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REVIEW

Controversies in lupus: nervous system
involvement

G AW Bruyn

Despite great improvements in the ability to
treat systemic lupus erythematosus (SLE)
nephritis, management of nervous system
manifestations of patients with SLE remains
unsatisfactory. Nervous system involvement
occurs in about 50% of all patients at some
time during the course of their illness, with an
impact on their lives which can vary from
insignificant to disabling. Indications that the
nervous system is involved include the organic
brain syndrome (disorientation, forgetfulness,
disturbances of attention), seizures, chorea,
stroke, and frank episodes of psychosis.
Controversy as to the best approach to patients
with central nervous system (CNS) SLE
surrounds the pathogenesis, diagnostic
difficulties, and treatment. This article focuses
on these three topics.

epilepsy, coma, stroke, chorea-athetosis,
neurocognitive dysfunction, cerebellar ataxia,
headache, cranial neuropathy, and transverse
myelitis5 --a variety which is insufficiently
accounted for by direct clinicopathological
correlation. This is the first big controversy in
CNS lupus: is one unifying disease mechanism
responsible for this diversity of clinical
presentations or do separate mechanisms play
a role?
Hypotheses advanced to explain the

spectrum of CNS manifestations associated
with SLE may be divided into four categories:
immune complex vasculitis; neurone reactive
autoantibodies; thrombosis associated with
antiphospholipid antibodies; and cytokine
enhanced autoimmunity.

Pathogenesis
The pathogenesis of CNS SLE leads both to
the observed histopathological findings'-3 and
to the clinical manifestations; at the same time
it forms the main target of treatment. In a
landmark study, Johnson and Richardson'
described the pathology of cerebral lupus.
They found 80% of 24 postmortem brain
specimens to be microscopically abnormal;
multifocal microinfarcts and increased peri-
capillary microglial cells were the predominant
abnormalities. Abnormalities of the brain
vessels include a vasculopathy involving small
arteries (< 100 ,um), in addition to fibrin
thrombi occluding the lumens of affected
vessels (fig 1). Features of the vasculopathy
include hyalinisation of the meningeal, sub-
cortical and cortical arterioles, in addition to
perivascular lymphocytic infiltrates, endothelial
proliferation, thrombosis, capillary wall
thickening, and vasculitis (fig 2). Vasculitis
with inflammatory cells within the vessel wall
was found in only three of the 24 autopsy
specimens ofJohnson and Richardson. Similar
findings were reported in two subsequent
clinicopathological studies-one performed
between 1955 and 1977 on 57 patients,2 and
the most recent between 1972 and 1989.3
Infrequently, the lesions may be restricted to
the cerebellum and mid-brain.4
The association of the microvascular lesions

with microinfarcts suggested that occlusion of
small vessels is the basis for the damage to the
nervous system. While the histopathological
features are straightforward, the clinical
spectrum of CNS involvement is broad.
Neurological manifestations include psychosis,

IMMUNE COMPLEX DEPOSITION
In contrast to the evidence available in lupus
nephritis, evidence of a true vasculitis in brains
of lupus patients is not consistent: data for
complement dependent inflammatory injury
(consumption oftotal haemolytic complement,
and of the third and fourth components) are
not consistent;9"1 high titres of DNA
autoantibodies have not been found in the
cerebrospinal fluid (CSF);11 true vasculitis is
found in only about 10% of patients with
cerebral lupus;' and the spectrum of CNS
manifestations of lupus is unique for this
disease and is not reproduced in any of the
vasculitides.

Nevertheless, the lack of extensive histo-
logical evidence for a true vasculitis involving
the cerebral vessels does not preclude the
implication of immune complexes in the
pathogenic process: pathology similar to that
found in the lupus brain has been described in
the coronary arteries of a mouse model of SLE,
in which immune complexes appear to cause
occlusion and subsequent myocardial
infarction in the absence of an inflammatory
response.12 Immune complexes consisting of
DNA-anti-DNA complexes have been
identified in the choroid plexus of patients with
neuropsychiatric lupus by both immuno-
fluorescence and electron microscopy. 3
However, choroid tissue from patients without
CNS involvement was not studied. Similar
findings were reported in a controlled study,
but choroid tissues from rheumatoid arthritis
patients and from SLE patients without CNS
involvement also contained immunoglobulin
deposition.'4 Given these findings, it might be
concluded that the highly vascular choroid
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NEURONE REACTIVE ANTIBODIES

Animal studies have supported the concept of
neurone reactive antibodies directly accoun-

ting for neuropsychiatric SLE: administration
of antibodies to brain constituents can induce
seizures or behavioural changes.'7 18 Over the

past two decades, a number of studies have
reported an array of neurone reactive autoanti-
bodies 16 19 20 22-26 28 (table 1) found in both
serum and CSF of lupus patients. As
histological examinations have failed to reveal
cell death as a possible mechanism, it is
assumed that the autoantibodies exert their
effects by interfering with the cell's ability as a
responder in the neuronal network; how they
do this remains uncertain. Neurone reactive
autoantibodies can be divided into lympho-
cytotoxic antibodies (LCA) cross reactive with
brain tissue, and neuronal antibodies which are
targeted directly to neuronal antigens-which
may be neuronal membranes or intra-
cytoplasmic constituents of neuronal cells.
Controversy exists as to the definition of
lymphocytotoxicity and, as a consequence, as
to the prevalence of LCA, the antigenic
specificities shared by LCA and neuronal
antibodies, the various reactivities of LCA, and
the clinical relevance of these reactivities.
Lymphocytotoxic antibodies (LCA). Membrane
reactive autoantibodies (for example anti-
bodies against erythrocytes, lymphocytes, and
platelets) are well recognised in SLE and are
responsible for the haematological features
frequently found in the disease.2' Cross reactivity
between LCA and brain cells was first observed
by Bluestein and Zvaifler'9 and subsequently
confirmed by other investigators."6 20 21 24 25 28
LCA have been found to correlate with various
neuropsychiatric manifestations,'9 23 24 26-28
but most consistently with cognitive dys-
function and visuospatial deficits.16 28 How-
ever, the specificity of LCA for brain tissue has
been questioned in some studies'1 16 22 in
which the percentage of LCA was similar
in SLE patients with and without CNS
involvement." 16 These inconsistencies may
be explained not only by methodological
differences, but also by the variability in
defining neuropsychiatric SLE. Although it is
unclear what causal role LCA play, most
evidence indicates that they are not produced
in reaction to brain damage but may have a
specific role in the pathogenesis of cerebral
lupus, particularly cognitive dysfunction and
visuospatial deficit.'6 28
Neuronal membrane autoantibodies. Brain
reactive antibodies to membrane antigens have
been demonstrated in the serum of SLE
patients and have been found to correlate with
CNS disease.29 Bluestein et al24 found that IgG
antineuronal antibodies in CSF, but not in
serum, correlated with diffuse CNS disease,
but other investigators did not confirm these
findings.26 Most studies used neuroblastoma
cell lines as the antigen source, but it is
doubtful if those primitive tumour antigens are
also present on normal brain cells.30 Antigenic
variability is great: one study found an
autoantibody reactivity with the 50 kDa
neuronal antigen associated with active CNS
lupus in 19 of 20 patients tested.3' It is not clear
if this 50 kDa neuronal membrane antigen is
similar to the 50-52 kDa reactivity in lupus
sera that contain LCA.28 Another study did not
show surface antigens;26 yet another found a
97 kDa antigen present on neuronal cells
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Intracytoplasmic targeted antibodies. Antibodies
to intracytoplasmic constituents of neuronal
cells-including anti-ribosomal P 26 33-36
antineurofilament antibodies,37 and anti-
Ro(SS-A) or anti-La(SS-B) antibodies,38-
have been found in serum and CSF of patients
with lupus. Since anti-Ro(SS-A) antibodies
can cause heart block, it is postulated that such
antibodies may profoundly interfere with
cellular processes. They may enter neuronal
cells by an as yet undefined access mechanism;
alternatively, they may react with neuronal
membrane antigens expressing P protein or

neurofilament epitopes. Anti-ribosomal P
autoantibodies also recognise epitopes on
various human cells, for example human
hepatoma cells, human neuroblastoma cells
and, to a lesser extent, human fibroblasts.33
The presence of antigen target on non-
neuronal tissue may indicate a pattern of
sensitisation outside the nervous system;
furthermore, autoantibodies can bind to
surface P antigen and affect the function of
cells. These autoantibodies have been found in
90% of SLE patients with psychosis,26 34
suggesting a high specificity. However, other
investigators have questioned the specificity, as

they found anti-P antibodies in 50% of SLE
patients without psychosis.35 For thorough
discussion of anti-P autoantibodies in CNS
SLE, the reader is referred to an excellent
recent review.36 Antibodies to neurofilament
proteins, which form part of the cytoskeleton
of neuronal cells, have been demonstrated to
occur in neuropsychiatric SLE but, again, are

not specific to this entity.37 They may also
occur in other disorders such as Alzheimer's
disease and Creutzfeldt-Jakob disease.

ANTIPHOSPHOLIPID ANTIBODIES

Antibodies to phospholipids comprise a diverse
group that includes the lupus anticoagulant
and the anticardiolipin autoantibodies. It has
long been thought that antiphospholipid (aPL)
antibodies were responsible for the non-
inflammatory vasculopathy characterised by
thickening of the walls of small arteries as a

result of intimal proliferation. The original
description of the lupus anticoagulant dates
back to its observation in a group of lupus
patients who presented with stroke.39 Initial

Table 1 Neuronal antibodies in neuropsychiatnic systemic lupus erythematosus

Authors Year Assay Type ofNA CeUls kiled or absorption (%o) Clinical correlation antibody/CNS disease?

NP-SLE Non-NP-SLE

Bluestein et al'9 1976 LC assay/absorption LCA 45 * 26 Yes
with human brain

Bresnihan et al 20 1977 LC assay/absorption LCA 55 * 30 Yes
with human brain

Winfield et al" 1977 LC assay LCA 50 NS 85 No
Pussell et al22 1982 LC assay/absorption LCA 65 * 41 Yes

with human brain
Long et al'6 1990 LC assay LCA 32 NS 23 Negative with overall NP-SLE;

positive with cognitive impairement
Denburg et a]'4 1994 T lymphocyte line LCA NM NM Not with overall NP-SLE;

significantly with visuospatial deficit
Wilson et al23 1979 Neuroblastoma/MHA NA 75 45 IgG association with diffuse CNS disease
Bluestein et al'4 1981 Neuroblastoma NA 74 * 11 Association only for CSF antibody
Golombek et al'6 1986 Neuroblastoma NA 57 NS 50 No clinical correlation
Kelly et all' 1987 Neuroblastoma/MHA NA 17 NS 8 No clinical association

LC = Lymphocytotoxic; LCA = lymphocytotoxic antibodies; NA = neuronal antibodies; NM = not mentioned; NP = neuropsychiatric; MHA = mixed
haemabsorption assay.
*Significant difference between the two groups; NS = non-significant difference.
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studies emphasised an association with focal
neuropsychiatric SLE, such as stroke,
amaurosis fugax,40 and transverse myelitis.4'
Subsequent studies have found an association
with more diffuse manifestations of cerebral
SLE, such as seizures,42 chorea43 and multi-
infarct dementia44 (but not with psychosis).
The multiple features associated with aPL,

known as antiphospholipid antibody syndrome
(APS) are thought to be the consequence of
small infarcts. Endothelial cell swelling,
hyperplasia, mitotic figures, and a novel
angiomatoid thrombovascular complex (not
vasculitis) are the characteristic cerebral and
renal histopathological features of both
primary and secondary APS.45 46 It has been
proposed that the endothelial swelling is
caused by the incorporation of fragments of
platelet thrombi into the vascular endo-
thelium46 a process hypothetically facilitated
by von Willebrand factor.47 Other plasma
proteins such as 32-glycoprotein I and
prothrombin-Ca, which have a high affinity for
negatively charged phospholipids, may bind to
the lipid surface of endothelial cells, exposing
novel epitopes and perseverating the immune
response. This mechanism may activate
platelets, finally resulting in thrombosis.
Repetitive episodes of thrombosis in these
small vessels might lead to incorporation of
platelet fragments and lead to the thickening
and irregularity of small vessels.48 In long-
standing neuropsychiatric SLE, small vessel
abnormalities may lead to the microinfarctions
found at postmortem.` 46 48

CYTOKINES

Cytokines (polypeptide products of activated
lymphocytes that participate in a variety of
cellular responses) may play a dual role in
the development or persistence of CNS
involvement in SLE. Interferons may
increase the severity of autoimmune disease
in animals,49 but may themselves be
responsible for psychosis, as has been
demonstrated in patients with hepatitis B.50
Intrathecal synthesis of interferon alfa5' 52 and
interleukin-653 (a cytokine with B cell stimu-
latory properties and interleukin- 1 like
properties) has been reported in SLE patients
with CNS involvement. In the patients with
psychosis, interferon concentrations in CSF
were significantly greater than in SLE patients
with seizures alone.52 Despite these reports
offering some circumstantial evidence that
cytokines may be involved in the pathogenesis
of cerebral lupus, many questions remain
concerning the role of cytokines in lupus; it is
still not clear, for example, if cytokine
concentrations are increased during a disease
flare. It is evident that the role of cytokines in
lupus requires further study. 4

Diagnosis
In reviewing the extensive range of
immunoserological, electrophysiological and
neuroimaging techniques which have been
investigated as possible markers of CNS lupus,

it is apparent that there is still no single test
which is diagnostic. Diagnosis of neuro-
psychiatric SLE, therefore, is a matter of
clinical acumen. Selection of a test from the
broad array available should take into account
that a positive case may, at best, be merely
supportive of the diagnosis, while a negative
result does not necessarily preclude a diagnosis
of cerebral lupus.
Cerebrospinal fluid (CSF) examination. CSF
abnormalities are commonly found but are
non-specific. Generally, both a modest
pleocytosis and increased protein concen-
trations are found. The foremost purpose of
this procedure is to rule out CNS infection; it
should be borne in mind, however, that CNS
pleocytosis may be absent in infection.
Neuropsychometric testing (NPT). For most
clinicians, NPT has some obvious dis-
advantages. It is not readily available, is time-
consuming, and has no indication in an acute
situation as it requires a stable patient.
Cognitive impairment, however, can be
identified and quantified in a standardised and
repeatable manner by NPT. In this way,
Carbotte et al55 demonstrated that 66% of 62
individuals from an unselected lupus
population had cognitive impairment. Not
only did more than 80% of patients with
current or past neuropsychiatric involvement
have abnormal neuropsychometric tests, but
also 42% of those with no prior CNS
symptoms were found to have cognitive
dysfunction. Ginsburg et al56 reported on the
prevalence of cognitive deficits in a group of 49
randomly selected ambulatory patients with
SLE and 40 with rheumatoid arthritis. They
found a significantly higher prevalence of
cognitive impairment amongst the SLE
patients. Subsequent studies57-5 reported a
substantially lower frequency of cognitive
dysfunction (about 20%) in SLE patients,
reflecting selection bias in the former
studies.55 56
Thus NPT appears to be not only a sensitive,

but also a convenient, inexpensive, and non-
invasive diagnostic tool in the assessment of
cognitive dysfunction in lupus, especially in
that group who have vague symptoms and an
absence of clinical signs. Its main disadvantage
is its susceptibility to learning effects, and the
influence of various confounding factors such
as the influence of treatment, physical illness,
and pschychological distress on cognitive
function. In addition to aiding diagnosis,
neuropsychiatric examination may help the
lupus patient to understand better those
cognitive problems encountered at home, at
work, and in social situations; in this way, it can
be utilised to anticipate and address difficulties
in everyday functioning.
Electroencephalography (EEG). EEG is of little
diagnostic value in neuropsychiatric lupus.
The electroencephalographic findings are
frequently abnormal, showing diffuse wave
slowing without any distinctive pattern, unless
focal features are apparent clinically. Diag-
nostic sensitivity has been reported variously as
between 330/o and 850/o of SLE patients with
CNS involvement; a figure for the diagnostic
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specificity is more difficult to define, as no large
prospective controlled studies have addressed
this question. The technique of quantative
EEG (QEEG) has been applied in a

prospective study of 52 patients with SLE.60
QEEG sensitivity appeared to be 87%, whereas
the specificity was 750/o. The technique proved
to be particularly useful in the subgroup that
is the most difficult to assess, namely those
with various forms of affective disorders and
depression in the absence of neurological signs.
Since this technique is not available in the
majority of hospitals, experience is limited.
Angiography. Cerebral angiography is an

insensitive diagnostic technique in CNS lupus,
except where symptoms or signs of major
vessel haemorrhage, thrombosis, or vasculitis
develop.6' The procedure may be helpful
before operation when cerebral bleeding has
occurred. As angiography is an invasive
technique with low sensitivity, it is not used
routinely in the assessment of neuropsychiatric
SLE.
Computed tomography (CT). The first CT
scanning studies in cerebral lupus were

conducted in the late 1 970s and early
1980s.62 64 CT is most useful in detecting gross

morphological abnormalities such as large
intracranial infarcts, intracranial haemorr-
hages, and cerebral atrophy. It is unclear if the
cerebral atrophy is caused by the disease itself
or by glucocorticosteroid therapy. As the
predominant neuropathology in neuro-

psychiatric lupus is that of microinfarction, CT
is frequently normal, even in the presence of
focal syndromes such as cerebrovascular
accidents or focal seizures.65
Magnetic resonance imaging (MRI). MRI is
more sensitive than CT in demonstrating
particular morphological abnormalities such as

oedema and small infarcts.65-70 Three
predominant patterns of MRI abnormalities
are recognised: irreversible high intensity
lesions compatible with cerebral infarction,
multiple hyperintense areas of the white
matter, probably representing microinfarctions
and which are associated with aPL,69 70 and
focal hyperintensity of the grey matter. It is
noteworthy that the grey matter abnormalities
may be reversible with clinical improve-
ment,67 68 suggesting resolution of oedema. In
one study of 28 SLE patients with acute CNS
events, cranial MRI scans were obtained within
a month from the onset of symptoms.68 In all
those patients with focal symptoms, MRI was
able to detect cerebral lesions; CT scanning
detected the lesions in only 38% of them. MRI
showed lesions in 1 00/o of episodes of seizures,
but in patients demonstrating organic brain
syndromes or psychosis it had a sensitivity of
only 20%.
Compared with CT, MRI is much the more

sensitive method of detecting focal lesions in
the brain of symptomatic SLE patients.
Limitations are the poor specificity of the
lesions found on MRI-one cannot make the
diagnosis of cerebral SLE from radiographic
findings alone. This may pose a problem in
differentiating some white matter lesions seen
in SLE patients from those found in patients

with ischaemic cerebral disease or multiple
sclerosis.
Radionuclide scanning. After the report of
90-100% abnormal technetium brain scans in
a group of lupus patients with active CNS
disease,7' this technique subsequently became
obsolete until recently, when single photon
emission computed tomography (SPECT)
proved worthwhile in cerebral lupus.72 In
a study of 20 patients with SLE who
were clinically suspected to have 'active'
neurological involvement, Nossent et al found
a sensitivity of almost 90%, but a low
specificity of 330/o.73 More recently Rubbert
et al showed an abnormal cortical perfusion in
90% of patients with mild symptoms of CNS
disease (cognitive deficits) compared with 10%
of SLE patients without CNS symptoms.74
These studies support the notion that, pending
validation, SPECT may become an objective
tool in differentiating mild CNS disease in
lupus from functional conditions such as
depression.
Positron emission tomography (PET). PET
detects reduced cerebral metabolism with
the use of radiolabelled deoxyglucose. PET
scanning has been able to detect abnormalities
of glucose uptake and a localised disturbance
of cerebral blood flow in active neuro-
psychiatric lupus.75 76 Two patterns are
recognised: focal glucose hypometabolism,
and a diffuse non-homogeneous distribution
pattern of increased and decreased glucose
metabolism. In a study of 10 SLE patients with
neurological symptoms and three patients with
no neurological involvement, PET scanning
showed abnormalities in all 10 with active
involvement, but was normal in the three other
patients; the pathological changes on PET
corresponded with clinical features.76 Because
PET scanning requires the proximity of a
cyclotron, its clinical availability will remain
limited, and it will therefore not easily find a
place in the clinical management of lupus.

Management
The management of cerebral lupus requires
that the presence of cerebral lupus is
established and its severity assessed.
Sometimes forgotten is the fact that the most
frequent cause of central nervous system
manifestations in lupus is not the lupus itself,
but infection. Infection of the CNS should be
vigorously sought and treated in all cases. In
addition, factors such as hypertension should
be under control. The ability unequivocally to
establish the presence and severity of cerebral
lupus remains a mission yet unresolved by the
rheumatology community. Because the revised
ARA criteria77 are largely inadequate in
defining CNS SLE, investigators have concen-
trated on standardising a classification and
system of definition of neurological events.78
However, until strict criteria for recognition of
CNS SLE are laid down, reports correlating
clinical findings with pathology, serological
parameters, and radiology may be biased and
unreliable, and it will not be possible to test
treatment modalities rigorously.
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It is not surprising, therefore, that
uncertainty and controversy dominate the field
of management of cerebral lupus. Should an
SLE patient presenting with stroke be treated
in a totally different way than a patient with
organic brain syndrome? Merely for practical
reasons, it might be sensible to classify CNS
SLE into separate groups with various
manifestations.6
No controlled study of any treatment

strategy has so far been conducted in
neuropsychiatric lupus. The principles of
treatment of cerebral lupus lupus are triple:
anticoagulants, corticosteroids, and immuno-
suppressives (table 2). Anticoagulants should
be given for manifestations associated with
hypercoagulability. Steroids are administered
to reduce inflammation and the immune
response. Finally, immunosuppressives, for
example cyclophosphamide and azathioprine,
suppress circulatory B and T lymphocytes, and
autoantibody formation by B lineage cells in
lymphoid tissues.
Anticoagulation for whom? Since the elucidation
of the role of antiphospholipid antibodies in
thrombotic manifestations in SLE patients,39 41

growing agreement on anticoagulation has
emerged steadily. Lupus patients simply with
presence of these antibodies are currently not
considered to be at high risk of developing
thrombotic events and do not receive
prophylactic anticoagulation. Patients with
SLE and a history of bland stroke, however,
have a 69% chance of a recurrent stroke.79
Therefore, recurrent cerebral thrombotic
events-whether associated with antiphos-
pholipid antibodies or not-are now important
indications for initiating anticoagulation
therapy.79 80 In all cases of stroke, cardiogenic
emboli should be considered as possible causes
as they form a major cause of stroke in lupus.
Although consensus has not yet been reached
and clinical experience is largely lacking, other
nervous system manifestations associated
with antiphospholipid antibodies (seizures,42
chorea,43 migraine,80 or transverse myelitis4' 81)
may become important treatment indications
for anticoagulant therapy in the very near
future. It is not known if patients with organic
brain syndrome may benefit from anti-
coagulation; as their prognosis is generally
favourable,59 administration of any medication,
including anticoagulants, is not imperative.
The best mode and duration of anti-

coagulation is yet unknown. Possible options
include low dose aspirin (75 mg daily), war-
farin, or subcutaneous heparin. In addition,
hydroxychloroquine has been shown to possess

Table 2 Uncertainties of therapy in neuropsychiatric lupus erythematosus

Feature Anticoagulation Corticosteroids Cyclophosphamide

OBS + +
Seizures ++ ++ ?
Acute psychosis ++ ++
Coma ++ ++
Stroke (bland) ++ +
Stroke (bloody)
Chorea ++ ++
Transverse myelitis + ++ ++
Migraine + ?

OBS = Organic brain syndrome; ++ =worthwhile therapy; + =probably worthwhile therapy;
? = uncertain effect; -= probably not effective or contraindicated.

anticoagulant properties. Antiplatelet coagu-
lants such as aspirin may be ineffective in
prevention of recurrent thrombosis in patients
with antiphospholipid antibodies, as retro-
spective studies have shown that warfarin or
coumarin is more effective than aspirin
therapy;82 83 data on low molecular weight
heparin injections were too limited for any
conclusions to be drawn.82 Therefore, in
patients with major thrombosis such as stroke,
warfarin is currently the preferred choice of
treatment; as an additional advantage, it is
effective against cardiogenic emboli. In order
to be effective, however, warfarin therapy
should be highly intensive (at an international
normalised ratio of between 2-5 and 4 0); it is
obvious that such an anticoagulation level is
not without risk for major bleeding. Duration
of therapy should be lifelong, as recurrence of
thrombosis may occur after cessation of the
anticoagulation.83

Antimalarial drugs also have an anti-
coagulant effect. Withdrawal of antimalarial
treatment was studied in patients with SLE in
a randomised, placebo controlled clinical
trial.84 Five of the patients (23%) taking
placebo and one of the patients (4%)
continuing to take hydroxychloroquine had
severe exacerbations of disease activity that
prompted their withdrawal from the study.
Amongst the exacerbations in the placebo
group, one patient developed transverse
myelitis requiring treatment with high dose
corticosteroids. Such observations may focus
attention on the place of antimalarials in the
order of choice of therapy, which should
perhaps be reconsidered in the future.
Corticosteroids form a mainstay in the treatment
of SLE, although this dogma itself is largely
empirical. In all cases in which antineuronal
antibodies may play a role (cognitive dys-
function and psychosis) its use should be
considered. Patients with vasculitis should also
be treated with corticosteroids, but nervous
system vasculitis occurs infrequently. As
steroids reduce oedema around infarcted areas,
patients with acute bland stroke may improve
with steroids, but the administration of corti-
costeroids for the prevention of stroke is
justified only when there is sufficient systemic
activity,79 as they do not predictably decrease
antiphospholipid antibody concentrations in
plasma, nor do they protect against subsequent
strokes.6 79 High dose steroids are indicated in
cases of coma, seizures, psychosis, chorea, and
transverse myelitis, but even in these serious
conditions the effect of corticosteroid therapy
is unpredictable, as controlled studies have
not been performed. The starting dose of
corticosteroids in cerebral lupus is also not
known, but according to most authors is
probably high (. 1 mg/kg per day for four to six
weeks before gradual reduction). Intravenous
pulse therapy has been extensively used in
the treatment of lupus since the original
description of its use in SLE nephritis.85 There
have been several reports of the use of pulse
steroid therapy in the treatment of non-renal
SLE, including neuropsychiatric lupus.8"89
Eyanson et al reported two acutely ill patients
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who failed to respond to oral glucocorticoid
therapy, but who responded dramatically
to intravenous methylprednisolone pulse
therapy.86 Dutton et al reported three women
with acute retrobulbar optic neuritis who
responded to intravenous methylprednisolone
therapy;87 the diagnosis of SLE, however, was
not clearly established. More recently, new
perspectives have arisen for the treatment of
the rare complication, transverse myelitis, by
pulse steroids followed by cyclophosphamide
for a mean of six months.88

Controversy attends the possible role of
corticosteroids in the induction of psychosis
and the facilitation of infection. Sergent et a189
retrospectively examined the effect of
corticosteroids in 28 patients with 52 episodes
of nervous system manifestations and found
that 14 patients had 15 episodes of functional
psychosis, possibly attributable to treatment.
Five of the nine deaths in that study were
attributable to infection. Since the patients
received mean prednisone doses of more than
100 mg/day for prolonged periods, side effects
should be anticipated. Glucocorticoids are now
prescribed in much smaller doses than
formerly used.7 In the study by O'Connor,90
of 11 previously psychotic patients who
subsequently received steroids, only three had
a recurrence of their psychoses. The eight
patients who had no further psychotic episodes
received essentially the same amount of
corticosteroids as they had had at the time of
their psychoses. That paper clearly showed that
lupus patients are particularly prone to develop
psychotic episodes independently of steroid
therapy, although the latter may play some
part.
Cytotoxic agents have been extensively studied
in renal lupus during the past two decades.
Treatment comprising oral azathioprine in
combination with prednisone was better than
prednisone alone in the management of lupus
nephritis. No data exist on this drug in the
management of CNS lupus. Another agent,
cyclophosphamide, has also proved to be
effective in lupus nephritis in combination with
prednisone. In one open prospective trial, the
effect of monthly intravenous infusions of
cyclophosphamide to nine patients with lupus
nephritis, cerebral lupus, or both, was
studied;9' although CNS disease improved in
a small number of patients, there were
insufficient data to permit conclusions about
the treatment of the neurological disease.
Another study was of refractory CNS lupus in
nine patients, six of whom had been
unresponsive to high dose steroid therapy.92
Six patients had a complete and two a partial
recovery; side effects were common, however.
From these studies and others,7 and from
unpublished personal observations, it seems
that intravenous pulse cyclophosphamide
therapy may be the best therapy for lupus
patients with progressive deterioration in level
of consciousness,7 acute psychosis or coma9"
(GRV Hughes, personal communication).
Furthermore, in combination with intravenous
pulse methylprednisolone it is the treatment of
choice for transverse myelitis.88

Experimental therapies, including low dose
methotrexate, cyclosporin, plasmapheresis,
total lymphoid irradiation, anti-idiotypic
antibodies, and intravenous IgG are the subject
of too limited experience for it to be possible
to recommend them at the present time.

Summary
What have we learned about CNS lupus in
recent years? An enormous amount of
knowledge on pathophysiology of anti-
phospholipid antibodies, in particular, has
been gathered. Although hard evidence of a
direct pathogenetic role of these antibodies in
cerebral lupus is still lacking, it is generally felt
that the multiple microinfarctions found in the
brains of lupus patients are related to their
presence. Better understanding of the
pathogenesis of cerebral lupus will come from
the study of experimental models, as it has
been possible to develop an antiphospholipid
antibody syndrome in mice.93
Because no specific laboratory test for CNS

lupus is yet available, diagnosing the condition
remains a challenge to every clinician. Tech-
niques including neuropsychometric testing,
quantitative EEG, and SPECT scans have
taught us more about cognitive dysfunction
and psychosis in patients with SLE. These
categories remain the most difficult to define.
The concept of hypercoagulability in SLE

patients has diverted the direction of therapy
from immunosuppression towards anti-
coagulation. It is of utmost importance that
randomised trials are commenced in order
to determine the optimal mode of anti-
coagulation for various groups of lupus
patients. It will be necessary to conduct such
trials under strict inclusion criteria, based on
well defined patient categories. Such an enter-
prise will require international co-operation of
investigators.

The specimens for microscopy were kindly provided by
Prof F Eulderink, Department of Pathology, Academisch
Ziekenhuis Leiden.
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