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Positron emission tomography

and magnetic resonance imaging
for cerebral involvement in patients
with systemic lupus erythematosus

Abstract Central nervous system
(CNS) involvement in systemic lu-
pus erythematosus (SLE) remains
difficult to diagnose, particularly
since structural abnormalities may
not be revealed by magnetic reso-
nance imaging (MRI). Glucose utili-
sation was measured by positron
emission tomography (PET) in 35
SLE patients to detect signs of CNS
involvement. The patients were ex-
amined by a standardised neurologi-
cal examination, a battery of teststo
evaluate neuropsychological perfor-
mance and MRI. Antineuronal anti-
bodies were determined to investi-
gate their putative role in CNSin-
volvement in SLE. Twenty patients
had distinct neurological (17) and/or
psychiatric (3) symptoms. Ten pa-
tients had pronounced cognitive im-
pairment. Neurological and cognitive
deficits were thus found to be unre-
lated disordersin SLE. Global glu-
cose utilisation of SLE patients did
not differ significantly from that of
normal controls, nor were differences
found between SLE patients with or
without neurological or cognitive ab-
normalities. On MRI of the brain, the

number and size of white matter le-
sions correlated with the presence of
neurological deficits but were unre-
lated to the severity of cognitive im-
pairment. Within the normal range,
lower global glucose utilisation
tended towards lower values with in-
creasing number and size of white
matter lesions. Patients with lesions
larger than 8 mm aso showed dis-
tinctly increased 1gG anticardiolipin
antibody titres, whereas measuring
antineuronal antibodies did not re-
vedl any relation to the variablesin-
vestigated. We conclude that the
demonstration of CNS lesions by
MRI can contribute confirmatory ev-
idence for CNSinvolvement in SLE,
but PET or the presence of antineu-
ronal antibodies adds little if any in-
formation beyond that obtained by
clinical examination, neuropsycho-
logical testing, and MRI.
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system - Cognitive deficits -
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Introduction

Central nervous system (CNS) involvement has been de-
scribed in 20—74% of patients with systemic lupus erythe-
matosus (SLE) [11, 18, 40], its prevalence depending on

patient selection, diagnostic criteria employed, and study
design [45]. In addition to focal or diffuse neurological
manifestations and psychiatric symptoms, more recent in-
vestigations have revedled the existence of cognitive
deficits with a considerable incidence compared with
other connective tissue diseases [5, 23]. In SLE reduced
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attention and concentration, memory disturbances, and
deficits in concept finding have been detected [5, 9, 10,
23]. No correlations have been found between systemic
disease activity, the presence of other organ manifesta
tions, focal or diffuse neurological symptoms [21, 23],
and the presence or the extent of cognitive disorders [17,
19, 21].

The diagnosis of SLE involving the CNS has been
based on clinical presentation as well as, more recently,
on the findings of imaging methods, i.e. of magnetic reso-
nance imaging (MRI), single photon emission tomogra-
phy (SPECT), and positron emission tomography (PET)
[2, 13, 27, 34, 41, 42, 47]. Cerebrospinal fluid (CSF)
analysis has been reported to provide little additional evi-
dence but to be helpful in excluding secondary CNS in-
volvement such as infections. In a few patients evidence
of intrathecal synthesis of autoantibodies or oligoclonal
immunoglobulins identified on isoelectric focusing (1EF)
of CSF and serum samples has recently been published,
indicating an autonomous immune reaction within the
CNS [24]. Of the many autoantibodies found in SLE pa-
tients, antineuronal antibodies [8], antiribosomal P protein
antibodies [44], antisynaptosomal 50 kDa protein anti-
bodies [22] and antiphospholipid antibodies have all been
claimed to be related to CNS SLE, but their pathogenic
role has so far remained uncertain [31].

In an earlier investigation on a selected group of 13
SLE patientswith cerebral lesions and neurological symp-
toms, regional disturbances of cerebral glucose utilisation
were demonstrated by PET [42]. In three other patients
who were investigated longitudinally by PET and neu-
ropsychological testing, fluctuating neuropsychological
deficits could be observed [6]; the latter investigators re-
ported that cognitive deficits went along with decreased
regional glucose utilisation, indicating a possible relation-
ship to the corresponding test results [6]. Since at present
PET and magnetic resonance spectroscopy (MRS) are the
two non-invasive methods rendering direct information
on brain metabolism [7, 38], the combination of either
method with MRI offers a means to obtain both informa-
tion on metabolic changes and possibly related structural
CNS lesions at a given time. The first aim of our study
was to investigate brain glucose metabolism in SLE pa-
tients with CNS involvement and to assess the diagnostic
value of PET. Secondly we wished to determine if corre-
lations existed between overall or regional changesin glu-
cose utilisation as documented by PET, neuropsychiatric
or neuropsychological findings, CNS white matter lesions
detected by MRI, and the presence of antineuronal or an-
ticardiolipin antibodies.

Patients and methods

We present a cross-sectional study on 35 patients with longstand-
ing SLE not preselected for certain or suspected CNS involvement.
Two other patients with structural brain damage following territo-

rial cerebral infarctions and haemorrhage detectable by MRI were
excluded because of expected localised ateration of glucose me-
tabolism. The patients’ average age was 43 years (SD = 14.4), their
mean age at onset of the disease was 36 years (SD = 12.6). The av-
erage disease duration was 9 years (SD = 6.1) amounting to a total
of 321 patient years. On average the patients had completed 10.8
(SD = 4.9) years of formal education.

Standardised clinical and neurological examinations were per-
formed at the beginning of the study. The clinical findings were
entered into a computerised data base along with all other findings.
All patients included fulfilled four or more American Rheumatism
Association diagnostic criteriafor SLE [43]. Overall disease activ-
ity was expressed by the Systemic Lupus Activity Index (SLAM)
[30]. Based upon current or previously documented neurological
and psychiatric findings, patients were classified as SLE with
(NP*, n = 20) or without (NP~ n = 15) CNS involvement. Patients
gave their informed consent according to institutional guidelines.
All clinica examinations and laboratory investigations were per-
formed within 1 week prior to or after the PET and MRI studies.
18F-fluoro-2-deoxy-p-glucose (FDG) PET scans and MRI were
performed on the same day in 28 patients, and within 48 hiin 7 oth-
ers. Neuropsychological testing was completed 1 week prior to the
imaging examinations.

Neuropsychological tests

A test battery to be completed within 90 min was carried out prior
to the imaging examinations and clinical workup. General intellec-
tual ability, and assessment of the verbal and non-verbal 1Q was
performed by the Wechsler Adult Intelligence Scale (shortened
version, WIP) using the following subtests: Information, Similari-
ties, Picture Completion and Block Design. Selective attention was
tested by using the Stroop Color Word Interference Test. The
Kimura Recurring Figures test was employed for examining im-
mediate memory. Concept finding and problem solving was as-
sessed by the Kramer Two Group Card Test. The FPI-K personal-
ity questionnaire was used for judging depression and emotional
status. For statistical computation each test score was converted to
astandard Z score [29]. Normal control values for mean and stan-
dard deviation of the test scores were obtained from a group of 42
healthy blood donors. There were no significant differences be-
tween the SLE and control groups with respect to averages of the
following variables: age, sex, and educational status. Using a mean
Z score derived from all neuropsychological tests applied, a group
of SLE patients (10/35) with profound cognitive deficits (COGY)
could be defined comprising those with a mean Z score below —1.5.

Positron emission tomography

18F-FDG PET of the brain was performed with a Siemens ECAT
951/31 positron emission tomograph (31 slices, reconstructed res-
olution 8 mm FWHM). After positioning the patient’s head paral-
lel to the OM line the attenuation correction was achieved by ac-
quiring a 10-min transmission scan. The emission scan was initi-
ated with a dlow injection of 370 MBq [*8-F]-fluorodeoxyglucose.
Sixteen time frames of varying length were recorded over 50 min.
The input function was derived from pseudoarterial blood samples
at midframe time. Serum glucose concentration was determined at
35 and 45 min after injection. Quantification of the glucose study
was performed according to a two-compartment model under the
assumption of k4 = 0 for times less than 50 min. The algorithm is
a modification of the Patlak/Gjedde plot [36], which allows the
generation of quantitative parametric images of regiona glucose
consumption. Region-of-interest analysis is based on these para-
metric images. The normal range of global glucose utilisation
amounted to 0.320, SD 0.060 pmol/cm? per min as determined in
12 age-matched, healthy control persons.
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Magnetic resonance imaging

MRI was performed with a Magnetom 1 T (Siemens). Standard,
flow-compensated spin-echo sequences were used to obtain T1-
and T2-weighted images usualy in transverse sections. Slice
thickness was 6 mm with 30-50% intersection gap. Sequence pa-
rameters for T2-weighted images were TR/TE 2500/90 and 600/20
for T1l-weighted images. Hyperintense signals surrounding the
poles of lateral ventricles (hyperintense caps) were carefully ex-
cluded from counting [14, 15]. Patients were categorised according
to the number of white matter lesions and were separated into three
groups: group 1 (03 lesions, n = 15), group 2 (4-10 lesions, n =
12), and group 3 (> 10 lesions, n = 8). Another parameter used was
the size of the lesions, where we classified patients according to
the largest lesion detected on T2-weighted images: group A (no le-
sions, n = 8), group B (lesion diameter up to 8 mm, n = 20), and
group C (lesion diameter > 8 mm, n = 7). Thus, a patient with six
lesions, the largest of which measured 8 mm in diameter, belonged
to group 2 with respect to number and to group B with respect to
the size of the lesions.

Laboratory investigations

Antineuronal antibodies were investigated by an indirect immuno-
fluorescence assay employing cultured neuroblastoma cell lines
SK-H-MC and NMB-7 as substrates [25]. All serawere tested at a
dilution of 1:20. A rim stain was considered as a positive immuno-
fluorescence pattern for antineuronal antibodies. Positive sera
were serially diluted to obtain their final titre. 1IgG and IgM anti-
cardiolipin antibodies were assayed using commercialy available
ELISA kits (ELIAS, Freiburg, Germany), the results being ex-
pressed in phospholipid U/ml. Laboratory investigations included
blood counts, serum total protein and creatinine determinations,
and urine analysis. Antinuclear antibodies were detected and
titrated by standard indirect immunofluorescence techniques with
Hep-2 cells as the substrate. Antibodies to double stranded DNA
were measured using a commercial radioimmunoassay kit (Amer-
sham, Braunschweig, Germany). Total complement activity was
assessed by determining 50% haemolytic units/ml fresh serum
(CHgy/ml) [32].

Statistics

Both parametric and non-parametric statistics were used depend-
ing on whether the data distribution was considered to be normal
or not. Comparison between two independent samples was under-
taken with two-sample t-tests and Mann-Whitney U tests. One-
way analysis of variance (ANOVA) and Kruskal-Wallis ANOVA

were used in analysing differences between more than two sub-
groups. In the case of non-parametric analysis, the median is
quoted. Two-tailed P values are reported throughout. Correlations
between variables were assessed with Pearson’s rank correlation
coefficients. Measures of association for nominal variables (Table
4) was performed based on chi-square statistics cal culating the Phi
coefficient. Statistical analysis was performed using SPSS/PC pro-
grams.

Results

Clinical results

Definite neurological or psychiatric CNS involvement
(NP*) was recognised by a standardised neurological ex-
amination in 20 of 35 (57%) patients, revealing the fol-
lowing neurological deficits. Hemiparesis was observed
in 5 (25%) patients; 4 (20%) patients had a hemisyndrome
consisting of at least two of the three following findings:
extensor plantar response, increased muscle tone or brisk
reflexes on the side of the previous finding(s); 4 patients
had movement disorders (20%), 2 patients had seizures
(10%), and 2 (10%) developed a psychosis and one an
episode of an acute confusional state (5%) without any
findings of secondary CNS involvement. One patient each
presented with myelitis (5%) and optic neuritis (5%).

At the time of the investigation, a moderate disease ac-
tivity was observed in 19 patients with SLAM scores
ranging between 6 and 14, whereas 13 patients exhibited
scores varying from 0 to 5, reflecting alow systemic dis-
ease activity. Only 3 patients had a score of 15, 16 and 18
on the SLAM rating scale. The mean SLAM score for all
35 SLE patients was 7.5. The disease activity did not cor-
relate with neurological and/or psychiatric (NP*) CNS in-
volvement. None of the patients suffered from severe kid-
ney, heart or lung involvement or pronounced arterial hy-
pertension (diastolic blood pressure > 95 mmHg). Clini-
cal, serological, or CSF evidence indicating secondary
CNS involvement was not obtained in any patient. We ob-
served a significantly shorter duration of the disease in

Table1l The relationship be-

; n Age Disease Disease Corticos Anineurona Global glu-
maﬁnw%s/?tsﬂ)c [ljl;ﬁl;teggfe (years) activity  duration teroid antibodies  cose utilisation
: XA
groups (NP+, NP-, COG+ and (SLAM) (years) Etr}qe&aggy ) Elrt;ecel) procal  (umol/cm3/min)
COG-): age, disease activity,
glnseasetibodii:raaﬁggl gg;”;”lg‘g All patients 35 445 75 82 20.6 65 0.322
utilisation, Two-sample t-tests (14.3) 4.2 (6.1) (30.4) (167.5) (0.065)
were applied to test significant NP + 20 45 7.2 6.4 26.7 45 0.310
differences between groups; (15.9) (4.2 (5.3) (38.3) (75.0) (0.074)
values represent the mean and ~15 44 7.6 1126 118 926 0.340
éfggg:f d deviation) of the (126) (39 (61 (112 (2403 (0.048)
COG + 10 38.6 8.9 8.9 16.7 68 0.321
(17.6) (5. (6.6) (19.0) (190.7) (0.094)
- 25 47.8 6.7 8.8 21.0 59 0.321
(12.2) (35) (6.0) (34.2) (96.0) (0.052)

* P<0.05
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Table2 Neuropsychological test results for all SLE patients and COG+, COG—, NP+ and NP- subgroups expressed as median Z scores.
Values represent the median of the groups; (Z score of the control group = 0)

n Control All SLE patients COG+ COG- NP+ NP—
42 35 10 25 20 15
[ | |
a | b | c
1Q (HAWIE) * NS -0.63 —2.34 * —-0.09 -0.52 NS -1.05
Kimura * * -0.88 -1.79 * -0.58 -1.03 NS -0.88
Kramer * * -1.0 -1.87 * -1.0 -1.0 NS -1.00
Stroop | * * -0.91 -1.12 NS -0.91 -0.70 NS -0.91
Stroop 11 * * -1.03 —2.41 * -0.69 -0.86 NS -1.03
Stroop 11 * % -1.56 221 * -111 -1.63 NS -141

aNormal controls vs all SLE patients, Mann-Whitney U test
b COG+ vs COG- SLE patients, Mann-Whitney U test
¢ NP+ vs NP- SLE patients, Mann-Whitney U test

d Normal controls vs COG+ and vs COG— SLE patients, Kruskal-
Wallis test
* P < 0.05, NS no significant difference between groups

Table3 Number and size of
white matter lesions on T2-

Global glucose utilisation 1gG cardiolipin Ab Antineuronal Ab

weighted MRI of the brain, 35 (umol/cm3/min) (ptU/mi) (reciprocal titre)
global glucose utilisation, car-
diolipin and antineuronal anti- Mean SD Mean SD Meen SD
bodies (Ab) in SLE. ANOVA ) -
was applied to test significant Number of lesions NS NS
values represent the mean of Group 2 (4-10) 12 0.308 (0.033) 89.9 (200.4) 40 (76)
the groups and (standard devia-  Group 3 (> 10) 8 0277 (0.046) 109.0 (231.1) 40 (50)
tion
) Size of lesions * * NS
Group A (none) 8 0.338 (0.046) 17.4 (22.1) 160 (300)
Group B (< 8 mm) 20 0.326 (0.061) 333 (47.6) 40 (56)
Group C (< 8 mm) 7 0260 (0.074) 2272 (205.4) 40 (50)

* P < 0.05, NSnot significant

SLE patients with neurological CNS involvement (NP,
mean = 6.4 years) compared with those without neurolog-
ical deficits (NP-, mean = 11.2 years, P < 0.02; two-sam-
ple t-test, Table 1). No difference in antineuronal or 1gG
anticardiolipin antibodies titres was noted between NP*
and NP- groups.

Neuropsychological test results

No significant differences were noted when comparing
the verbal and non-verbal 1Q between our control group
and SLE patients. However, neuropsychological testing
revedled significant differences (P < 0.001, Mann-Whit-
ney U) in the performance of distinct cognitive abilities
between control and SLE patients (Table 2). Depression
did not account for cognitive deficits as indicated by the
FPI-K personality questionnaire used for judging emo-
tional status (data not shown). Significant differences
emerged when measuring attention, cognitive flexibility
(Stroop Color and Word Test, Kramer Two Group Test)
and immediate and recall memory (Kimura Recurring

Figures), all of which were significantly impaired in the
SLE group (Table 2). Using a mean Z score derived from
al neuropsychological tests applied, 10 of 35 patients
(29%) comprising the COG* group (those with profound
cognitive deficits) showed a Z score below —1.5. This
group differed significantly from both the COG- (those
without cognitive cognitive deficits) and the control groups
in all tests applied (Table 2). In the COG* group, 8 pa
tients were diagnosed as NP* and 2 were NP-, whereas the
COG- group consisted of 12 NP* and 13 NP- SLE pa-
tients. A difference in cognitive performance was, how-
ever, independent of the presence of neurological or psy-
chiatric symptoms (Table 2). Significant differences be-
tween the COG* and COG- groups regarding disease ac-
tivity, age, disease duration, or the presence of antineuronal
and anticardiolipin antibodies was not found (Table 1).

PET results

Regarding global glucose utilisation a marginal but in-
significant difference (P = 0.076, two-sample t-test) was
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Fig.1 T2 weighted MRI of the brain with small disseminated
white matter lesions. Patient belonging to group 2 with respect to
number and to group B with respect to size of the lesions

detected between al SLE patients and the control group
(n = 12). No regiona differences in glucose utilisation
were measured (data not shown). When comparing the
NP*(20/35) with the NP- group (15/35) or the NP* pa-
tients with controls we could not detect significant differ-
ences in brain glucose utilisation. An alteration in brain
glucose metabolism was not observed with respect to
severity and type of cognitive dysfunctions; no significant
difference was measured between COG* and COG- SLE
patient groups (P = 0.4, two-sample t-test, Table 1). Eight
patients who suffered from both neurological and cogni-
tive deficits did not differ significantly from other SLE
patients in their glucose utilisation. In 13 SLE patients
without any CNSinvolvement (NP-and COG-) anon-sig-
nificant trend was measured towards a higher glucose util-
isation compared with the remaining group of patients
(P = 0.064, two-sample t-test). A significantly decreased
global glucose utilisation was noted in the two groups
(group 3 and group C) characterised by a high lesion load
on MRI (Table 3). In particular, significant correlations
were found between both number (r = 0.4, P < 0.03), and
size (r = 0.41, P < 0.01) of white matter lesions, and a de-
crease in brain glucose metabolism. Other characteristics
such as disease activity, duration of the disease, and pres-
ence of antineuronal serum antibodies showed no relation
to global or regional brain glucose metabolism.

MRI findings

We observed pathological changes on T2-weighted MRI
in 20 patients (57%) patients. The predominant findings
were disseminated white matter lesions that were equally
distributed in subcortical and, to a lesser degree, in
periventricular regions (Fig.1). Eight patients (23%) dis-
played more than ten lesions on their T2-weighted im-

Table 4 The relationship between number and size of white mat-
ter lesions on T2-weighted MRI of the brain and patients with neu-
rological and neuropsychological CNS involvement in SLE

n=35 NP COG
+ - + -
n=20 n=15 n=10 n=25
Number of lesions ** NS
Group 1 (0-3) 5 10 4 11
Group 2 (4-10) 7 5 5 7
Group 3 (> 10) 8 0 1 7
Size of lesions * NS
Group A (none) 1 7 1 7
Group B (< 8 mm) 13 7 7 13
Group C (> 8 mm) 6 1 2 5

** Phj coefficient = 0.52; P < 0.01; * Phi coefficient = 0.51; P <
0.01; NS not significant

Fig.2 T2 weighted MRI of the brain with periventricular and to a
lesser degree subcortical distribution of white matter lesions. Pa-
tient belonging to groups 3 and C

ages, 7 patients had at least one lesion larger than 8 mm in
diameter (Table 4, Fig.2). We found significant associa-
tions between both number and size of disseminated le-
sions and neurological CNS involvement (NP*), whereas
no association was observed between number or size of
such lesions and neuropsychological performance (Table
4). Another significant correlation was found between the
size of MRI lesions and the level of IgG anticardiolipin
antibody titres (r = 0.48, P < 0.005). In particular, signifi-
cantly (P < 0.018, ANOVA) higher mean 1gG anticardi-
olipin antibody titres (227 plU/ml) were detected in group
C (n=7) compared with group B (n = 20) with smaller le-
sions (33 plU/ml) and group A including patients (n = 8)
with normal brain scans (17 plU/ml) (Table 3). Disease
duration, age, titre of antineuronal antibodies or activity
of the disease had no significant influence on the number
or size of the lesions determined on T2-weighted MRI.
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The subgroup of patients (8/35) that suffered from both
neurological and cognitive deficits did not significantly
differ from the others in the number or size of white mat-
ter lesions. On the other hand, the group of 13 patients
without any evidence of CNS involvement (NP- and
COG") reveded a significantly lower number (P < 0.001,
two-sample t-test) and smaller size (P < 0.002, two-sam-
ple t-test) of lesions on T2-weighted images compared
with the remaining SLE patients. The two subgroups did
not differ significantly regarding the other variables in-
vestigated, including the titres of antineurona and anti-
cardiolipin antibodies.

Discussion

Although there is little doubt that CNS involvement in
SLE occurs with considerable frequency, the diagnosis re-
mains somewhat difficult [1, 35]. This difficulty arises
from the lack of clear-cut, generally accepted diagnostic
criteria, the possibility of secondary CNS involvement
due to infections, hypertension or side effects of drugs
such as corticosteroids, as well as from the absence of
specific signs distinguishing CNS lupus from other sys-
temic diseases involving the CNS. Thereis also ho agree-
ment regarding the diagnostic and/or pathogenic role of
several autoantibodies supposed to be related to CNS
SLE, since findings of different investigators have not
been confirmed by others[1, 3, 8, 22, 31, 35, 44]. The ma-
jority of reports, however, agree on the existence of two
types of CNS involvement, one characterised by neuro-
logical and/or psychiatric symptoms that can presumably
be traced back to focal events, and another one predomi-
nantly of cognitive disorders thought to be related to a
more diffuse process. The mgjority of reports have dealt
with CNS involvement during the acute stage of SLE [3,
16, 31, 35, 39], or shorter duration of the disease [28],
whereas |ess attention has been paid to the chronic phase
of this disorder. We have focused our attention on the
characterisation of CNS involvement in the chronic
phase, i.e. that phase which constitutes by far the longest
part of an SLE patient’s history, acute exacerbations oc-
curring only every 7 years on average [33].

By standardised neurological examination including a
detailed history, and by using a battery of tests compiled
to detect cognitive disorders, we have been able to sepa-
rate two types of CNS involvement from each other.
Twenty of them (57%) had clinically manifest neurological
(n=17) and psychiatric (n = 3) CNSinvolvement, where-
as 10 (29%) showed pronounced cognitive disorders.
Neurological and cognitive deficits were found to be un-
related disorders in SLE. These findings confirm earlier
reports on the existence of cognitive deficits independent
of other organ manifestation including neurological ones,
and without obvious relation to the overall disease activ-
ity [17, 21].

Apart from the clinical diagnostic procedures, we have
employed two imaging methods to examine the brain:
MRI and 18F-FDG PET. We excluded patients with known
cerebral infarcts from the current study, for an altered glu-
cose utilisation pattern was to be expected from such le-
sions and the surrounding brain area, regardless of
whether such damage might have resulted from SLE vas-
cular disease [12, 48] or from other events unrelated to
SLE.

By PET, neither global nor regional glucose utilisation
deviated significantly from the normal range in any of the
patient groups. There was, however, a significant ten-
dency towards lower utilisation values with increasing
number and size of white matter lesions within the normal
range (Table 3). Disease activity, duration, and antineu-
ronal serum antibodies had no influence on glucose brain
metabolism. Thus PET failed to provide additional evi-
dence of CNS SLE beyond that obtained by clinical neu-
rological examination, testing and MRI. This result is ap-
parently at variance with an earlier report [42] based on a
small nhumber of selected SLE patients, including severa
with brain infarcts; indeed 2 of the 3 patients with fluctu-
ating cognitive abnormalities and corresponding cerebral
glucose utilisation abnormalities presented by Carbotte et
al. [6] also suffered from cerebral infarcts in the region
concerned, these being responsible for an atered glucose
utilisation pattern rather than a functional impairment of
the brain tissue with a hampered glucose utilisation.

The overall prevalence of lesions in our study is no-
tably high (57% patients with > 3 lesions) when the mean
age of 43 years and the absence of severerisk factors such
as severe kidney involvement with hypertension or arte-
riosclerosis is considered [15, 26, 46]. The prevalence of
white matter lesions differed significantly in the NP*
(75%) and NP- (33%) groups, indicating a possible aetio-
logical relationship between presumably vascular local
pathological events including focal lesions, which in turn
may cause neurological symptoms, and which may be-
come visible as lesions on MRI once a critical size is
reached. The presence of clinically silent lesions, also re-
ported by Stimmler et a. [41], who found 41% pathol og-
ical MR images in SLE patients without overt CNS in-
volvement, and NP symptoms without an increased num-
ber of lesions (Table 4), however, demonstrate the limited
value of MRI as a diagnostic tool searching for, or ex-
cluding, CNS involvement in SLE. This diagnostic uncer-
tainty may be limited to patients with a low lesion load,
since > 10 lesions were always present with clinical evi-
dence of NP symptoms. We cannot, on the other hand,
confirm the results of Jarek et al. [28], who did not find an
increased prevalence of lesionsin their SLE patients with-
out neuropsychiatric abnormalities (Table 4).

Regarding cognitive deficits, we did not find any dif-
ferences between COG* and COG~ SLE patients with re-
spect to number and size of lesions. This lack of correla-
tion has led usto the conclusion that the process responsi-
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ble for the development of cognitive deficits probably dif-
fers from the one causing neurological symptoms, and
may indeed not be related to focal events such as those
discussed above. Another possibility to explain this obser-
vation might be alower total lesion load in SLE compared
with, for example, patients suffering from multiple sclero-
sis. Rao et a. [37] reported a lower probability of cogni-
tive deficits with a low total lesion load, which could ac-
count for a missing significant interdependence between
the number of lesions and cognitive deficits, but studies
comparing these two disorders are lacking. Still, alow le-
sion load may not exclude possible cognitive deficits, as
demonstrated by Callanan et a. [4] in multiple sclerosis
patients presenting with clinically isolated syndromes and
only a few MRI abnormalities. The pathological nature
and the site of MRI abnormalities may play a crucia role
in the development of distinct neuropsychological dys-
functions in SLE. It has previously been suggested that
there are two different types of CNS SLE, one related to
focal events and the other of a “diffuse’ nature [17, 19,
21, 23], mostly based on observations in acute-phase pa-
tients [3, 16, 31, 35, 39]. Our findings in patients in re-
mission, based on objective clinical signs and neuropsy-
chological test results, and supported by MRI and PET of
the brain, corroborate such a distinction, although the
pathogenetic events leading to the NP or COG deficits
still remain hypothetical at present. Longitudinal observa-
tions, frequent MRI studies, and more sensitive magneti-
sation parameters will be necessary to clarify the impor-
tance of silent white matter lesionsin SLE. These may be
early signs of CNS involvement not yet detectable by
clinical means. Studies of the underlying pathology of le-
sions using MRI techniques such as MRS and magneti-

sation transfer will be of great value in distinguishing
oedema, inflammation, infarctions and gliosis, al of which
may appear with increased signal in T2-weighted scans.
At present, MRI provides only ancillary evidence for
CNS involvement in SLE.

Whether the significantly shorter disease duration of
the NP* group deserves more than transient interest, per-
haps as one indicator for CNS SLE being an independent
entity within the “family” of disorders collectively called
SLE at present, remains to be seen. A similar reservation
pertains to the relationship between significantly in-
creased 1gG anticardiolipin antibody titres and increasing
lesion size; particularly elevated titres were found in 7 pa-
tients of group C (Table 3). To date, a pathogenic role of
phospholipid antibodies remains unproved [31] and the
aternative hypothesis of such autoantibodies as trans
porters of catabolic products is by no means refuted [20].

Taken together, clinical judgement supported by neu-
ropsychological testing continues to form the basis for di-
agnosing CNS involvement in SLE. MRI offers additional
evidence; here, the importance of clinically silent lesions
and their underlying pathology remains to be established
by prospective MRI studies. FDG PET, at least initsbasic
form of measuring global or regional brain glucose utili-
sation, provides little if any supportive information. We
also conclude that because of the many unresolved ques-
tions regarding causes, diagnosis, and clinical course of
different manifestations of CNS SLE, a rational basis for
treatment is obvioudly lacking, at least for CNS symptoms
encountered during the chronic or remission phase of SLE
with low or intermediate disease activity. Prospective
studies are needed to unravel the many unresolved ques-
tionsin CNS SLE.
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