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SUMMARY Regional cerebral oxygen utilisation (rCMRO2), oxygen extraction (rOER), blood
flow (rCBF), and blood volume (rCBV) have been determined for fifteen patients with multiple
sclerosis in remission using positron emission tomography (PET). Cerebral oxygen utilisation and
blood flow were significantly reduced in both white matter and peripheral cortical grey matter in
the multiple sclerosis patients compared to a group of normal controls. No evidence of regional
cerebral ischaemia in the multiple sclerosis group was found. Lowest levels of cerebral oxygen

utilisation were found in patients with cerebral atrophy, and in patients in whom a significant fall
in present full-scale IQ from estimated pre-morbid levels had occurred. No correlation was found
between rCMRO2 values and severity of locomotor dysfunction or clinical disease duration.

The primary pathology of multiple sclerosis consists
of plaques of demyelination distributed about the
central nervous system.' 2 These plaques range from
1 mm-4 cm in size and initially form as perivenular
sleeves of demyelination.3 The lesions contain mac-
rophages, lymphocytes and plasma cells and charac-
teristically consist of breakdown of the myelin
sheath with axonal sparing.4 Occasionally Wallerian
degeneration of the axon is seen. The plaques tend
to be symmetrically distributed with a prediliction
for the spinal cord, cerebellum, and periventricular
regions. At necropsy, however, numerous plaques
may be found in clinically silent areas of central
white and cortical grey matter.5

Gyldensted has reviewed 110 CT brain scans of
multiple sclerosis patients and found a 36% inci-
dence of intracerebral plaques and a 79% incidence
of generalised central white matter atrophy and/or
widening of the cortical sulCi.6 Forty five per cent of
his group had evidence of generalised cerebral atro-
phy in the absence of demonstrable focal plaques. It
is likely that a higher incidence of plaques would
have been found had brain scans been performed
with a nuclear magnetic resonance (NMR) rather
than a CT scanner.7
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A number of studies have been carried out on
levels of cognitive function in multiple sclerosis.
Peyser et a19 studied 55 multiple sclerosis patients
and found a 55% incidence of impaired cognitive
function. Impairment of general cognitive function
correlated significantly with clinical disease duration
but not with the degree of neurological disability.
Several studies have shown a selective impairment
of performance IQ relative to verbal IQ in multiple
sclerosis.'0-'2 Jambor'3 has examined cognitive func-
tion of specific cortical regions in a group of 103
multiple sclerosis patients and again demonstrated a
significant impairment. None of these studies how-
ever compared CT brain scan findings with levels of
cognitive function.

Claims have been made for the efficiency of
hyperbaric oxygen in ameliorating symptoms of
multiple sclerosis."'4 ' In one of these studies,'5 a
double-blind controlled study, significant though
transient improvements in mobility, fatigability, and
balance were noted in patients treated with hyper-
baric oxygen compared to those given a placebo.
The mechanism of action of hyperbaric oxygen is
uncertain. One possibility is that it acts as an
immunosuppressive agent.'6 17 A second possibility
that has been suggested'5 is that regions of ischaemia
exist in perivenular plaques due to an associated
venous back pressure, and that such ischaemia is
transiently relieved by hyperbaric oxygen.
The purpose of this study was two-fold. Firstly, we
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Studies on regional cerebral oxygen utilisation and cognitive function in multiple sclerosis

Table 1 Clinical details ofmultiple sclerosis patients

Patient Age at onset Disease Locomotor MS' classification CSF VEP latency
duration (yr) dysfunction

1 34 24 + CDMSA1 -
2 35 3 + CDMSA1 -
3 26 28 + CDMSA2 OB
4 17 3 + LSDMS B1 OB
5 40 14 ++ LSDMS Bl IgG'
6 29 15 + CDMS A1 IgG
7 53 14 ++ CDMS A1 Normal
8 32 4 + CDMSA2 - t
9 30 18 ++ CDMS Al Paretic
10 34 16 + CDMS Al IgGT Normal
11 20 6 ++ CDMS A1 OB
12 33 14 ++ CDMS A1 OB
13 29 8 + LSDMS Bl OB Normal
14 47 7 + LSDMS B1 IgGt -
15 24 3 ++ CDMS A1 OB T

Mean 32 12

OB = Oligoclonal bands. Paretic = Paretic Lange curve. IgGt = IgG:protein ratio >13%. T = prolonged VEP latency. CDMS = Clinical
definite multiple sclerosis. LSDMS = Laboratory supported multiple sclerosis.

wished to measure levels of cerebral oxygen utilisa-
tion in multiple sclerosis and to correlate these with
neurological and cognitive function, and the pres-
ence of cerebral atrophy. Secondly we wished to
investigate whether a rationale exists on metabolic
grounds for raising the level of the oxygen content of
arterial blood supplying the cerebral tissues of mul-
tiple sclerosis patients by administering hyperbaric
oxygen.

Methods and patient seection

The fifteen multiple sclerosis patients selected for this
study had either clinically definite (CDMS) or laboratory-
supported definite (LSDMS) multiple sclerosis according
to criteria recently laid down.'8 Clinical details of the
fifteen patients studied are shown in table 1.
Age of clinical onset of disease ranged from 17-53 years

and clinical disease duration from 3-28 years. All patients
studied had evidence of spasticity on clinical examination.
Severity of locomotor dysfunction was graded (+) if the
patient could walk without aids, and (+ +) if crutches or a
wheelchair were required for locomotion.
The cerbrospinal fluid (CSF) was examined in twelve

patients. In eleven of these the CSF was abnormal with
either oligoclonal banding on immunoelectrophoresis, a
paretic Lange curve, or an IgG:total protein ratio greater
than 13%. Seven out of nine patients who had their visual

Table 2 A comparison ofage range, arterial oxygen
content, haemoglobin and pCO2 between the multiple
sclerosis and normal control groups

Multiple sclerosis (15) Normals (13)
mean + SD mean ± SD

Age 44 13 39 11
Haemoglobin (g/dl) 13-6 + 1-3 13-3 1-2
Arterial oxygen
content (mIs O,Iml) 0-19 + 0-016 0-18 + 0-016
Arterial pCO2 (kPa) 5-2 + 0-48 5-5 0-13

evoked potentials (VEPs) assessed had prolonged latencies
of these in one or both eyes.

Thirteen of the fifteen patients had CT brain scans per-
formed as part of this study. The presence or absence of
plaques and cerebral atrophy was decided by a panel of
neuroradiologists from the National Hospital for Nervous
Diseases, London, UK, with a prior knowledge of the
patients' ages but not of their clinical condition.

Psychometric tests of general and specific cognitive func-
tion were carried out on thirteen of the fifteen patients by a
clinical psychologist (GH) who had no prior knowledge of
the results of clinical examination or physical investiga-
tions. Present IQ (post-morbid IQ) was assessed with
seven sub-tests of the Wechsler Adult Intelligent Scale
(WAIS):"9 Arithmetic, Similarities, Digit Span, Vocabul-
ary, Picture Completion, Block Design, and Picture
Arrangement. One patient (GL) was physically unable to
perform the Block Design subtest and in his case the IQ
was prorated from six sub-tests. Pre-morbid IQ was esti-
mated from combined scores on the National Adult Read-
ing Test (NART) and Schonell Graded Word Reading
Test20 30 which were standardised against those WAIS sub-
tests listed above. Tests of specific functions listed below
were also administered. Verbal and visual memory
(forced-choice recognition of words and faces), object rec-
ognition (unusual views test), visual perception (frag-
mented letters test) are as described by McKenna and
Pratt.2' Frontal function was sampled with a work-fluency
test (number of words beginning with S produced by the
patient in two minutes-see Benton22), the Weigl Colour
Form Sorting Test,23 and a tapping test to examine verbal
control of motor acts.2A

Scores were classified as abnormal if they fell below the
5th percentile for normal subjects. A fall in present full-
scale IQ of twelve points or greater from estimated pre-
morbid levels was taken as a significant deterioration, as
such a discrepancy was found in 4% only of normal sub-
jects.
The thirteen normal controls selected for this study

(eight males and five females) were healthy, normotensive
volunteers with ages ranging from 26-63 years. Table 2
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compares ages, haemoglobin levels, arterial pCO2 levels,
and arterial oxygen contents of the multiple sclerosis and
normal control groups. No differences between the groups

were found.
Regional cerebral blood flow and oxygen extraction

were measured using positron emission tomography during
steady-state inhalation of C'502 and 1502, an EG and G
Ortec ECAT II scanner with a full-width-half-maximum
height (FWHM) resolution of 17 mm being employed.25
Corrections for the tissue attenuation of 511 keV
q-irradiation were carried out by obtaining transmission
scans at the same axial tomographic level as emission scans
using a 68Ge ring source as previously described.25 Arterial
plasma and whole-blood I5S concentrations were meas-

ured during PET scanning by withdrawing multiple arterial
samples via an indwelling 22-gauge teflon radial artery
cannula, and well-counting. These data, combined with the
regional tissue concentrations of 'sO measured using PET
scanning, enabled absolute values of rCBF and rOER to be
obtained from tracer equations.23 rCMRO2 values were

derived from values of rCBF, rOER, and the oxygen con-
tent of arterial blood using the relationship:
rCMRO2 = rCBF x rOER x arterial oxygen content (1)

Regional cerebral blood volume (rCBV) was measured
by labelling red cells via inhalation of "CO as detailed by
Phelps et al.2' This information was used to correct for
errors in rOER and rCMRO2 measurements arising from
the superimposition of signal from 150 contained within
the cerebral blood pool onto the metabolic '50 signal due
to uptake of tracer by cerebral tissue.27 Patients and nor-
mal controls were scanned with the single-slice ECAT II
PET scanner so as to produce transaxial tomographic
images 2-5 cms and 6 5 cms above the orbitomeatal line
(OM + 2 5, OM + 6 5). These tomographic planes corres-
pond to the level of the cerebellum, and the top of the
lateral ventricles and centrum semiovale respectively.
The purpose and nature of this study was approved by

the Hammersmith Hospital Research Ethics Committee,
London. The United Kingdom Administration of Radioac-
tive Substances Advisory Committee has given permission
for the administration of radioisotopes to perform these
studies. The informed consent of the patient was obtained
prior to the commencement of each study.

Data Analysis
Measurements of blood flow and oxygen consumption in
cerebral white matter were taken from the left and right
centrum semiovale at an axial tomographic level of OM +
6 5 cm. Regions of white matter clear of lateral ventricle
were identified by overlaying patient CT brain scan images
at an equivalent tomographic level onto the rCMRO2
image for each subject. Two circular regions of interest
(ROIs) radius 1 cm containing 49-2-5 mm x 2-5 mm pixels
were used to sample white matter function in each centrum
semiovale. The precise locations of these circular ROIs
were defined by selecting the regions of white matter from
the rCMRO2 image which gave the minimum standard
deviation between individual pixel readings for rCMRO2
within the circular ROIs. In this way the homogeneity of
the white matter being sampled was maximised.2' The
average of the mean pixel readings for rCMRO2 in the two

Brooks, Leenders, Head, Marshall, Legg, Jones

ROIs representing white matter in the left and right cen-
trum semiovale was then taken as the overall mean value
for white matter rCMRO2. These two white matter ROI
positions defined from the rCMRO2 image were stored and
superimposed on rCBF, rCBF and rCBV images to pro-
vide mean white matter values of these variables.

Peripheral cortical grey matter blood flow and oxygen
consumption were measured using a cortical plot techni-
que.28 Rectangular ROIs 1-5 cm x 0 75 cm containing 18
pixels were arranged contiguously around the peripheral
ribbon of high oxygen utilisation evident on the rCMRO2
image at a level of OM + 6 5 cm so as to produce the
minimum standard deviation between individual pixel
readings. In this way the homogeneity of the cortical tissue
being sampled was maximised. Cortical plots prepared in
this way contained approximately 900 pixels, and the mean
pixel value for rCMRO2 was taken as representing the
rCMRO2 value for peripheral grey matter at OM +
6 5 cm. The positions of the rectangular ROIs comprising
the cortical plot as defined on the rCMRO2 image were
stored and superimposed on the rCBF, rOER and rCBV
images to obtain mean peripheral grey matter values for
these variables.
Blood flow and oxygen consumption in the cerebellum

were measured at a level of OM + 2-5 cm. The rCMRO2
image at this level shows regions of high oxygen utilisation
corresponding to cerebellar cortex and denate nuclei. An
elliptical ROI containing 267 pixels was positioned over
cerebellar territory on the rCMRO2 image so as to produce
a maximum mean rCMRO2 value per pixel. The position of
this elliptical ROI representing cerebellar function as
defined from the rCMRO2 image was then stored and
superimposed on rCBF, rOER and rCBV scans at OM +
2-5 cm to provide mean cerebellar values of these vari-
ables.

Results

The clinical details of the fifteen multiple sclerosis
patients studied are shown in table 1. Locomotor
dysfunction was graded as outlined in the Methods
section. Figure 1 shows similarly scaled PET images
of cerebral function at OM + 6-5 cm for a patient
and a normal control. At this level a perpheral rim
of high oxygen utilisation and blood flow is evident,
corresponding to peripheral cortical grey matter,
with lower rCMRO2 and rCBF values being seen for
the white matter in the left and right centrum semi-
ovale. Figure 2 shows the CT brain scan of the
patient, generalised cerebral atrophy and periven-
tricular lucencies being present. Compared to the
PET images of the normal subject, those of the
patient show a generalised coupled reduction in
both cerebral oxygen utilisation and blood flow. The
oxygen extraction image of the patient is uniform
and similar to the rOER image of the normal sub-
ject, both yielding mean rOER values of around
40% for central white and peripheral grey matter.
Regions of ischaemic tissue in which blood flow is
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I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _X_, -. M. ...

Fig 1 PET images ofregional cerebral blood flow, oxygen extraction fraction and oxygen utilisation
for a multiple sclerosis patient and normal control.

inappropriately low in relation to cerebral metabolic
demands are characterised by high fractional oxygen
extractions.28 No such regions with raised rOER can
be seen in the multiple sclerosis OER image, cere-
bral blood flow being coupled to cerebral oxygen
utilisation in all areas.

Tables 3 and 4 detail respectively the mean white
and peripheral cortical grey matter values of rCBF,
rOER, rCMRO2 and rCBV for the group of fifteen
multiple sclerosis patients and thirteen age-matched
normal controls. Using an unpaired t test to com-
pare the two groups, the multiple sclerosis group
was found to have significantly lower mean rCMRO2
and rCBF values for both white and peripheral grey
matter compared to the normal controls. Mean
white and grey matter oxygen extraction however
were similar for both groups, no regions of
ischaemic tissue with raised oxygen extraction being
found in the multiple sclerosis group.

Figure 3 shows the correlation between mean
white and peripheral grey matter rCMRO2 in the
combined group of individual patients and normal
controls. A reduction in oxygen utilisation by both
white and grey matter of patients compared to white
and grey matter of normal controls is evident. The
relationship between mean grey and white matter
oxygen utilisation however remains similar for both
groups of subjects, stressing the coupled nature of
the rCMRO2 reduction in the white and grey matter
of the multiple sclerosis group.

Cerebellar oxygen consumption appeared to be
little affected in the multiple sclerosis group. Table 5
shows that although mean rCBF was significantly
lower for the cerebellum in the multiple sclerosis
group, this was balanced by a slight rise in mean
rOER. Mean cerebellar oxygen utilisation, while
lower for the multiple sclerosis group, did not
significantly differ between the two groups at a 5%
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Fig 2 CT Scan of the patient with multiple sclerosis whose

are shown in fig 1.

level of significance.
Of the thirteen patients who had CT brain scans

performed as part of this study, eight (62%) had
evidence of either generalised central white matter
and peripheral grey matter atrophy, or generalised
white matter atrophy alone-see table 6. Four of
these eight also had evidence of plaques. Figure 4

Table 3 White matter function in muldple sclerosis

Multipk Normals (13) p value
sclerosis (15) mean SD
mean + SD

rCBF
(mls/100 mVmin) 21 + 4 27 + 5 <0C05
rOER 0-39 + 0*07 0-38 0-06 NS
rCMRO
(mIs OAiOOmlmin) 1-4 + 0-3 18 02 <0-01
rCBV (mils/lOOml) 2-7 0*4 2-4 + 0-8 NS

NS = Non-significant

shows a comparison of mean rCMRO2 for grey and
white matter of individual normals, multiple
sclerosis patients with cerebral atrophy, and multi-
ple sclerosis patients with normal CT scans. Using
an unpaired t test to compare the groups, both grey
and white matter rCMRO2 were found to be
significantly reduced in the multiple sclerosis atro-

Table 4 Cortical grey matter function in multiple sclerosis

Multiple Normals (13) p value
sclerosis (15) mean + SD
mean + SD

rCBF
(mV/100 ml/min) 38 + 5 45 + 10 <0*05
rOER 0-42 + 0-06 0 40 + 0-06 NS
rCMRO
(ml 02/lOOml/min) 2-9 ± 0*3 3-2 ± 0 3 <0 01
rCBV (mil/OOmi) 4-0 + 0-4 4-1 + 0-6 NS

NS = Non-significant
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Studies on regional cerebral oxygen utilisation and cognitive function in multiple sclerosis

Table 5 Cerbellar function in multiple sclerosis

Multiple Normals (13) p value
sclerosis (15) mean + SD
mean ± SD

rCBF
(ml/100 ml/min) 41 ± 8 47 ± 5 <0.05
rOER 0-39 ± 0-08 0-37 - 0-04 NS
rCMRO2
(ml 02/lOOml/min) 2-9 ± 0-7 3-1 - 0-3 NS
rCBV (m/lOOml) 4-5 ± 1-4 4-3 - 0 7 NS

NS = Non-significant

phy group compared to normal controls. Those
patients with normal CT scans however had cerebral
oxygen utilisation values within the normal range.

Thirteen of the fifteen patients underwent
detailed psychometric assessment. The results of

O *
0
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o =MS
a =Normal
r = 0.783
pO001

1~~~~~~~~~~~~~~~~~~~

0.5 10 1-5 2-0 2.5
White matter CMR02 (ml 02/100M /min)

Fig 3 The correlation between cortical and white matter
oxygen utilisation in multiple sclerosis patient and normal
subject.
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Fig 4 Cerebral atrophy and regional oxygen utilisation in

multiple sclerosis.

tests of general cognitive function are detailed in
table 6. Mean estimated pre-morbid IQ levels and
present full-scale IQ levels for the multiple sclerosis
group were not significantly different from normal
populations. Using Nelson's .. methods of assess-

ment,30 a fall in present full-scale IQ of twelve points
or more trom estimated pre-morbid levels is consi-
dered pathological. Four of the thirteen patients
tested (31%) fell into this category and all four had
evidence of generalised cerebral atrophy on CT scan

Table 6 General cognitive function in the multiple sclerosis group

Patient Pre-morbid IQ Present fill-scale IQ IQ difference CT scan
(NARTlSchonell) (WAIS)

5 105 92 -13 CSP
2 114 106 -8 C
7 91 98 + 7 Cs

11 117 102 -15 CSP
13 119 126 + 7 N
12 108 88 -20 CSP
3 110 114 + 4 Cs
9 119 137 +18 N
4 96 79 -17 CP
8 94 95 + 1 N
1 121 116 - 5 CS

10 112 105 - 7
6 120 124 + 4 N

Mean 110 106

NART: National Adult Reading Test.
Schonell: Schonell Graded Word Reading Test.
CT Scans: C = Generalised central atrophy.

S = Generalised widening of sulci.
P= Plaques.
N= Normal.

White matter
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Fig 5 Correlation between pre- and post-morbid IQ
change and CT scan atrophy in multiple sclerosis.

(fig 5). When the fall in functional IQ from esti-
mated pre-morbid levels was plotted against mean
cortical rCMRO2 values for individual patients, a
significant correlation was found (fig 6), those
patients with the greatest deterioration in IQ having
lowest levels of cortical oxygen utilisation.

Table 7 details the results of psychometric tests of
specific cerebral function for thirteen of the patients.
Seven of the thirteen patients tested (54%) had
selective defects in cortical function. Six of these
seven patients had current CT brain scans available
and all six showed evidence of generalised cerebral
atrophy.

0

0~~~~

rr=0576
0 p<OOS

0

2.0 2-5 3.0 35 40
Cortical CMR02 (mdO2/10Orrl/min)

Fig 6 Correlation between cerebral cortical oxgen
utilisation and the difference in pre- and post-morbid IQ
levels in multiple sclerosis.

Figure 7 shows the relationship between white
and peripheral grey matter rCMRO2 values and sev-

erity of locomotor dysfunction for individual
patients. No significant correlation was found bet-
ween these quantities, or between levels of cerebral
oxygen utilisation and clinical disease duration (fig
8).

Discussion

The fifteen patients with multiple sclerosis in remis-
sion had a lower level of oxygen utilisation by both
central white and peripheral cortical grey matter
than an age-matched normal control group. The
reduction in rCMRO2 was generalised rather than
focal and correlated well with the presence of
generalised cerebral atrophy on examination of the
CT brain scans of the multiple sclerosis group. In
individual patients a correlation was found between
the depression in levels of mean white and mean

peripheral grey matter oxygen utilisation.

Table 7 Tests ofspecific cortical function in multiple sclerosis

Patient Forced-choice faces Unusual views Weigl Verbal fluency
non-dominant temporal non-dominant parietal frontal frontal

5 N 4
2 N N
7 4 N N
11 N N 4 4

13 N N N N
12 4 N 4 4
3 N N N N
9 N N N N
4 4 N N N
8 N N N N
1 N N N N

10 4 N 4 4
6 N N N N

4 = deficit. N = normal.
All patients scored normally on the following tests: forced choice words (dominant temporal); fragmented letters (non-dominant parietal);
tapping test (frontal).
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This depression in cerebral function fo
multiple sclerosis group as assessed by P]
to reflect the volume of increased non-l
tissue produced by cerebral atrophy rat

decrease in actual oxygen utilisation by those
neurones still remaining intact.3' Cerebral function
per unit volume of viable brain tissue, rather than
per unit total volumeas rw sured by PET, probably
remains similar for both the multiple sclerosis and
the normal groups. Mean cortical rCMRO2 was
reduced by 9% from normal values in the multiple
sclerosis group as opposed to a 22% reduction in
mean rCMRO2 for white matter. Within the 1-7 cm
resolution of our PET scanner, peripheral cortical
grey matter regions of interest contain at least a
50% contribution from surrounding white matter,
the cortical ribbon being only 5 mm in width. As a
result the depression in cortical function found for
the multiple sclerosis group could probably be
explained entirely in terms of a partial volume effect
of the surrounding white matter, where function is
more seriously affected.3' This is unlikely however
to be the sole explanation for the measured cortical
hypofunction, as occasionally multiple sclerosis
patients are found with evident widening of their

I sulci on CT brain scans in the absence of central
inction white matter atrophy.6 Such a CT scan finding
oxygen implies that cortical atrophy can be a feature of mul-
)n in multiple tiple sclerosis in the absence of obvious white matter

lesions.
The measurement of regional fractional oxygen

extraction by PET is free from problems due to par-
tial volume effects when cerebral atrophy is present,
and reflects the oxygen extraction of remaining via-
ble tissue.32 This is because the ratios of regional
cerebral H2'50 uptake when ' O2 and C'502 are

* inhaled are used to derive rOER values, and so
effects of non H2'50 exchanging regions are elimi-
nated.
The relative sparing of cerebellar oxygen utilisa-

tion in the multiple sclerosis group compared to the
reduction in central white and peripheral grey mat-
ter rCMRO2 is difficult to explain. The cerebellum is
a reported site of prediliction for demyelination.' No

o o cerebellar plaques however were evident on the CT
scans of our group of patients.

Eight out of thirteen (62%) of the patients had
evidence of cerebral atrophy on their CT scans, and
in all cases the atrophy was generalised involving
either central white matter alone or both central

2530 white and peripheral grey matter. Four of the25 3 thirteen patients CT scanned had evidence of focal
plaques, all four falling into the atrophy group.

oxygen These data suggest that focal plaques of demyelina-Itiple sclerosis. tion, generalised cerebral hypofunction, and
generalised cerbral atrophy all form a part of the

tund for the disease process of multiple sclerosis. In his review of
ET is likely 110 CT brain scans of multiple sclerosis patients,6
exchanging Gyldensted found a 45% incidence of generalised
ther than a cerebral atrophy in the absence of any demonstrable
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focal plaques, supporting this concept, although
more plaques may have been demonstrated had
NMR rather than CT imaging been used.78

Studies of cognitive function in multiple sclerosis
also support the concept that cerebral function
becomes generally impaired as part of the disease
process. In a series of 55 patients, Peyser et a19
showed a significant fall in general cognitive func-
tion from estimated pre-morbid levels in 55% of
their multiple sclerosis group. In our study, using the
NART/Schonell tests to estimate pre-morbid IQ
levels, we found a significant deterioration in gen-
eral cerebral function in 31 % of our multiple
sclerosis patients, all of whom had evidence of

generalised cerebral atrophy on their CT brain
scans. Falls in present IQ from estimated pre-
morbid levels correlated well with present levels
of mean cortical oxygen utilisation. Interestingly
Frackowiak et a129 reported a similar correlation
between degree of dementia and levels of cortical
rCMRO2 in a group of dementia cases.

Psychometric testing of specific rather than gen-

eral cerebral functions in our group of patients
proved a more sensitive method of detecting cogni-
tive impairment. Seven out of thirteen (54%) had
significant impairment of cognitive function using
such tests, as opposed to 31% when assessment of
general IQ was used. Using similar tests Jambor'3
demonstrated a significant impairment of cognitive
function in his group of 103 multiple sclerosis
patients. There were no obvious regions of cortical
hypofunction or atrophy which corresponded with
specific regions of cortical impairment revealed by
psychometric testing, all our affected patients having
generalised disturbances on PET and CT scanning.
It must be remembered however that focal multiple
sclerosis plaques may only be 1-2 mm in length and
as such are beyond the resolution of PET and CT
scanners currently available.
We found no correlation between levels of cere-

bral oxygen utilisation and clinical disease duration
of multiple sclerosis. Gyldensted6 in his series of 1 10
CT scans was also unable to demonstrate a correla-
tion between degree of cerebral atrophy and clinical
disease duration. This finding is surprising and pre-
sumably reflects the wide range of disease activity
that individual multiple sclerosis patients exhibit on

clinical follow-up. Less surprising was the lack of
correlation found between levels of cerebral oxygen
utilisation and locomotor dysfunction. rCMRO2
values reflect intracerebral disease whereas
locomotor dysfunction frequently reflects the pres-
ence of brain-stem and spinal cord plaques. Peyser
et a19 were also unable to demonstrate any correla-
tion between impairment of cognitive function and
degree of neurological impairment.

Brooks, Leenders, Head, Marshall, Legg, Jones

The low levels of cerebral oxygen utilisation
found for our group of multiple sclerosis patients
were matched by coupled reductions in cerebral
blood flow, mean oxygen extraction by central white
and peripheral cortical grey matter in our multiple
sclerosis group being similar to that of normal con-
trols. No regions of cerebral tissue with significantly
raised oxygen extraction (implying focal tissue
ischaemia) were found either in plaques or white
matter within the 1-7 cm resolution of our PET
scanner. We were thus unable to find any metabolic
grounds for raising the oxygen content of arterial
blood supplying the cerebral tissue of multiple
sclerosis patients by administering hyperbaric
oxygen.
The cause of the generalised cerebral hypofunc-

tion and atrophy in multiple sclerosis remains
unclear. Numerous submicroscopic plaques leading
to Wallerian degeneration of neurons is one possibil-
ity. A second possibility is suppression of neuronal
activity by a toxic product of myelin breakdown.
What is clear is that psychometric evaluation when
combined with a conventional neurological exami-
nation provides a far more sensitive way of assessing
the severity of intracerebral disease than conven-
tional neurological examinations alone, and that
levels of cognitive impairment correlate well with
the presence of cerebral atrophy and levels of cer-
bral oxygen utilisation. Ideally multiple sclerosis
patients should be reviewed both neurologically and
psychometrically, as in this way a truer measure of
the extent of the disease is likely to be obtained.

We thank Rowie Jackson and Liz George for their
secretarial help in preparing this manuscript,
Michelle Almeida and Adam Lewis for technical
assistance, and the staff of the MRC Cyclotron Unit
for their invaluable help, in particular Drs Jeremy
Gibbs, Peter Buckingham and Adriaan Lam-
mertsma.
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