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ABSTRACT

Background: Manifestations in neuropsychiatric
systemic lupus erythematosus (NPSLE), especially
active diffuse NPSLE syndromes, are some of the most
difficult complications of the disease. For the
evaluation and the diagnosis of central nervous system
manifestations, including NPSLE, MRI is a very useful
tool to detect the various abnormalities. However, the
relationship between brain MRI findings and clinical
variables has not yet been clarified in patients with
diffuse NPSLE.

Objectives: The aim of this study is to investigate the
pathogenesis of diffuse NPSLE, by comparing various
parameters such as serum autoantibodies and
cytokines in cerebrospinal fluid (CSF) with abnormal
findings revealed on brain MRIs in patients with diffuse
NPSLE.

Methods: Fifty-three patients with diffuse NPSLE
admitted to our University Hospital from 1992 to 2012
were exhaustively enrolled in this study. Their medical
charts and brain MRI scans were reviewed. The
relationship of MRI abnormalities with various
parameters was analysed.

Results: As many as 25 of 53 patients (47.2%) had
abnormal MRI findings. MRI findings improved after
treatment in 10 of 17 patients for whom follow-up
studies were available. MRI abnormalities were not
correlated with age at the onset of diffuse NPSLE.
However, the disease duration of SLE was significantly
longer in patients with abnormal MRI findings
(p=0.0009). MRI abnormalities were not significantly
associated with serum autoantibodies. However, there
were significant elevations of the CSF protein level
(p=0.0106) and the CSF interleukin 6 level (p=0.0225)
in patients with abnormal MRI findings. Patients with
MRI abnormalities showed significantly higher overall
mortality (p=0.0348).

Conclusions: The results revealed that MRI
abnormalities in diffuse NPSLE might be
heterogeneous with regard to their reversibility.

These data also indicate that patients with diffuse
NPSLE and MRI abnormalities have more severe
inflammation in the central nervous system related to
the activity of diffuse NPSLE, as evidenced by poorer
prognosis.

KEY MESSAGES

» The brain MRI abnormalities in patients with
diffuse NPSLE are heterogeneous.

» Diffuse NPSLE patients with brain MRI abnor-
malities have poorer prognosis due to severe
SLE activities.

» The severity of diffuse NPSLE could be asso-
ciated with the vasculitis in brain according to
the increased CSF IL-6 and protein level in
patients with brain MRI abnormalities.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a
chronic inflammatory disease characterised by
the expression of a variety of autoantibodies,
involving multiple organs." Neuropsychiatric
manifestations in SLE (NPSLE), which occur
in 37-95% of patients, are some of the most
difficult complications of the disease.”™
NPSLE includes the neurological syndromes
of the central, peripheral and autonomic
nervous system and the psychiatric syndromes.
However, diagnoses and research in NPSLE
were cumbersome because there was no stan-
dardised nosology. In 1999, the American
College of Rheumatology (ACR) established
nomenclature and case definitions of NPSLE
as nosology for clinical descriptions and
research in SLE.” This nomenclature provides
19 neuropsychiatric syndromes in SLE, includ-
ing 12 syndromes of central nervous system
(CNS) disease and 7 of peripheral nervous
system disease. In CNS diseases, brain MRI is
one of the most useful imaging techniques in
identification of CNS lesions developing from
various disorders, including NPSLE. "
Recently, two studies have documented the
brain MRI findings in large numbers of
patients with only active NPSLE classified
according to the 1999 ACR nomenclature and
case definitions for NPSLE syndromes.'' '?
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They found that brain MRI abnormalities were absent in
almost half of the patients with active NPSLE, supporting
the immune-mediated pathogenesis for such active
NPSLE. Nevertheless, they also indicated that several brain
MRI findings were obviously identified in active patients
with NPSLE. However, although caused by heterogeneous
aetiologies, the relationship of the development of brain
MRI abnormalities with certain types of NPSLE or auto-
antibodies has, to our knowledge, not yet been described.

According to the 1999 ACR nomenclature and case
definitions, diffuse psychiatric/neuropsychological syn-
dromes in NPSLE (including anxiety disorder, acute
confusional state, cognitive dysfunction, mood disorder,
psychosis) are diffuse CNS diseases unlike neurological
syndromes originated from focal CNS lesions (including
cerebrovascular disease, demyelinating syndrome, head-
ache, aseptic meningitis, chorea, seizures and myelop-
athy). These diffuse NPSLE syndromes are associated
with the presence of autoantibodies against neuronal
cells in serum as well as cerebrospinal fluid (CSF)."? 11
Interleukin (IL)-6 is one of the proinflammatory cyto-
kines of which measurement in CSF is useful to diag-
nose diffuse NPSLE whenever infection and stroke are
discriminated.'” Nevertheless, to our knowledge, no pre-
vious reports have delineated the association between
brain MRI abnormalities and certain types of NPSLE or
severity of the disease, especially in diffuse psychiatric/
neuropsychological syndromes in active NPSLE (diffuse
NPSLE).

The aim of this study was to clarify the pathogenesis of
diffuse NPSLE. The characteristics of brain MRI findings
in patients with diffuse NPSLE were compared to investi-
gate the relationship of brain MRI findings with various
clinical factors, such as serum autoantibodies, CSF cyto-
kines, cell count, and glucose and protein levels in
patients with diffuse NPSLE, especially focusing on
inflammation in the CNS.

MATERIALS AND METHODS

Patients

A total of 53 patients, who had been admitted to Kitasato
University Hospital and Teikyo University Hospital due to
diffuse NPSLE as the first event and who had received
brain MRI scan examinations from 1992 to 2012, were
exhaustively enrolled in this retrospective study. All the
patients fulfilled the 1982 ACR revised classification cri-
teria for SLE.'® and also presented at least one of the five
manifestations of diffuse NPSLE in the 1999 ACR nomen-
clature and case definitions for NPSLE syndromes.9
Patients diagnosed with infectious diseases, metabolic dis-
eases or toxicoses were excluded from the present study.
All 53 patients were treated with high-dose corticosteroids
with or without steroid pulse therapy. Based on the efficacy
of immunosuppressive therapy, their neuropsychiatric
manifestations were attributed to SLE. When the disease
activity could not be controlled only by corticosteroids,
then iImmunosuppressive agents such as

cyclophosphamide and/or rituximab were used.
Antipsychotics were minimally used during the acute
phases of the diseases. All the patients’ clinical data includ-
ing the prognoses were reviewed based on their medical
records until 1 September 2012. The disease activity of
SLE was evaluated according to the British Isles Lupus
Assessment Group-2004 index,17 which can be converted
into a numerical score.'® A flare-up of SLE was defined as
the elevation of disease activities when grades A or B of
the British Isles Lupus Assessment Group-2004 index were
satisfied, that in turn required an increase in the cortico-
steroid dose with or without the addition of an immuno-
suppressive drug. The date of flare-up of SLE or death was
determined from the medical records. This study has been
approved by the ethics committees in Kitasato University
School of Medicine and in Teikyo University School of
Medicine.

Autoantibodies and IL-6 measurement

Anti-dsDNA antibodies were evaluated by radioimmuno-
assay or ELISA, anti-Sm, anti-cardiolipin (CL), and
anti-CL.  p2-glycoprotein I complex antibodies were
detected by ELISA. Lupus anticoagulant was determined
by dilute Russell’s viper venom time. These antibodies
were measured by the manufacturers who each defined
their own cut-off values themselves. Antiphospholipid
(anti-PL) antibodies included anti-CL antibodies,
anti-CL p2-glycoprotein I complex antibodies and lupus
anticoagulant; and the positivity of anti-PL antibodies
was defined as the presence of one or more of three
tests as positive. Antiribosomal P protein (anti-ribo P)
antibodies were determined by ELISA as previously
described.'? CSF IL-6 is an effective measure in diagnos-
ing diffuse NPSLE at the cut-off value of 4.3 pg/mL."
CSF IL-6 testing was done by ELISA or bioassay using
IL-6 dependent cell line MH60.BSF2.*

MRI acquisition

All MRI scans were performed using a 1.0 Tor 1.5 T MR
scanner along with the usual procedures in clinical prac-
tice within a few days of the occurrence of diffuse NPSLE.
MRI included Tl-weighted and T2-weighted images,
fluid-attenuated inversion recovery (FLAIR) images and
diffusion-weighted images. In some patients, gadolinium
enhancement was performed on Tl-weighted or FLAIR
images. Whenever possible, a follow-up examination of
the brain MRI was done 2—4 weeks after treatment. For
the analysis of the reversibility, the results from the first
follow-up were used. All the MRI scans were evaluated by
expert neuroradiologists.

Statistical analysis

Comparison between patients with MRI abnormalities
and those without significant MRI findings was per-
formed using the Mann-Whitney U test, Fisher’s exact
test and logistic regression analysis where appropriate.
Effects of MRI abnormalities on relapse of SLE or as
related to mortality were analysed by the log-rank test
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with the Kaplan-Meier method, using JMP V.5.1.2. (SAS
Institute, Cary, North Carolina, USA).

RESULTS
Relationship of brain MRI abnormalities with
neuropsychiatric manifestations
Of the 53 patients, brain MRI revealed abnormalities in
the parenchyma or the meninges in 25 patients
(47.2%). As shown in table 1, there were no significant
differences in gender, ages at the onset of diffuse
NPSLE, or the disease activity between patients with
MRI abnormalities and those without MRI abnormal-
ities, although ages at the onset of diffuse NPSLE
appeared to be higher in patients with MRI abnormal-
ities (p=0.0625). Consistently, the disease duration of
SLE was significantly longer in patients with MRI abnor-
malities (76.4+111.4 months, mean+SD) than in those
without  MRI  abnormalities (19.8+55.2 months)
(p=0.0009). Moreover, patients with MRI abnormalities
contained higher numbers of events of relapsed SLE
than did those without MRI abnormalities (p=0.0525)
(table 1). There were no significant differences in the
distribution of various neuropsychiatric manifestations,
including acute confusional state, psychosis, anxiety dis-
order, mood disorder and cognitive dysfunction between
the two groups (table 1). There were 11 patients with
diffuse NPSLE who also had seizures. However, the com-
plication of seizures was not significantly correlated with
abnormal high-density lesions on brain MRI.

The most prevalent abnormal MRI findings in patients
with diffuse NPSLE included multiple small white
matter hyperintensities (WMHs) on T2-weighted or

FLAIR images (22 patients, 88%). Eighteen of 22 WMHs
were of patients with 1 to 10 multiple scattered lesions
of less than 10 mm in diameter located in the subcor-
tical area. Two patients had approximately 30 mm of
diffuse infiltrative lesions in the white matter. While grey
matter hyperintensities were detected in the hippocam-
pus, basal ganglia, cerebellum and brain stem in seven
patients (28%), most patients (six of seven, 86%) also
exhibited complications of WMH (table 2). The lesions
of the hippocampus showed diffuse hyperintensities.
The lesions on the basal ganglia showed diffuse hyperin-
tensities in two patients and punctate intensities in one
patient. Cerebellar lesions consisted of multiple spotted
changes. These results indicated that WMHs were the
most prevalent abnormalities on brain MRI scans in this
study.

Seventeen of the 23 patients with MRI abnormalities
were also followed up after treatment. MRI abnormal-
ities at the onset of diffuse NPSLE improved after the
successful treatment in 10 of those 17 patients (55.8%),
but did not change in six patients or slightly exacerbated
in one patient, despite the amelioration of diffuse
NPSLE. The most prevalent changes in improved lesions
were the reduction of the involved size. A few lesions
had disappeared as revealed in the follow-up examina-
tions. These data suggest that brain MRI abnormalities
in diffuse NPSLE might consist of at least two different
pathogeneses.

Relationship of brain MRI abnormalities with various
parameters in serum and CSF

Autoantibodies play an important role in pathogenesis
in NPSLE.'* 2! 22 However, serum anti-DNA, anti-Sm,

Table 1 Characteristics of patients at the onset of diffuse NPSLE

Brain MRI abnormal findings

Characteristics Patients (N=53) Absent (n=28) Present (n=25) p Value
Gender (male/female) 8/45 3/25 5/20 0.4527*
Age (years) (mean+SD) 38.9+17.1 35.1£17.2 43.1+16.3 0.0625%
Disease duration (months) (mean+SD) 47.1+£90.3 19.8+55.2 76.4+111.4 0.0009t
Follow-up period (months) (mean+SD) 72.6+44.6 81.2+74.5 62.8+64.7 0.33121
Initial presentation of SLE 33 (62.3%) 21 (75.0%) 12 (48.0%) 0.0525t1
Mean of total BILAG-2004 index score 14.2 14.6 13.9 0.61481
Neuropsychiatric manifestations
ACS 37 17 20 0.1474*
Psychosis 6 5 1 0.1959*
AD 3 3 0 0.2380*
MD 12 7 5 0.7499*
CD 6 2 4 0.4042*
Complication of seizures 11 4 7 0.3126*
Hypertension 3 1 2 1.0000*
Hyperlipidaemia 0 0 0
Diabetes mellitus 3 2 1 1.0000*

*Fisher's exact test.
tMann-Whitney U test.

ACS, acute confusional state; AD, anxiety disorder; BILAG, British Isles Lupus Assessment Group; CD, cognitive dysfunction; MD, mood
disorder; NPSLE, neuropsychiatric systemic lupus erythematosus; SLE, systemic lupus erythematosus.
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Table 2 Characteristics of MRI abnormalities and their relevance with neuropsychiatric presentations

Brain MRI findings Patients (N=53) ACS Psychosis AD MD CD Seizure
Abnormal MRI* 25 20 1 0 5 4 7
WMH 22 18 1 0 4 4 7
Multiple punctate 18 15 1 0 3 0 6
Diffuse infiltrative 2 1 0 0 1 0 1
Haemorrhagic infarction 2 2 0 0 0 0 0
GMH 7 5 0 0 2 1 4
Basal ganglia 2 1 0 0 1 0 2
Hippocampus 3 2 0 0 1 1 3
Cerebellum 1 1 0 0 0 0 1
Haemorrhagic infarction 2 2 0 0 0 0 0
GMH alone 1 1 0 0 0 0 0
WMH + GMH 6 4 0 0 2 1 4
Meningeal 2 2 0 0 0 0 0
Atrophic 14 11 1 1 4 3 3
Abnormal MRI 9 8 0 0 2 2 3
Severity
Minimal 8 7 1 0 0 1 0
Moderate 5 4 0 0 2 0 2
Marked 12 9 0 0 3 3 5

*All MRI abnormalities other than cortical atrophy found in all conditions including T1, T2-weighted images, and FLAIR. Minimal including one
to three punctate lesions of WMH, moderate including four to six punctate lesions of WMH or meningeal lesions alone, and marked including

diffuse infiltrative lesions, haemorrhagic infarction or GMH.

ACS, acute confusional state; AD, anxiety disorder; CD, cognitive dysfunction; GMH, grey matter hyperintensities; FLAIR, fluid-attenuated
inversion recovery; MD, mood disorder; WMH, white matter hyperintensities.

anti-ribo P, or anti-PL antibodies were not significantly
associated with the presence of brain MRI abnormalities
(figure 1). CSF data were available for 41 patients. In
the CSF leucocyte count, there were no differences
between patients with MRI abnormalities (39.2+85.0
cells/mm?) and those without MRI abnormalities (10.9
+18.9 cells/mm?) (p=0.3623). The CSF glucose level in
patients with MRI abnormalities was 60.7+27.7 mg/dL
and in those without MRI abnormalities was 68.9
+39.1 mg/mL, respectively, but was not significantly

100 %) MRI abnormalities
O Absent
p=0.3955 O Present
p=1.0000
— p=0.4730
1
50 F
p=0.5627
0 Anti-DNA Anti-Sm Anti-PL Anti-ribo P

Figure 1 Association of MRI findings and serum
autoantibodies in diffuse neuropsychiatric systemic lupus
erythematosus. Anti-PL, anti-phospholipid antibody; anti-ribo
P, anti-ribosomal P protein antibody. Anti-PL included
anticardiolipin IgG antibody, anti-cardiolipin 82 glycoprotein |
antibody and/or lupus anticoagulant. Statistical significance
was evaluated by Mann-Whitney U test.

different (p=0.5888). Whereas the CSF protein level
was significantly elevated in patients with MRI abnormal-
ities (199.2+44.1 mg/dL), it was significantly lower in
those without MRI abnormalities (37.5+8.6 mg/dL)
(p=0.0106). CSF IL-6 was significantly higher in patients
with brain MRI abnormalities than in those without MRI
abnormalities (p=0.0225) (figure 2). The data suggest
that CSF IL-6 might be involved in the development of
brain high intensity lesions detected on MRI in diffuse
NPSLE.

Relevance of brain MRI abnormalities with the prognosis of
diffuse NPSLE

Finally, we retrospectively examined the influences of
MRI abnormalities on the prognosis of patients with

[pg/ml] p=0.0225
1000000 —
100000 °
10000 o
o°
1000 000 %000
100 % 00
00! —0550
10{ B0 Og0°
00 S
1 - ,
Absent Present
MRI abnormalities

Figure 2 Relationship between cerebrospinal fluid IL-6 and
abnormal MRI findings in diffuse neuropsychiatric systemic
lupus erythematosus. Statistical significance was evaluated by
Mann-Whitney U test.
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diffuse NPSLE. During the observation periods (72.6
+44.6 months, mean=SD), 12 of the 53 patients (22.6%)
experienced exacerbation of general SLE activities
requiring an increase in their doses of corticosteroids,
with or without the addition of immunosuppressive
drugs. Patients without flare-ups of SLE were censored
on the date of their last visit. Moreover, two of four
patients who died from causes unrelated to SLE were
censored on the date of death. As shown in figure 3, the
presence of brain MRI abnormalities did not influence
the exacerbation of SLE (p=0.8462). The 5-year, 10-year
and 15-year mortality rates of the 53 patients were
84.5%, 84.5% and 72.4%, respectively (figure 4A). Thus,
9 of the 53 patients (17.0%) died during the observation
periods. The survival duration of the nine patients from
the onset of diffuse NPSLE was 20.2+50.0 months (mean
+SD). Four of these nine patients, died of causes unre-
lated to SLE disease activity (three of pneumonia and
one of rupture of an aortic aneurysm); and the remain-
ing five patients died of the complications of active SLE,
including pulmonary hypertension, catastrophic anti-PL
syndrome, thrombotic thrombocytopenic purpura,
pneumatosis intestinalis, and cerebritis. Thus, all of the
dead patients had severe disease activities or had compli-
cations by immunosuppressive therapy such as corticos-
teroids which had been used due to persistent high
disease activities. Brain MRI abnormalities significantly
increased the overall mortality rate in patients with
diffuse NPSLE (figure 4B).

DISCUSSION

Previous studies reported that brain MRI abnormalities
were observed in 42.9-84.0% of the patients with
NPSLE.!! 12 25-26 However, most studies contained
patients with neurological syndromes as well as diffuse
NPSLE."" '# #*726 Focal CNS manifestations included in
neurological syndromes usually show various abnormal
densities on brain MRL* For example, cerebrovascular
disease, caused by anti-PL antibodies, present abnormal
intensity lesions on brain MRIL.*” Thus, the features on
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Figure 3 Kaplan-Meier analysis of the effect of MRI findings
on the flare of general systemic lupus erythematosus activities
in diffuse neuropsychiatric systemic lupus erythematosus.
Statistical significance was evaluated by log-rank test.
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Figure 4 Kaplan-Meier analysis of the effect of MRI findings
on the mortality in diffuse neuropsychiatric systemic lupus
erythematosus. (A) Overall mortality in all the patients.

(B) Effect of MRI findings on overall mortality. Statistical
significance was evaluated by log-rank test.

brain MRI in diffuse NPSLE have not been precisely
explored. The results in the present study revealed that
47.2% of patients with diffuse NPSLE had abnormal
lesions revealed on brain MRI, even though they did not
present with any focal neurological manifestations. In
this regard, Castellino et al”® showed that abnormal
brain MRIs were observed in 55.8% of the patients with
diffuse NPSLE, which was not significantly different
from patients without NPSLE (36.6%).

The most frequently observed abnormal lesions in
brain MRI were small WMHs in subcortical areas in the
present study, consistent with previous studies.'’ '* #* 2
Although Castellino e al*® also demonstrated that WMH
was detected in 59.1% of patients with diffuse NPSLE,
such lesions might not be specific for diffuse NPSLE,
and have been observed in patients with SLE without
NPSLE.?2®  More importantly, MRI abnormalities
decreased or disappeared after treatment in some
patients, whereas such lesions did not change at all in
spite of improvement of diffuse NPSLE in others. The
data indicate that brain MRI abnormalities resulted from
at least two different mechanisms: one leading to revers-
ible lesions, and the other to irreversible lesions. It
would be important to explore the influences of various
factors on the development of such reversible or irre-
versible MRI abnormalities.

A variety of autoantibodies have been shown to be
involved in the pathogenesis of diffuse NPSLE.'* #! 22 29
However, anti-DNA, anti-Sm, anti-PL. or anti-ribo P anti-
bodies were not significantly associated with abnormal
brain MRI lesions. Even though anti-PL might cause the
irreversible lesions detected on brain MRI, anti-PL was
not correlated with the presence of the irreversible
brain MRI lesions in the present study. However, CSF
IL-6 level was significantly correlated to the presence of
brain MRI abnormalities in patients with diffuse NPSLE.
Therefore, although CSF IL-6 was above the cut-off level
in all the patients, CSF IL-6 was significantly higher in
patients with MRI abnormalities. Previous studies dis-
closed that IL-6 is produced by neurons in diffuse
NPSLE.* It is therefore likely that CSF IL-6 might
consist of IL-6 derived from neurons as well as that
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derived from abnormal MRI lesions, presumably caused
by vasculitis.”’ The severity classified by the pattern of
MRI abnormalities was not associated with certain types
of diffuse NPSLE or CSF IL-6 level, indicating that the
results of brain MRI abnormalities after being affected
by various factors were heterogeneous. However, the
presence of brain MRI abnormalities was significantly
related to the higher level of CSF IL-6. If the inflamma-
tion was caused by vasculitis involving CSF IL-6 elevation,
the vasculitis could be classified into two types based on
the reversibility of MRI abnormalities, and the reversibil-
ity might affect the degree of damage due to vasculitic
inflammation. In this regard, anti-N-methyl-D-aspartate
receptor subunit NR2 (anti-NR2) antibodies, which have
been shown to be elevated in CSF from patients with
diffuse NPSLE,'* 16 17 have also been demonstrated to
bind endothelial cells and induce production of proin-
flammatory cytokines, including IL-6.* Therefore,
anti-NR2 might cause vasculitis in some patients. Further
studies would be important to examine the relationship
of abnormal brain MRI lesions with anti-NR2 in serum
and CSF of patients with diffuse NPSLE. Moreover, the
significant elevation of CSF protein level in patients with
MRI abnormalities implies the presence of more severe
damage to the blood-brain barrier involving vasculitis.
From the results of MRI reversibility, CSF IL-6 and
protein level, CNS inflammation in diffuse NPSLE could
be divided into three types depending on the presence
and the reversibility of brain MRI abnormalities: (1)
mild vasculitis with MRI reversibility, (2) moderate or
more severe vasculitis without MRI reversibility, and (3)
non-vasculitic inflammation without MRI abnormalities.

CONCLUSIONS

The presence of brain MRI abnormalities significantly
increased the mortality, although it did not affect the
rate of relapse of general SLE activities. Most of the
causes of death were complications of SLE itself or infec-
tious diseases, presumably caused by immunosuppressive
therapy for SLE. Therefore, patients with diffuse NPSLE
with brain MRI abnormalities had more severe disease
and thus affected mortality. It should be noted, however,
that patients with brain MRI abnormalities were older
and had longer disease duration of SLE. Taken together,
brain MRI abnormalities involving vasculitis could correl-
ate to the severity of diffuse NPSLE, which was inde-
pendent from the overall SLE disease activity.

There are a few limitations to the present study. First,
the number of patients with follow-up MRI was small.
A larger number of patients should be studied to deter-
mine the reversibility of abnormal brain MRI findings.
Second, anti-NR2 could be measured in only a limited
number of patients. The relationship between anti-NR2
and abnormal brain MRI should be examined on the
basis of a larger number of patients. Finally, the present
study was unable to incorporate the findings of brain
atrophy due to the lack of appropriate age-matched

control. Since brain atrophy has been found to be preva-
lent in patients with SLE,'? 9 2 s relevance with
various types of NPSLE warrants further investigation.
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