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Effect of body temperature on visual evoked potential
delay and visual perception in multiple sclerosis
D. REGAN, T. J. MURRAY, AND R. SILVER

From the Department of Psychology and Department of Medicine (Camp Hill Hospital),
Dalhousie University, Halifax, Nova Scotia, Canada

SUMMARY Seven multiple sclerosis patients were cooled and four heated, but evoked potential
delay changed in only five out of 11 experiments. Control limits were set by cooling eight and heat-
ing four control subjects. One patient gave anomalous results in that although heating degraded
perceptual delay and visual acuity, and depressed the sine wave grating MTF, double-flash
resolution was improved. An explanation is proposed in terms of the pattern of axonal demy-
elination. The medium frequency flicker evoked potential test seems to be a less reliable means
of monitoring the progress of demyelination in multiple sclerosis patients than is double-flash
campimetry or perceptual delay campimetry, although in some situations the objectivity of the
evoked potential test would be advantageous.

Neurophysiological studies of single neurones
have shown that raising the temperature of normal
or partially demyelinated axons slightly increases
conduction velocity until just below the tempera-
ture at which axonal conduction fails (the block-
ing temperature). Raising the temperature still
further produces a marked fall of conduction
velocity. Demyelination can so reduce the block-
ing temperature that conduction fails at tempera-
tures only slightly above normal body temperature
(Davis, 1970; Raminsky, 1973; Schauf and Davis,
1974).
Such neurophysiological observations on single

axons go some way to explaining why exercise or
heating may worsen signs and symptoms in some
multiple sclerosis patients, and may even cause
new signs and symptoms to appear (Uhthoff, 1890;
Davis, 1966; Namerow, 1971). These single
neurone data can also account for the temporary
improvement that may accompany cooling
(Watson, 1959; Boynton et al., 1959; Symington et
al., 1977), and can explain why very small changes
in body temperature-for example, 0.1 °F-or
even daily circadian variations (Namerow, 1968;
Davis et al., 1973) can be sufficient to produce
large effects in patients with multiple sclerosis. In
the well known 'hot bath' provocation test the
effects of heating are usefully used to help the
diagnosis of multiple sclerosis (Davis, 1966).
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A quite separate point is that temperature ma-
nipulations might provide a means of assessing the
effectiveness of techniques for monitoring the
progress of multiple sclerosis on the grounds that,
in some patients, small variations of body tem-
perature that are well within physiological limits
can mimic the symptomatic effect both of increas-
ing demyelination and of remyelination. We have
previously reported on double-flash campimetry as
a possible means of monitoring the progress of
demyelination and of detecting possible remyelina-
tion (Galvin et al., 1976b). Evoked potential re-
cording has recently proved to be a diagnostically
useful indication of visual pathology in multiple
sclerosis, and this method has the advantage of ob-
jectivity (Regan, 1977a; Halliday and McDonald,
1977; McDonald and Halliday, 1977). Here we
report on evoked potential recording as a possible
objective means of monitoring the progress of
demyelination in multiple sclerosis.

Methods

EVOKED POTENTIAL RECORDING
Subjects viewed a diffusing panel subtending
480°X480 from a distance of 330 mm. The panel
was lit uniformly by white light to a luminance of
110 cd/M2. The panel's luminance could be con-
trolled electronically and was sine wave flickered
about the mean value (30% modulation depth in
most experiments) by feeding the appropriate
electrical waveform to the driving electronics. One
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of the subject's eyes was occluded by an eyepatch.
Two methods were used to record 'medium

frequency' flicker evoked potentials (EP). The
'single stimulation method' was to flicker the
stimulus light with a sine wave signal of frequency
F Hz. The steady state EP of frequency F Hz was
recorded by means of a Fourier analyser and its
amplitude and phase recorded as described in
Regan (1966) and Milner et al. (1974). Flicker
frequency F was varied between about 13 Hz and
28 Hz. A plot of EP phase versus frequency gave
the EP's 'apparent latency' (Regan, 1966; Milner
et al., 1974). A speedier method was used in some
experiments. Three sine waves of different fre-
quencies (Fl, F2, and F3 Hz) were added together
and this waveform flickered the stimulator. Three
Fourier analysers, locked to frequencies Fl, F2,
and F3 Hz respectively, simultaneously extracted
three EPs from a single electrode derivation and
displayed the amplitudes and phases of the three
EPs in polar coordinates (Regan, 1976). This
'simultaneous stimulation method' directly sampled
the slope of the phase versus frequency plot and
thus measured EP latency with greater precision
than the single stimulation method, since estimates
were less affected by EP variability and non-
stationarity (Regan, 1976).

MEASUREMENT OF PERCEPTUAL DELAY
Perceptual delay was measured using the pro-
cedure described previously (Heron et al., 1974;
Regan et al., 1976a). The left eye viewed a small
(0.30 diameter solid-state red lamp and the right
eye viewed a similar lamp. One lamp was placed
slightly above the other, and both fell on the
central fovea. One lamp was switched on a little
later (t ms) than the other, and the value of t was
adjusted so that the lamps appeared to switch on
simultaneously. This value t ms then gave per-
ceptual delay for one fovea relative to the other
fovea.

MEASUREMENT OF DOUBLE-FLASH RESOLUTION
Double-flash resolution was measured using the
procedure described previously (Regan, 1972b;
Galvin et al., 1976a, b). Subjects viewed a single
small red lamp (0.30 diameter) from a distance of
one metre. The background was a diffuse white
surface illuminated to a luminance of roughly 50
cd/M2. The lamp delivered a pair of brief (10 ms)
flashes separated by a preset interval. Using the
method of ascending and descending limits the
least interval between the flashes was found for
which the two flashes could be seen as double. The
fovea of each eye was tested separately. The un-
used eye was occluded during tests.

MEASUREMENT OF MODULATION TRANSFER FUNCTION
USING A SINE WAVE GRATING STIMULUS
Standard tests for visual acuity-for example, the
Snellen test-assess visual sensitivity for fine detail
only. Visual sensitivity for coarse and medium
detail as well as fine detail can be tested by using
a sine wave grating stimulus whose spatial con-
trast is varied (a sine wave grating looks like a
blurred grating of bright and dim bars). Our
method was conventional and has been described
elsewhere (Regan et al., 1977a). Sine wave grating
stimuli were displayed on a cathode ray oscillo-
scope by electronic means. Spatial frequency was
defined as the number of (bright plus dim) bars
per degree of visual angle, and this could be
varied. Contrast was defined as Imax-Im1n, where

Imax+ Imin
Imax and Imin were the luminances of a bright and
dim bar respectively. For each given spatial fre-
quency the contrast was reduced so as to find the
contrast for which the grating could just be seen.
Thus, the contrast threshold was a measure of
visual sensitivity for each of the spatial frequencies
tested. The stimulus field subtended 3.5° X4.5°
(horizontally), was of mean luminance 17 cd/M2,
and had a white surround of luminance 11 cd/M2
subtending about 210 X 140 (horizontally).

COOLING PROCEDURE
Subjects ingested 400 ml of finely crushed ice,
within five to 10 minutes, either unflavoured or
flavoured with orange juice, as in Galvin et al.
(1976b).

WARMING PROCEDURE
Both legs were immersed to upper shin level in
warm water at about 440C, and the subject was
wrapped in blankets with two hot water bottles
around the abdomen. Warming was continued
until the patient became almost intolerably hot
or until the patient reported markedly degraded
vision: this took on average roughly 30 min.

Control subjects and patients

Control subjects were matched for age to indi-
vidual patients. The diagnostic criteria for multiple
sclerosis were those set out by Schumacher et al.
(1968). Patients were classified into clinically
definite, probable, and possible groups according
to the scheme described by Rose et al. (1976). In
addition, each patient was rated on the 10 point
disability scale of Kurtzke (1965). A total of 10
multiple sclerosis patients were tested in this EP
study. Clinical details are summarised in the Table.
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Table Clinical summary and results for the 10 patients tested by evoked potential recording

Paticnt History Diagnosis History Optic discs Field Comments Result of Result of
RBN of temperature defect heating cooling

sensitivity

I - definite - pale discs - spinal form of MS
2 - definite -- normal - spinal form of MS +
3 - definite - left disc pale spinal and brainstem with +

some cerebral signs
4 - definite - - - spinal form of MS
5 - definite - - - spinal-cerebellar type +
6 - definite - - - spinal: blurred vision

in left eye, but that
eye has cataract

7 - definite -,- ---- - 'washed out vision'
cerebellar signs

8 ± definite +-4- + - spinal and brainstem signs +
9 - definite - - - spinal form
10 - definite - - - spinal-cerebellar- +

brainstem form

RBN =retrobulbar neuritis; MS= multiple sclerosis

Results

The baseline delay for all 10 patients was outside
control limits (P<0.05) in accord with previous
findings (Milner et al., 1974; Regan et al.,
1976a, b).
Cooling had no noticeable effect on EP delay

(less than 10% change) in the eight control sub-
jects who were cooled. The control data in Fig. 1A
were recorded by means of the single frequency
method, and the simultaneous stimulation method
was used to obtain the data in Fig. l B (see
Methods).
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Fig. 1 Neither heating nor cooling produced any
systematic changes of evoked potential latency in
control subjects. Plot B was recorded using a fast
recording technique.

300-

Seven multiple sclerosis patients were cooled.
All were diagnosed as having definite multiple
sclerosis. Two of these patients showed a clear,
temporary reduction of EP delay after ingestion
of ice (Fig. 2A, B). One patient's EP delay showed
a temporary 'rebound' to a value greater than
his baseline (Fig. 2B). Temporary rebounds have
been observed previously with visual acuity as a
measure (Michael and Davis, 1973). A third
patient showed smaller, but still clear temporary
reductions in EP latency. The data on the remain-
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Fig. 2 Cooling reduced evoked potential delay in
some multiple sclerosis patients. Other patients did
not show this effect. Plot B shows a temporary
'rebound'. A =patient 3; B=patient 2.
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ing four patients could not be distinguished from
control measurements.
Heating had no noticeable effect on EP delay

(less than 10% change) for the four control sub-
jects who were heated. The control data in Fig. IC
were obtained by means of the single stimulation
technique (see Methods).
Four multiple sclerosis patients were heated.

Two patients (8 and 10) showed an increase of
latency (Fig. 3A, B). Patient 8 (Fig. 3A) reported
'very hot, vision darkened' at a, 'see better' at b,
and 'back on normal temperature' at c. The re-
maining two patients' data could not be dis-
tinguished from control measurements (for
example, Fig. 3C).
These EP findings contrast with the results of

previous exploratory experiments on the effect of
temperature changes upon the delay of visual
perception (Regan, Milner, and Heron, unpub-
lished observations). Patients and control subjects
wore underclothing which incorporated coils of
plastic tubing through which cold water was cir-
culated. The difference in perceptual delays be-
tween the left and right eyes was measured as
described previously, using a light stimulus of
0.3° subtense (Regan, 1972b; Heron et al., 1974;
Regan et al., 1976b). Measurements were carried
out: (a) before cooling; (b) during cooling; (c) one
hour after end of cooling. Delays for three control
subjects were (in ms): (a) 11, (b) 15, (c) 8; (a) 14,
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Fig. 3 Heating increased evoked potential delay in
some multiple sclerosis patients (A, B), but had no

effect in others (C). A =patient 8; B=patient 10;
C=patient 9.

(b) 25, (c) 4; (a) 11, (b) 11, (c) 2. In contrast,
cooling caused a clear change of perceptual delay
in all seven patients with unilateral retrobulbar
neuritis who were tested. Results were as follows:
patient 1: (a) 132, (b) 24, (c) 14; patient 2: (a) 35,
(b) 6, (c) 0; patient 3: (a) 41, (b) 36, (c) 11; patient
4: (a) 194, (b) 138, (c) 105; patient 5: (a) 23,
(b) -7, (c) 2; patient 6: (a) 94, (b) 15, (c) 18.
Clearly, delays did not return to precooling values
within one hour; but measurements continued for
four hours after the end of cooling in one patient
(6) showed that a steady value was reached after
two hours. A seventh patient was both warmed
(twice) and cooled (twice). Baseline values for
delay, measured over a two-day period were 126,
156, 165, 157, 216, and 127 ms (mean 158). Delays
during the two coolings were 105 ms and 90 ms
and during the two heatings 195 ms and 180 ms.
One patient who showed no EP effect reported

that vision in her left (affected) eye deteriorated
noticeably compared with her right eye during the
test. We, therefore, assessed her visual acuity
thoroughly before, during, and after heating by
using a sine wave grating stimulus in the way
described elsewhere (Murray et al., 1977; Regan
et al., 1977). The sine wave grating test enables
visual sensitivity to be assessed for coarse,
medium, and fine detail, rather than only for fine
detail as in conventional tests such as the Snellen
test. The results, shown in Fig 4, confirmed and
extended the patient's informal report. Figure 4
plots visual sensitivity (that is, contrast sensitivity)
versus spatial frequency (that is, the number of
bright bars per degree of visual angle for the
grating stimulus). The left eye had previously
experienced an attack of retrobulbar neuritis.
Preheating data for this eye are marked 1 in Fig.
4A. Plot 2 was recorded during heating and shows
a depression of visual contrast sensitivity for all
spatial frequencies. Plots 1 and 2 also show that
the highest (cutoff) spatial frequency that could
be seen with the left eye was also depressed, and
this is equivalent to saying that the Snellen acuity
would have been depressed. A general depression
of visual contrast sensitivity has been reported
previously in multiple sclerosis, though as a lasting
rather than temporary condition (Regan et al.,
1977). Plot 3 was recorded 30 min after heating
ended and shows a 'rebound' to a visual sensitivity
higher than before heating. Plot 4 shows that 60
minutes after ending heating the curve was re-
turning to baseline.

Corresponding plots for the right ('unaffected')
eye are shown in Fig. 4B. Heating had little effect
on the cutoff spatial frequency (equivalent to
Snellen acuity). Unexpectedly, it seems that when
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Fig. 4 Effect of heating on visual acuity and
contrast sensitivity in patient 7. The left eye hc
previously experienced an attack of retrobulba
neuritis. The preheating curve (1) was shifted
downwards during heating (2), showing that vi
sensitivity was degraded for all spatial frequen
Visual sensitivity showed an 'overshoot' 30 miu
heating was ended (3), but was returning to ba
60 min after heating was ended (4). Visual acu

cutoff spatial frequency) behaved similarly. Vi
acuity in the right ('unaffected') eye showed lit
change. Surprisingly, there was some suggestio
the right eye's sensitivity to medium spatial
frequencies increased at about the same time (

the left eye's decreased.

the left eye's sensitivity was depressed by
the right eye's sensitivity to middle range
frequencies was enhanced, finally returning
baseline levels 60 minutes after the end c

ing. Depressing the contrast sensitivity of
subjects by adapting to some value of spal
quency has been reported not to enhanc(
tivity at neighbouring spatial frequencies
et al., 1976), although enhancement at
spatial frequencies has been reported (De
1977).
We measured the delay of visual percep

this patient by a method described pre
(Heron et al., 1974; Regan et al., 1976a, b).
5 plots the difference between the perceptua
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Fig. 5 Effect of heating on the delay of visual
20 perception in patient 7. Perceptual delay is the

difference between left and right fovea: negative
values mean the left was slower than the right.
Heating increased the delay of the left ('affected') eye
compared with the right eye.

for the left and right foveae. Heating increased
*5 the delay of the left eye relative to the right eye,

and after the cessation of heating there was a
@ 'rebound'. Thus, perceptual delay, but not EP

delay, was affected by heating in this patient.
We then measured double-flash resolution in

this patient during and after heating. Figure 6
shows the surprising results. Baseline values of

20 double-flash threshold were outside normal limits
for both eyes (P<0.01), but heating improvedpatial double-flash resolution. This behaviour is the op-

dr posite to our previous observations: double-flash
bodily resolution was markedly degraded by heating in
isual all patients previously tested (Galvin et al., 1976b).
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Discussion

The visual evoked potential is not a single entity.
Among the many different types of visual EP are
responses to pattern reversal, responses to flash-
ing a spatially unpatterned light, responses to
flickering a spatially unpatterned light at fre-
quencies between 13 and 25 Hz ('medium fre-
quency' EPs), and 'high frequency' flicker EPs
whose frequencies lie between about 40 and 60
Hz (Regan, 1972a, 1975). There is evidence that
of these various types of visual EP several are not
only generated in different (though overlapping)
areas of cortex, but also reflect the processing of
different visual signals in parallel channels at both
peripheral and central levels (Regan, 1972a, 1973,
1975).

All these types of EP have been recorded in
multiple sclerosis patients with the aim of finding
a diagnostically useful indicator of visual path-
ology. Evoked potentials to pattern reversal of
large (50 min arc) checks are delayed in multiple
sclerosis (Halliday et al., 1972, 1973; Arden, 1973;
Milner et al., 1974; Assleman et al., 1975; Mc-
Donald and Halliday, 1977). Evoked potentials to
small checks are less reliably delayed (Milner et
al., 1974). Evoked potentials to spatially unpat-
terned flash also seem to be a less reliable indicator
of multiple sclerosis than large check EPs (Richey
et al., 1971; Halliday et al., 1972), although this
view has been challenged (Feinsod and Hoyt,
1975). Medium frequency flicker EPs are reliably
delayed in multiple sclerosis (Milner et al., 1974;
Regan et al., 1976a). (Figure 3 in Regan (1977b)
provides evidence that flicker EPs resemble EPs to
large checks or low spatial frequencies, and differ
from EPs to small checks or high spatial frequen-
cies.) Three important features of the EP test in
multiple sclerosis patients are that some specific
types of visual EP show a high incidence of abnor-
mality in multiple sclerosis even when there are
no corresponding abnormal clinical signs, that the
EP test can demonstrate lasting visual damage
even after clinical recovery of vision and that it is
an objective test (McDonald and Halliday, 1977;
Regan, 1977a). Note, however, that although EPs
are not delayed by retinovascular lesions (Milner
et al., 1974), multiple sclerosis is not the only
cause of delay (Cappin and Nissim, 1975; Halli-
day et al., 1976; McDonald and Halliday, 1977)

All 10 patients in our present study had delayed
EPs. Seven patients were cooled and four heated,
but EP latency changed in only five out of 11
experiments: in one case (patient 7) latency was
measurably constant to a precision of 6%, though
visual changes were noticeable to the patient.

On the other hand, in previous preliminary re-
search, perceptual delay was reduced by cooling
in eight out of eight experiments on seven patients,
and increased by heating in two out of two experi-
ments. Thus, the effect of body temperature on
EP delay seems less consistent than the effects of
temperature on perceptual delay.

Double-flash campimetry is a psychological (per-
ceptual) test that can not only detect subclinical
visual pathology in multiple sclerosis (in nine out
of 11 spinal patients [Galvin et al., 1977]); it can
also demonstrate lasting visual damage after acute
retrobulbar neuritis (13 out of 14 patients), even
when visual acuity has recovered clinically (Galvin
et al., 1976a), and can detect the progression of the
disease (in 12 cases of advanced multiple sclerosis
[Galvin et al., 1977]). In a previous study on four
multiple sclerosis patients three were heated and
three cooled using similar procedures to ours
(Galvin et al., 1976b). Although only one of the
10 patients had previously noticed any visual
effects produced by temperature changes, clear
alterations in double-flash resolution were pro-
duced in all six temperature experiments. Thus EP
delay seems to be less sensitive to temperature
changes than is double-flash perception. However,
although our paradoxical findings with patient 7
may be unusual, they should be kept in mind when
using the double-flash test.

Questions could be raised as to the compara-
bility of the results of the various tests. It is, of
course, possible that we would have found EP
delay to have been affected by temperature in all
patients had we heated and cooled the patients
more strongly. Our point here, however, is to
discuss whether the EP test is less sensitive to
temperature changes than are the other tests (and,
therefore, presumably less sensitive to changes in
demyelination). Since we used the same methods
as in the Galvin et al. (1976b) double-flash study
it seems unlikely that the heating and cooling pro-
cedures were less effective in the present EP study.
Although we used a different patient group, their
clinical descriptions were not dissimilar. In com-
paring the results of the EP study with the per-
ceptual delay data reported here it should be kept
in mind that heating and cooling procedures were
different. On the other hand it seems unlikely that
heating was less effective in our EP experiments,
as all patients were heated close to their limits
of toleration. At any rate, for patient 7 in the
present study we used similar heating procedures
in all tests.

Differences between the effect of temperature
on the EP test and the perceptual tests seem un-
likely to be due to the fact that the EP test
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samples a much larger retinal area than either the
double-flash or delay tests (480 compared with
0.30 diameter). Nevertheless, because of the smal.
size of the test field the perceptual tests can in
principle provide more information than EP tests
about the progress of demyelination. By means
of visual field plots, double-flash campimetry, and
delay campimetry can indicate not only changes
in the sizes of 'islands' of demyelination, but also
changes in the local severity of the defect (Galvin
et al., 1976a, b, 1977).
Although the rule seems to be that (if tempera-

ture has any effect at all) heating worsens and
cooling improves the signs and symptoms of mul-
tiple sclerosis, there are a few reports that signs
and symptoms may worsen on exposure to cold
(Simons, 1937; Watson, 1959; Geller, 1974). Al-
though, as Geller (1974) pointed out, it is possible
that in some of these cases shivering might have
caused body temperature to rise on exposure to
cold, it nevertheless seems possible that a genuine
paradoxical response to temperature changes can
occur. A case in point is that heating improved
double-flash perception for patient 7, contrary to
experience with other patients. This paradoxical
response to heating was peculiar to double-flash,
since heating reduced visual acuity and increased
perceptual delay. Galvin et al.'s (1976b) finding
that the double-flash perception of multiple
sclerosis patients was degraded by heating can be
understood if heating brings axons closer to their
blocking temperatures, and thus reduces the maxi-
mum firing frequency (Regan, 1972b; Regan et al.,
1976b): an alternative explanation is that ad-
jacent axons have different delays, so that visual
signals from different parts of the stimulated
retinal area are dispersed in time (McDonald,
1974). Neither explanation can account for the
improvement in double-flash perception on heat-
ing shown in Fig. 6. Perhaps this anomalous im-
provement in double-flash perception might be
explained if the following unusual situation ob-
tained in this patient. At normal body temperature
most fibres were far from their blocking tempera-
ture, but conduction was close to failing in some
scattered fibres. Conduction along those latter
fibres would increase the net temporal dispersion
of visual signals so that their selective blockage
might improve double-flash resolution. Heating
would have little effect on conduction speed for
the majority of axons (thus explaining the EP
data), except in a few localised regions of more
severe demyelination (thus explaining the per-
ceptual delay data). Interestingly, this patient
volunteered the report that the perceptual delay
test was easier to do during heating than either

before or after: presumably simultaneity was
more clearly defined.

In this report we explore whether recording
medium frequency flicker EPs might provide an
objective means of monitoring the progress of de-
myelination and possibly also of monitoring experi-
mental therapy. We find that, although this EP
test provides a reliable indication of visual path-
ology, EP delay seems to be less affected by
changes in body temperature than is either double-
flash perception or perceptual delay. We conclude
that the medium frequency flicker EP test seems
to be a less sensitive and possibly less reliable
means of monitoring the progress of demyelina-
tion in multiple sclerosis patients than is double-
flash campimetry or perceptual delay campimetry.
However, the objective nature of the EP test
would be an advantage in some situations.
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