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Orientation-Specific Visual Evoked Potential Deficits in 
Multiple Sclerosis 

STUART G. COUPLAND and TREVOR H. KIRKHAM 

SUMMARY: Checkerboard pattern rever
sal visual evoked potentials (VEPs) have 
proved useful in the confirmation of optic 
nerve disease in patients with multiple 
sclerosis (MS). Recently, evidence of 
orientation-specific loss in contrast sen
sitivity and the presence of orientation-
specific visual evoked potential (VEP) 
deficits in MS patients has been obtained 
using sinusoidal gratings as stimuli. This 
study reports the presence of orientation-
specific VEP delay in MS using the conven
tional checkerboard pattern presented in 
two orientations: normally oriented (check 
condition) or diagonally oriented (diamond 
condition). 

RESUME: La valeur de I'enregistrement 
des potentiels evoques visuels (PEVs) aux 
renversements de patrons dans la sclerose 
en plaques (SEP) est bien etablie dans la 
litterature. Utilisant comme stimulation les 
barres sinusoidales, des etudes recentes ont 
demontre des anomalies des PEVs et de la 
sensibilite de contraste dependant de 
I'orientation du stimulus. Nous decrivons 
ici les delais des PEVs aux renversements 
de patrons qui dependaient de I'orientation 
du stimulus, soit aux carreaux, soit aux 

Peak latency values of the N70 and PlOO 
components of the VEP were statistically 
analyzed using appropriate A NOVA and 
nonparametric statistics. As a group MS 
patients showed significant VEP delays un
der check and diamond pattern conditions. 
However, individual subject analysis 
revealed that about 20% of the MS popula
tion show VEP delay to only one pattern 
orientation. It was shown that by including 
a diamond pattern condition the diagnostic 
yield of VEP delay in these clinically 
definite MS patients was increased 11% 
over that obtained with check stimulation 
alone. 

diamants. Les analyses statistiques de pics 
N70 et PlOO ont ete accomplies utilisant 
I'ANOVA et les tests non-parametriques. 
Dans 20% des malades avec la SEP des 
delais des PEVs specifiques pour la 
stimulation soit aux carreaux, soit aux dia
mants, ont ete decouverts. En ajoutant la 
stimulation aux diamants a notre examen 
nous avons augmente de 10% le nombre 
d'anomalies de tec tables des PEVs dans 
notre population de malades souffrant de la 
SEP. 
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INTRODUCTION 
Over the past decade the visual 

evoked potential (VEP) has become a 
routine clinical measure for assessing 
optic nerve and visual pathway func
tion in patients with clinically definite 
or suspected multiple sclerosis (MS). It 
has been established that the VEPs 
elicited by checkerboard pattern-
reversal are superior to the flash VEPs 
in the detection of optic nerve lesions. 
Systematic investigation of checker
board pattern parameters such as 
check size, contrast and reversal rate 
have been conducted to determine the 
optimal stimulus conditions for 
detecting optic nerve dysfunction. 
Some researchers (Bodis-Wollner et al., 
1979; Ochs et al., 1980) have used dif
ferent patterns including bar gratings 
or concentric circular gratings to elicit 
pattern VEPs to determine whether 
some pattern stimuli are more clinically 
useful than others. 

Regan et al. (1980) recently re
ported a small group of MS patients 
in whom orientation-specific losses of 
contrast sensitivity at different spatial 
frequencies were detected. Independent 
evidence of orientation-specific VEP 
deficits in MS patients was obtained by 
Camisa et al (1981) using gratings as 
stimuli. They reported finding VEP 
delays which were dependent upon the 
orientation of the grating stimulus. 
These findings suggested that for the 
diagnosis of visual system involvement 
in MS, patterns or gratings of different 
orientation or of different spatial fre
quency should be used in order to in
crease the diagnostic yield of the test 
procedure. We therefore studied a 
group of multiple sclerosis patients to 
look for evidence of orientation-specific 
deficits in pattern reversal visual 
evoked potentials. We used conven
tional square checkerboard stimuli and 
then, with the same electrode recording 
placement, recorded the VEP to a dia
mond shaped pattern which was ob-
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tained by rotating the CRT stimulator 
45 degrees thereby changing the orien
tation of pattern edge while leaving the 
spatial averaged luminance of the pat
tern unchanged. 

MATERIALS AND METHODS 
Patients 

We examined 44 normal controls 
and 105 patients who had clinically 
definite MS as defined by the Mc
Donald and Halliday (1977) criteria. 
These same patients were used in a 
study of flash electroretinogram (ERG) 
abnormalities in multiple sclerosis 
(Coupland and Kirkham, 1982). As in 
the previous study the patients were 
divided into 4 groups as follows: 1) 31 
patients in whom there was no clinical 
evidence for optic nerve disease 
(designated as MS "Normals"), 2)8 
patients with clinical evidence of un
ilateral optic nerve disease (OND) of 
the left eye, 3) 12 patients with OND of 
the right eye, and 4) 54 patients with a 
history or clinical evidence of bilateral 
OND. The clinical criteria for optic 
nerve disease were the same as those 
used in our previous studies (Kirkham 
and Coupland 1981; Coupland and 
Kirkham, 1982). 

Stimulation and Recording Methods 
VEPs were recorded to a 11 degree 

circular test field containing pattern-
reversing checkerboard or diamond 
patterns (pattern size = 30'). The 
luminances of the bright and dark 
checks were 200 cd/m2 and 10 cd/m2 

respectively (approximately 80% con
trast) as determined by a Hagner S-2 
Universal Spot Photometer (Optikon 
Corp., Waterloo, Ont.). Diamond 
stimulation was obtained by rotating 
the CRT stimulator 45 degrees so that 
the spatial averaged luminance of the 
stimulating pattern was unchanged. 
VEPs were recorded over 0i and 02 

with active sites referenced to linked 
mastoids. The raw EEG was amplified 
50,000x by Grass P5-11J preamplifiers 
(Grass Instruments, Quincy, Mass.) 
with a .1 - 300 Hz. bandwidth and 128 
samples were signal averaged by an 
LSI-11 microprocessor-based TN-
1710 multichannel analyzer (Tracor-
Northern Instruments, Wisconsin) and 
the resulting averaged VEP waveforms 

were stored on floppy disk for off-line 
analysis. 

VEP records were scored by visual 
inspection and the peak latency of the 
early negative (N70) and major 
positive (PlOO) components were deter
mined for each monocular checker
board and diamond condition. Using 
our normative sample mean and stan
dard deviation a criterion of latency 
delay exceeding 99% of normal con
trols was determined. In addition, the 
absolute N70-P100 interpeak latency 
difference was used as an index of tem
poral dispersion of the VEP waveform. 
Peak latency values of checkerboard 
and diamond conditions for normal 
and multiple sclerosis populations were 
statistically analyzed using appropriate 

ANOVA and nonparametric statistics. 
Within the multiple sclerosis population 
the relative frequency of "normal" and 
"abnormal" component latencies under 
check or diamond pattern stimulation 
were tabulated and tested using the 
McNemar chi-square. 

RESULTS 
Mean peak latencies of N70 and 

PlOO as well as mean N70-P100 in
terpeak latency differences measured 
under all recording conditions are 
presented for the normal control sub
jects and the four MS groups in Tables 
1 and 2. It is clear that for all four MS 
groups the mean and standard devia
tion of peak latency of N70 and PlOO 
was greater than that of the normal 

TABLE 1 

Mean latencies for N70 and PlOO components on Check and Diamond conditions 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

CHECK Stimulation 

LEFT EYE 

0iN70 
Mean ± sd 

78.1 ± 14.4 
92.3 ± 23.8 + 
80.1 ± 17.9 
93.7 ±21 .9 + 
68.8 ± 5.9 

<hN70 
Mean ± sd 

78.7 ± 14.3 
91.4 ± 19.9 + 
78.4+ 17.0 
93.8 ± 20.5* 
68.3 ± 6.0 

Oi PlOO 
Mean ± sd 

109.8 ± 15.3 
122.8 ± 26.1 + 
112.3 ± 14.2 
128.5 ± 24.5$ 
98.5 ± 4.5 

O2PIOO 
Mean ± sd 

110.3 ± 15.2* 
121.8 + 25.5 + 
111.0+ 16.8 
129.8 ± 22.8$ 
98.2 ± 5.1 

RIGHT EYE 

0iN70 
Mean ± sd 

78.1 ± 12.4 
86.6+ 21.2 
85.3 ± 16.5* 
92.4 ± 23.6 + 
67.8 ± 5.6 

02N70 
Mean ± sd 

78.9+ 13.0 
82.1 ± 21.2 
84.1 ± 19.8* 
93.4 ± 25.2 + 
68.0+ 5.3 

DIAMOND Stimulation 

0iN70 
Mean ± sd 

76.0+ 12.9 
84.1 ± 14.9* 
79.5 ± 16.3 
86.7 ± 20.7 + 
67.2 ± 6.4 

(hN70 
Mean ± sd 

78.5 ± 16.5 
80.5 ± 18.7 
81.7 ± 17.4 
88.7 ± 20.0+ 
67.1 ± 6.5 

Scheffe procedure: * 

0i PlOO 
Mean ± sd 

110.2+ 14.0 
123.3 ± 19.6+ 
113.3 ± 16.1 
124.9 + 24.8$ 
99.3 ± 4.3 

O2PIOO 
Mean ± sd 

111.2+ 15.1* 
118.0+ 19.7* 
111.4+ 13.9 
126.9 + 24.1$ 
98.1 ± 5.7 

= p < .05 + = 

0iN70 
Mean ± sd 

78.1 ± 16.5 
77.0+ 17.8 
87.4 ± 14.7 + 
90.9+ 19.8 + 
67.3 ± 5.3 

0iN70 
Mean ± sd 

78.6+ 17.7 
83.9 ± 14.8 
85.2+ 17.6 + 
92.2 ± 20.4 + 
67.3 ± 5.6 

= p < .01 $ 

OiPlOO 
Mean ± sd 

111.2+ 13.7 
112.6 ± 21.2 
122.4+ 14.3 + 
127.9 ± 25.8$ 
97.4 ± 5.2 

O2PIOO 
Mean ± sd 

111.7 ± 16.8* 
110.5 ± 20.3 
123.1 ± 16.3 + 
129.7 ± 26.0$ 
97.5 ± 5.7 

0i PlOO 
Mean ± sd 

112.5 ± 15.7* 
104.2 ± 18.3 
124.5 ± 17.0+ 
128.5 ± 21.1$ 
99.4 ± 4.7 

O2PIOO 
Mean ± sd 

114.5 ± 18.7 + 
106.6+ 17.2 
121.0+ 12.6+ 
128.9 ± 21.1$ 
99.0 ± 5.4 

= p < .001 
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TABLE 2 

Absolute Mean N70-P100 latency differences for Check and Diamond conditions 

Group 
MS normal 
Left OND 
Right OND 
BilatOND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
BilatOND 
NORMALS 

CHECK Stimulation 

LEFT EYE 

0iN70-P100 

Mean ± sd 
31.6 ± 11.5 
30.5 ± 9.2 
32.3 ± 7.4 
34.8 ± 15.4 
29.6 ± 5.2 

(hN70-P100 

Mean ± sd 
31.6 ± 10.9 
30.6 ± 13.4 
34.3 ± 9.4 
36.0 ± 16.5* 
29.9 ± 5.1 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

• Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

DIAMOND Stimulation 

0iN70-P100 

Mean ± sd 
34.5 ± 9.9 
36.8 ± 4.3 
35.1 ± 5.6 
38.3 ± 11.3* 
32.0 ± 6.7 

<hN70-P100 

Mean ± sd 
32.9 ± 10.0 
35.8 ± 8.3 
33.8 ± 8.4 
38.3 ± 12.6* 
31.0 ± 6.9 

Scheffe procedure: 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

* = p < .05 

RIGHT EYE 

Oi N70-P100 

Mean ± sd 
33.1 ± 12.9 
36.1 ± 11.1 
37.2 ± 11.6 
35.5 ± 10.8* 
29.6 ± 5.4 

0zN70-P100 

Mean ± sd 
32.8 ± 14.5 
32.9 ± 9.6 
39.1 ± 13.2 
36.3 ± 12.6* 
29.6 ± 5.8 

0i N70-P100 

Mean ± sd 
34.9 ± 12.6 
36.5 ± 5.5 
39.7 ± 8.7 
37.9 ± 12.9* 
32.0 ± 5.6 

0zN70-P100 

Mean ± sd 
36.0 ± 11.4 
31.7 ± 6.6 
37.1 ± 8.0 
36.9 ± 13.9 
31.8 ± 5.1 

CHECK Stimulation 

Group 
MS normal 
Left OND 
Right OND 
BilatOND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
BilatOND 
NORMALS 

LEFT EYE 

0iN70-P100 

Mean ± sd 
31.6 ± 11.5 
30.5 ± 9.2 
32.3 ± 7.4 
34.8 ± 15.4 
29.6 ± 5.2 

(hN70-P100 

Mean ± sd 
31.6 ± 10.9 
30.6 ± 13.4 
34.3 ± 9.4 
36.0 ± 16.5* 
29.9 ± 5.1 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

• Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

DIAMOND Stimulation 

0iN70-P100 

Mean ± sd 
34.5 ± 9.9 
36.8 ± 4.3 
35.1 ± 5.6 
38.3 ± 11.3* 
32.0 ± 6.7 

<hN70-PI00 

Mean ± sd 
32.9 ± 10.0 
35.8 ± 8.3 
33.8 ± 8.4 
38.3 ± 12.6* 
31.0 ± 6.9 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

Group 
MS normal 
Left OND 
Right OND 
Bilat OND 
NORMALS 

RIGHT EYE 

Oi N70-P100 

Mean ± sd 
33.1 ± 12.9 
36.1 ± 11.1 
37.2 ± 11.6 
35.5 ± 10.8* 
29.6 ± 5.4 

0zN70-P100 

Mean ± sd 
32.8 ± 14.5 
32.9 ± 9.6 
39.1 ± 13.2 
36.3 ± 12.6* 
29.6 ± 5.8 

0i N70-P100 

Mean ± sd 
34.9 ± 12.6 
36.5 ± 5.5 
39.7 ± 8.7 
37.9 ± 12.9* 
32.0 ± 5.6 

0zN70-P100 

Mean ± sd 
36.0 ± 11.4 
31.7 ± 6.6 
37.1 ± 8.0 
36.9 ± 13.9 
31.8 ± 5.1 

control group for each eye and each 
stimulus condition. 

ANOVA Results 
One-way analysis of variance 

(ANOVA) was applied to the results of 
monocular check and diamond pattern 
stimulation for the N70 and P100 peak 
latencies measured from both the left 
(00 and right (02) occipital sites. The 
resulting ANOVA summary Table 3 
indicates that both the early N70 and 
later P100 peak latencies were 
significantly delayed in the MS popula
tion as a whole. This significant finding 
was present over both occipital leads 
and for both check and diamond pat

tern orientations. Table 3 also shows 
the VEP N70-P100 temporal disper
sion measure was significantly greater 
in the MS population than in the con
trol subjects under both check and dia
mond pattern orientations. 

Comparisons between MS groups and 
normals: N70 

Since the main effects of group were 
significant, selective Scheffe post-hoc 
comparisons of each MS group mean 
with the normal group mean were 
made under each recording condition. 
The treatment group comparison 
results for the N70 component are 
summarized in Table 1. It is apparent 

that the MS left OND group mean dif
fers significantly from the normal con
trol group only under left monocular 
stimulation conditions and does not dif
fer significantly from the normal for 
right monocular stimulation. Similarly 
the MS right OND group demonstrates 
significantly greater mean N70 peak 
latency only for right monocular 
stimulation conditions. The MS 
bilateral OND group mean N70 com
ponent peak latency is significantly 
longer than normal to stimulation of 
either eye. The mean N70 peak latency 
of the "MS normals" group is not 
significantly greater than normal for 
either eye. For all four MS groups the 
same pattern of occurrence of VEP 
delay is seen for both check and dia
mond pattern orientations. 

Comparisons between MS groups and 
normals: P100 

The PI00 peak latencies from the 
four MS groups were compared with 
the normal control group using the 
Scheffe procedure (Table 1). The mean 
PI 00 peak latency of the MS left OND 
group was significantly delayed for 
left monocular stimulation but was not 
significantly different from the normal 
control group mean for right mono
cular stimulation. This finding was con
sistent across check and diamond pat
tern orientation. Likewise the mean 
P100 peak latency for the MS right 
OND group was significantly delayed 
only for stimulation of the affected eye. 
The MS bilateral OND group show 
significantly delayed mean PI00 peak 
latency to monocular stimulation of 
either eye. Interestingly the mean PI00 
peak latency for the "MS normals" was 
also significantly delayed in 6 of the 8 
recording conditions (Table 1). Again 
for all four MS groups the same pattern 
of occurrence of VEP delay was seen 
regardless of pattern orientation. 

Paired Comparisons between MS 
groups and normals: N70-P100 

The N70-P100 mean absolute in-
terpeak latency difference for the MS 
bilateral OND group was significantly 
greater than the normal control group 
in 6 of the 8 testing conditions. For the 
other three patient groups ("MS nor
mals", MS left OND, MS right OND 
groups) the mean N70-P100 values 
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TABLE 3 
Summary of A NO VA results showing F test values and significance levels for all main 

effects 

Electrode 
site 
0, 

02 

Electrode 
site 
0, 

02 

& 

LEFT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

LEFT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

= p < . 1 0 * 

CHECK Stimulation 

F 
14.6$ 
17.8$ 
2.5* 

17.0$ 
21.1$ 

2.7* 

Electrode 
site 
0, 

02 

DIAMOND Stimulation 

F 
10.5$ 
14.8$ 
3.1 + 

11.9$ 
18.1$ 
3.7 + 

= p < .05 

Electrode 
site 
0, 

02 

+ = p < .01 

RIGHT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

RIGHT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

$ = p < .001 

F 
13.3$ 
17.8$ 
2.7* 

12.8$ 
18.1$ 
2.9+ 

F 
15.6$ 
21.9$ 

2.5* 

14.9$ 
21.5$ 
1.8& 

CHECK Stimulation 

Electrode 
site 
0, 

02 

Electrode 
site 
0, 

O2 

LEFT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

LEFT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

F 
14.6$ 
17.8$ 

2.5* 

17.0$ 
21.1$ 

2.7* 

Electrode 
site 
0, 

02 

DIAMOND Stimulation 

F 
10.5$ 
14.8$ 
3.1 + 

11.9$ 
18.1$ 
3.7 + 

Electrode 
site 
0, 

02 

RIGHT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

RIGHT EYE 

VEP 
Component 

N70 
PlOO 

N70-P100 

N70 
PlOO 

N70-P100 

F 

13.3$ 
17.8$ 
2.7* 

12.8$ 
18.1$ 
2.9+ 

F 

15.6$ 
21.9$ 

2.5* 

14.9$ 
21.5$ 
1.8& 

were not significantly greater than the 
normal control group mean. 

VEP delay and Pattern Orientation 
Within the VEP record for each 

recording site the N70 and PlOO com
ponents were categorized as "normal" 
or "delayed" if they exceeded the 
statistically determined 99% criterion 
of th,e normal control group values. 
This was done for both diamond and 
check pattern orientations. Bivariate 
frequencies were tabulated for both 
check and diamond pattern conditions 
(Tables 4 and 5). 

Table 4 shows that for check 
pattern-reversal stimulation, between 
54% - 64% (mean = 60%) of the overall 
MS population have delayed VEP com
ponents. For diamond pattern-reversal 
stimulation between 56% - 6&% 
(mean=63%) of the MS group have 
delayed VEP components. 

We found that for our 31 patients 
with clinically definite MS but no 
clinical signs of optic nerve disease, 
between 30%-38% (mean=34%) were 

delayed to checks and between 30%-
44% (mean=36%) were delayed with 
diamond pattern stimulation for both 
the N70 and PlOO components. 

Table 5 shows the percentage of the 
MS population showing delay in the 
N70 and PlOO components related to 
pattern orientation. Between 45% -
57% (mean = 51%) of our MS patients 
had significantly delayed VEPs for 
both pattern orientations, while 
between 26% - 32% (mean=28%) of 
the MS patients had VEPs which fell 
within normal limits on both check and 
diamond conditions. 

However, between 17% - 27% 
(mean=20%) of our MS population 
showed the occurrence of orientation-
specific VEP delay. To establish 
whether the check or diamond orienta
tion differ in their detection of VEP 
delay, a McNemar test for significance 
of changes (Siegel, 1956) was per
formed with a Yates correction for con
tinuity. The McNemar chi-square 
values (Table 5) were non-significant 
for both N70 and PlOO components at 

every recording site. This indicates that 
the two pattern conditions do not 
significantly differ in the detection of 
VEP delay, i.e., neither condition is 
superior in detecting VEP delay. 

Table 4 shows the difference in the 
frequency of detection of VEP delay 
either using a check condition alone or 
with the addition of a diamond condi
tion. There is an increase of about 11% 
(range = 6% - 14%) in the frequency 
of detection of those affected MS 
patients when two pattern orientations 
are used. 

DISCUSSION 
Checkerboard pattern reversal visual 

evoked potentials have proved useful in 
the confirmation of optic nerve disease 
in patients with multiple sclerosis in 
numerous laboratories. Repetitive flash 
stimulation gives a high but variable 
yield of VEP delays in MS populations 
and although there have been few com
parative studies of flash versus pattern-
reversal VEPs most laboratories have 
turned to the use of checkerboard 
pattern-reversal stimulation since this 
appears to give a more consistent readi
ly identifiable major positive peak. 
Both methods of stimulation may yield 
complementary information about 
visual system disease in MS since MS 
probably affects both luminance and 
pattern specific input channels in the 
visual system. Halliday et al, (1972) 
claimed that over 93% of patients with 
MS had delayed pattern VEP even 
when there was no clinical history of 
visual disturbance, but other in
vestigators using similar sample sizes 
and abnormality criteria have failed to 
confirm such a high percentage of 
positive findings. The discrepant results 
are possibly due to differences in the 
categorization of the MS patient pop
ulations into those with or without a 
history of previous optic neuritis or as 
"definite" or "suspect" cases in terms 
of criteria used to establish the 
diagnosis, or due to differences in 
stimulating and recording conditions. 
There is no doubt that the stimulus 
luminance affects the latency of the 
response obtained (Cant et al, 1978) 
and the spatial frequency of the pattern 
presented causes changes in both 
amplitude and latency of the VEP 
response (Harter and White, 1970). 
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TABLE 4 
Percentage of delayed VEPsfor check pattern-reversal alone and in combination with 

diamond stimulation 

LEFT EYE 
0.N70 
0.P100 
02N70 
02P100 

RIGHT EYE 
0, N70 
0, P100 
02N70 
O2PIOO 

Mean 

% delayed 
if using 

CHECKS 

56% 
64% 
58% 
64% 

55% 
64% 
58% 
59% 

60% 

% delayed 
if using 

DIAMONDS 

61% 
68% 
56% 
66% 

62% 
66% 
61% 
65% 

63% 

% delayed 
if using 

CHECKS and 
DIAMONDS 

62% 
75% 
67% 
74% 

71% 
72% 
72% 
71% 

71% 

% increase 
in delay 

detection 
over CHECKS 

alone 

6% 
11% 
9% 

10% 

16% 
8% 

14% 
12% 

11% 

TABLE 5 
Percent of occurrence of VEP delay as a function of pattern orientation in the MS 

population (N= 105) 

LEFT EYE 
0, N70 
0, P100 
02N70 
O2PIOO 

RIGHT EYE 
0, N70 
0, P100 
02N70 
02P100 
Mean 

VEP normal 
in both 

orientations 

28% 
26% 
33% 
26% 

28% 
28% 
27% 
29% 
28% 

VEP delayed 
only in one 
orientation 

24% 
17% 
19% 
18% 

27% 
27% 
25% 
19% 
20% 

VEP delayed 
in both 

orientations 

48% 
57% 
48% 
56% 

45% 
45% 
48% 
52% 
51% 

McNemar 
chi2 

0.3 
0.5 
0.1 
0.2 

1.8 
0.1 
0.4 
1.3 

Search for an optimal stimulus pat
tern for use in clinical laboratories to 
detect subclinical visual system deficits 
in MS suspect cases led Ochs and 
Aminoff (1980) to use a circular 
grating of concentric annuli. They 
sought to provide a stimulus which 
would give an equal physiological ef
fect across the visual field and thus 

produce a VEP larger than that 
produced by check stimulation. 
However, they found that the VEP 
recorded in this way was very variable 
in amplitude and that intersubject 
variation rendered the test useless for 
clinical purposes. Other investigators 
have used bar gratings as a stimulus 
and this method compares favourably 

with the use of checkerboard phase-
reversing patterns (Parker and Salzen, 
1977). 

There is controversy whether cells in 
the visual cortex should be considered 
as bar and edge feature detectors or as 
spatial frequency filters which respond 
to the two dimensional Fourier compo
nents of patterns. Single unit studies 
gave evidence of hierarchically or
ganised feature detecting mechan
isms in the visual system of cat and 
primate suggesting that neural units 
were tuned to specific features in the 
environment (Hubel and Weisel, 1965) 
but DeValois et al (1979) found strong 
evidence for the spatial frequency 
model when recording single-unit 
responses in macaque and cat visual 
cortex to stimulation by gratings and 
check patterns of different orientations. 
They concluded that cortical cells res
pond to the orientation of the fun
damental Fourier components of the 
pattern and not to that of the edges. 
Whether the human visual system res
ponds to edges or to Fourier compo
nent orientation is secondary to the fact 
that orientation specificity is important 
to both models. 

Our study confirms the presence of 
significant peak latency delay in the 
early N70 and later PI 00 components 
of the VEP to check pattern-reversal 
stimulation in about 60% of the pop
ulation of patients with clinically 
definite multiple sclerosis. In addition, 
we report here significant VEP compo
nent delay in 63% of these patients us
ing a diamond pattern produced by 
oblique orientation of the same check 
pattern stimulus. Our finding of only 
approximately 60%-63% of the MS 
population having VEP delay to pat
tern stimulation of one orientation 
(check or diamond) is probably a better 
estimate of the real incidence of VEP 
delay in MS as compared to the 97% 
incidence of VEP delay reported by 
Halliday (1977) and our figure agrees 
more closely with other reports in the 
literature. Certainly VEP delay is not 
the infallible test for visual system dis
ease that is often suggested by the 
literature. We agree with Shahrokhi et 
al (1978) who reported in their MS 
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population that even after definite optic 
neuritis the VEP latency could recover 
to within normal limits. 

The two unilateral OND group 
mean latencies were significantly 
prolonged on the affected side and did 
not differ from normal on the unaf
fected side. The bilateral OND group 
mean VEP latencies were significantly 
prolonged for check and diamond 
stimulation to either eye. 

The 31 patients with no clinical 
evidence of optic nerve disease, the 
"MS Normals", had a significantly 
delayed mean PI 00 latency indicating 
the presence of clinically silent lesions 
of the optic nerves or visual pathways. 
About 35% of our sample of "MS Nor
mals" were abnormally delayed to 
check or diamond pattern stimulation. 
This value is far below Halliday's 
(1977) claim of VEP delay in 57% of 
those patients with no history of visual 
impairment and with normal disc ap
pearance. These disparities could be ac
counted for by our substantially larger 
sample size and our more rigorous 
criteria for defining normal clinical 
visual function. Consequently we 
believe that our finding of VEP delay in 
35% of "MS Normals" more accurate
ly reflects the true incidence of clinical
ly silent lesions in MS. 

Our failure to find significant in
creases in VEP temporal dispersion in 
all groups other than the bilateral OND 
group probably reflects the fact that 
while single demyelinating lesions do 
not necessarily affect temporal disper
sion per se, repeated attacks over the 
course of the disease eventually 
produce significant increase in tem
poral dispersion of the VEP compo
nents resulting in changes in waveform 
appearance. Generally speaking, 
members of the bilateral OND group 
had visual function more severely af
fected than members of the other 3 MS 
groups and their corresponding VEPs 
were more markedly abnormal in ap
pearance. We found increased tem
poral dispersion in 9 of 12 Friedreich's 
ataxia patients studied (Kirkham and 
Coupland, 1981b) but in those patients 
the appearance of this abnormality was 
not related to the clinical severity of the 
disease. 

Although changing a check pattern 
to a diamond pattern orientation did 
not significantly increase the overall 
frequency of VEP delay in our 105 MS 
patients (Table 4), the addition of the 
diamond stimulation condition did in
crease the yield of MS patients with 
VEP delay by about 11% (Table 4) due 
to the presence of orientation-specific 
abnormalities in the VEPs of some MS 
patients. Our MS patient groups do not 
show a significant tendency to have 
orientation-specific VEP delay (i.e. nor
mal VEP in one orientation and 
delayed VEP in the other orientation) 
as evidenced by the failure of the 
McNemar chi-square to reach 
significance (see Table 5). However, the 
incidence of orientation-specific VEP 
deficits is about 20% (range = 17%-
27%) in our 105 MS patients which 
clearly suggests that demyelination of 
the visual pathways can indeed pre
ferentially affect some channels 
serving specific meridians while leaving 
other channels (serving other orien
tations) unaffected. Regan et al (1980) 
have established orientation-specific 
loss in contrast sensitivity using 
sinusoidal bar gratings in MS patients. 
Likewise, Camisa et al (1981) have 
reported orientation-specific VEP delay 
in MS patients using vertical, horizon
tal, and obliquely oriented bar gratings. 
However, our findings of orientation-
specific VEP delay in MS are in
teresting because we have found these 
deficits using the standard checker
board pattern which is routinely used in 
most clinical testing laboratories. Since 
for the diamond condition the pattern 
orientation is simply changed through a 
45 degree rotation of the TV sti
mulator, this procedure can be imme
diately implemented in any laboratory 
equipped to record check pattern 
VEPs. It has been our experience that 
the increased diagnostic yield (by some 
11%) renders the additional few 
minutes testing time worthwhile. 
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