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Effects of hyperventilation on pattern-reversal visual
evoked potentials in patients with demyelination
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SUMMARY The effects of hyperventilation on the pattern-reversal visual evoked potential (VEP)
were studied in seven normal subjects and 13 multiple sclerosis patients with visual pathway
involvement. Significantly greater reductions in P100 latency occurred in the multiple sclerosis
patients than in controls and normalisation of the half-field response topography occurred in one

patient after hyperventilation. The VEP changes are attributed to improved impulse transmission in
demyelinated fibres in the visual pathway as a result of the alkalosis and changes in ionised calcium
levels induced by hyperventilation.

Hyperventilation, alkalosis and hypocalcaemia have
been shown to bring about a transient improvement
in neurological deficits such as visual impairment,
nystagmus and ocular paresis in patients with central
nervous system demyelination.t It has been suggested
on theoretical grounds that this improvement is the
result of changes in nerve fibre excitability and
enhanced conduction in demyelinated nerve fibres.2 3

In the present study, we have recorded pattern-
reversal visual evoked potentials (VEPs) before and
after hyperventilation in patients with multiple sclero-
sis and known visual pathway involvement to deter-
mine whether there is any evidence that this pro-
cedure improves conduction in the demyelinated
visual pathway.

Subjects and methods

Subjects
Seven staff members, aged from 20 to 44 years, all of whom
had normal vision, served as control subjects. Thirteen
patients with multiple sclerosis who were known to have
clinical and/or VEP evidence of visual pathway involvement,
and all of whom fulfilled McDonald & Halliday's4 criteria
for clinically definite multiple sclerosis, were selected for the
study (table). Visual symptoms were stable in all patients
and none had Uhthoff's phenomenon.
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Visual evoked potentials
Monocular VEPs were recorded from eight occipital elec-
trodes arranged in transverse and sagittal chains, and each
referred to Fz (10-20 system). The midline electrode of the
transverse chain of five electrodes was positioned 5 cm above
the inion and the other four electrodes at 5 and 10cm to
either side. The remaining three were positioned at the inion,
2 5 cm above and 5 cm below this point. The checkerboard
stimulus was displayed on a high resolution CRT (Hewlett-
Packard 1321A) by a purpose-built pattern generator (Mr
JR Pitman, MRC External Staff, National Hospital, Queen
Square). The mean luminance of 50' black and white checks
was 10 candelas m-2 (contrast 093) and the pattern was
reversed in 10 ms every 605 ms. 300 ms of post-stimulus EEG
was collected following each of 200 reversals after
differential amplification (band-pass 1-500 Hz at -3db)
and was averaged on a PDP 11/23 computer with a sampling
rate of 500 Hz. Responses were obtained to full-field (26° x
19°) and vertical half-field (130 x 19°) stimulation. When
appropriate, subjects wore spectacles to correct for refrac-
tive errors. The P100 latency and peak-to-peak amplitude
were cursored after visual inspection of waveforms recorded
from the midline channel electrode for full-field stimulation
and from the 5 cm ipsilateral channel for half-field stimu-
lation. In four of the 13 multiple sclerosis patients only
monocular full-field VEPs were recorded from a single mid-
occipital electrode (Oz) referred to Cz.

Experimental procedure
Baseline monocular full-field and half-field VEP responses
were first recorded. In each subject one half-field or full-field
(in those in whom half-field recordings were not performed)
which gave an abnormal but still clearly discernible VEP was
selected and tested for reproducibility prior to commence-
ment of hyperventilation. End-tidal PCO2 was monitored
using a Hewlett-Packard capnometer (Model 4721OA) prior

1392

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.49.12.1392 on 1 D
ecem

ber 1986. D
ow

nloaded from
 

http://jnnp.bmj.com/


Effects of hyperventilation on pattern-reversal visual evoked potentials in patients with demyelination 1393

Table Clinical details in the 13 multiple sclerosis patients showing thefindings in the eye under study. The lastfour patients
had only monocular full-field VEPs recorded

Visual Visual Visual Optic disc
Patient symptoms acuity field defect pallor*

1 (GB) BOV 6/24 NT NT
2 (DB) BOV 6/9 Nil 2
3 (MG) Nil 6/9 NT NT
4 (KP) BOV 6/18 Rel CS 2
5 (CM) BOV 6/60 CS 3
6 (BH) BOV 6/9 Nil 2
7 (SG) BOV 6/9 Rel CS 3
8 (LA) Nil 6/6 Nil 3
9 (AD) BOV 6/5 Nil 2
10 (GR) LOV 6/9 Nil 2
11 (GC) BOV 6/5 Nil 1
12 (IK) BOV 6/24 Rel CS 3
13 (DB) BOV 6/18 NT NT

BOV-blurring of vision; LOV-loss of vision; Rel CS-relative central scotoma; *-disc pallor graded on a scale of I (minimal) to 4 (gross);
NT-not tested.

to, continuously during the period of hyperventilation, and
after completion of hyperventilation. Subjects were
instructed to breath deeply, once every 2-3 seconds for 3-5
minutes until the pCO2 had decreased to less than
25mm Hg. The selected half-field or full-field VEP was re-
recorded 1-5 minutes after the onset of hyperventilation, at
the end of the period of hyperventilation, and again after the
PCO2 had returned to the baseline level. Room temperature
was constant at 22°C for all recordings.

Results

During hyperventilation, the pCO2 values fell in all
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Fig 1 Typical serial end-tidalpCO2 values in two multiple
sclerosis patients and two normal control subjects before,
during and after hyperventilation.
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Fig 2 Monocular half-field P100 latencies before, during
and after hyperventilation in seven multiple sclerosis patients
(a) and seven normal control subjects (b).
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Fig 3 Monocular half-field VEPs recorded before (heavy tracing) and immediately after (light tracing)_hyperventilation
from a normal control subject (a) and two multiple sclerosis patients (b and c). The macular-derived P100 component is seen
over the scalp ipsilateral to the stimulated half-field and is identified by the solid (before hyperventilation) and broken (after
hyperventilation) arrows. In the control subject, the waveform topography and P100 latency (107ms) remains unchanged. In b
the delayed left half-field P100 latency of136ms decreased to 127ms, and in c the minimally delayed left half-field P100
latency decreasedfrom 116 ms to 110 ms. Note that the recordingsfrom 5 transverse electrodes only are shown here and infig 4.

subjects and returned to baseline levels after 10-30
minutes (fig 1). In multiple sclerosis subjects the mean
fall was 18mm Hg (range 17-19mm Hg) compared
with a mean fall of 17mm Hg (range 13-24mm Hg) in
controls.

The major change in the VEPs from the multiple
sclerosis subjects was a decrease in P100 latency (fig
2a and 3b-c). Of the seven multiple sclerosis patients
with delayed half-field P100 components, hyper-
ventilation resulted in a mean fall in latency of
104ms (range -3 to -22ms) which was

significantly greater than the mean fall of 1 4 ms (+ 1

to -3) in the seven control subjects (p < 001)
(fig 3a-c). Two multiple sclerosis patients (cases 5 and
6) had half-field VEPs which were dominated by
paramacular subcomponents.S 6 In Case 6, the
latency of the paramacular N105 component
decreased by 5ms and in case 5 the subcomponent

topography was altered with hyperventilation
resulting in the appearance of a macular P100 com-
ponent. All four multiple sclerosis patients who had
only monocular full-field recordings showed a
decrease in the latency of the major positivity, with a
mean fall of 6 ms (range -3 to -10 ms). There was
no significant correlation between the degree of
latency change and the pre-hyperventilation latency:
that is, the longest latencies did not always show the
largest decrements (see fig 2a). Changes in VEP
amplitude after hyperventilation were minor and bi-
directional, without a consistent pattern in either the
multiple sclerosis patients or control subjects. Normal
or prolonged latency half-field P100 components and
full-field late positivities showed both amplitude
increments and decrements in different subjects. In all
multiple sclerosis patients the changes were transient,
P100 (half-field) and late positivity (full-field) laten-
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Fig 4 Monocular left half-field VEPs recordedfrom a

28-year-old multiple sclerosis patient before, immediately
after and 12 minutes after cessation ofhyperventilation
(HV). The macular-derived P100 component latencies are

shown above the arrows identifying this component. The
delayed P100 component latency decreased by 12 ms with the
14mm Hg drop in end-tidal pCO2 immediately after
hyperventilation and then returned to the pre-hyperventilation
latency (135 ms) in parallel with the subsequent increase in
end-tidalPCO2-

cies and the altered subcomponent topography all
reverting to baseline values after hyperventilation (for
example, see fig 4).

Discussion

The major findings of the present study were that
hyperventilation resulted in a significant reduction of
the P100 latency and a more normal VEP waveform
and topography in some patients with visual pathway
demyelination. The implication of these findings is
that hyperventilation leads to improved impulse
transmission in areas-of demyelination and thereby to
a more physiological pattern of cortical activation by
pattern stimulation. A primary action at retinal or

cortical level is less likely. The changes in P100
latency, the change from a "paramacular" to a "mac-
ular" half-field response, and the increased P100
amplitude in some multiple sclerosis subjects points
to enhanced conduction particularly in fibres sub-
serving the central 5° of vision which are largely
responsible for the macular P100 component of the
VEP.7 8 The lack of a uniform change in P100 ampli
tude contrasts sharply with the changes in P100
latency and probably reflects the variable mix of
degrees of conduction block among fibres subserving

central vision and the effects of altering conductivity
in these fibres on the interaction of macular and para-
macular subcomponents of the VEP.5 8
The effects of hyperventilation may be mediated by

a number of factors. Both the reduction in pCO2 and
the rise in extracellular pH which accompany hyper-
ventilation are known to enhance neural excitability
in peripheral nerve fibres9 10 and on theoretical
grounds should also increase the safety factor for
transmission in central fibres.2 In addition, because of
increased binding of calcium ions to proteins when
alkalosis occurs, there is a secondary reduction in
serum ionised calcium levels.' " This would not nor-
mally be expected to affect the central nervous system
because of the existence of a potent blood-brain and
blood-CSF barrier for calcium ions.12 However, as
suggested by Davis et al,O it is conceivable that such a
barrier is defective in areas of demyelination and that
reduced ionised calcium levels could therefore also
increase axonal excitability and the safety factor for
transmission in demyelinated central nerve fibres.
This suggestion is supported by the clinical obser-
vation of improvement in visual and ocular motor
signs in multiple sclerosis patients after intravenous
infusion of sodium EDTA which binds calcium ions'
and significant, though transient, reductions in VEP
latencies during intravenous infusion of the calcium
channel blocker verapamil.13 It is unlikely that the
VEP changes in the multiple sclerosis subjects were
related to changes in cerebral blood flow induced by
hypocapnia during hyperventilation.'4
The effects of hyperventilation on conduction in

demyelinated fibres are, for the most part, the con-
verse of those resulting from increased temperature.
Although experimental models of conduction in
demyelinated fibres have shown that both absolute
conduction and conduction velocity are temperature-
dependent, the net effect of an elevated temperature
tends towards more complete conduction block.15
This effect was also demonstrated by VEP studies in
multiple sclerosis patients where a diminished VEP
amplitude was the principal change.16 17 In the
present study the exact mechanism for the reduction
in P100 latency and the improved VEP waveforms
and amplitude in some patients is not clear, but it is
not necessary to postulate that the conduction veloc-
ity must have increased. Whilst slowing of conduction
has been demonstrated in demyelinated fibres in the
dorsal column and peripheral nervous system, it has
not been proved to be the sole basis for the pro-
longation of the VEP latency in multiple sclero-
sis.18 19 Experimental studies have shown that focal
demyelinating lesions of the cat optic nerve result in
conduction block, increased refractory period of
transmission and failure of single nerve fibres to faith-
fully transmit impulses.20 Modest increments in
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conduction times were also found in these studies but
were insufficient to account for the degree of pattern
VEP delay (Carroll, Levick and Mastaglia,
unpublished observations). Thus, reversal of conduc-
tion block, improved transmission of impulse trains
in demyelinated fibres and hence a more coherent pat-
tern of cortical activation are likely to underlie the
transient reduction in P100 latency and other VEP
changes seen after hyperventilation in the present
study.

The authors are grateful to Mr GW Thickbroom for
his help in this study and to Mrs P McBryde for secre-
tarial assistance.
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