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ABSTRACT: Pattern reversal visual, brain-stem auditory, and short latency median nerve somatosensory evoked 
potentials (EPs) were evaluated in a prospective study over 4 years in 20 patients with clinically definite sclerosis 
(MS). Standardized neurological examinations were done at regular intervals and correlated with EP findings. The 
highest incidence of EP abnormalities occurred in the visual system followed by the somatosensory and auditory 
systems. Clinical relapse was usually accompanied by EP deterioration, but clinical improvement often occurred 
without parallel EP recovery. EP changes were not always related to clinical symptoms and often took place during 
remission periods in the absence of clinical changes. There was no significant correlation between clinical and 
electrophysiological progression within any given sensory modality. The progression of clinical disability, however, 
showed a fairly good correlation with the overall progression of EP abnormalities. We conclude that EPs complement 
the neurological exam in the evaluation of MS and may have a place in the investigation of the effects of therapeutic 
agents on the neurological status in MS. 

RESUME: Enregistrements series des potentiels evoques multimodes dans la sclerose en plaques: elude de controle 
prospective sur une periode de 4 ans Dans une etude prospective d'une duree de 4 ans, on a evalue les potentiels 
evoques (PEs) visuels d'inversion des patterns, auditifs du tronc cerebral et somesthesiques a latence breve du nerf 
median chez vingt patients atteints de sclerose en plaques (SEP) dont le diagnostic clinique etait certain. Un examen 
neurologique standardise" a ete fait a intervalles reguliers et mis en correlation avec les modifications des PE. La plus 
haute incidence des anomalies des PE se retrouve dans le systeme visuel suivi par les systemes somesthesiques et 
auditifs. Une rechute clinique etait habituellement accompagnee par une deterioration des PE, mais une amelioration 
clinique survenait fr6quemment sans qu'il y ait une recuperation parallele des PE. Les changements des PE n'etaient 
pas toujours en relation avec les symptomes cliniques et survenaient souvent pendant des periodes de remission en 
I'absence des changements cliniques. La correlation entre la progression clinique et electrophysiologique dans 
chacun des modes sensitifs n'etait pas significative. Cependant, il existait une assez bonne correlation entre la 
progression de 1'invalidite clinique et la progression globale des anomalies des PE. Nous concluons que les PE sont un 
complement a l'examen neurologique dans 1'evaluation de la SEP et peuvent avoir leur place dans l'investigation des 
effets des agents therapeutiques sur l'etat neurologique dans la SEP. 

Can. J. Neurol. Sci. 1986; 13:320-326 

The usefulness of pattern reversal visual evoked potentials 
(PRVEPs), somatosensory evoked potentials (SEPs), and 
brainstem auditory evoked potentials (BAEPs) in the diagnosis 
of multiple sclerosis (MS), based on their ability to reveal 
clinically silent lesions, is now well established.1 There have 
been few studies, however, to explore the value of serial evoked 
potential (EP) recordings in monitoring the course of MS and to 
relate evoked potential changes to changes in the clinical 
condition. Halliday et al2 found no correlation between latency 
prolongation of the PRVEP and visual acuity. Robinson and 
Rudge3 reported that changes in BAEP latencies were more 
closely related to activity of the disease than to the sites of new 
lesions as determined clinically. Matthews and Small4 con

cluded that PRVEPs and SEPs were of value in detecting silent 
clinical lesions, but they could not be used to monitor the 
course of the disease. A similar conclusion was reached by 
Kjaer5 for BAEPs. Walsh et al6 found a good correlation between 
clinical progression and the progression of electrophysiological 
abnormalities, but they did not address the issue of their rela
tive values in the follow-up of MS patients. Aminoff et al7 and 
Davis et al8 concluded that EPs may provide data that conflict 
with clinical changes and are not good indicators of disease 
progression. Becker and Richards,9 in a three year follow-up 
study of PRVEPs in 40 patients, observed a significant latency 
increase in 18 eyes of which 12 were clinically asymptomatic 
during the study interval. Four eyes showed a significant decrease 
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in latency, and all of them had had an episode of optic neuritis 
within five weeks immediately preceding the first PRVEP test. 

In this paper, we report the results of a four year prospective 
study designed to assess the value of SEPs, PRVEPs and 
BAEPs in monitoring the clinical course of MS, particularly as 
a method of identifying relapse and remission, and in objec
tively evaluating disease progression. 

METHODS 

We studied 20 patients with definite multiple sclerosis accord
ing to the criteria of Schumacher et al10 who participated in a 
clinical trial of basic myelin protein." In the present report the 
results obtained from the placebo and treated groups have been 
pooled since there was no significant difference between the 
two groups. All subjects gave informed consent to participate 
in the study. There were 15 men and 5 women, and their ages 
ranged from 22 to 63 years. At entry, Kurtzke disability status 
score (DSS) ranged from 2 to 7 with a mean of 4.55. The course 
of the disease was progressive in 12 patients, relapsing in 7 and 
fulminating in one. The patient with fulminating course died 14 
months after entry. The last electrophysiological studies were 
done six weeks before death. Therefore, the completion data in 
this case are those obtained at that time. For the rest of the 
patients, follow-up time ranged from 42 to 60 months, with a 
mean of 50 months. Standardized neurological examinations 
were performed at regular intervals by the same examiner 
(J.R.) and converted to the numerical rating system described 
by Kurtzke.I2 In order to compare the neurological status within 
functional groups with abnormalities in their corresponding EP 
modalities, the clinical functions of the brain stem, cerebellum, 
visual system and somatosensory system were rated individu
ally on a scale from 0 to 5 following the scoring system of 
Kurtzke with some modifications.12'14 The visual and somato
sensory groups were modified to allow rating of each eye and 
each arm independently, and the brain stem and cerebellar 
groups were combined into a single posterior fossa score. 
Therefore, the highest possible abnormality score that a patient 
could receive in visual, somatosensory or posterior fossa function 
was 10. 

The numerical scoring system for brain stem function was: 
grade 0 = normal; grade 1 = abnormal signs without disability; 
grade 2 = mild dysfunction, often in the form of nystagmus 
noticable to the patient; grade 3 = severe nystagmus, or weak
ness of extraocular muscles, or moderate dysfunction of other 
cranial nerves; grade 4 = marked dysarthria, or marked signs 
referable to other cranial nerves such as facial diplegia, or 
ophthalmoplegia; grade 5 = inability to speak or swallow. 

Cerebellar function was rated as follows: grade 0 = normal; 
grade 1 = abnormal signs without disability; grade 2 = mild 
ataxia; grade 3 = moderate truncal or limb ataxia; grade 
4 = severeataxiaalllimbs;grade5 = inability to perform coor
dinated movements due to ataxia. 

Visual function in each eye was scored as follows: grade 
0 = normal; grade 1 = scotoma with visual acuity (corrected) 
better than 20/30; grade 2 = scotoma with maximal visual acu
ity (corrected) of 20/30 to 20/59; grade 3 = large scotoma or 
moderate decrease in fields, but with maximal visual acuity 
(corrected) of 20/60 to 20/99; grade 4 = marked decrease of 
fields and maximal visual acuity (corrected) of 20/100 to 20/200; 
grade 5 = maximal visual acuity (corrected) less than 20/200. 

Sensory function of each upper extremity was scored as 
follows: grade 0 = normal;grade 1 = impairment of vibratory 
sense or graphesthesia; grade 2 = decrease in position sense 
and two point discrimination; grade 3 = lossofvibratorysense, 
severe deficit in position sense or mild impairment of touch or 
pain perception; grade 4 = moderate impairment of touch or 
pain sensation involving the greater part of the limb; grade 
5 = lossofsensationforallmodalitiesonthegreaterpartofthe 
limb. 

Evoked potentials were performed every twelve months and 
every time there was a change of signs or symptoms. Intervals 
ranged from one week to twelve months. Neurological examina
tion was performed within 24 hours of the evoked potential 
study. The number of battery tests performed on each patient 
varied from 5 to 11 (mean 7.4). The battery test included PRVEPs, 
median nerve SEPs, and BAEPs. SEP's could not be per
formed on each occasion because three patients intermittently 
refused the test. EPs were initially interpreted by one of us 
(V.I.) without knowledge of the clinical findings. Each test was 
scored on a 0 to 5 scale, 0 being normal and 5 being the maximal 
grade of abnormality. Evoked potentials to stimulation of the 
right and left side were rated independently, so the highest 
possible abnormality score for the entire EP battery was 30 (3 
tests x 2 sides x 5 score). The highest possible score for a given 
EP modality was 10 (2 sides x 5 score). 

Recording electrodes were small gold-plated disks attached 
with collodion. Scalp electrodes were placed in accordance 
with the International 10-20 system at the FpZ, C'3, C'4,0,, 02, 
A| and A2 locations. Electrodes were also placed at Erb's point 
and on the skin over the right patella. Impedances were main
tained between 1000 and 3000 ohms. 

PRVEPs were recorded to full-field monocular stimulation. 
A black and white checkerboard pattern was back projected on 
a semi-translucent screen via a revolving mirror that produced 
a lateral movement of one square width. The movement of the 
mirror took 3 msec and occurred each 500 milliseconds. The 
subjects sat 1 metre in front of the screen, the stimulating field 
subtending 32° angle, and each check subtending 38 minutes. 
Patients with refractive error wore corrective lenses. They 
were instructed to fixate at a small dot in the center of the 
screen. Activity was recorded from the electrodes at 0, and 02 

with a reference electrode on FpZ (10-20 system). Two hundred 
reponses were averaged, and two sets of averages were obtained 
from each eye. Frequency response (-3 db) was 1-100 Hz, 
analysis time was 300 msec and sampling interval 1.2 msec. 
PRVEPs were considered abnormal if: (1) the peak latency of 
the major positive deflection (PI00) exceeded the mean +3 
standard deviations (SD) of normal control values (118 msec), 
(2) the interocular P100 latency difference was higher than the 
mean +3 SD of normal controls (8 msec); or (3) PI00 was 
absent. Each PRVEP was scored on a scale from 0 to 5,0 being 
normal and 5 being the maximal grade of abnormality. A test 
abnormal by more than one criteria received the highest possi
ble score. Latency prolongations were scored according to the 
number ofSD they exceeded the upper limit of normal: score 1 
to 4 indicated a latency within 1 to 4 SD from the upper limit of 
normal respectively, 5 reflected a latency exceeding 4 SD from 
the upper limit of normal. Only one patient showed PRVEPs 
abnormalities on the basis of an excessive interocular P100 
latency difference alone, and was scored as a grade I abnormality. 
Absence of P100 received a score of 5. 
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To obtain BAEPs, rarefaction clicks produced by applying a 
0.1 msec square wave to 8 ohms impedance shielded earphones 
were presented monaurally at a rate of 10.2 per second and an 
intensity of 70 dBSL. All subjects had normal or near-normal 
hearing. Recordings were made from vertex (CZ) to earlobe 
derivations. Band pass of the recording system (-3 db) was 
100-3000 Hz, analysis time was 10 msec and sampling interval 
48 usee. Responses to 2000 clicks were averaged at least twice 
for each ear. Latency and amplitude measurements were done 
on vertex-to-ipsilateral earlobe derivations. BAEPs were con
sidered abnormal if: (1) the I-III, III-V, (or III-IV/V), and I-V 
(or I-IV/V) interpeak latencies (IPLs) exceeded the mean +3 
SD of normal control values; (2) component V (or IV/V) or 
components III and V (or IV/V) were absent, (3) the V:I (or 
IV/V:I) amplitude ratio was less than 0.5. The degree of abnor
mality was scored according to the number of SDs the IPLs 
exceeded the upper limits of normal in the same way as described 
for PRVEPs. When more than one IPL was prolonged, the 
highest score was selected. Absence of IV/V component (one 
case) and absence of III and IV/V waves (two cases) were 
scored 5. Only one test was considered abnormal solely on the 
basis of reduced IV/V:I amplitude ratio and received a score of 
I. 

SEPs were elicited by independent stimulation of each median 
nerve. Square wave electrical pulses of 0.1 msec duration and 
sufficient intensity to produce a small visible thumb twitch 
were delivered unilaterally at a rate of 2.5/sec. through a pair of 
disk electrodes applied longitudinally over the median nerve at 
the wrist with the cathode 3 cm proximal to the anode. Record
ings were made from electrodes at the ipsilateral Erb's point 
and at the contralateral central region (C'3 or C'4), using an 
electrode placed on the skin over the left patella as a reference. 
Bandpass - 3 db) was 3 Hz to 3000 Hz, analysis time was 30 
msec and sampling interval 120 usee. Averages of 1000 responses 
were obtained, and each average was repeated at least twice. 

SEPs were judged to be abnormal if they met one of the 
following criteria: (1) P9-P14 or P14-NI9 interpeak latencies 
exceeded the mean +3 SD of control values, (2) absence of 
components consistently recorded in normal controls, namely 
P9, PI4, N19 and P23, (3) Differences in interpeak latencies to 
left vs right median nerve stimulation which deviated from 
control values by at least 3 SD. Interpeak latency prolongations 
were scored according to the number of SD they exceeded the 
upper limits of normal in the same way as described for PRVEPs. 
Absence of wave P14 or N19/P23 was rated 3 and absence of all 
waves was rated 5. P9 was present in all recordings. No SEP 
was abnormal solely on the basis of an increased right vs left 
stimulation latency difference. 

An EP was reclassified to a different abnormality score on 
the basis of a latency change only when the change exceeded 
one standard deviation of the mean of normal controls. This 
was based on preliminary observations that small latency fluctu
ations that approached, but did not exceed, one standard devia
tion occurred from day to day in MS patients in clinical remission, 
particularly in those who had abnormally prolonged latencies. 
The data was statistically analyzed using a chi square test and a 
two-tailed t-test. 

RESULTS 

Table I shows the incidence of abnormal EPs. The highest 
incidence of abnormalities was observed in the visual modality, 

followed by somatosensory and finally auditory evoked poten
tials. EP abnormalities in all modalities were often bilateral, as 
can be deduced by comparing the incidence of abnormalities in 
the patient group with the percentage of abnormal tests that 
include right and left side stimulation for each modality. There 
was a trend for the incidence of EP abnormalities to be higher at 
completion than at entry. The difference, however, was not 
statistically significant (p < 0.05) for any of the EP modalities, 
probably because the number of patients was small. 

Table 2 shows the degree of clinical and EP dysfunction at 
the time of entry in the study and at completion. There is a trend 
for the severity of all EP modalities to increase, which reached 
statistical significance for PRVEPs and for the global EP score. 
Visual, somatosensory and posterior fossa clinical scores did 
not change significantly, but the DSS showed significant 
worsening. This is accounted for by clinical deterioration in 
other categories, in particular in the motor system. The progres
sion of electrophysiological abnormalities overall correlated 
well with the clinical progression; mean Kurtze DSS (0 to 10 
scale) increased from 4.55 at entry to 6.15 at completion and 
mean global EP score (0 to 30 scale) was 12.40 at entry and 
16.00 at completion. 

No difference was observed in the changes within a given EP 
modality between patients with normal EPs at the beginning of 
the study and those with abnormal EPs. There was also no 
difference in EP changes between patients with progressive 
and relapsing course. 

Table 1: Incidence of EP abnormalities 

At Entry 
Tests Patients 

(N = 40) (N = 20) 

At Completion 
Tests Patients 

(N = 40) (N = 20) 

PRVEPs 28 (70%) 17 (85%) 

SEPs 22 (55%) 13 (65%) 

BAEPs 14 (35%) 10 (50%) 

32 (80%) 18 (90%) 

30 (75%) 16 (80%) 

16 (40%) II (55%) 

Table 2: Severity Score (Mean ± 

ELECTROPHYSIOLOGICAL 

PRVEPs 

SEPs 

BAEPs 

ALL EPs 

CLINICAL 
Visual 

Somatosensory 

Posterior fossa 

DSS 

SD) 

At Entry 

5.00±3.50 

4.90±4.40 

2.45 + 3.09 

12.40±6.47 

1.90±2.05 

3.45±2.78 

2.40±l.39 

4.55±1.80 

At 
Completion 

6.85+3.20 

6.25±3.85 

2.90+3.28 

16.00±5.40 

2.00+2.57 

3.65±2.63 

2.95±l.98 

6.15±2.35 

P 
Value 

<0.02 

>0 .05 

>0 .05 

< 0.02 

>0 .05 

>0 .05 

> 0.05 

< 0.002 

Electrophysiological and clinical scores at entry and completion of the 
study. The scales range from 0 - 10(0 = normal; 10 = maximal degree 
of abnormality), except for "ALL EPs", where it ranges from 0 - 30. 
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PRVEPs 

At entry 17 patients (85%) had abnormal PRVEPs (Table 1), 
11 of whom had abnormal responses in both eyes. A total of 28 
abnormal responses to monocular stimulation were obtained 
and there was clinical evidence of optic nerve disease by his
tory or physical examination in 17 of these eyes (60.7%). 

At completion of the study, 18 patients (90%) had abnormal 
PRVEPs, 14 of them with binocular abnormalities. Of the 32 
electrophysiologically abnormal eyes, there was clinical evi
dence of disease in 23 of them (71.9%), the remaining 9 eyes 
being entirely normal when clinical criteria alone were con
sidered. Of the 8 eyes with normal reponses, there was evi
dence of clinical involvement in 2 of them. 

Clinical evidence of optic neuritis existed in 25 eyes (62.5%) 
at completion of the study. Clinical criteria for optic neuritis 
included either a definite history of transient visual loss or the 
presence of optic atrophy, central scotoma, or red color 
desaturation in ophthalmological examination. Visual acuity 
was normal in 9 eyes (36%), 20/25 to 20/30 in 7 (28%), 20/40 to 
20/100 in 7 (28%), and worse than 20/100 in 2 (8%). PRVEPs 
were abnormal in 23 (92%) of the 25 eyes with clinical evidence 
of optic neuritis, but normal in the remaining 2 (8%). The visual 
acuity in these two eyes was, respectively, 20/20 and 20/30. 

Clinical relapse followed by recovery occurred in 4 eyes. A 
parallel deterioration in PRVEPs occurred in all cases, and 
consisted of a prolongation in latency noted in all eyes and a 
concurrent decrease in amplitude observed in 2 eyes. The 
PRVEP latency changes in 3 eyes persisted in spite of complete 
recovery of visual acuity but amplitude returned to baseline. In 
one eye, PRVEP latency returned to baseline although the 
electrophysiological recovery lagged the clinical improvement 
by approximately two months. 

Conversely, transient PRVEP changes without concomitant 
visual acuity deterioration occurred in 11 eyes. These changes 
did not bear any detectable relationship to clinical relapse or 
remission. These changes were not random or erratic but showed 
deterioration and subsequent gradual recovery in a stepwise 
manner that could be followed in serial studies. 

Table 3 compares the clinical changes in visual function with 
PRVEP changes over four years. There was no significant 
correlation between clinical and electrophysiological changes 
(p < 0.05). When the visual function deteriorated, PRVEPs 
either remained the same or worsened. Clinical improvement in 
visual function was followed by either an improvement or no 
change in PRVEPs, with one exception in which the visual 
evoked potential deteriorated. More important, 8 (34.8%) of 23 

Table 3: Visual Function 

CLINICAL 

Improved 

PRVEPs 

Same Deteriorated TOTAL 

Improved 3 6 1 10 

Same 5 10 8 23 

Deteriorated 0 4 3 7 

TOTAL 8 20 12 40 

Evolution of clinical and electrophysiological visual scores from be
ginning to end of the follow-up period. The figures represent the 
numberof eyes. There was no significant correlation (p > 0.05) between 
clinical and electrophysiological changes. 

eyes in which the clinical visual function did not change, showed 
deterioration in the PRVEPs. Conversely, 8 (75%) of 12 eyes in 
which PRVEPs deteriorated showed no clinical change, and 
only 10 (50%) of 20 eyes in which PRVEPs did not change 
remained clinically the same. Of the 8 eyes that showed PRVEP 
improvement, 4 had had clinical optic neuritis with onset within 
two months prior to the first PRVEP test, and 3 of these also 
showed clinical improvement. These 4 eyes showed PRVEP 
improvement within the first six months of the study. Two of 
the remaining 4 eyes had evidence of optic neuritis on neuro-
ophthalmological examination in spite of the absence of clinical 
history, and 2 had a normal exam and no history of optic 
neuritis. 

SEPs 

At the beginning of the study 13 patients (65%) had SEP 
abnormalities (Table 1) which were bilateral in 9 of them. At 
completion of the study 16 patients (80%) had abnormal SEPs, 
14 of whom had abnormal responses on both sides. Among 
these patients the sensory examination of the extremities with 
SEP abnormalities was entirely normal in 6 extremities (20%), 
whereas 8 extremities (26.6%) had only mild impairment of 
vibratory sense, 4 (13.3%) had mild touch and pain sensation 
impairment, 8 (26.6%) had impairment of both touch/pain and 
vibratory senses and only 4 arms (13.3%) had abnormalities in 
position sense, graphesthesia, and/or two-point discrimination, 
which were always accompanied by decrease in vibratory 
sensation, and in 2 of the arms also by a mild impairment of 
touch and pain sensations. Of the 10 arms with normal SEPs, 
there was mild to moderate decrease in pain/temperature sensa
tions in 3 of them and vibratory sense was decreased in 2, the 
remaining 5 arms showing no evidence of sensory impairment. 
Position sense, graphesthesia and two-point discrimination were 
intact in every extremity that had normal SEPs. 

Transient sensory deficit followed by recovery was observed 
in 7 arms. In 4 extremities, the sensory deficit involved paid 
and/or touch modalities, and was accompanied by numbness 
and paraesthesias. SEPs did not change in 3 of these arms, 
while one arm exhibited a transient SEP abnormality that recov
ered completely and consisted of a marked attenuation in ampli
tude of the P15 potential. In the remaining 3 arms the clinical 
relapse consisted of transient deficit in position sense, which 
was accompanied by decrease in graphesthesia and two-point 
discrimination in 2 of them. In each of these 3 arms SEPs 
exhibited deterioration that parallelled the clinical worsening 
but that was not followed by recovery when the symptoms 
subsided. In one of these cases the abnormality consisted of 
absence of the N19/P23 potentials, in the remaining two both 
the N19/P23 and the P15 components became undetectable. 

Conversely, transient SEP changes without concomitant sen
sory symptoms or signs occurred in 8 arms. These changes 
were not random or erratic but showed stepwise deterioration 
and subsequent gradual recovery that could be followed in 
serial studies. 

Comparison of the somatosensory system score at entry and 
completion of the study (Table 4) showed a significant increase 
in sensory deficit in 17 arms, clinical improvement in 12 arms, 
and no change in the remaining 11 arms. Of the 17 arms with 
increased sensory deficit, SEPs had deteriorated in 7, remained 
unchanged in 9 and improved in one. Eight of the 12 arms with 
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Table 4: Somatosensory Function 

CLINICAL 

Improved 

SEPs 

Same Deteriorated TOTAL 

Improved 2 8 2 12 

Same 0 5 6 11 

Deteriorated I 9 7 17 

TOTAL 3 22 15 40 

Evolution of clinical and electrophysiological somatosensory scores 
from beginning to end of the follow-up period. The figures represent 
numberofarms. There was no significant correlation (p > 0.05)between 
clinical and electrophysiological changes. 

improved sensory score showed no SEP change. Of the 11 arms 
that remained clinically unchanged, the SEP was worse in 6 of 
them. Compared to entry score, the completion SEP score had 
worsened in 15 arms, remained the same in 22 and improved in 
3. Of the 15 arms with worsened SEPs, only 7 (47%) showed 
clinical deterioration, while 6 (40%) remained clinically un
changed and 2 (13%) improved. Only 5 (23%) of 22 arms in 
which SEPs did not change remained clinically unchanged, 
while 8 (36%) improved and 9 (41%) deteriorated. Two of the 3 
arms with improved SEPs showed clinical improvement in 
position sense, and one worsened due to impairment in pain 
sensation. There was no significant correlation between clini
cal and electrophysiological changes (P < 0.05). 

BAEPs 

At entry 10 patients (50%) had abnormal BAEPs (Table 1) 
which were binaurally abnormal in 4 of them. At completion 
BAEPs were abnormal in 11 patients (55%), 5 of them with 
binaural abnormalities. Clinical evidence of brainstem and/or 
cerebellar dysfunction was present in 8 of the 11 patients with 
abnormal BAEPs and in 6 of the 9 patients with normal BAEPs. 

Transient BAEP changes without clinical brainstem and/or 
cerebellar changes occurred in only 2 patients. Clinical relapses 
involvingbrainstem and/or cerebellarfunction followed by com
plete or partial recovery occurred in nine instances. BAEPs did 
not change in 5, exhibited a parallel deterioration in 3 and a 
paradoxical improvement on one occasion. Of the three instances 
in which BAEPs deteriorated there was subsequent improve
ment in two cases. Of particular interest is a patient with an 
episode of right trigeminal neuralgia of two weeks duration that 
was accompanied by BAEP abnormalities from the ear ipsilat-
eral to the pain. Prior to the onset of pain, BAEPs showed a 
mild I-V interpeak latency prolongation (4.9 msec). On the 
second day of trigeminal neuralgia only wave I could be recorded. 
After two weeks, as the pain subsided, wave I remained 
unchanged and wave V was again obtained with a very pro
longed latency (I-V interpeak latency = 7.1 msec). Three months 
later, the latency of wave V and the I-V interpeak latency (5.0 
msec) had almost returned to normal. This patient has been 
reported in detail.15 

Comparison of the combined brainstem and cerebellar score 
at entry and completion of the study (Table 5) showed an 
increased deficit in 8 patients, no change in 9, and improvement 
in 3. Of the 8 patients with clinical posterior fossa function 
deterioration, BAEPs did not change in 4, deteriorated monau-

Table 5: Posterior Fossa Function 

CLINICAL BAEPs 

Improved Same Deteriorated TOTAL 

Improved 1 4 1 6 (3 patients) 

Same 2 12 4 18 (9 patients) 

Deteriorated 2 12 2 16 (8 patients) 

TOTAL 5 28 7 40 (20 patients) 

Evolution of posterior fossa (combined brainstem and cerebellar) clini
cal scores and BAEP scores from beginning to end of the follow-up 
period. BAEP figures represent the number of ears. Each clinical 
score is represented twice, since it was matched with BAEPs from 
each year. There was no significant correlation (P > 0.05) between 
clinical and electrophysiological changes. 

rally in 2, and improved monaurally in 2. Of the 3 patients in 
whom clinical brainstem function improved, BAEPs did not 
change in one, deteriorated monaurally in one and improved 
monaurally in one. Clinical brainstem function remained 
unchanged in 9 patients, and BAEPs did not change in 4, 
deteriorated monaurally in 2 and binaurally in one, and improved 
monaurally in the remaining 2. Comparison of BAEP score at 
entry and completion showed improvement in 5 patients, no 
change in 9 and deterioration in 6. The BAEP improvement 
occurred monaurally in all 5 patients, of whom 2 showed no 
clinical change in posterior fossa function, 2 deteriorated and 
one improved. BAEP deterioration occurred binaurally in one 
patient who did not experience clinical posterior fossa changes 
and monaurally in 5, of whom one was clinically improved, 2 
remained unchanged, and 2 deteriorated. BAEPs remained 
binaurally unchanged in 9 patients, of whom one was clinically 
improved, 4 were the same and 4 deteriorated. No patient 
showed improvement of BAEPs from one ear and deterioration 
of BAEPs from the opposite ear. There was no significant 
correlation between clinical and electrophysiological changes 
(p < 0.05). 

DISCUSSION 

The incidence of EP abnormalities in the present study, 
highest within the visual system followed by the somatosen
sory and auditory systems respectively, is in agreement with 
many previous reports.' The incidence of SEP abnormalities 
tends to approach that of PRVEP abnormalities when both 
upper and lower extremity SEPs are tested, rather than using 
only upper extremities SEPs as was the case in the present 
study.1 This study also confirms the well-known fact that EPs 
can reveal subclinical lesions and that combined evoked poten
tial studies increase the yield of EP abnormalities. In addition, 
the present investigation demonstrates that evoked potentials 
can detect subclinical progression and relapses of the disease. 
Evoked potentials are helpful in documenting involvement of a 
sensory system when symptoms are lacking or trivial, and in 
quantifying the degree of abnormality. 

Clinical exacerbations were often accompanied by electro
physiological changes in the corresponding sensory modality. 
All four instances of acute relapses involving the visual system 
were accompanied by PRVEP deterioration. Within the somato
sensory system, the electroclinical correlation was limited to 
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involvement of position sense, graphesthesia and/or two-point 
discrimination. Disturbances of touch or pain sensation were 
usually not accompanied by SEP changes. This is in agreement 
with the widely accepted view that the components of the SEP 
measured in clinical testing are primarily mediated by the poste
rior column-lemniscal system.' BAEP changes showed a rela
tionship to clinical exacerbations in only one-third of relapses 
involving the brainstem or cerebellum, which is not unexpected 
since cerebellar and brainstem involvement may occur with 
sparing of the auditory pathways. Hearing impairment did not 
occur in any of the patients which is in keeping with observa
tions that central BAEP abnormalities are usually associated 
with normal hearing as tested by conventional audiometry.1 

Psychophysical data, nevertheless, suggest that subtle audi
tory problems that may not always be detectable by conven
tional clinical testing frequently occur in MS.1415 Such subtle 
auditory deficits may have been overlooked in our patients. 

Electrophysiological deterioration has been reported to occur 
during periods of exacerbation regardless of whether the relapse 
clinically involved the corresponding EP pathways.3'418,19 

We found no relationship between changes in a given EP modal
ity and clinical exacerbations involving other sites. 

Unlike clinical exacerbations, remission of symptoms was 
often unaccompanied by electrophysiological improvement and 
EP abnormalities frequently persisted after clinical recovery 
had taken place. In addition, electrophysiological deterioration, 
both transient and long-lasting, often occurred in the absence of 
any detectable clinical symptoms or signs. These changes can 
not be attributed to the excessive intertrial variability that often 
occurs in MS patients and was observed in some of our tests.3'7,20 

They were not random or erratic changes but occurred in a 
stepwise manner that could be followed in serial studies. Elec
trophysiological improvement also took place in the absence of 
clinical change, in particular in the auditory and visual modalities. 
Four of 5 patients with monaural BAEP improvement showed 
either no change or deterioration of clinical posterior fossa 
function. Of 5 eyes showing PRVEP improvement without 
clinical change, one had suffered the onset of acute clinical 
optic neuritis two months prior to entry into the study, 2 had 
evidence of optic neurities on neuroophthalmological examina
tion but no history of optic neuritis, and 2 were neuroophthal-
mologically normal. This is in contrast with the 4 MS patient 
eyes that showed PRVEP latency reductions in the study of 
Becker and Richards,9 all of whom had had the onset of acute 
clinical optic neuritis within five weeks immediately preceding 
the first PRVEP test. 

Thus, there was a lack of clear correlation between clinical 
and electrophysiological abnormalities. Evoked potential changes 
occurred in the absence of clinical changes and, conversely, 
clinical deterioration or improvement took place without paral
lel EP changes (Tables 3-6). In general, however, the progres
sion of electrophysiological abnormalities correlated with the 
clinical progression of the disease. The overall clinical disabil
ity (DSS) increased from a mean of 4.55 to 6.15 over a four year 
period, and the overall electrophysiological function deterio
rated from 12.40 to 16.00 (Table 2). Similar findings have been 
reported by Walsh et al.6 

Some latency fluctuation occurs from one day to the next in 
the EPs of normal controls and MS patients in remission,'-9 in 
particular in the visual modality. Small changes in stimulus 
parameters, fluctuations in body temperature and other physio

logical and technical factors may contribute to these changes. 
The EP scoring system used in this study attaches significance 
only to latency changes that exceed one standard deviation 
from the mean value of normal controls which, in our experience, 
is beyond the day to day fluctuations observed in MS patients in 
remission. Weconcurwith Becker and Richards9 that attaching 
significance to small latency changes is highly questionable. 

The lack of a close relationship between clinical and electro
physiological abnormalities cannot be construed as evidence 
against the usefulness of EPs in the evaluation of disease pro
gression in MS, as has been suggested by some authors.4,7 

Clinical changes are not good indicators of the progression of 
this disease and discrepancies often occur between clinical and 
pathological findings. In fact, the lesions seen at autopsy almost 
invariably greatly outnumber those suspected on the basis of 
clinical symptoms and signs. Furthermore, lesions have been 
demonstrated at autopsy in asymptomatic patients in areas 
from which one would expect abnormal signs and symptoms to 
arise.21 Whether subclinical EP changes reflect additional patho
logic lesions or changes in conduction in previously diseased 
fiber tracts is not known. Although electropathological correla
tions cannot be established in our patients, the present study 
indicates that EPs provide information complementary to the 
clinical exam, and it seems reasonable to postulate that clinical 
and electrophysiological changes together may reflect disease 
activity with greater accuracy than clinical changes alone. The 
information complementary to the clinical exam provided by 
EPs may be particularly relevant in the serial evaluation of MS 
patients undergoing therapeutic trials, in whom close follow-up 
of disease progression is essential.22'29 
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