitory circuits have been impli-
cated in the process.4

Visual habituation studies have been performed on
other neurological conditions such as familial hemi-
plegic migraine and photosensitive epilepsy5 but to
our knowledge there is no study focusing on
habituation patterns in multiple sclerosis (MS)
patients. It is well known that, when properly
performed, the visually evoked potential (VEP) can
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contribute important information on visual pathways
in patients with optic neuritis (ON); MS; optic nerve
and chiasm compressive lesions; non-compressive
lesions affecting the visual pathways; and neurode-
generative diseases not primarily involving the visual
pathways.6 From the previous studied reviewed
above, we hypothesise that disseminated lesions of
the central nervous system in MS patients
would affect visual habituation. Our study therefore
aims to investigate habituation of the pattern-reversal
VEP (PR-VEP) in relapsing remitting (RR) MS
patients.

MATERIALS AND METHODS

Participants

Twenty-five healthy subjects and fifty patients who
were diagnosed as definite RRMS according to the
modified McDonald criteria 20107 were included to
this study. All of the patients were in the remission
phase of the disease which means the time elapsed
from the patient’s last attack was at least one month.
Healthy volunteers were recruited from hospital and
laboratory staff. Patients taking medication other than
immunomodulators were not included in the study.
Recorded parameters for the statistical analysis were
as follows: age, gender, Expanded Disability Status
Scale (EDSS) score, number of attacks, and history of
ON. Informed consent was obtained from both the
patients and healthy subjects. The study was con-
ducted in accordance with the declaration of Helsinki
and was approved by the Ethical Committee of
University.

The patient group was classified according to
existence of history of ON. The patients with a history
of ON were classified as group 1 (WON) and the
patients without a history of ON were classified as
group 2 (WOON). One eye of each patient in the
WOON and control group was randomly selected. In
WON group, the affected eye of the patients was
selected in unilateral cases and the worse affected eye
according to VEP-P100 latency values was selected in
bilateral cases.

Experimental Design and Recordings

Our VEP testing conditions were concordant with the
International Society for Clinical Electrophysiology of
Vision standards.8 Patients were examined in a quiet
room with dimmed light (30 Lux). For VEP recordings
subjects were seated 1 m away from a television
monitor and laboratory testing was performed by a
computerised electromyography system (Medelec/
Teca Premier Plus, England). Stimuli were presented
as a checkerboard pattern of black and white squares.

With one eye patched, subjects were instructed to look
to a point in the middle of the screen. Needle
electrodes were inserted into the scalp in the midline
over the occipital region 2.5 cm above the inion
(Oz: active electrode) and over the frontal region
(Fz: reference). The ground electrode was placed on
the forearm. During uninterrupted stimulation
sequential blocks of 512 responses were averaged
(band pass 1�100 Hz, analysis time 200 ms). The
conditions were 2.0 reversals per second with 0.23 cm
check size. Ten blocks of 512 responses were analysed
in terms of peak latencies and peak-to-peak ampli-
tudes of the maximal negative and positive deflec-
tions determined by visual inspection: the N75 peak
was defined as the most negative point, P100 as the
most positive point following N75, N145 as the
second most negative point following the P100. We
analysed the 10 blocks of PR-VEP responses in terms
of P100 amplitudes. Habituation was analysed as the
percentage of amplitude change between the 1st and
2nd–10th blocks.

Statistical Analyses

We used the Kruskal–Wallis test to compare variables
within three groups and the Mann–Whitney U test
and t-test for between group comparisons and the
paired samples test for within group comparisons.

RESULTS

Our study groups were consisting of 50 RRMS
patients and 25 healthy subjects. Mean age of the
patient group was 35.9� 11.4 years mean age of the
control group was 35.3� 9.1. Sixty-four percent of
the patients and 69.6% of the control group was
female, 36.0% of the patients and 30.4% of the control
group was male. There was no statistically significant
difference in mean age and gender proportion
between groups. The mean EDSS score was 1.4� 1.3
and the mean number of relapses was 3.0� 1.2 in the
RRMS patients. The proportion of patients who had a
history of ON was 41% (n¼ 21) with a history of right
and left ON being found in 33.3% (n¼ 7), a history of
only right ON was found in 33.3% (n¼ 7) and a
history of only left ON in 33.3% (n¼ 7) of these
patients.

On VEP examinations, the mean value of VEP-P100
latency was 124.4� 13.8 ms in WON group,
108.4� 14.7 ms in WOON group and 101� 5.8 ms in
the control group. The differences were statistically
significant (p value 50.001). Further intergroup com-
parisons between WON and WOON groups, WON
and control groups and WOON and control groups
showed significant difference between all groups
(p values, respectively, 0.016, 50.001, and 0.002).
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The difference of the mean VEP-P100 amplitudes in
the ten blocks was not significantly different between
the patient group and the control group. Table 1
shows the mean values of the peak-to-peak VEP-P100
amplitudes in 10 blocks of averaged responses of
WON, WOON and control groups.

Habituation was analysed as the amplitude change
between the 1st and 2nd–10th blocks in three groups.
For statistical analysis the ratio of the 2nd–10th blocks
to the 1st block was calculated and the paired sample
test was used for within group comparisons. We
found that the VEP-P100 amplitudes showed a
significant clear-cut habituation after the first block
in the control group but a significant decrease in the
VEP-P100 amplitudes was found in neither the WON
nor the WOON groups.

Ratios of the VEP-P100 amplitude of the 2nd–10th
blocks to the VEP-P100 amplitude of the 1st block and
significance (p) values of group comparisons are
shown in Table 2. Typical VEP examinations of a
patient with history of ON (WON) and of a healthy
subject are shown in Figures 1 and 2.

DISCUSSION

To the best of our knowledge, this is the first study to
search for a visual habituation deficit in RRMS
patients. In this study, we found that MS patients
did not show a significant habituation to a visual
stimulus using PR-VEP. During visual stimulation
there is a local increase of cerebral blood flow together
with glucose utilization in the activated cortex. After
prolonged stimulation this increase tends to drop.8,9

TABLE 1 Mean - VEP-P100 amplitude of blocks in the groups.

Blocks WON WOON Control
Mean VEP-P100
amplitude
amplitude (mV� SD) (n¼ 21) (n¼ 29) (n¼ 25)

Block 1 6.29� 3.19 5.86� 3.24 7.56� 3.75
Block 2 6.04� 3.42 6.43� 3.33 7.01� 3.13
Block 3 5.39� 2.29 5.51� 2.83 7.32� 3.14
Block 4 5.79� 2.79 5.25� 2.69 6.45� 3.16
Block 5 6.05� 2.83 5.14� 2.62 6.60� 2.88
Block 6 5.69� 3.13 5.43� 2.92 6.54� 3.34
Block 7 5.64� 3.39 5.19� 2.74 6.65� 3.28
Block 8 5.38� 3.1 5.12� 3.0 6.64� 3.55
Block 9 5.65� 2.92 5.57� 3.13 6.39� 3.78
Block 10 5.53� 3.21 5.27� 2.59 6.45� 3.12

WON; patients with ON, WOON; patients without ON.

TABLE 2 Ratios of 2nd–10th blocks’ VEP-P100 amplitude to
1st block’s VEP-P100 amplitude and significance (p) values of
group comparisons.

Ratio/p value

Blocks WON WOON Control

Block 2/Block 1 0.95/0.736 1.29/0.067 0.93/0.013
Block 3/Block 1 0.93/0.576 1.04/0.473 0.89/0.016
Block 4/Block 1 0.98/0.903 1.17/0.109 0.84/0.004
Block 5/Block 1 1.01/0.922 1.00/0.762 0.88/0.038
Block 6/Block 1 0.89/0.145 1.13/0.131 0.84/0.003
Block 7/Block 1 0.90/0.400 1.07/0.618 0.85/0.004
Block 8/Block 1 0.91/0.365 0.94/0.514 0.86/0.003
Block 9/Block 1 0.94/0.573 1.03/0.649 0.84/0.018
Block 10/Block 1 0.89/0.534 0.93/0.378 0.86/0.041

WON; patients with ON, WOON; patients without ON

FIGURE 1 Lack of habituation and prolonged P100 latency in
a patient with MS.

FIGURE 2 Typical habituation pattern in a healthy subject.
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Our results suggest either a direct or an indirect
cortical activity deficit in the MS patients.

Habituation in normal subjects has been frequently
reported10,11 although the underlying mechanisms are
still unknown. Healthy subjects showing normal
activation levels of sensory cortex rapidly reach
maximal response activity during repeated sensory
stimulation and show habituation.12 In our opinion,
lack of visual habituation may be due to both
defective cortical neuronal activity and disturbed
visual sensorial systems in MS patients.

Although habituation is a complex neurobiological
phenomenon, it might depend crucially, for cortical
evoked potentials, on the cortical preactivation excit-
ability level.13 Thus the habituation deficit of patients
may reflect cortical pathology in MS. It is well-known
that disability shows a correlation with cortical
atrophy in MS14 and to perform PR-VEP studies,
which may be more easily accessible and practical in
neurology clinics than neuroimaging, may be helpful
in predicting cortical functional deficits. In addition
habituation is defined as a behavioural response
decrement that results from repeated stimulation
and that does not involve sensory adaptation/sensory
fatigue nor motor fatigue.3 Therefore to investigate
habituation in MS could be more useful in the
assessment of cortical functions of MS patients than
neuro-cognitive tests which are easily affected by
fatigue of the patients.

Habituation of event-related potentials has been
reported for the auditory and visual systems and
cognitive functions. Lack of habituation is reported in
interictal migraine patients and this result was
interpreted as demonstrating an the interictal abnorm-
ality of sensory processing in migraineurs.15 As our
study is the first showing lack of habituation in MS
patients, we can do no more than speculate on the
mechanism of habituation loss in MS.

As habituation may be considered a form of
learning, it could be influenced by changes in the
interplay between GABA, NMDA, and cholinergic
receptors.4 MS is characterised by dissemination of
lesions both in time and space.16 Such disseminated
lesions may disrupt multiple brain areas responsible
for normal habituation phenomena. It has been
suggested that different properties such as check
size and reversal rate of the magnocellular and
parvocellular systems may be important for PR-VEP
habituation17 but in our study, we used the same
laboratory and electrophysiological procedures for
both patient and control groups.

CONCLUSION

To summarise, our electrophysiological study has
demonstrated a lack of the normally seen habituation

is RRMS patients. MS patients without a history of
ON also show a lack of habituation. As visual system
involvement is one of the red flags for MS this test
may be used for patients who are in the early phase of
the disease to evaluate the visual systems.

One limitation of our study is that we included
only definite RRMS patients. To include a different
patient group with isolated ON without MS would be
informative and to perform the VEP examinations in
different time periods of the disease would be helpful
in understanding the pathological process of the
habituation loss. Furthermore additional studies
would be necessary to elucidate the pathophysiologi-
cal mechanism underlying the visual habituation
deficit in MS.
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