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Cerebral blood flow in systemic lupus erythematosus
with and without central nervous system involvement
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SUMMARY Regional cerebral blood flow (rCBF) was studied by the intravenous 133Xe method in
38 patients with systemic lupus erythematosus (SLE); 21 patients had neuropsychiatric mani-
festations (N+) and 17 did not (N-). Twelve of the N+ patients had had neuropsychiatric episodes
less than one year before measurement ofCBF ("recent" N+), while seven patients in this group had
had episodes over a year before measurement ("old" N+). The results were compared with those
obtained from a group of 27 age-matched normal healthy subjects. It was found that, in most of the
N+ and N- patients, rCBF was evenly distributed bilaterally, but there was a "patchwork" of
high/normal and low flow areas. This disturbance of rCBF distribution was significantly greater in
"recent" N+ patients than in "old" N- patients, but was not a function of the potential evolution
of systemic lupus erythematosus. It was also found that there was a reduction in the physiological
high frontal rCBF in the "old" N+ patients. No correlation could be found between rCBF, the
topography of the neuropsychological lesions, other neurological investigations or the gluco-
corticoid dosage and treatment schedules.

Cerebral complications constitute the second most
serious risk factor, after renal complications, in
patients suffering from systemic lupus eryth-
ematosus.1 However, their reported frequency varies
widely, ranging from 24 to 75%.2 This variability is
probably due in part to the difficulty encountered in
demonstrating the organic nature of certain psychical
symptoms, and to a lesser extent to the fact that the
corticotherapy administered to these patients may
itself cause cerebral disorders. The clinical expression
of these complications is multiform and may consist
of disturbances of behaviour or mood, headaches
(often migraine-like), signs of cerebral excitation
(such as epilepsy) or deficiency (such as hemiplegia),
cerebellar or brainstem deficit, or dyskinesia of vari-
ous types. In many of these nervous disorders lesions
of the microcirculation, usually unspecific, seem to be
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most responsible. A few studies have been published
in which cerebral blood flow (CBF) was measured in
patients with systemic lupus erythematosus. These
studies used 15O brain scanning3 4 or positron emis-
sion tomography (PET).' The aim of the present
investigation was to study the cerebral circulation of
systemic lupus erythematosus patients by measuring
regional CBF (rCBF) from clearance of intravenously
injected '33Xe, and to compare our results with those
obtained by means of PET and '5O scan.

Methods and patients

(a) Patients
Thirty eight patients, comprising 37 women and a man, were
examined. Mean age was 32, 4 SD 10 years (range 17-58):
Systemic lupus erythematosus was diagnosed on the basis of
the 1982 revised criteria defined by the ARA 1982.6 Thirty
two patients fulfilled more than four criteria, the remaining
six fulfilled three criteria. All patients had positive assays for
antinuclear antibodies and anti-native DNA antibodies
(radioimmunoassay). Twenty one patients had or had had
neurological or psychiatric disorders (group N+). The neu-
rological signs are detailed in table 1. In this group, 12 sub-
jects were tested less than 1 year after any neurological
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Table I Neuropsychiatric manifestations in patients of
group N+

Type n = 21 % ofcases

Seizures 8 381
"grand mal" 4
temporal 2
focal I
"petit mal" I

Psychiatric episodes 6 28-6
organic 2
functional 4

Focal hemispheric deficit 7 33 3
Headache 3 14 7
Vertigo 3 14 7
Meningitis 2 9-5
Encephalitis 2 9-5

episode (mean 3,75 SD 4 3 months) and nine subjects after a
longer delay (mean 57,3 SD 45 months). The remaining 17
had never shown any clinically detectable neurological dis-
order (group N-). Groups N+ and N- were statistically
comparable in age, sex, number of systemic lupus ery-
thematosus criteria, duration of the disease, associated dis-
orders, biological examinations and the existence of renal
lesions (there were three mesanglial glomerulonephritis in
each group, five proliferative glomerulonephritis in group
N+ and one in group N-). The only significant difference
between them concerned the development of the disease: 10
patients had active disease and 11 had inactive or low activ-
ity disease in group N+; there were 14 "active" and three
"inactive" cases in group N- (p < 0-05 x2 test). Disease
activity was clinically and biologically evaluated when the
study was carried out. The disease was considered to be
active if the clinical onset or an exacerbation of any systemic
lupus erythematosus manifestation were observed, either
alone or associated with one or more of the following bio-
logical manifestations: an increase in ESR, the presence of
leucopenia or thrombocytopenia, an increase in anti-DNA
titre or a decrease in total haemolytic complement or C3 C4
levels. The disease was considered to be inactive if no new
clinical manifestation occurred or if the clinical status was
stable for more than 3 months despite corticosteroid treat-
ment being decreased or unchanged.

(b) Control group
The results obtained in systemic lupus erythematosus
patients were compared with those obtained by the same
method on a control group of normal subjects. Twenty seven
healthy normal volunteers, eight females and 19 males, aged
30 + 9 years, gave their consent to CBF measurement.
Although the systemic lupus erythematosus patients were
almost exclusively females, the composition of the control
group was not changed because the female and male sub-
groups had comparable ages (28 SD 9 and 31 SD 7,
respectively), mean CBFs (60 SD 5 and 61,5 SD 4 5), hyper-
frontality indices (8 SD 5-5 and 7-4 SD 7) and heterogeneity
indices (63 SD 14 and 64 SD 16).

(c) rCBF measurements
The non-invasive method of rCBF measurement used and
the computation of the various parameters have been
described in detail in previous publications7- 1; only the
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essential points will be given here. The tracer, '33Xenon, was
administered intravenously and tracer clearance curves were
obtained by recording the activity received by 26 head
detectors, which were equally spaced over each hemisphere
(fig). The doses of radio-isotope injected (15-20 mCi) were
such as to ensure satisfactory counting statistics (800-1000
cps at the peak of the clearance curves) with a sampling time
of 6 s so that the statistical fluctuations were much smaller
than the physiologically induced fluctuations during
repeated measurements. The analysis of the clearance curves
was performed using a two-compartment model12 in which
the first, fast flow, compartment represents grey matter (fig)
and the second parallel, slower flow, compartment repre-
sents both white matter and contaminated extracerebral tis-
sues (bone, scalp, meninges). The input function of the
model, that is the variation with time of the tracer concen-
tration in the arterial blood arriving in the brain, was esti-
mated by measuring the end tidal tracer concentration.13 14
Blood flow per unit mass of grey matter was calculated using
a least squares method9 from the clearance curves and the
arterial concentration curve. The grey matter flow mea-
surements were similar to the results obtained by intra-
carotid injections of the tracer8 (coefficient of variation =
SD 10%). The standard deviation of repeated measurements
in the same patients was about 9 ml/I00 g/min for the hemi-
sphere mean flow and 11 ml/100 g/min for the regional flow
values. These values are similar to those obtained by
Blauenstein et al" by the inhalation method.
The patient undergoing CBF measurement was placed in

a specially allocated room separated from the data treatment
area so that the recordings took place under the best possible
conditions. A saline perfusion was set up in the brachial vein
and the head detectors positioned over both hemispheres in
a symmetrical manner, perpendicularly to the skull. End
tidal CO2 concentrations (from which the alveolar PCO2
and arterial PCO2 could be calculated) were measured dur-
ing the examination, using a capnograph. Arterial blood
pressure was measured immediately before and after CBF
measurement.

(d) Other neurological investigations
Six patients had previously been examined by CT scan and
14 had been given an EEG.

Fig Topography ofprobes.
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rCBF in systemic lupus erythematosus
(e) Statistical methods
The following statistical analyses were performed. (a) Calcu-
lation of the index of hyperfrontality defined as
(FA-FP)/FH x 100, where FA is the mean flow in the fron-
tal area (probes 1, 2, 3, 10, 11 (fig)); FP the mean flow in the
parietal, temporal and occipital areas (probes 4, 5, 6, 7, 8, 9,
12, 13) and FH the mean flow in the entire hemisphere; (b)
heterogeneity of regional flow was quantified by an index of

heterogeneity defined in each subject, by nm l x 1000,

where bn-1 is the standard deviation of CBF estimated by
the 13 regional probes and m the mean CBF; (c) x2 test was
used for qualitative comparisons between different groups;
(d) differences were tested for significance by Student's t test;
(e) correlation coefficients were calculated according to con-
ventional methods; (f) the Fisher test was used for com-
parisons of more than two means (variance analysis).

Results

I Mean CBF and systemic lupus erythematosus
(table 2)
No significant difference was observed between the
mean CBF of the two hemispheres of the patient
group (60 5 + 10-7) and that of the controls (61 +
4 5). The occurrence of neuropsychiatric episodes in

the systemic lupus erythematosus patients did not
effect the overall level of CBF (59 + 11 5), and there
was no evidence of interhemisphere asymmetry in the
CBF of the patients (left hemisphere 60 5 + 10-7;
right hemisphere 59 5 + 10).

All these CBF measurements were recorded after
the PaCO2 had stabilised at a normal level (38-68 in
control group, 38 80 in systemic lupus erythematosus
group). No significant changes in arterial pressure

were found before or immediately after CBF deter-
mination.

2 Regional distribution ofCBF and systemic lupus
erythematosus
The distribution of rCBF was heterogeneous in most
(24) of the patients examined, producing a "patch-
work" effect with areas of normal or increased blood
flow adjacent to regions of reduced flow. This is
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reflected in the rCBF heterogeneity index, defined in
Methods and patients. It was greater in the patient
group (88 + 35) than in the controls (64 + 15) with
the difference being significant (p < 0-01). This index
was analysed in terms of the presence or absence of
neuropsychiatric episodes (N+/N-), the interval
between these episodes and rCBF measurement and
activity of systemic lupus erythematosus. The two
sub-groups of N + patients, "recent" N+, comprising
patients who had had episodes less than a year prior
to CBF measurement, and "old" N+, comprising
patients in whom the interval between the last episode
and CBF measurement was greater than 1 year, were
analysed separately. It was found that: (a) the index
was significantly higher in "recent" N+ patients (101
SD 43) than in "old" N+ (74 SD 37) and N- (85 SD
23) patients, (b) the index was not correlated with
either the activity of systemic lupus erythematosus or
with the presence or absence of renal damage
(table 3).

3 Hyperfrontality index of CBF (table 2)
It is well established that the hyperfrontality pattern
of CBF is a characteristic of the resting state when
measured by the 133Xe technique with a multidetector
system.7 16-20 No significant difference in hyper-
frontality was found between the patients (5-4 SD 5 2)
and the normal control subjects (7-6 SD 6 4). How-
ever, CBF hyperfrontality appeared to be lower in the
"old" N+ patients (2-06 SD 3-4) than in the "recent"
N+ patients (7 16 + 5 15) (t = 2 53, p < 0-05).

4 CBFand other neurological investigations
There was no significant correlation between the
alterations in the EEG of group N+ patients (14
cases) and the index of rCBF heterogeneity. Similarly,
there was no correlation between the CT scan and
rCBF; in five cases whose CT scans were normal the
rCBF distributions were heterogeneous.

5 CBF and treatments
All patients investigated were treated with corti-

Table 2 Results in systemic lupus erythematosus patients and in controls. Patients have been divided into two groups
according to the presence (group N+) or the absence (group N-) ofneuropsychiatric manifestations in disease history. Group
N+ has been subdivided in two subgroups according to the interval between the last neuropsychiatric manifestation and CBF
measurement, "recent "for a period of less than one year and "old"for a period ofmore than one year

Group N+
Patients Recent Old Group N- Controls Fisher
(n = 38) (n = 12) (n = 9) (n = 17) (n = 27) test

Mean CBF(ml/l00g/min) 60 5 + 10-7 61 + 13 56 + 9 62-5 + 9-5 61 + 4-5 NS
Heterogeneity index 88 + 35 101 + 43* 74 + 37 85 + 23 64 + 15 p <001
Hyperfrontality index 5-4 + 5-2 7 16 + 5-75 2-06 + 3-4 59 + 5-1 7-6 + 64 NS

*Refers to the significantly highest group index.
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Table 3 Results in systemic lupus erythematosus patients
according to the activity ofthe disease

Active disease Inactive disease Student
(n = 24) (n = 14) t test

MeanCBF 61 + 10 59 + 11 NS
Heterogeneity index 91 + 33 83 + 38 NS
Hyperfrontality index 62 + 6 4 + 3-7 NS

costeroids. No significant correlation was found
between the duration of treatment or the doses given
and rCBF results.

Discussion

The results of this study demonstrate that the rCBF is
frequently heterogeneous in its distribution ("patch-
work" pattern). This perturbation of the cerebral
blood flow appears to be relatively independent of
neuropsychiatric episodes since it was observed in
both N + and N - patient groups. Pinching et al3 have
observed similar results in a study of CBF and cere-
bral metabolism using 1"O PET. rCBF heterogeneity
might reflect diffuse vascular disturbance in systemic
lupus erythematosus, regardless of their clinical
expression. Bresniham et al4 studied CBF with 15Q

brain scanning and noted diffuse abnormalities of the
cerebral circulation during the course of the illness,
but they did not study patients with no neuro-
psychiatric manifestations. This disturbance of the
flow distribution in systemic lupus erythematosus is
also in accordance with anatomical lesions
reported.2' 22 In most cases the lesions are non-

specific (intimal thickening in the arterioles, various
types and degrees of haemorrhage, microinfarctions
and, less frequently, necrotising angeitis). There was
no major correlation between the topography of the
vascular lesions, and the neuropsychiatric signs.2' 22

This lack of correlation between rCBF and neuro-

psychiatric manifestations is, however, not total.
When the N+ patients were ranked according to the
length of time between rCBF and the neuro-

psychiatric episodes, it was found that rCBF hetero-
geneity was greater in patients with the shortest
interval between measurement and episodes. This
may indicate that, if the cerebral vascular effect of
systemic lupus erythematosus is the same in both N+
and N- groups, and if there is no topographical cor-

relation between rCBF and the neurological signs,
then the episodes must leave a non-specific "imprint"
on the rCBF distribution which tends to decrease
with time.
The second positive results from this study is the

demonstration of the reduction in the CBF phys-
iological hyperfrontality in the "old" N+ patients
compared to that of the control group. The meaning
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of this change is unclear. Although psychic man-
ifestations are frequent in systemic lupus ery-
thematosus, no correlation could be found between
their presence and changes in frontal lobe rCBF.
There is no evident reason why this reduction in
hyperfrontality should be observed only in those sys-
temic lupus erythematosus patients who had neu-
rological or psychic episodes some time prior to CBF
measurement ("old" N+). Perhaps an explanation
may be found by comparison with other causes of
reduction or loss of hyperfrontality, as the vascular
factor is dominant in systemic lupus erythematosus.
There are marked dissimilarities between the results
of Melamed et al23 and ourselves7 on the evolution of
hyperfrontality with age and the vascular background
of the subject. We found that individuals with diffuse
vascular disease or with vascular risk factors almost
always show a reduction or loss of hyperfrontality
between the fifth and sixth decade, whereas hyper-
frontality persists in normal individuals of the same
age. Our observations on patients with systemic lupus
erythematosus and "old" neuropsychiatric man-
ifestations are similar, despite the patient population
being younger. The characteristic common to these
two groups of subjects is the presence of vascular
damage, atheroma in the patients examined in the
hyperfrontality and age study, and vascularitis in the
systemic lupus erythematosus patients. The fact that
this drop in cerebral blood flow significantly involves
the frontal regions may be because neuronal metabo-
lism is greater in areas involved in elaborated func-
tions, and thus these regions are more sensitive to
vascular lesions. The time delay between the reduc-
tion in hyperfrontality and the neuropsychiatric signs
suggests a differential slowing effect of the arteriolar
lesions on the neuronal metabolism of the frontal
region.

Finally, this study of rCBF in systemic lupus ery-
thematosus provides data which could form a starting
point for the development of a clearer understanding
of the pathophysiology of this systemic disease.

The authors thank Professor JP Mery and Professor J
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