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SUMMARY We re-examined 21 patients with suspected multiple sclerosis, seven classified as
probable and 14 as possible cases. At the first investigation all patients but two had abnormal
visual evoked potentials and somatosensory evoked potentials, or both. All but three had an
increased intracerebral production of immunoglobulin G expressed by the cerebrospinal fluid
IgG index. At follow-up two to four years later, 13 of 16 patients (81 %) in whom both evoked
potentials and IgG index were abnormal initially had entered into a higher multiple sclerosis
diagnostic class. In the five patients in whom either evoked potentials or IgG index were normal
the original diagnosis was unchanged.

In a previous report' we suggestedka reclassification
of patients with suspected multiple sclerosis when
electrophysiological and CSF findings were taken
into consideration. If abnormality of visual and
somatosensory evoked potentials added more to the
diagnosis than history and clinical signs and if the
CSF immunoglobulin G (IgG) was increased, the
patient was grouped in a higher class. To test the
validity of this reclassification, we have undertaken a
follow-up of the patients classified on clinical
grounds .as possible or probable cases of multiple

sclerosis.

Material and methods
The patient group comprised 21 individuals ranging in age
between 23 and 68 years (13 female, 8 male), who were
considered to have probable (7 patients) and possible (14
patients) multiple sclerosis at the first examination according to previously published diagnostic criteria.2 In short,
patients were classified as probable cases when they had
had a single episode suggestive of multiple sclerosis and
clinical evidence of lesions at two or more separate sites in
the CNS (five patients), or a progressive history of paraplegia and clinical evidence of lesions at two or more separate sites in the CNS (two patients). Patients were classified
as possible cases if they had had a progressive history of
paraplegia and evidence of one lesion only (six patients),

or a single episode suggestive of multiple sclerosis with
evidence of one lesion only (six patients), or without evidence of any lesion (two patients).
A re-examination took place 19-49 months after the
first investigation. In 18 cases the observation time was
mnore than two years. Cerebrospinal fluid (CSF) was
obtained in all patients at the first examination. Determinations of albumin and IgG in CSF and blood serum were
carried out as described elsewhere.' The ratio of CSF
serum IgG and CSF serum albumin, the IgG index, was
used as a measure of the intracerebral production of IgG.
At the first and final examination cortical potentials following pattern reversal stimulation and median and tibial
nerve stimulation were recorded. In each patient stimulation was presented to each eye in turn and potentials were
recorded over both occipital lobes. Similarly, stimuli were
presented to the median and tibial nerves on each side in
turn. The details of the techniques have been described
elsewhere.' 3 4

Results

Figure 1 shows the CSF findings in the 21 patients.
Three of the probable multiple sclerosis cases had a
normal IgG index, one a slightly and three a moderately increased IgG index. All of the possible cases
had a moderately or greatly increased IgG index.
The visual evoked potentials (VEPs) (table 1)
were abnormal in the seven patients classified as
probable multiple sclerosis cases, and in nine of the
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able and possible cases; in eight patients the SEP
normal. The SEP following median nerve stimulation revealed subclinical involvement in eight poss-
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stimulation was abnormal in all the probable cases,
bilaterally so in six and unilaterally in one. Among
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abnormal on each side, one unilateral and four were
normal. The SEP following tibial nerve stimulation
revealed subclinical involvement in two probable
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patient and the number of abnormal EPs were
related to the IgG index (table 2). Of 15 patients
who had more than four abnormal EPs 12 had an
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patients with normal EPs had both a mildly
increased IgG index.
Table 3 shows that four of the seven patients
classified as probable multiple sclerosis cases at the
first clinical examination all had developed new
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Fig 1 The individual values of the immunogloibulin G
index in patients with (left column) and without (right
column) clinical deterioration. The open circles and
triangles represent patients with probable and pc issible
multiple sclerosis respectively who also had abno)rmal VEPs
and SEPs or both. The closed circles indicate pc2tients with
normal EPs. The horizontal line denotes the up}per normal
limit of the IgG index.

symptoms and signs of the disease during the
follow-up period justifying a classification as definite
multiple sclerosis cases. These four patients all gave
a history of three or more episodes since the first

the probable cases and in eight of the pos,sible multiple sclerosis cases. The cortical response following
median nerve stimulation was abnormal bilaterally
in three of the probable and in eight of th e possible
cases. Unilateral abnormal somatosenso ry evoked
potentials (SEPs) were found in one eacih of prob-

index,

investigation. All had clinical evidence of new separate lesions localised to the spinal cord, to the optic
nerve in two patients and to the brain stem in one.
All four had abnormal EPs and an increased IgG
in three above 1 01. There was no clinical

evidence of progression in the remaining three
probable cases all of whom had a normal IgG index
but abnormal EPs (fig 1).
Of the 14 possible multiple sclerosis cases 12 orig-

inally had abnormal EPs and

an

increased

Table 1 Incidence of abnormal evoked potentials in suspected multiple sclerosis cases at the first investigation
Classification of multiple sclerosis
Possible

Probable
VEP

optic neuntis
abnormal bilaterally
abnormal unilaterally
normal

SEP M

symptoms and signs or
both localised to UL
abnormal bilaterally
abnormal unilaterally
normal

SEP T

symptoms and signs or
both localised to LL
abnormal bilaterally
abnormal unilaterally
normal

=

median nerve, T

=
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0
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6
2
5
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bilat.
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bilat.

0
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0
0

4

0

5

4
1
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2
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0
1
0

4
0
0

1
0
2

1
0
0

7
1
2
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tibial nerve, UL = upper limbs, LL = lower limbs
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Table 2 Comparison of EPs and CSFfindings at thefirst
examination of 2I suspected muldple sclerosis patients
No of abnormal EPs

CSF-4gG index

o
1
2-3

4-6

<0-63

0*64-1-00

>1-01

0
0
0

2*
0
1

0
1
2

3t

5

7

*Both classified as possible cases, tall classified as probable cases.

intracerebral IgG synthesis. Five of the 12 patients
had new symptoms and signs and were classified as
definite cases at the re-examination; all five had an
IgG index above 1-45. Four of the five patients had
clinical evidence of one lesion at the first examination after which they developed signs and symptoms
of spinal cord and brain stem involvement and one,
in addition, an optic neuritis. Four patients had
progressed further and were considered probable
cases, three of whom had an IgG index above 1-18.
At the first examination they all had clinical evidence of one lesion only, but at the follow-up three
patients had developed evidence of additional
lesions localised to the spinal cord and brain stem,
and one patient had a new lesion localised to the
spinal cord. The clinical condition was unchanged in
three with a slightly elevated IgG index. The remaining two possible multiple sclerosis cases who had
normal EPs but slightly increased IgG index showed
no progression clinically (fig 1). Of 10 patients with
an IgG index below 1*0 two progressed clinically
and eight did not, whereas all 11 patients with an
IgG index above 1-0 progressed clinically (p <
0.01). Thus, 13 of the 16 suspected multiple
sclerosis cases (81%) who had electrophysiological
evidence of CNS lesions and an increased
intracerebral IgG synthesis (moderately in 11 and
slightly in 2) showed clinical evidence of progression, whereas three (19%) did not. In these three
cases there was a mild increase in IgG synthesis. The
five suspected cases in whom only one of the
examined parameters was abnormal (either EP or
Table 3 Follow-up of 21 patients with suspected multiple
sclerosis
Classification at

first examination
Probable
Possible
Total
Probable
Possible
Total

*Patients

No
4
12
16*
3
2

St

Reclassificaton at follow-up
Definite

Probable

Unchanged

4
5
9
0
0
0

0
4
4
0
0
0

0
3
3
3
2
5

I#G

with increased
and abnormal EPs at the first
investigation, tpatients with increased IgG and normal EPs or vice
versa.

811
IgG index) showed no change in the clinical condition. The mean follow-up time for these five patients
was 31 months (range 25-40).
Table 4 shows the average latency of EPs at the
first and final investigation in the 13 patients in
whom the disease progressed compared to the eight
in whom the clinical condition was unchanged. On
average the VEP latency increased from 116 to 127
ms in patients with clinical deterioration, whereas it
was 108 ms and 109 ms at the first and final examination respectively in the patients without clinical
progression. Regarding the average mean latency of
SEPs following median nerve stimulation, there was
no difference between the two examinations in
either of the two groups. The mean latency of the
SEP to tibial nerve stimulation increased from 46 to
58 ms in the group with clinical progression whereas
no difference was found in the clinical unchanged
group. An increase in latency of either the VEP or
SEP or both occurred in 10 of the patients with
clinical exacerbations and in only one of the clinically unchanged patients. Table 5 shows the average
mean latency of EPs in patients with and without a
change in latency from the first to the final investigation related to the clinical condition at the final
examination. When the difference in latency between the two determinations exceeded twice the
SD or more it was considered a significant change.
There was an increase in the average latencies of the
VEP and SEPs in 10 of the 13 patients with clinical
progression, whereas the mean latency of EPs was
unchanged in the eight patients without progression.
The latency of P100 of the VEP increased from 118
to 141 ms (p < 0.01) and the latency to onset of the
SEPs following median and tibial nerve stimulation
increased from 23 to 34 ms and from 49 to 73 ms
respectively (p < 0-05 and p < 0.01) in patients
showing clinical deterioration.
The individual values of EPs at the first and final
investigation are plotted in figs 2 and 3. The latencies of VEPs and SEPs were pooled together if there
was no significant change from the first to the final
examination independent of the clinical findings.
The average increase in latency of the VEPs that
occurred in nine patients in whom the disease progressed was 22 + 2*3 ms (n = 22), of the SEPs
following median nerve stimulation which occurred
in four patients was 11.9 + 3-8 ms (n = 7).
Moreover, in seven patients there was an average
increase in latency of 25 + 5*1 ms (n = 11) following tibial nerve stimulation.
In three patients with clinical progression the
latency of evoked potentials following pattern reversal stimulation was shorter at the final than at the
first examination (fig 2), in one following both
median and tibial nerve stimulation and in two
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tively following tibial nerve stimulation on the left
and right side, and in another the latency decreased
5 and 6 ms respectively (fig 3).
There was electrophysiological evidence of new
lesions within the CNS in four patients of whom two
were originally classified as probable and two as
761

ms

Fig 2 Latency in ms of P100 to pattern reversal
stimulation in patients with clinical progression and
increased conduction abnormalities (open circles). Abscissa
and ordinate latency at the final and first investigation
respectively. The dots indicate latencies in patients without
progression either clinically or electrophysiologically. The
triangles represent values from three patients in whom there
was a shortening of the latency of P100 from the first to the
last investigation in spite of clinical progression. The
stippled lines indicate the upper 99% confidence limits of
P100 latency in normal subjects. The thick lines are the
regression lines for values in patients who progressed
clinically and electrophysiologically (n = 22) and for
patients without progression either clinically or
electrophysiologically (n = 53).

28

28

40

52

76

64

88

100

ms of cortical evoked
Fig 3 Latency in ms to onset
potentials
following median anid tibial nerve stimulation at the first
(ordinate) and final investigation (abscissa). Dots and open
circles denote latency of SEPs evoked by stimulation of the
median nerve at wrist, crosses and triangles those following
tibial nerve stimulation at ankle. The open circles and

triangles are from patients with clinical progression; the
other symbols represent patients without progression either
clinically or electrophysiologically. E ljS denote
shortening oflatency from first to final investigation. A
denotes increase of latency of SEP after tibial nerve
stimulation in one patient without clinical progression. The
stippled lines indicate the 99% upper confidence limits for
latencies of SEPs evoked by median (M) and tibial (T)
nerve stimulation in normal subjects. The thick lines are the
regression lines for EPs (n = 18) in patients with clinical
progression and in those without progression either
clinically or electrophysiologically (n = 50).

others after stimulation of either the median or the
tibial nerve (fig 3). The mean decrease in latency
was 9 ms, 4*3 ms and 9-5 ms for the VEP, SEP M
and SEP T respectively. In most patients without
any symptoms and signs of progression clinically
there was no change in latency of EPs between the
first and final investigation. However, in one patient
the latency of the SEP increased 13 and 8 ms respec-

Table 4 Mean latency + SE of P 00 evoked by pattern reversal stimulation and onset of SEP evoked by stimulation ofthe
median (M) and tibial (T) nerves in 21 patients with suspected multiple sclerosis
Clinically
Progressed

VEP (P100)

first exam.
final exam.

SEP M (onset)
SEP T (onset)

116

3-1

127

± 3-9

first exam.

21-2

final exam.

23-9 + 1-8

first exam.

46

+ 20

final exam.

58

+ 4-4

No.

24*

Unchanged
(12)

0-9

108

4-1

109

+ 3-0

21-6
26

(13)

23t

(12)

44

16

(8)

14t

(7)

13§

(7)

1-6

21-5 + 1-5
45

No.

2-8
± 3-2

Figure in brackets = number of patients, *VEP absent unilaterally in two patients, tSEP M not performed in one patient, tSEP T absent
bilaterally and unilaterally in each one patient, §SEP T absent unilaterally in one patient and not performed in one. For each patient there
is two values for VEPs and SEPs following median and tibial nerve stimulation.
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Table 5 Mean latency ± SE of evoked potentials in 13 suspected multiple sclerosis cases with and eight without clinical
signs and symptoms ofprogression
EP

Latency

Clinically
Progressive (13 patients)

first
VEP (P100)
SEP M (onset)

SEP T(onset)

exam.

increased
118
unchanged or 115
decreased
increased
23-3
unchanged or 20-5
decreased
increased
49
unchanged or 44
decreased

± 39
± 5-0
+ 1-9
+ 1-0
+ 2-2
± 3-1

Non-progressive (8 patients)

final exam.
141
114

33-7
20-3
73
43

± 2-8
± 4-9
± 4-2
± 1-1
+ 5.9
± 2-3

No.

first exam.

final exam.

No.

12* (9)
12t (9)

-

109

16

109 + 2-7
7 (4) 19 (10) 21-6 ± 1-6
11 (7)
56
12 (9) 42 ± 2-8

+ 2-8

21-5 ± 1-5

67
41

± 2-1

(8)

14t (7)
2 (1)
11§ (7)

Figure in brackets = number of patients. They do not necessarily add up to the total for the subgroups of EPs as a patient can be
represented in both.
*One value for each eye. No response from one eye. tOne patient had one eye removed. tNot performed in one patient, §No response to
simulation of the left tibial nerve in one patient, not performed in another patient on either side.

possible multiple sclerosis cases, all four deteriorated clinically. In one of the probable cases who had
delayed EPs bilaterally following visual and tibial
nerve stimulation at both the first and the final investigation, the cortical SEP following left and right
median nerve stimulation were delayed at the reexamination. In the other probable case who had
delayed responses to visual and median nerve stimulation unilaterally and to tibial nerve stimulation
bilaterally at the first investigation the VEP from the
unaffected eye was in addition delayed at the
follow-up. In one possible multiple sclerosis case
who only had abnormal VEPs bilaterally at the first
examination, the EP following left tibial nerve was
in addition delayed at the last investigation. Finally,
in the other possible case in whom all EPs except
that following left tibial nerve stimulation were
abnormal when the patient was first seen, all six EPs
were abnormal at the follow-up.

Discussion
The most important consequence of evoked potential techniques in the diagnosis of multiple sclerosis
is their ability to reveal clinically silent lesions within
the CNS. An increased content of immunoglobulin
G in the cerebrospinal fluid also supports the diagnosis.57 Combining the results of both tests may
therefore increase the diagnostic yield. We have
suggested a reclassification of suspected multiple
sclerosis cases with abnormal EPs when the
intracerebral synthesis of IgG expressed by the ratio
of CSF serum IgG and CSF serum albumin was also
increased.'
In the present follow-up study of 21 patients with
suspected multiple sclerosis we found that 13 of 16
patients all of whom fulfilled the proposed criteria
for a reclassification of their disease progressed clin-

ically. Moreover, in 10 of these patients there was
also evidence of progressive conduction abnormalities within the CNS, and in four there was evidence of new lesions. Of the 13 patients with clinical
progression four belonged to the group of probable
cases and nine to the possible cases. Of the seven
patients classified as probable cases three had a
normal IgG index and none of these three patients
progressed clinically. All the five possible cases
without clinical progression had a mild' increased
IgG index and two of them had normal EPs (fig 1).
Deterioration occurred more often among
patients with a moderate to large increase of
intracerebral IgG synthesis than among those with a
normal or slightly increased IgG index. This is in
agreement with findings of Olsson et al,8 who stated
that CSF immunoglobulin abnormalities occurred
more often and were more pronounced in patients
with a more malignant course of the disease. However, our conclusion must be tentative as the
number of patients is small and we have no followup of suspected multiple sclerosis cases in whom
both EP and IgG index are normal. The progression
of the disease was not related to age of the patient,
age at onset or time elapsed since the first attack.
Although an abnormal EP in multiple sclerosis
patients usually remains delayed, normalisation of
EP latency with clinical remission has been
reported.9'-3 We did not observe any such change in
our material. On the other hand in 11 of 21 patients
there was an increase of the EP latency from the first
to the final investigation. All but one of these 11
patients belonged to the group in whom the disease
progressed. On the contrary in seven patients we
found a shorter EP latency at the final investigation
than at the first. Six of these patients had a progressive course and one did not. Thus changes in latency
of EPs between the two investigations occurred in
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18 patients; in three of these the latency of the VEP
increased, whereas the latency of the SEP following
either median or tibial nerve stimulation decreased.
On account of changes in EP latencies it was not
possible to predict the course of the disease.
To our knowledge there is no follow-up study of
suspected multiple sclerosis cases similar to the
present investigation. Matthews et all4 examined 39
patients with a single acute episode resembling multiple sclerosis and found delayed VEP in only two,
both of whom at follow-up entered into one of the
diagnostic categories of multiple sclerosis. The fate
of the other 37 patients remains unknown. In
another series of 96 possible cases of whom 27
patients (28%) had an abnormal VEP, subsequent
clinical development and the result of other investigative procedures were compatible with the original diagnostic classification?5 However, there was
no information as to the follow-up period, and the
authors stated that a longer observation time was
necessary to evaluate the diagnostic significance of
the findings. In this connection it is important to
emphasise that in none of our three non-progressive
multiple sclerosis cases who fulfilled our diagnostic
criteria for a reclassification had the follow-up
examination (including laboratory test to exclude
metabolic disorders and CT scan or myelography
when indicated) revealed any other structural
pathology as a cause of their symptoms and signs.
The present results seem to justify a
reclassification of suspected multiple sclerosis cases
into a higher diagnostic class at the first consultation
when EP techniques provide evidence of more
lesions than clinical examination, and if the IgG
index also is increased.
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