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Evoked potentials in the diagnosis of multiple sclerosis:
a follow up study
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SUMMARY Visual, somatosensory and brain stem auditory evoked potentials were recorded in 84
patients in whom the diagnosis of multiple sclerosis was under consideration. The patients were

followed up for a maximum of 38 months or until a definite diagnosis of multiple sclerosis or of some
other condition was established. Seven patients were found not to have multiple sclerosis. Abnormal
evoked potentials indicating clinically silent lesions were found at the initial investigation in fourteen
of the twenty-eight patients in whom a diagnosis of clinically definite multiple sclerosis was accepted
during the period of follow up. In the thirty-seven patients in whom no change in clinical category
occurred during the period such abnormalities were found in five. The visual evoked potential was

found to be of greatest predictive value.

It is now fully established that in a high proportion
of patients with clinically definite multiple sclerosis
averaged responses evoked (EP) by visual,' somato-
sensory2 and auditory stimuli3 are abnormal. These
findings are of great intrinsic interest but of no
practical diagnostic value as, by definition, multiple
sclerosis has already been accepted in these patients
on other grounds. In categories of lesser diagnostic
certainty the proportion of abnormal findings is
lower, either because EP do not frequently become
abnormal until later in the clinical course or because
the diagnosis is at fault. Many reports have recognisd
that a laboratory diagnostic technique, once
validated in definite cases, is only of use where there
is doubt on clinical grounds. The intention to follow
up patients in whom the diagnosis of multiple
sclerosis has been considered and in whom EP have
been recorded has often been expressed but seldom
implemented. The significance of either normal or
abnormal EP in patients in whom multiple sclerosis
is no more than a possibility is unknown.
The use ofEP in the diagnosis of multiple sclerosis

lies mainly in the detection of abnormalities in
regions of the central nervous system not otherwise
known to be involved. Unless the nature of the
disordered EP can be shown to be specific for
multiple sclerosis, of which there is little evidence,
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the detection of, for example, abnormal visual
evoked potentials (VEP) in a patient with a clear
history of optic neuritis, is merely confirmatory
rather than diagnostic. In most recent reports this
has been clearly recognised.
We describe a follow-up study of patients in whom

VEP, cervical and cranial somatosensory EP (SEP)
and brainstem auditory EP (BAEP) had been
recorded when the diagnosis of multiple sclerosis
was being considered.

Method

Eighty-four consecutive patients in whom the three
techniques had been used were included in the study. They
had been referred for investigation because the diagnosis
of multiple sclerosis was suspected. They were classified
according to McAlpine's4 criteria as definite, probable and
possible cases. These criteria, while convenient and
widely adopted, have certain disadvantages. Progressive
paraparesis with no clinical evidence of multiple lesions is
classified as "possible" although the severity and tempo of
the disease is often strongly contrasted with that in other
patients in this category. Also an initial episode, how-
ever typical, is not admitted to any diagnostic category.
As it is precisely in this group of patients that a laboratory
technique would be most useful, a further category of
"acute, not diagnosed" was used as in a previous report
from this laboratory.2 The scheme of McDonald and
Halliday,5 while admitting first attacks, cannot be used in
the assessment of the diagnostic value of EP as they are
already accepted as evidence of multiple lesions. The
category "acute, not diagnosed" comprised patients who
had experienced a single episode of neurological symptoms
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of a nature compatible with multiple sclerosis of less than
three months' duration at the time of examination. No
patient with isolated optic neuritis was included.

Six patients in whom the diagnosis had been thought by
the referring physician to be in doubt fulfilled the
criteria of definite multiple sclerosis at the time of
investigation. Fifteen were classified as probable cases; 38
were possible cases of whom nine had progressive
paraparesis. Twenty-five patients were classified as
"acute not diagnosed".

It was further possible to subdivide the patients
according to clinical features: paraparesis without
evidence of multiple lesions; sensory symptoms in
isolation; predominantly motor; other than paraparesis
without evidence of multiple lesions, sometimes com-
bined with sensory deficits; brainstem or cerebellar,
including vertigo, diplopia, cranial nerve lesions and
cerebellar ataxia; isolated paroxysmal symptoms; isolated
sphincter disturbance and multisystem disorder. The
distribution of these categories is shown in table 1.

Table I EP results expressed as number ofpatients in
whom abnormalities were found. Those of diagnostic
value are in parentheses. Multiple abnormalities were
found in some patients. For abbreviations see text

Clinical N Abnormal EP Total
presentation

VEP SEP BAEP

Definite 6 5 2 1 5

Probable
Sensory symptoms,
isolated 4 2 (2) 1 0 2 (2)
Predominantly
motor 4 3 (3) 1 (1) 1 (1) 3 (3)
Multisystem disorder 7 5 (1) 1 0 5 (1)
Total 15 10(6) 3 (1) 1 (1) 10(6)

Possible
Paraparesis 9 4 (4) 4 3 (3) 4 (4)
Sensory symptoms,
isolated 13 0 2 1 (1) 3 (1)
Brain stem or
cerebellar 4 0 0 0 0
Predominantly motor 5 3 (3) 1 0 3 (3)
Paroxysmal
symptoms 1 1 (1) 1 (1) 0 1 (1)
Multisystem disorder 2 2 (1) 1 (1) 2 (1) 2 (1)
Total 34 10 (9) 9 (2) 6 (5) 13 (10)

Acute, not diagnosed
Sensory symptoms,
isolated 11 1 (1) 1 3 (3) 3 (3)
Brain stem or
cerebellar 4 1 (1) 0 0 1 (1)
Predominantly
motor 4 0 0 0 0
Paroxysmal
symptoms 1 0 0 0 0
Sphincter
disturbance 1 0 0 0 0
Multisystem disorder 1 0 0 0 0
Total 22 2 (2) 1 3 (3) 4 (4)

Follow-up The method of follow-up was necessarily
varied. Most of the patients with mild or transient
symptoms did not know that multiple sclerosis had been
considered possible and it was not thought ethical to

attempt to recall them for detailed examination. Their
general practitioners were consulted by mail approxi-
mately two years and three years after the investigation.
Patients who continued to attend hospital were either
examined personally or reports were received from the
neurologist in charge. In only two patients was no
follow-up information obtained. Follow-up continued
to a present maximum of 38 months; or until the
establishment of a diagnosis other than that of multiple
sclerosis; or until multiple sclerosis became clinically
definite; or the patient could no longer be traced.

Evoked potentials The techniques of eliciting and
recording pattern reversal VEP and SEP and normal
values have already been published.2 6 BAEP were
elicited by clicks of 100 ,us duration originated by square
waves of alternating polarity and delivered through an
attenuator to earphones, the stimulus being delivered at
20 Hz at 60 dB above threshold. Monaural and binaural
stimulation were used, 1024 responses being averaged at
each recording. With monaural stimulation the opposite
ear was not masked. Recording electrodes were on the
left mastoid process and the vertex. At the time the
recordings were made (1978) the differences in latency
found with ipsilateral and contralateral recording had not
been appreciated.7 Although interpeak latencies can
usually be measured in normal recordings the early waves
may be difficult to identify when abnormal. Assessment of
abnormality was therefore based on the latency from
stimulus of component V and the amplitude of this wave.
In 25 normal subjects the mean latency was 5 8 ms ± SD
0-3. The shorter latency observed in females had not at
that time been established8 and as many of the controls
were female an upper limit of normal was taken as mean
+ 3 SD. A value of 6-7 ms or greater or an amplitude of
less than 0 5 ,uv were regarded as abnormal.

Results

The six patients classified as definite at the time of
the examination are of little interest in this context
but the results are presented as representative of the
usual findings in early but established disease. There
were two men and four women with an average age
of 37 yr. As shown in table 1 abnormal EP were
found in five.
Of the 15 probable cases two were men and 13

women, average age 35-8 years. Many had multi-
system involvement but were not accepted as
definite cases becauses of atypical features or a brief
history. In ten patients abnormal EP were found and
in six these were of diagnostic value as implicating
regions of the CNS not clinically involved (table 1).
Two patients could not be followed. Two were still
classified as probable after a follow-up of eight and
36 months respectively. Eleven were re-classified as
definite cases during the course of follow up (table 2).
Of these abnormal EP of diagnostic value were
present in five.
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Table 2 Clinical course related to EP results expressed
as numbers ofpatients in whom abnormalities were
found, those of diagnostic value being in parentheses

Course N Abnormlal EP Total

VEP SEP BAEP

Probable 15
No change 2 1 0 0 1
Definite 11 7 (5) 3 (1) 1 (1) 7 (5)
Not followed 2 2 (1) 0 0 2 (1)

Possible 34
No change 19 3 (2) 1 2 (1) 3 (2)
Probable 2 0 1 0 1
Definite 13 7 (7) 7 (2) 4 (4) 9 (8)

Acute, not diagnosed 22
No change 14 1 (1) 1 2 (2) 3 (3)
Possible 3 0 0 0 0
Probable I 0 0 0 0
Definite 4 1 (1) 0 1 (1) I (1)

Of the 38 possible cases, 16 were male and 22
female; average age 43-6 yr. Four were found not to
have multiple sclerosis. Two had an acoustic neuroma,
the BAEP being abnormal or absent on the appro-
priate side in each. One had an Arnold Chiari mal-
formation with no abnormality of EP and one had
myelitis, probably related to pelvic infection.
Of the remainder 13 had abnormal EP, ten of

potential diagnostic value (table 1). Of the 13 cases
progressing to the definite category during the period
of follow up, eight had been found to have abnormal
EP indicating subclinical lesions as opposed to only
two of the 19 remaining in the possible category. Of
particular interest are the patients with progressive
paraparesis. Of the five who developed clinical
evidence of disease beyond the spinal cord abnor-
malities in VEP or BAEP had been found in three,
but not in the other two. In the other four patients
with paraparesis remaining in the possible group,
one had evidence from EP of multiple lesions. The
mean period of follow up in the patients in the
possible category was 29 months (range 6-36).
Of the 25 patients classified as "acute not

diagnosed", ten were male and 15 female; average
age 33 years. Three were found not to have multiple
sclerosis. One had neurosarcoidosis with normal EP.
In two women the diagnosis was revised on clinical
grounds to cerebral infarction during the course of
follow up and in one of these a slight increase in
VEP latency in one eye had been found, apparently a
"false positive".

In the remaining 22, abnormal EP were found in
only four (table 1). Of these patients one developed
definite multiple sclerosis but in the other three
patients who had abnormal EP of diagnostic value
no further clinical evidence of multiple sclerosis
developed during follow-up periods of 29, 36 and
36 months respectively. In contrast, three further

patients who progressed to the definite category and
the four who became possible or probable cases had
shown no abnormality of EP. Of the four patients
who were re-classified as definite, two had presented
with sensory symptoms, one with weakness and one
with retention of urine.
Of the 71 patients in the probable and possible

categories of multiple sclerosis and in the "acute not
diagnosed" group, abnormalities of VEP were found
in 22, of which 17 were of diagnostic value; 13 had
abnormal SEP, three being diagnostic, and ten had
abnormal BAEP of which nine were diagnostic.
Fourteen of the 28 patients who progressed to the
stage of clinically definite multiple sclerosis during
the period of follow-up had abnormal EP indicating
clinically silent lesions at the time of the initial
investigation.

Discussion

The use of multiple as opposed to single EP tech-
niques in patients suspected of having muiltiple
sclerosis has, not unexpectedly, resulted in an increase
in the proportion in whom abnormalities are
detected. Thus Mastaglia et al,9 Small et al,2 and
Trojaborg and Petersen10 found that the combi-
nation ofVEP and SEP was more effective in this re-
spect than either technique separately.A combination
of VEP, SEP and BAEP has been used by Deltenre
et al," Chiappa,"2 Kjaer,13 Green et al,14 Purves
et al,15 and Khoshbin and Hallett.'6 In someyin-
stances the blink reflex has also been examined" 13 16
and Clifford Jones et al'7 combined VEP and SEP
with the crossed acoustic response. The relative
ability of the methods to demonstrate unsuspected
abnormalities has varied but there is general
agreement that the blink reflex is the least useful. The
number of clinically silent lesions detected by SEP
techniques depends on the clinical criteria adopted.
Abnormal SEP in the absence of clinically detectable
sensory loss are commonly found2 and have even
been identified at necropsy as being due to a plaque,18
but it is more realistic to adopt the requirement used
in the present study and by Purves et al,15 that
abnormal SEP could only be regarded as of diagnos-
tic value if they indicated disease in a region of the
nervous system not known to be involved. Thus
abnormal SEP in a patient with obvious spinal cord
disease can only be regarded as confirmatory.
Differences in definition and sampling no doubt
account for the differing proportions of abnormalities
detected using the individual techniques.
The relative preponderance of diagnostic abnor-

malities of VEP in the present study is partly
accounted for by selection of patients in whom the
diagnosis was in doubt. Overt clinical evidence of
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involvement of the visual system would have placed
many of these patients in the definite category and
they would not have entered the investigation. The
strict interpretation of the diagnostic value of
abnormal SEP also reduced the number of patients
in which this technique gave diagnostic results.

Inevitably as diagnostic certainty decreases the
proportion of patients with abnormal EP also
declines. It is the significance of abnormal EP
apparently indicating silent lesions in patients in
whom the clinical diagnosis is uncertain that has
never been established. Is it justifiable to use such
results to "transfer" patients from one diagnostic
category to another?513 It has not been established
that abnormal EP in such patients do in fact indicate
multiple lesions and therefore multiple sclerosis.
Necropsy confirmation cannot be expected and
reliance must be placed on the subsequent clinical
course. Most follow-up studies have been more
concerned with the nature of the EP than with
clinical diagnosis. Robinson and Rudge19 attempted
to follow patients suspected of having multiple
sclerosis in whom auditory evoked potentials had
been recorded, but numbers were small and follow
up incomplete. In the studies of the uise of multiple
EP techniques cited above no follow up was reported.
The mean annual relapse rate of multiple sclerosis

is around 0-5 in early cases so that follow up must be
prolonged. The patients of greatest interest in this
context are, however, young, mobile and unaware
that multiple sclerosis has ever been suspected. As a
group they are naturally difficult to follow. Reporting
our results after three years is a compromise between
the desirable and the practicable.
The results go some way to confirm the validity of

the assumption that EP techniques can reveal
subclinical lesions. Of the cases that progressed to the
clinically definite category, 50% had abnormal EP
findings of diagnostic value when first examined. In
the possible category and in those with a single
episode of neurological symptoms there were
patients in whom clinically silent lesions had been
indicated but where no change in clinical category
occurred during the period of follow-up. It is the
intention to continue to monitor the clinical course
in these patients.

In this follow-up study it has therefore been shown
that abnormal EP apparently indicating clinically
silent lesions are of some predictive value in the
diagnosis of multiple sclerosis at a stage where there
is clinical doubt. In such an assessment the lack of
specificity of these changes must, however, be taken
into account. The absence of such abnormalities
is also of no diagnostic or predictive significance
as EP may remain normal at all stages of clinical
diagnostic certainty.

JRBW-B and EP were supported by MRC Grant
no G977/518. We thank all those who referred
patients and who provided follow-up data.
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