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Evoked potential changes in clinically definite
multiple sclerosis: a two year follow up study
JC WALSH, R GARRICK, J CAMERON, JG McLEOD
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SUMMARY Visual, spinal and somatosensory evoked potentials were performed on 56 patients
with clinically definite multiple sclerosis at the beginning and end of a 21/2 year follow-up period.
At the initial examination one or both visual evoked potentials were abnormal in all but nine
patients (84%), five of whom had abnormalities of either spinal or somatosensory evoked
responses; that is, one or more abnormal results were obtained from 52 of 56 (91 %) patients. At
the final examination there were abnormalities of one or more evoked potentials in 55 of the 56
(98%) patients. There was an increase in latency of the components of the evoked responses over
the period; reduction in latency in individual patients was exceptional. The change in these
electrophysiological measurements correlated with the increase in clinical disability of the group
of patients over the period of study.

The study of the responses evoked in the elec-
troencephalogram by sensory stimuli provides
objective information about conduction within the
central nervous system and is one of the most impor-
tant developments in clinical neurophysiology in the
past 50 years.' 2 One major application of these
techniques has been to the investigation of patients
suffering from multiple sclerosis. The visual evoked
potential (VEP) to pattern reversal is most fre-
quently employed,35 but spinal (SPEP)67 and corti-
cal potentials (CEP)8'-0 in response to stimulation
of the peripheral nerves, and early brain stem
responses to click stimuli (BSAEP)" are also used
both as single and as combined studies.'2-'4
There have been a number of reports of the

frequency of the abnormalities of evoked potentials
in multiple sclerosis,3 7 9 10 12 14 but many of these
include cases that were not clinically definite. There
have been few previous studies reported of the
changes that occur in the evoked potentials over a
period of time in patients with multiple
sclerosis.'5-'8 For these reasons we report the results
of visual, spinal, somatosensory and auditory
evoked potentials obtained from 56 patients who
were followed for a period of over two years with
clinically definite multiple sclerosis,'9 with the object
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of determining both the frequency of abnormalities,
and the alterations that occur in the latency of the
major components of the evoked potentials over this
interval of time.

Materials and methods

Patients
Sixty patients with clinically definite multiple sclerosis'9
were selected following established criteria and took part
in a clinical trial of transfer factor.20 In the present report
the results obtained from the placebo and treated groups
have been pooled as there was no significant difference
between the electrophysiological studies in the groups at
any stage in the trial.20 Visual, spinal and cortical sensory
evoked responses were studied in each patient at the
beginning of the trial, and at about six months intervals for
at least two years. Brain stem auditory evoked responses
were introduced after the onset of the trial and results are
not available on all patients. The photographic records of
the responses were reviewed, and measurements on a small
number of individual responses have been excluded from
the data because the response was technically unsatisfac-
tory (table 3).

Visual evoked potentials
A reversing checkerboard pattern which subtended 250 at
the eye was projected from a rotating mirror on to a screen.
Each check subtended 55' and reversal occurred in less
than 10 ms. A single channel of EEG was recorded from
an active electrode in the mid-line 5 cm above the inion,
referred to Fz, and 300 ms epochs were averaged after
amplification and filtering with a band pass of 0-32-3200
Hz. The latency to the first major positive component
(P 100) was measured from photographic records.
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Spinal and somatosensory evoked potentials
An electrical stimulus was applied to the median nerves at
the wrist to produce moderate contraction of the abductor
pollicis brevis muscle. Active electrodes were placed over
the second cervical vertebral spine and over the contralat-
eral hand area and referred to Fz; 20 ms epochs of EEG
were averaged after amplification with a band pass of 8-
8000 Hz to define the spinal evoked potential, and 200 ms
epochs of EEG were averaged after amplification with a
band pass of 0*32-3200 Hz to define the cortical evoked
potential. The latency of the major negative (N 13) com-
ponent of the spinal evoked potential, and first negative
(N 20) and following positive (P 30) component of the cor-
tical evoked potential were measured. The conduction of
the peripheral segment of the median nerve was studied at
the beginning and conclusion of the study by measuring
either sensory conduction velocity in the forearm segment
of the nerve or by recording the response from Erb's point
(Np).

Auditory brain stem evoked potentials
A click of 500 Ls duration and 70 db above the patient's
threshold was applied to each ear, and 10 ms epochs of
EEG obtained from electrodes on the earlobe and vertex
were averaged after amplification with a band pass of
32-8000 Hz. At least two averages were obtained from
each ear and the latency to peak of component V was
measured. Latency measurements were compared using
the two-tailed Student t test and are expressed as the mean
and standard deviation (SD).

Results

There were 56 patients with clinically definite multi-
ple sclerosis for whom results were available at the
beginning and end of the follow-up period. The
results are summarised in tables 1-3. Only the laten-
cies of the major components of the wave form were
considered; the amplitudes were not compared
because of the wide range of variability in control
subjects. Clinical disability was assessed at the
beginning and end of the follow-up period and was
graded on the Kurtzke Disability scale.20 At the con-
clusion of the study there were 37 patients who had
deteriorated clinically and 16 patients who were
unchanged. One or more evoked response compo-
nent had increased in latency in each of these
patients. There were three patients who had
improved clinically over this period; one or more
evoked response component had increased in
latency in two of these patients, and all evoked
responses remained unaltered in one patient.

VISUAL EVOKED POTENTIALS

Controls
The mean latency to peak of the first major positive
component, commonly termed the P 1T component
was 89 + 7 ms and the mean +2 SD was 103 ms in

50 control subjects; the upper limit for the inter-eye
difference in any subject was 5 ms. The P r0 com-
ponent was considered abnormal if the latency was
more than 2 standard deviations greater than the
control mean (103 ms) or if the inter-eye difference
was 6 ms or longer.

Patients
At the first examination, 47 patients had abnormal
responses (84%); of these, 17 patients had abnor-
mal responses in one eye only. The mean latency for
the group was 113-8 ms (SD, 27-5 ms). There were
four patients with a unilateral absent response. A
total of 73 abnormal responses to monocular stimu-
lation was obtained at the first examination and
there was clinical evidence from history or physical
examination to suggest that the disease may have
involved 52 of these eyes (73%). There were 39
eyes from which normal responses were obtained.
There was historical evidence suggesting previous
visual impairment in 15 of these (39%) and objec-
tive abnormalities on clinical examination in three
eyes.
The studies were repeated after a mean interval of

31-6 months when 51 patients (91%) had one or
more abnormal responses (table 2) (fig 1). No
response could be obtained from 11 eyes. An
increase or decrease in latency of 5 ms was consi-
dered a significant change. There were 65 eyes in
which the latency had increased, 38 that were
unchanged and nine in which the latency had
decreased (table 3). In one patient the latency
decreased from 160 ms to 135 ms in the right eye
and the amplitude increased, without significant
change in the left eye. This latency change was paral-
leled by a change of acuity in the right eye from 6/9
to 6/5, and in the left eye from 6/7-5 to 6/5. In
another patient the latency decreased from 109 ms
to 103 ms in the left eye, without significant change
in the right eye; the corresponding changes in acuity
were from 6/6 to 6/5 in both eyes. There was clinical
improvement in five eyes at the final examination;
the latency of the P 1m0 component was reduced in
three of these but had increased in two. There were
74 eyes which were clinically unaltered; in this
group 39 responses were worse, 29 were unchanged
and six had improved. Clinical deterioration had
occurred in the remaining 33 eyes; the response was
worse in 27 of these, and had not altered in six.

SOMATOSENSORY EVOKED POTENTIALS
There were 53 patients in whom spinal and cortical
somatosensory responses were recorded at the
beginning and end of the period of follow up, and of
these there were 48 with clinical evidence of sensory
disturbance at the first examination. Four of the five
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Table 1 The latency ofmajor components ofevoked potentials in a group of56 patients with clinically definite multiple
sclerosis at the first examination compared with results obtained from a group ofcontrol subjects

Components Controls Patients % patients P2
First Study abnormal

VEP 89-0 + 7-0*(100)t 113-8 + 27-5(108) 84 p < 0-001
P 100

SPEP 13-4 ± 1.2 (76) 13-3 ± 14 (68) 49 NS
N 1

CEP 20-6 + 1-2 (76) 23-3 3-0 (86) 52 p < 0-001
N 20

P 30 29-2 + 2-5 (76) 35-5 + 7-6 (91) 50 p < 0-001

*Standard deviation.
tNumber of values in each group.

Table 2 Changes in latency ofmajor components of the evoked potentials obtained from a group of56 patients with
clinically definite multiple sclerosis over a two year follow-up period

Components Patients % patients Time interval Patients % patients P2
First Study abnormal +SD (mth) Final Study abnormal

VEP 113-8 ± 27-5 (108) 84 31-6 ± 9-8 138 ± 24.8 (77) 91 p < 0-001
P 100

SPEP 13-3 ± 1-4 (68) 49 26-3 ± 7-3 13-7 ± 1 3 (44) 75 NS
N 13

CEP 23 3 ± 3-0 (86) 52 25-8 ± 7-1 24-4 ± 3-7 (71) 76 p < 0-05
N 20

P 30 35-5 ± 7-6 (91) 50 25-8 + 7-1 39-0 + 10-6 (89) 73 p < 0005

Table 3 Changes in latency ofindividual evoked potentials obtained from 56 patients over a two-year follow-up period

VEP SPEP CEP
P 100 N 13 -

N 20 P30

No change 38/112 (74%) 55/94 (59%) 58/100 (58%) 47/104 (45%)
Increase 65/112 (58%) 39/94 (42%) 30/100 (30%) 47/104 (45%)
Decrease 9/112 (8%) 0/94 (0%) 12/100 (12%) 10/104 (10%)

patients without clinical evidence of sensory path-
way involvement had at least one abnormal compo-
nent at the first examination. One or more spinal or
cortical response was abnormal in 37 patients (70%)
and 34 patients (65%) had abnormalities of the cor-
tical response alone at the first examination. Four-
teen of the patients with normal responses had clini-
cal evidence of sensory disturbance.

Spinal evoked potential
The mean latency for the spinal evoked potentials in
38 control subjects obtained from stimulating both
median nerves was 13-4 ms (SD, 1-2 ms). No correc-
tion was made for arm length. The responses from
patients were considered abnormal if the latency

was greater than 15-8 ms (mean +2 SD) or if the
latency difference between the two arms exceeded
1 ms. There were 47 patients with clinically definite
multiple sclerosis from whom satisfactory records
were made at the first examination. There were 23
patients who had abnormal responses (49%). Of
these there were two patients with one response
delayed; one patient with both responses delayed;
six patients with one response absent; 10 patients
with both responses absent; and in four patients the
latency difference between the two sides was greater
than 1 ms but each response was itself within the
control range. The mean value for the recorded
responses was 13-3 ms (SD, 1-4 ms).
The studies were repeated after a mean interval of
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Fig 1 The mean latency and two standard deviations for
the P100 component ofthe VEP at the beginning (A) and
end (B) ofthe follow-up period. The control range is
indicated by dotted lines.

26-3 months (table 2, fig 2), and the mean value for
the measurable responses was 13*7 ms (SD, 1-3 ms)
which was not increased (p > 0-1). Thirty-five
patients had abnormalities (75%), and there were

12 patients in whom the spinal evoked potentials
remained within normal limits. At the final examina-
tion there were 55 responses which were unchanged,
39 in which the latency had increased and none in
which the latency had decreased. There were 23
responses that were obtainable at the first examina-
tion but had become unrecordable by the time of the
final examination.

Cortical evoked responses
N 20 component The mean latency for the control
group was 20-6 ms (SD, 1.2 ms). The response was

considered to be abnormal if the latency was greater
than 24 ms (mean + 2 SD), or the latency on the two
sides differed by 3 ms or more. There were 50
patients who had responses recorded at the onset of
the study, and of these, 26 patients (52%) were

abnormal; 11 had responses that were prolonged or

absent on one side only and 15 were bilaterally
abnormal. The mean for the group was 23-3 ms (SD,
3-0 ms). The studies were repeated after a mean
interval of 25*8 months and the individual responses
were compared (table 2, fig 3). Thirty-eight patients
had abnormal responses (76%). Fifty-eight potentials
were not significantly altered, 30 had increased
latency and 12 had decreased latency (table 3). Fif-
teen responses that had been recorded at the onset
of the study became unrecordable by the time of the
final examination.

P 3X component The mean latency for the control
group was 29X2 ms (SD, 2-5 ms). A response was
considered to be abnormal if the latency was 36 ms
or greater, or if the difference in the latency of the
two sides was 5 ms or more. There were 52 patients
who had satisfactory responses recorded at the onset
of the study and of these, 26 were abnormal (50%);
15 were abnormal on one side only (29%), and 11
were abnormal (21%) on both sides. The mean
latency for the group was 35-5 ms (SD, 7-6 ms).
There were two patients in whom there was no initial
negative (N 20) response but in whom the P 30
response was delayed. Follow-up studies were per-
formed after a mean interval of 25*8 months (table 2,
fig 3), when 38 patients had abnormal responses
(73%); 47 responses did not change significantly and
the latencies of 10 responses decreased.

Clinical assessment of sensory function
There were 20 patients who had clinical evidence of
an increase in sensory disability at the final assess-
ment, and one or more response had increased in
latency or become unrecordable in 17 of these. A
further 30 patients were clinically unchanged, but
one or more response had increased in latency or
disappeared in 25 of these. There were three
patients who had clinical evidence of improvement;
the cortical responses had reduced latencies in two
of these but the spinal responses had become unre-
cordable in both patients. The responses remained
unaltered in the third patient of this group.

BRAIN STEM AUDITORY EVOKED POTENTIALS
The technique for recording satisfactory BSAEP
was not established until after the onset of the study;
measurements were available for only 34 patients.
In control subjects the mean latency of wave V was
5-8 ms (SD, 0-2 ms). A response was considered
abnormal if it exceeded the upper limit of the con-
trol range of 6-2 ms. The inter-ear latency difference
for component V was considered abnormal if it
exceeded 0-5 ms. Of the 34 patients studied, 15 had
abnormal BSAEP (44%). There was clinical evi-
dence of brain stem involvement in 22 of the
patients studied, 11 of whom had abnormal
responses (50%). Abnormal responses were
obtained from four of the 12 patients who had no
clinical evidence of brain stem involvement (33%).

COMBINED RESULTS OF ALL EVOKED POTENTIAL
STUDIES
At the initial examination both visual evoked poten-
tials were normal in nine patients; however, four of
these patients had abnormalities of the spinal or cor-
tical evoked potentials. That is, one or more abnor-
mal results were obtained in 91% of the patients. At
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Fig 2 The mean latency and two standard deviations for
the N13 component ofthe SPEP at the beginning (A) and
end (B) ofa 2-year follow-up period. The control range is
indicated by dotted lines.
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Fig 3 The mean latency and two standard deviations for
the N20 and P30 components of the CEP at the beginning
(A) and end (B) ofa 2-year follow-up period. The control
ranges are indicated by dotted lines.

the final examination the visual evoked potentials
had become abnormal in five of these nine patients;
of the four patients with normal evoked potentials
there were abnormalities of spinal or somatosensory
evoked potentials in three. The BSAEP were nor-
mal in this group of four subjects. One or more
abnormal results were therefore obtained from 98%
of patients at the final examination.

Discussion

In the present study of patients with clinically
definite multiple sclerosis, the measurement of the
latency of the major positive component of the vis-
ual evoked response provided the highest yield of
abnormalities. However, normal potentials were
obtained in 16% of patients, in three of whom there
were objective abnormalities of vision on clinical
assessment. The incidence of abnormalities in 84%
of the patients is very similar to that in most of the
reports reviewed by Halliday;2' some authors have
reported a higher incidence of abnormalities but
these studies have been performed on smaller
groups of patients.'022 We have confined our exami-
nation to the absolute latency of the first major posi-
tive component and to the inter-ocular latency dif-
ference. Although it may be possible to increase the
yield of abnormal results by attention to other
parameters of the responses,23 24 it appears that the
latency of the P 100 component is the single most
sensitive measure of abnormality,23 and is the most
easily measured in most laboratories. In addition, it
has been clearly demonstrated in the present study
that decrease in latency of the VEP is uncommon
(8%) over a 21/2 year period, and that examination
of the VEP is the most useful single investigation of
this type in patients suspected of having multiple
sclerosis.
Both spinal and cortical somatosensory evoked

responses have been studied in multiple sclerosis,
and the results compared with the VEP by several
authors,' o1 12 21 although the degree of diagnostic
certainty in patients in some studies is unclear.
Abnormalities in the SPEP appear to be common,
ranging from 60% to 94% in some studies,6-82' and
Small et a16 suggest that this sub-cortical response is
more often abnormal than the cortical response. In
our study, 49% of patients had one or more abnor-
mal SPEP at the first examination. Over a two-year
period, 24 of the 68 originally recordable responses
became unrecordable and no response had a shor-
tened latency.
The Rolandic CEP examination was confined to

the N m and P m component because of their
reproducibility in the one individual from occasion
to occasion. At the first examination abnormalities
of one or more components of the CEP were found
in 65% of patients, and these findings may be com-
pared with the range of 50% to 85% in other
reports, summarised by Halliday.' It should be
emphasised however that at the end of the follow up
period 30 of 98 N 20 responses, and 47 of 104 P 30
responses had latencies that had increased
significantly since the first examination; many of
these patients had no change clinically in sensory
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