Managing CNS involvement in systemic

lupus erythematosus

The occurrence of neuropsychiatric manifestations in systemic lupus erythematosus (NPSLE) represents a
diagnostic and therapeutic challenge for patients and clinicians. In this article we briefly discuss new
perspectives on the pathogenesis, diagnosis, attribution and outcome of NPSLE. We speculated on the
possible role of a rigorous preventive strategy, which takes into account the existence of associated risk
factors that are yet to be fully defined, in the management of NPSLE. Finally, we highlight the management
options and focus on the established and newly available treatment protocols for the more challenging,
in terms of frequency or severity, clinical features of NPSLE.
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Epidemiology

Systemic lupus erythematosus (SLE) is a sys-
temic connective tissue disease with a broad
range of clinical manifestations characterized
by inflammatory and immune-mediated patho-
genetic mechanisms. Since the first report of
stupor and coma in the 19th century, several
neuropsychiatric (NP) syndromes have been
reported in SLE.

The neurologic syndromes secondary to cen-
tral, peripheral and autonomic nervous system
involvement and the psychiatric syndromes
observed in patients with lupus fall under the term
NP SLE (NPSLE). In 1999, to define the clinical
spectrum of NPSLE, an Ad Hoc Committee on
behalf of the American College of Rheumatology
(ACR) proposed nomenclature and case defini-
tion for 19 syndromes (Box 1). For each of these
syndromes, diagnostic criteria and an exhaustive
list of established exclusions or possible associa-
tions were provided in order to help determine the
nature of NP event. According to criteria, NPSLE
can be attributed to the disease (primary NPSLE)
or be a complication of the disease or its treatment
(secondary NPSLE), or be completely unrelated
to SLE representing an accidentally co-occurring
disorder [1]. Since their publication, the ACR clas-
sification criteria have been utilized in clinical
practice and research. However, high variability
in NPSLE prevalence is still recorded varying
from 37 to 91% (Tasiz 1) [2-6] as a consequence of
differences in study populations, misinterpreta-
tion and low accuracy of the standardized criteria.
In a 6-year prospective study, NPSLE occurred
in 95% of childhood-onset SLE patients [7];
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50—60% of NPSLE events occur within the first
year after disease onset and 41% of NP events
occurring at the time of SLE diagnosis have their
onset before [8].

The CNS is more frequently affected than
the peripheral nervous system, the latter rep-
resenting the target of 6-10% of NP events.
Therefore, the reported difference in prevalence
is mainly due to attribution given to CNS mani-
festations, especially minor events such as head-
ache, mood disorders and cognitive dysfunction,
which represent the most common manifestations
of NPSLE.

Ainiala er al. performed a population-based
study covering an area with 440,000 people and
estimated a NPSLE prevalence of 91% among
patients suffering from SLE [6]. Assessing the
validity of the ACR nomenclature for NPSLE in
their cohort of 46 patients and 46 matched con-
trols, the authors found a low specificity (46%)
for the proposed criteria. They proposed a revi-
sion of the criteria excluding anxiety, headache as
well as mild depression, mild cognitive dysfunc-
tion (with deficits in less than three domains)
and polyneuropathy unconfirmed by electro-
neurography, which gave rise to a higher degree
of specificity (93%) with a 46% detection rate
among SLE cases [9].

More recently Hanly ez /., in order to deter-
mine the prevalence of NPSLE in a multicenter
inception cohort of 572 patients at the time of
diagnosis (disease duration 5.2 + 4.2 months),
defined a set of decision rules that accounts for
the comprehensive list of exclusions and asso-
ciations in the ACR nomenclature, the revised
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New proposals for NPSLE criteria did not
consider some of the CNS syndromes traced in
the ACR nomenclature as distinctly SLE induced

Box 1. Neuropsychiatric syndromes in systemic lupus erythematosus
as defined by the 1999 American College of Rheumatology

nomenclature and their distinction in focal and diffuse

neuropsychiatric systemic lupus erythematosus.

= C

NS [1]

Acute confusional state
Anxiety disorder

Aseptic meningitis
Cerebrovascular disease
Cognitive dysfunction
Demyelinating syndrome
Headache

Mood disorders
Movement disorder

= Peripheral nervous system [1]

Autonomic disorder

Cranial neuropathy

Guillain—-Barré syndrome
Mononeuropathy (single/multiplex)
Myasthenia gravis

Plexopathy

Polyneuropathy

= Focal neuropsychiatric systemic lupus erythematosus [8]

Autonomic neuropathy
Cerebrovascular disease
Cranial neuropathy
Guillain—-Barré syndrome
Mononeuropathy
Movement disorder
Myasthenia gravis

= Diffuse neuropsychiatric systemic lupus erythematosus [8]

Acute confusional state
Anxiety disorder

Aseptic meningitis
Cognitive dysfunction
Demyelinating syndrome

criteria proposed by Ainiala er 2/, and the
temporal relationship between the NP event
and the diagnosis of SLE. They found that the
proportion of NP events attributable to SLE at
the time of diagnosis varied between 19 and
38%, depending upon the decision rules for
attribution, and affected 6.1-11.7% of patients
8]. Afterwards they confirmed their results in a
cohort of 1206 patients of whom 486 (40.6%)
had at least one NP manifestation in a total of
843 events, but only 17.7-30.6% of them were
attributable to SLE [10].

and suggested modification according to other
classifications [11,12]. For instance, the current
ACR nomenclature of headache disorders covers
only five categories, including ‘intractable head-
ache, nonspecific’ which is not further defined.
Comparing the specificity of the International
Headache Society (IHS) and ACR criteria in 61
subjects with SLE, Davey ez a/. found that the
THS criteria enabled classification of all headache
disorders seen in the cohort whereas the ACR cri-
teria failed to classify 22% of headache disorders

B IF\J/Iyelhopgthy (12]. It is conceivable to suppose that although
B SZ)i/Zcurc;ssls the ACR nomenclature has been a useful tool

in research, clinicians need new tools to better
diagnose and classify SLE patients suffering from
NP events.

Pathogenesis

The most substantiated analysis of NPSLE
pathogenetic mechanisms recognizes that
antibodies, systemic inflammation and throm-
bophilic state lead to neuronal dysfunction,
intrathecal cytokine production, accelerated ath-
erosclerosis, thrombosis, thromboembolism and
vasculopathy (Tasie2). Neuropathology findings
show that CNS vasculitis occurs in only 7-13%
of cases and major infarcts in 10-22%, whereas
thrombotic and hemorrhagic microangiopathy

~ Myelopathy (65—83%) as well as microinfarcts (35-71%)
~ Plexopathy are the most frequently observed changes in
— Polyneuropathy SLE but they do not always clearly fit with NP
— Seizures

symptoms [13-15]. Some clinical expressions of
NPSLE, the so-called focal manifestations, such
as cerebrovascular disease (CVD) have been
mostly associated with the thrombotic effect of
antiphospholipid antibodies (aPL) and Libman—
Sacks endocarditis [15,16]. On the other hand, the

_ Headache diffuse manifestations such as mood disorders,
~ Mood disorder psychosis and primary cognitive dysfunction
~ Psychosis are thought to be mainly caused by the immu-

nologic effects of antibodies directed against a
variety of CNS structure, thus resulting in dif-
ferent NP dysfunction. [15-17]. This hypothesis
is by far the most promising explanation of the
protean NPSLE phenotype.

The light subunit of the neurofilament trip-
let protein and the glial fibrillary acidic pro-
tein (GFAP) in the cerebrospinal fluid (CSF)
and antibodies against GFAP in the serum of
NPSLE patients have been identified [18.19]. Such
findings reflect neuronal death and implicate
astrocytes in the pathologic process. Although
neither neurofilament triplet protein nor GFAP
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Table 1. Prevalence of overall neuropsychiatric systemic lupus erythematosus and of each type of syndrome in

studies applying the 1999 American College of Rheumatology nomenclature and case definition.

Neuropsychiatric
syndrome

NPSLE prevalence

CNS

Acute confusional state
Anxiety disorder

Aseptic meningitis
Cerebrovascular disease

— Stroke

— Transient ischemic attack
— Chronic multifocal disease
— Subarachnoid hemorrhage
— Sinus thrombosis
Cognitive dysfunction

- Mild

— Moderate

— Severe

Demyelinating syndrome
Headache

— Tension headache

— Migraine without aura

— Migraine with aura

— Intracranial hypertension
— Aspecific headache

— Cluster headache

Mood disorders

— Major depressive-like episode

— With depressive features
— With manic features

— With mixed features
Movement disorder
Myelopathy

Psychosis

Seizures

— Primary generalized

— Partial or focal
Peripheral nervous system
Autonomic disorder
Cranial neuropathy
Guillain—Barré syndrome
Mononeuropathy
Myasthenia gravis
Plexopathy
Polyneuropathy*

Hanly et al.
n=111[
n (%)

41 (37)

N = A O O A
N0 u» o w
N~ N S~ S~ ~—

,\,\,\,\,\,\
~

O O O W N Ul — = WU

3/6 2.7)7
NR

NR

NR
3(2.7)
28(25.2)
16 (14.4)
9 (8.1)1

0

3(2.7)

0

16 (14.4)
9(8.1)
6(5.4)

2(1.8)

Sanna et al.
n =323 3]

n (%)

185 (57)

12 (3.7)
24(7.4)

0

57 (17.6)
22 (6.8)
24.(7.4)

6 (1.8)
4(1.2)
1(0.3)
35/57 (10.8)*
NR

NR

NR
3(0.9)
78 (24.1)
36 (11.1)
33(10.2)"

(0.6)
(1.2)
(0.9)
54 (16.7)
37 (11.4)
15 (4.6)
2(0.6)
0

4(1.2)
4(1.2)
25(7.7)
27 (8.3)
10 (3.0)
15 (4.6)

2
4
3

9(2.7)

Afeltra et al.
n =61 [4]

n (%)

44 (72)

0

4 (6.5)

0

15 (24.5)
3(4.9)
4(6.5)
7(11.4)
1(1.6)

0

32 (52.4)
19 (31.1)
10 (16.3)
3(4.9)

0
13(21.3)
3(4.9)
10 (16.3)"

0

0

0

17 (27.8)
8 (13.1)
9(14.7)

5(8.1)

Brey et al.
n =128 [s]
n (%)

102 (80)

0

27 (21.0)
0

2(1.5)
2(1.5)

0

0

0

0

53/67 (41.4)"
29 (22.6)
20 (15.6)
4(3.1)

0

73 (57.0)
21(16.4)
31(24.2)
20 (15.6)
1(0.7)

0

0

62 (48.4)
37 (28.9)
21(16.4)
3(2.3)
1(0.7)
1(0.7)

0

6(4.6)
21(16.4)
NR

NR

0

2(1.5)

0

9(7.0)

0

0

20 (15.6)8

Ainiala et al.
n =46 [¢]

n (%)

42 (91)

37 (80.4)
26 (56.5)
7(15.2)
4(8.6)
1(2.1)
25 (54.3)
7(15.2)
6 (13.0)
12 (26.0)
0

0

0

20 (45.4)
18 (39.1)
0

0

2 (4.3)
1(2.1)

0

0

4(8.6)
NR

NR

0
3(6.5)
0
0
1(2.1)
0
3(6.5)

"Cognitive tests were not routinely conducted in all patients but only if indicated (number with cognitive deficit/number underwent cognitive tests suggested by

American College of Rheumatology Ad Hoc committee).

*Confirmed by electroneurography.

$Number of diagnosis confirmed by electroneurography not reported.

TSubcategories are pooled on.

NPSLE: Neuropsychiatric systemic lupus erythematosus; NR: Not reported.
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or GFAP-reactive antibodies are diagnostic for
NPSLE these observations demonstrate that
some patients sustain persistent CNS injury.

A novel antineurofilament protein, the anti-
o-internexin antibody, has been identified as
being pathophysiologically relevant to NPSLE
cognitive damage and was found in both the
serum and CSF of 52% of NPSLE and 19% of
SLE patients [20]. Cognitive dysfunction, mood
disorders and other diffuse manifestations such
as movement disorders and isolated general-
ized seizures have shown an high prevalence in
aPL-positive patients [21] and a nonthrombotic
pathogenic effect played by these antibodies has
been suggested [22]. Antiribosomal-P antibodies
have been detected in patients with psychosis and
depression [23,24]. DeGiorgio ez al. demonstrated
that a subset of anti-DNA antibodies recognizes a
pentapeptide that is also present in the extracellu-
lar domain of the murine and human /N-methyl-
D-aspartate receptor (NMDAR) for glutamate,
which are mainly expressed in the hippocampus
(25]. Human antibodies against NMDAR lead
to neuronal apoptosis and have been detected in
the CSF of patients with cognitive dysfunction
and depression [26-28].

In vitro and animal models have shown that
the presence of antibodies targeting neuronal
antigens may result in functional abnormali-
ties and apoptotic cell death. Nevertheless, the
role of autoantibodies in NPSLE pathogenesis
remains incompletely understood. Recently pub-
lished data obtained using mouse hippocampal
slices are thought to have shed some light on the
unknown mechanism of autoantibody-mediated
pathogenesis in NPSLE. Faust ez a/. found that
NMDAR-reactive antibodies could have a dose-
dependent effect [29]. At low concentrations the
anti-NMDAR antibodies are positive modula-
tors of receptor function that increase the size
of excitatory postsynaptic potentials, whereas
at high concentrations they promote excito-
toxicity and cause neuronal death. The authors
concluded that the effect of different antibody
titers or the amount able to enter the brain across
the blood—brain barrier (BBB) may mirror the
clinical condition of NPSLE patients, in which
reversible symptoms may reflect synaptic effects
whereas severe episodes with permanent damage
may reflect neuronal death [29].

It has been hypothesized that damage of the
brain endothelium forming the BBB creates
small leaks across it, favoring the access of anti-
bodies and lymphocytes to the CNS and trig-
gering NPSLE development. The barrier break-
down has been attributed to ischemia, caused by

Int. J. Clin. Rheumatol. (2011) 6(5)

aPL or else platelet and fibrin microembolism
from Libman—Sacks endocarditis, or to inflam-
matory endothelium activation caused by local
lymphocyte and glial cytokine production (e.g.,
IL-2, IL-6, IL-10, IFN-o and matrix metallo-
proteinase) [26-28]. However, co-occurring con-
ditions such as infection, nicotine dependence,
hypertensive episode, atherosclerosis and older
age might represent risk factors for BBB permea-
bilization by which antibodies may gain access to
their neuronal target triggering NPSLE (30-34].
On the other hand, cytokines and other inflam-
matory mediators may be neurotoxic per se and
cause indirect damage by promoting endothe-
lial activation and vascular injury 35,36]. NPSLE
syndromes may recognize a single predominant
pathogenic mechanism among those mentioned,
or more than one. For instance, cognitive dys-
function and seizures may be secondary to stroke
and chronic multifocal CVD.

At present, despite their supposed role in the
pathogenesis of NPSLE, the detection of the above
mentioned antibodies, cytokines or other factors
in the sera and CSF of SLE patients does not help
to confirm the diagnosis of NPSLE and their use

is currently limited to an investigational role.

Risk factors

As very well summarized in a recent review [37],
the associated factors that increase a persons risk
of developing NPSLE include: high disease activ-
ity or damage, especially for seizure disorders and
severe cognitive dysfunction [38-43]); previous
events or other co-occurring NPSLE manifesta-
tions [40,44-46]; Libman—Sacks endocarditis; and
persistently positive aPL (moderate-to-high titer
of anticardiolipin or anti-B2-glycoprotein IgG/
IgM titers or the lupus anticoagulant), especially
for CVD, seizure disorder, cognitive dysfunction,
myelopathy and movement disorder (3.35.43.45].
Theoretically, tight control over disease activity
will help prevent lupus flares with CNS involve-
ment but NPSLE might be unforeseeable and
unrelated to systemic flares. Considering that
50-60% of patients with previous NP manifes-
tations experienced a second NP event during the
disease course [2-4], especially of the diffuse type,
clinicians might consider these kind of patients at
high risk for NPSLE recurrence and must subject
them to tighter NP control.

Recently, Govoni ez al. carried out a multi-
center retrospective study aiming to analyze, in
a large cohort of 959 Italian patients, whether
factors and comorbidities associated with NP
involvement could be defined and whether a ‘risk
profile’ for NP involvement could be depicted [47).

future science group
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This study provided some valuable confirmatory
data, with the presence of aPL antibodies, high
disease activity, high cumulative corticosteroids
intake and a young age at disease onset being
associated with NP involvement. Other asso-
ciations remain controversial or unspecific (i.e.,
psychosis and estrogens intake, psychosis and
lower corticosteroids cumulative dose, headache
and carotid vasculopathy, seizures and valvular
or chronic fibrillation heart disease) and need
further confirmation in properly designed pro-
spective studies. A potential role played by some
modifiable cardiovascular risk factors such as
hypertension and carotid vasculopathy in CVD
or hypertension and dyslipidemia in cognitive
impairment suggests an aggressive, rigorous and
preventive therapeutic approach should be used
for these conditions to optimize the management
of NPSLE [47]. Future studies investigating the
association between the exposure to any risk fac-
tor and the time to develop a NP event will help
designing prophylactic strategies.

Outcome

Neuropsychiatric SLE has a great impact on
patient lives in terms of morbidity, mortality, dis-
ability and quality of life. Severe NP manifesta-
tions occur early during the course of SLE and
contribute to damage accrual [48.49]. Although NP
damage does not seem to contribute to mortality,
the occurrence of NP infection, cerebrovascular
accident and active NPSLE represent a common
cause of mortality in lupus patients (50-53]. Quality
of life appeared poorer in SLE patients with NP
involvement, especially in those of Caucasian ori-
gin [53-55]. Moreover, quality of life score reported
by patients, calculated using a patient-derived
mental component summary (MCS) of the Short
Form-36 (SF-36), was lower in patients with NP
events that were either SLE related and non-SLE
related, and was also lower in patients with CNS
involvement and diffuse events [s6). Using the
SF-36 summary and subscales, including the
MCS, changes in quality of life were strongly asso-
ciated with the clinical outcome of NP events [57].
A global clinical approach for patients suffering
from NPSLE must consider routine assessment
of self-reported quality of life, and future NPSLE
therapeutic trials must be specifically designed
with quality of life among the primary outcomes
to develop a treat-to-target therapy.

Diagnosis

From a clinical point of view, NPSLE events can
manifest as acute or recurrent, silent or overt
and might be unnoticed or catastrophic. As

future science group

examples, ischemic stroke might be asymptom-
atic or lead to severe disability or death; on the
other hand, seizures might be simple, without
impairment of consciousness, or be generalized,
with tonic/clonic shakes. Finally, cognitive dys-
function can range from mild impairment to
severe dementia. Therefore, clinicians should be
warned about the possible occurrence of NPSLE
and in particular must be aware of the risks of
subtle manifestations.

Preliminary work-up
According to the European League Against
Rheumatism (EULAR) recommendations for
the management of NPSLE, physicians must
give necessary attention to patients” history and
physical examination in order to determine the
presence, the type and extension of neurological
deficit [s8]. Recently, Mosca et al. developed a
physician-administered questionnaire, assisting
in the screening of patients with SLE for the pres-
ence of nonovert NP involvement, which provide
a helpful first-level evaluation before deciding on
additional testing [59]. Nevertheless, a multidis-
ciplinary approach including the intervention of
dedicated neurologist, psychiatrist and neuropsy-
chologist is recommended in order to challenge
the NP involvement as a major factor of the early
life-threatening events and a main cause of the
late mortality curve and of mental or physical
disability in long-term surviving SLE patients.

Clinicians must always look for secondary
causes of NP disorders to exclude mimicking
conditions (i.e., hypertensive encephalopathy)
and to identify causes or aggravating factors,
such as dyslipidemia, infections (systemic and
CNS infections), concomitant diseases (i.e.,
thrombotic thrombocytopenic purpura, or
hyper- or hypothyroidism) metabolic distur-
bances (hypoglycemia or uremic syndrome),
adverse drug reactions, alcohol or illicit drug
use, and withdrawal syndromes, which may be
the cause of NP symptoms per se or may act as a
trigger for NPSLE development. In the presence
of CNS involvement clinicians should identify
and treat any possible provoking or worsening
factors for NP disorder in order to avoid mislead-
ing diagnosis and under- or overtreatment. In
the absence of CNS involvement the identifica-
tion of such conditions should lead to clinicians
considering such patients to be at a high risk of
developing NPSLE. In such patients, perform-
ing a tight control and management of disease
activity and risk factors, in order to prevent new
NP events, should be considered in the treatment
for NPSLE (FIGURE 1).
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In this setting, blood tests might be useful
to exclude secondary causes, such as metabolic
disturbances (hypo- or hyperglycemia, uremia or
electrolyte abnormalities), dyslipidemia, vitamin
deficiencies, liver or thyroid disease.

A CSF examination is indicated to exclude
subarachnoid hemorrhage or CNS infection
through Gram strain, microbiological culture
and PCR search for viral nucleic acid (e.g., her-
pes virus or JC virus [JCV]). CSF abnormali-
ties, such as elevated pressure (45%), increased
white cell count (22-36%), high protein level
(30-75%), low glucose level (4—42%) and oli-
goclonal bands (25-55%) are common in up to
90% of patients with active NPSLE but are not
specific and cannot accurately differentiate SLE
from non-SLE-related events [60-62]. However,
CSF analyses are quite useful in determin-
ing CNS inflammation and BBB breakdown,
which in the setting of SLE may indicate severe
pathology.

The ‘sensitivity versus specificity dilemma’ is
extremely important when diagnosing NPSLE.
Despite high specificity, testing for antibodies in
serum and CSF has limited diagnostic value for
NPSLE, because of low sensitivity. On the other
hand, CSF analysis and the many increasingly
sensitive neuroimaging and assay techniques
have poor specificity. These are the main reasons
why there is no gold standard for diagnosing
NPSLE, which is still based on expertise and

on the interpretation of a combination of tests.

Neuroimaging
As computed tomography (CT) is an easily
accessible technique, it can be used in acutely ill
patients to detect brain abnormalities. However,
conventional MRI is the test of choice in mor-
phological work-up of NPSLE patients because
of its higher sensitivity in detecting infarctions,
hemorrhages, reversible leukoencephalopathy,
parenchymal mass and abscess [63].

Typical MRI findings are small hyperintense
focal lesions in subcortical and periventricular
white matter on T -weighted and fluid attenu-
ated inversion recovery images, usually with
normal T -weighted signals and without con-
trast enhancement. These lesions are detected
in 35-60% of patients with long-lasting NPSLE
and probably indicate chronic irreversible injury,
but they are extremely aspecific as can be found
in both patients without CNS involvement (25—
50%) [64.65] and without SLE [66]. In a cohort
of newly diagnosed patients focal lesions had
a prevalence of 8%, suggesting that the brain
might be affected very early in disease course [67).

Int. J. Clin. Rheumatol. (2011) 6(5)

The prevalence of small T, hyperintense lesions
is higher in focal than diffuse NPSLE (85 vs
55%) and they do not represent acute or active
disease but rather old injury [68.69). The meaning
of white matter focal lesions is still controversial
but it is conceivable they represent the small ves-
sel vasculopathy, which must not be confused
with the rarely occurring vasculitis, character-
izing the major histopathological background
of brain involvement and their detection define
the picture of the so-called cerebral small ves-
sels disease (Tanie2) [70]. Their presence correlates
with SLE clinical severity, past history of CNS
involvement, cognitive dysfunction, aPL, aging,
heart valvular disease and hypertension, enhanc-
ing the evidence of a risk role played by these
factors [39,71-74].

Other MRI findings are large lesions involv-
ing the gray and white matter consistent with
cerebral ischemic stroke (Tasie 2). Cortical and
basal ganglia gray matter atrophy (2-9%), and
subarachnoid and ventricular space dilatation
(9-18%) can be detected with conventional
and more accurately with volumetric MRI and
have been associated with cognitive dysfunction,
seizures, CVD and a high cumulative dose of
glucocorticoids [68,74,75].

The recommended MRI protocol includes
diffusion weighted imaging (DWI) [76]. DW1I
improves MRI sensitivity in the early detec-
tion of acute ischemic stroke lesions and in
discriminating between recent (with restricted
diffusivity) and old (with normal diffusivity)
ischemic lesions, which are hardly distinguish-
able using conventional tools [77.78]. The use of
gadolinium does not increase the sensitivity or
specificity of MRI findings in NPSLE but might
be useful in detection of acute inflammation and
demyelination of the brain and spinal cord.

Proton magnetic resonance spectroscopy
(H-MRS) is an MRI application exploring the
biochemical profile of CNS and showing dif-
ferent spectra corresponding to different neu-
ronal metabolites such as the N-acetyl-aspartate
(NAA), choline (Cho) and creatinine (Cr),
which has been proven to be more sensitive
than MRI in detecting brain abnormalities but
is not specific for NPSLE (79.80]. Reduced NAA
levels are interpreted as neuronal/axonal loss or
dysfunction, an elevated Cho peak is putative
of increased cell membrane turnover as seen in
demyelination, inflammation or gliosis whilst
a diminished Cr peak indicates reduced neu-
ronal axonal density and gliosis [81). Altered
metabolite ratios are observed in SLE even in
the absence of MRI lesions [80]. A decreased
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Evidence of CNS involvement
(history, physical examination,

Identification of patients at
high risk of developing NPSLE

Tight clinical control and
management of risk factors

physician administered
guestionnaire)

PN

Yes
Expert

consultation is
recommended
<—— in the differential
diagnosis
(assessment/
exclusion process)

General diagnostic work-up

(refined functional examination,

blood tests, MRI)

and specific diagnostic work-up

(CSF analysis, EEG, SPECT, H-MRS,
neuropsychological tests)

according to clinical manifestation

Identification of type, extent, underlying
pathogenic mechanism(s) and severity of
NP event

Identification and treatment of
mimicking and aggravating condition
and

pharmacological and rehabilitative
therapy tailored to patient according to
type, extent, underlying pathogenic
mechanism(s) and severity of NP event

Figure 1. Algorithm for the approach to recognition, monitoring and general management
of patients with neuropsychiatric systemic lupus erythematosus.

CSF: Cerebrospinal fluid; EEG: Electroencephalography; H-MRS: Proton magnetic resonance
spectroscopy; NP: Neuropsychiatric; NPSLE: NP systemic lupus erythematosus; SPECT: Single photon

emission computed tomography.

NAA:Cr ratio correlates with MRI abnormali-
ties, aPL positivity and disease activity but does
not correlate with specific NP syndromes, whilst
an increased Cho:Cr ratio has been found in
active NPSLE [82,83].

Moreover and more interestingly, an increased
Cho:Cr ratio as well as hypoperfused areas
detected by single photon emission computed
tomography (SPECT) have been proven to

future science group

predict the future appearance of hyperintense
Tz—weighted MRI lesions in SLE patients [84.85].
Gasparovic et al. recently examined the abso-
lute differences in both regional cerebral blood
flow (CBF) and cerebral blood volume (CBV)
between patients with SLE and healthy controls
through dynamic susceptibility contrast- MRI.
The authors found that CBF and CBV within

MRI-visible lesions were markedly reduced
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relatively to surrounding normal-appearing
white matter. On the other hand, CBF and
CBV in normal-appearing tissue in patients with
SLE were higher than in controls. The authors
concluded that brain injury in SLE is character-
ized by brain hyperperfusion preceding lesion
pathology [86]; however, their innovative findings
need to be further investigated and confirmed in
future studies.

Single photon emission computed tomography
is a functional imaging technique that examines
brain perfusion and neuronal metabolic activity,
and is more sensitive than MRI for diffuse (89
vs 33%) NPSLE but has lower specificity show-
ing abnormalities even in patients with high
disease activity without overt NPSLE [19,87-89].
Specificity is improved when moderate-to-severe
perfusion deficits at multiple brain regions and
involvement of the basal ganglia are detected.

Other techniques such as dynamic suscep-
tibility contrast-MRI, magnetization transfer
imaging, diffusion tensor MRI, functional
MRI and perfusion weighted imaging have
limited use in NPSLE diagnosis because of a
nonstandardized role and in the case of PET,
because of its high cost.

In every day practice it has been advised to
obtain a conventional MRI not only at new NP
event occurrence or in presence of modification
of a previous NP manifestation, but also at the
time of SLE diagnosis, even in patients with-
out NPSLE, to allow baseline staging [90]. It
would be particularly advisable in patients with
a higher risk of developing future neurological
events such as those with persistently positive
aPL, dyslipidemia and hypertension. An addi-
tional functional imaging technique such as
H-MRS or SPECT should be performed, espe-
cially in patients with diffuse NP events and who
have a negative MRI, in order to detect early
brain abnormalities. Castellino ez a/. performed
MRI and SPECT simultaneously in 107 SLE
patients of whom 66 had CNS involvement.
They found both abnormal MRI and SPECT
in 37% of patients suffering with diffuse and
in 64% with focal NPSLE compared with 27%
of patients without CNS involvement (p=0.441
and p=0.028, respectively). On the other hand,
MRI and SPECT were both normal in 15% of
patients with diffuse and in 0% of patients with
focal NPSLE events versus 41% of SLE patients
without NP involvement (p < 0.01 in both
groups), which led the authors to suggest that
coupling morphological and functional diagnos-
tic tools may be more helpful in excluding NP
involvement than confirming it [68].

Int. J. Clin. Rheumatol. (2011) 6(5)

Additional testing in the evaluation of lupus
patients with NPSLE includes electroencepha-
lography (EEG), evoked potential, transcranial
Doppler ultrasound, MR angiogram and neu-
ropsychological tests. There is good evidence
that transthoracic echocardiogram should be
obtained, and if normal, then a transesophageal
echocardiogram should be obtained to determine
the subtle but common lesions of Libman—Sacks
endocarditis [91].

However, there has been little consensus on
the role of all the mentioned procedures and each
one of them has a different value in the diagnosis
and follow-up of the CNS syndromes occurring
in SLE patients.

Management

Management of CNS involvement in SLE still
remains a challenge for clinicians and owing to
the lack of randomized controlled trials the cur-
rent therapeutic approach is still empirical and
based on clinical experience.

The general approach to patients with NPSLE
is almost the same whilst specific diagnostic work-
up is based on the type of NP event (Ficure 1).
Therapeutic decision depends on accurate diag-
nosis, identification of underlying pathogenic
mechanism, severity of the presenting NP symp-
toms, and on prompt identification and manage-
ment of contributing causes of the CNS disease.

Symptomatic therapy, such as anticonvulsants,
antidepressants and antipsychotics might be help-
ful in specific types of NP disease. The use of
glucocorticoids is the best available option for the
treatment of inflammatory NPSLE manifesta-
tions, such as aseptic meningitis, myelitis, demy-
elinating syndrome, cranial neuropathy, seizures,
severe psychosis and acute confusional state [92].
Combination with immunosuppressants as
steroid-sparing agents is recommended. Pulse
intravenous cyclophosphamide therapy should
be reserved to refractory manifestations of active
lupus, generally when response is not seen in few
days, in severe events or in NPSLE associated
with glomerulonephritis [93]. Plasma exchange
has been reported to be effective in refractory
NPSLE in association with glucocorticosteroids
and cyclophosphamide [94.95). An observational
study in ten Japanese patients proved the effi-
cacy of the anti-CD20 monoclonal antibody
rituximab in refractory NPSLE [96]. Intravenous
immunoglobulin, mycophenolate mofetil, ritux-
imab and intrathecal injections with dexameth-
asone plus methotrexate deserve further study
to confirm their usefulness in the treatment of
SLE-related CNS involvement [60,97-99].
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Patients with persistently positive aPL at
moderate-to-high titers and previous throm-
botic events must be managed with anticoagu-
lants to reduce the risk of recurrence and thus
prevent of ischemic CVD [100]. Patients with
persistently positive aPL at moderate-to-high
titers in the absence of previous thrombotic
events might be treated with antiplatelet drugs
(antithrombotic effect) and/or hydroxychloro-
quine (antithrombotic effect, prevents lupus
flare and reduces lipid levels) [101]. However, no
data from controlled randomized trials support
the evidence of a primary prophylactic effect of
these agents with respect to the occurrence of
new NP events in both aPL-positive and -nega-
tive lupus patients [101,102). Conversely, some
neuropathologic post-mortem evidence show-
ing a high rate of micro- and macrohemorrhage
in the brain of NPSLE patients hypothetically
discourage chronic prophylactic antiplatelet
use in aPL-negative patients without previous
thrombotic episode.

Report on selected NPSLE syndromes
Owing to the wide range of clinical presenta-
tions, severity and available therapeutic options,
an in-depth analysis of every single NPSLE
manifestation is needed. Therefore, in this sec-
tion we discuss some challenging clinical fea-
tures, in terms of frequency or severity, in the
management of SLE-related CNS involvement.
Furthermore, we will remark on some syndromes
of particular interest that may occur as heralding
manifestations of the disease or complicate its
course, and we will highlight their principal dif-
ferential diagnosis. As mentioned above, a mul-
tidisciplinary approach with expert opinions is
advised in the management of these conditions.

Headache
Results from a meta-analysis highlight that
headache is frequently reported in SLE and
accounts for more than 50% of the all NP events
(migraine was reported by 32% and tension-
type headache by 23% of patients). Although
it should be noted that pooled data showed
the prevalence of all headache types was not
different from controls [103].

Usually, headache is secondary to other causes
besides lupus and is associated with abnormali-
ties of the eye (e.g., glaucoma), ear (e.g., mas-
toiditis), sinus (e.g., sinusitis), teeth (e.g., den-
tal granuloma), temporomandibular joint (e.g.,
pain syndrome), cervical spine (e.g., osthoarthri-
tis) and fibromyalgia, which must be looked for
and properly treated.
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No particular pathogenic mechanism of head-
ache in SLE patients has been identified. Usually
it does not require further investigation and it
should be classified according to IHS criteria and
managed as a primary headache. However, head-
ache might be the heralding symptom of a more
complex CNS syndrome, such as septic or asep-
tic meningitis including those associated with
nonsteroidal anti-inflammatory use, pseudotu-
mor cerebri and cranial neuropathy. Therefore,
cases of acute occurrence or modification of
an existing chronic headache associated with
high-risk factors (severe headache refractory to
analgesic drugs, sudden onset, vomiting, fever,
immunosuppression, aPL positivity) and alarm
signs (sign of infection, meningeal signs, papill-
edema, focal neurologic signs, decreased level of
consciousness) must be viewed cautiously, and
must be managed and treated accordingly.

Headache in SLE often responds to the same
interventions as non-SLE headache. Prophylactic
agents such as low-dose tricyclic antidepressants,
low-dose aspirin and valproic acid are some-
times useful for decreasing chronic headache
frequency.

Cognitive dysfunction
Cognitive dysfunction is a common complaint
in SLE patients (10-40%). Even in child-
hood-onset SLE cognitive impairment is not
uncommon and should not be overlooked [104].
According to the ACR nomenclature a patient’s
report of cognitive dysfunction should be catego-
rized as ‘objective’ (tested and verified), ‘subjec-
tive — not tested” or ‘subjective — tested and not
verified’.

Once detected, through neuropsychologi-
cal tests, cognitive dysfunction must be classi-
fied according to the type (domain of deficit:
simple attention, complex attention, memory,
visual—spatial processing, language, reasoning/
problem solving, psychomotor speed or executive
functions), severity (mild, moderate and severe)
and duration [1]. Usually cognitive dysfunctions
are not cumulative over time and have variable
impact on employment, functional outcome and
quality of life, with severe cognitive impairment
described in only 3—8% of SLE patients [105,106].

Screening of patients complaining of cognitive
deficits should include the use of validated tools
investigating attention, information processing,
learning, memory and executive function (e.g.,
Mini-Mental State Examination) but the final
diagnosis must be done through accurate neu-
ropsychological testing, such as the One-Hour
Neuropsychological Battery for SLE, carried
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out and interpreted by a neuropsychologist. The
computer-based Automated Neuropsychological
Assessment Metrics system may also be used
(107]. Since mood and psychological factors influ-
ence a patient’s report of cognitive dysfunction
as well as performance on neuropsychological
tests, all patients reporting cognitive dysfunc-
tion should also be assessed by a psychiatrist in
order to evaluate and exclude the occurrence of
a psychiatric illness, such as depression, which
may determine pseudodementia.

A brain MRI might be performed in order
to highlight abnormalities predictive of cog-
nitive deficit severity and progression, such as
cortical atrophy, white matter focal lesions and
cerebral infarcts, especially in the presence of
other known risk factors such as aPL (odds ratio
[OR]: 1.9-4.9), high disease activity (SLEDAI
>16; OR: 13.6), high cumulative dose of gluco-
corticosteroids, hypertension (OR: 4.7), older
age and dyslipidemia [43]. In selected patients
with normal MRI and new onset of cognitive
dysfunction a functional neuroimaging assay
(e.g., H-MRS or SPECT) should be performed
at baseline and follow-up in order to demonstrate
abnormal brain metabolism or hypoperfusion
and their changes after therapy.

Management of SLE patients with cognitive
dysfunction include identification and treatment
of any associated (e.g., metabolic disturbances,
drug abuse or withdrawal) or aggravating (e.g.,
hypertension or dyslipidemia) causes of impair-
ment. Pharmacologic therapy for SLE-associated
cognitive dysfunction still lacks evidence from
controlled studies. There has been only one
double-blind, paired, placebo-controlled study
published [108]. Treatment with 0.5 mg/kg/day
prednisone for 21 days, followed by steroid
tapering, has been reported to improve cogni-
tion in five out of eight patients naive to corti-
costeroids within the previous 6 months with
mild-to-moderate disease activity. However,
no data are available on long-term follow-up
in order to clarify the benefit of corticosteroids
after withdrawal or tapering. Moreover, a high
cumulative dose of prednisone is associated with
decreased cognitive functioning in patients with
SLE, although it is not clear there is a true asso-
ciation and it cannot be excluded that the use of
high prednisone doses is because of more severe
disease, which may more severely affect cogni-
tive functioning. Therefore, corticosteroid use
must be considered only in patients with high
disease activity. Antiplatelet and anticoagula-
tion therapy might be helpful in patients with
persistent positivity for aPL and progressive

Int. J. Clin. Rheumatol. (2011) 6(5)

cognitive impairment mostly in the presence of
MRI abnormalities and other vascular risk fac-
tors [109,110]. Low-dose aspirin may also be use-
ful for chronic cognitive dysfunction in NPSLE
in the absence of aPL. Cognitive rehabilitation
is an alternative or complementary therapeutic
approach [111] and can be particularly satisfac-
tory in those patients who had partial or com-
plete recovery from a previous episode of cogni-
tive dysfunction but still self-perceived cognitive
disturbances.

Cerebrovascular disease
During the disease course, 5-10% of lupus
patients develop CVD. Acute ischemic stroke
and transient ischemic attack (80-90%) are
more frequent than multifocal disease (5-10%),
intracranial hemorrhage (1-5%) and sinus
thrombosis (1-2%). CVD is a cause of increased
mortality and disability in SLE patients com-
pared with the general population and, despite
acute ischemic stroke being more frequently
observed, deaths due to cerebral infarctions
appeared less commonly than hemorrhages and
other types of cerebrovascular events [112].

Patients with SLE carry a high risk of CVD,
which cannot be explained only by traditional
cardiovascular risk factors, such as age (hazard
ratio [HR]: 1.07 per year of age), dyslipidemia
(HR: 1.09 per 10 mg/dl serum total cholesterol
above normal value), hypertension (HR: 3.2),
obesity, smoking, diabetes or carotid plaque,
and are partly due to accelerated atherosclerosis
typical of the disease [37.40.42.47). Disease specific
risk factors are persistently positive aPL (OR:
3.3-22.2), previous CVD (OR: 16.3), high
disease activity (SLEDAI >6; HR: 2.1) and val-
vular heart disease, in particular Libman—Sacks
endocarditis [37,40,42,47]. All the modifiable risk
factors must be carefully assessed at screening,
monitored and managed according to the exist-
ing guidelines promoting weight control and
tailored physical activity.

The clinical presentation of CVD depends
on the type and the extent of events and may
vary from asymptomatic to lethal neurologic
syndrome as seen in brain stem infarction or in
multivascular stroke. Diagnosis should be con-
firmed through brain imaging. CT scan may
help to exclude hemorrhage whilst MRI should
be performed to confirm cerebral infarction
and define the extent of injury. DW1 sequences
improve the sensitivity of MRI in the early diag-
nosis of acute ischemic and hemorrhagic stroke.
CT or magnetic resonance angiography may
detect brain aneurisms as a cause of hemorrhage.
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Cardiovascular imaging, including transtho-
racic echocardiogram, transesophageal echo-
cardiogram and carotid ultrasound are critical
in the evaluation of CVD in SLE and should
be part of every suspected ischemic CNS event
in SLE patients.

The acute management and rehabilitation
of CVD in SLE is similar to that in non-SLE
patients. Primary prophylaxis in patients who
are aPL negative is limited to managing primary
risk factors and eventually adding hydroxychlo-
roquine, which also confers additional thrombo-
prophylaxis, to control disease activity. Results
from studies on primary prophylaxis of throm-
botic CVD in asymptomatic patients carrying
aPL are scant and seem to exclude benefit from
low-dose aspirin [102]. However, in presence of
persistently positive aPL it may advisable to
add antiplatelet therapy (low-dose aspirin) and
hydroxychloroquine, especially when additional
thrombosis risk factors are present [100,101].
Secondary prevention in aPL-negative patients
include long-term antiplatelet therapy and tight
control of traditional cardiovascular risk factors
(s8]. In persistently positive aPL patients with a
history of previous thrombosis, including CVD,
long-term anticoagulation must be prescribed as
a secondary prevention. The level of anticoagu-
lation is still debated because there is a higher
risk of bleeding and hemorrhagic complications
in patients undergoing intensive anticoagulation
treatment. It has been suggested that the inter-
national normalized ratio should be titrated to
2.0-3.0 in the absence of risk factors (previous
arterial thrombosis, including ischemic stroke,
severe venous or recurrent thrombosis) for new
thrombotic events, whilst it should be maintained
at 3.0 or between 3.0 and 4.0 in patients with
risk factors [100,101,113]. CVD due to vasculitits is
extremely rare, therefore immunosuppression is
not recommended.

Seizures
Seizures are one of the 1997 ACR revised criteria
for the classification of SLE. Seizures, distinct
as focal or generalized, may occur in 8-15%
of patients as an isolated episode (60%) or as
epilepsy (40%), which is defined as a chronic
disorder characterized by an abnormal tendency
for recurrent unprovoked seizures. Isolated sei-
zures, not associated with focal stroke, are usu-
ally characterized by diffuse slowing on EEG
indicating diffuse encephalopathy; epilepsy is
usually characterized by anatomically restricted
focal spikes. Isolated seizures are most often
associated with active SLE and respond to
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therapy for SLE; epilepsy typically is not asso-
ciated with current active SLE and responds to
anticonvulsants.

Secondary causes of seizures include fever,
infection, drugs, metabolic disturbances, hypox-
emia and hypertension, and these causes must
be considered and treated. Posterior reversible
encephalopathy syndrome (PRES) is a rare con-
dition recently recognized in SLE patients and
mainly characterized by seizures, among other
neurologic manifestations (headache, acute con-
fusional state and visual loss), and transient pos-
terior changes on brain MRI consistent with cere-
bral edema [114]. The role of SLE in PRES, which
is associated with hypertension (95%), nephritis
(90%) and recent starting of immunosuppressive
therapy (55%), is still unclear and under debate
(115). Some cases of PRES complicated by intra-
cranial hemorrhage have been reported, however,
after early identification and prompt treatment of
precipitating condition the evolution of PRES is
usually rapidly favorable [115.116].

Brain MRI must be performed to highlight the
presence of malignancies, vascular abnormalities
and other anatomical changes that might cause
seizures. An EEG should be performed in every
patient presenting with a first episode of seizures.
However, typical epileptiform patterns, which
represent a risk for the development of epilepsy,
only occur in 25-50% of patients.

After a single episode of unprovoked seizures
in the absence of lupus activity the prescrip-
tion of chronic therapy with an anticonvulsant
should be delayed. In the presence of risk factors
for recurrence of seizures, such as previous stroke
(HR: 2.4) and persistently positive moderate-
to-high titers of anticardiolipin IgG (HR: 2.2),
anticonvulsants might be considered [40]. If the
seizures occurred as an isolated event during an
SLE flare, or in presence of high disease activity,
corticosteroids and immunosuppressant must
be prescribed. In cases of epilepsy anticonvul-
sants may help in preventing recurrence with or
without steroids and immunosuppressants. The
mechanism for seizures in SLE patients with aPL
has been related to focal cerebral ischemia or to a
direct aPL-mediated effect on neurons, and this
may explain why antiplatelet and anticoagula-
tion therapy has been anecdotally reported to
be effective in recurrent refractory unprovoked
seizures [99].

Psychosis
Psychosis, in the absence of offending drugs or

electrolyte imbalance, is included in the 1997
ACR revised criteria for the classification of SLE
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and its frequency ranges from 2 to 7%. In half
of cases psychosis is the initial presenting feature
of SLE and it recurs in only 10-20% of patients
after treatment [117]. The differential diagno-
sis of psychosis needs a psychiatric evaluation
and includes: drug-induced psychotic disorder
(e.g., high-dose corticosteroids), psychosis due
to illicit substance abuse, schizophrenia, mania
and brief psychotic disorder secondary to a
stressful event or trauma. Acute confusional
state, otherwise known as delirium, which is
included in the 1999 ACR nomenclature for
NPSLE and is characterized by fluctuating levels
of consciousness, reduced attention and distur-
bances of cognition, mood and behavior, must
be distinguished from psychosis. Psychosis typi-
cally presents with delusions, with or without
paranoid ideation, and/or auditory, visual and
olfactory hallucinations [117].

The diagnostic work-up in patients with psy-
chosis consists of CSF examination to exclude
CNS infections and brain MRI to detect organic
lesions. The detection of antiribosomal-P anti-
bodies in serum has low sensitivity (25%) and
moderate specificity (75-80%) and should not
be used for diagnostic purposes [23]. As brain
SPECT scan shows hypoperfusion areas in
80-100% of patients with overt psychosis. In
acute psychosis associated with NPSLE activ-
ity methylprednisolone pulses (500-100 mg
daily for 3 days) followed by a high dose of oral
prednisone (35-50 mg) and cyclophosphamide
pulses (500 mg every 2 weeks for 3 months
according to severity and clinical response)
followed by maintenance with azathioprine is
recommended [92,117]. In psychosis refractory
to conventional immunosuppressive treatment
plasma exchange or rituximab may be effective
options [95.96]. Antipsychotics should be pre-
scribed according to guidelines, especially in
relapsing cases.

Myelopathy
Myelopathy represents a rare feature of NPSLE
occurring in approximately 1% of patients as
transverse myelitis or ischemic myelopathy, and
is the first clinical manifestation of the disease
in some patients [118,119]. It usually has a rapid
onset (hours or days), with bilateral weakness of
the legs that may be asymmetric, with or with-
out arm involvement and with or without sen-
sory impairment with cord level similar to that
of motor weakness. Bowel and bladder dysfunc-
tion may also be present. Flaccidity and hypo-
reflexia indicate gray matter involvement, usu-
ally associated with fever and urinary retention

Int. J. Clin. Rheumatol. (2011) 6(5)

as prodromes of irreversible paraplegia, and
allow earlier diagnosis and treatment in SLE
patients and must not be confused with other
conditions. Patients with spasticity and hyper-
reflexia, consistent with white matter involve-
ment, are more likely to meet criteria for neu-
romyelitis optica and to have antiphospholipid
antibodies [120]. Neuromyelitis optica (NMO)
is an idiopathic inflammatory demyelinating
disease of the CNS predominantly affecting
optic nerves and spinal cord, characterized by
longitudinal extensive and rapidly progressive
transverse myelitis and MRI lesions extending
for more than three contiguous vertebra and
positivity for the serum antibody biomarker
NMO-IgG (antiaquaporin-4) [121]. Similarly to
NMO, myelopathy in SLE is highly associated
with optic neuritis (30-40%).

Cerebrospinal fluid examination should
investigate the presence of viral or bacterial
infection. Spinal cord MRI with gadolinium is
useful in the differential diagnosis of cord com-
pression (e.g., malignancies, vascular malforma-
tion, abscess, stenosis and herniated disc) and in
detection of T,-weighted hyperintense lesions
(70-90%). When a longitudinal myelopathy
is present, the association with NMO must be
suspected and a search for NMO-Ig should be
performed in the sera of patients. Brain MRI
might be performed to exclude a co-occurring
demyelinating syndrome. Early diagnosis and
intervention predict a good outcome whilst
severity of initial motor deficits, extensive MRI
lesions and sphincter dysfunction are risk fac-
tors for disability, which occurs in 55-65% of
patients [122].

Management of myelopathy in SLE should
include promptly high-dose methylprednisolone
pulses (500-1000 mg daily for 3 days), asso-
ciated with antivirals or antimicrobials until
exclusion of infection by CSF microbiologi-
cal culture or PCR for viral genome and con-
firmation of myelopathy through spinal cord
MRI. After exclusion of infection the antiviral
and antimicrobial therapy must be suspended
and pulses of cyclophosphamide (500 mg
every 2 weeks for 3 months or monthly doses
of 750 mg/m? body surface for 3—6 months
according to severity and clinical response)
quickly added in association with oral pred-
nisone. Because of the high risk of relapses
cyclophosphamide therapy should be followed
by treatment with immunosuppressants such as
azathioprine. Recently an observational study
in six SLE patients suggested that a treatment
regimen of rituximab and methylprednisolone
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pulses could be beneficial in preventing per-
manent neurological damage in severe lupus
myelopathy [123]. Plasma exchange has been
reported to be efficacious in severe myelopathy
(95]. The use of antiplatelet or anticoagulation
therapy in patients with persistently positive
aPL without previous thrombosis is controver-
sial, but should be considered in focal myelitis
and refractory cases [119,124]. Clinical course and
response to therapy may appear in a few hours
to a few days after starting treatment but most
of the time can only be appreciated after weeks
or months. Neurological rehabilitation should
be started early during treatment.

Demyelinating syndrome
The occurrence of demyelinating syndromes
in SLE is extremely rare (<1%) but may rep-
resent an extremely challenging condition for
both clinicians and patients with a very high
rate of residual disability. Usually a demyelinat-
ing syndrome starts with weakness and sensory
loss in one or more limbs associated with areas
of damage in brain white matter presenting as
T,-weighted hyperintense lesions on MRI and
sometimes showing contrast enhancement and
variable progression rate. It may also present
with transverse myelitis, cranial neuropathies
including optic neuritis, diplopia due to VI nerve
palsies or brain stem disease characterized by
vertigo, vomiting, ataxia, diplopia, dysarthria
or dysphagia. Pyramidal syndrome may coexist
but mainly in late stage.

Differential diagnosis is mandatory to exclude
infections or other causes of demyelinating
syndromes.

Progressive multifocal leukoencephalopathy is
a rare, typically fatal, CNS demyelinating dis-
ease that results from reactivation of the JCV,
which occurs more commonly in SLE than in
other rheumatic diseases and has been associ-
ated with high levels of immunosuppression [125).
The characteristic MRI findings of progressive
multifocal leukoencephalopathy include a lesion
in the white matter of the brain, sparing the cor-
tex and deep nuclei, that exhibits neither a mass
effect nor contrast enhancement [126]. Lesions
can appear atypically in the brainstem and cer-
ebellum. The gold standard for diagnosis is the
CSF detection of JCV DNA and treatment is
based on antiviral agents, but the disease has a
high mortality rate and devastating neurologic
sequelae [125].

Multiple sclerosis (MS) might be differenti-
ated from NPSLE because of the different MRI
findings in the brain and spinal cord. Brain

future science group

subcortical T,-weighted hyperintense lesions
predominate in SLE whereas periventricular,
corpus callosum, brain stem, basal ganglia and
cerebellar lesions are more common in MS.
Usually spinal cord MRI lesions in MS do not
show cord swelling, are confined to two verte-
bral segments and have a diameter of less than
half of the spinal cord. Gadolinium contrast
enhancement may help in differentiating new
MS lesions from past MS lesions and antiphos-
pholipid syndrome lesions. Multiple oligoclo-
nal bands may be found in SLE (25-55%) but
are more specific to MS (80-90%), especially
if they are found in high number (i.c., >5).
Visual evoked potentials typically show delayed
conduction but well-preserved wave form in
patients with MS [127]. The diagnosis of con-
comitant MS and SLE is particularly hazard-
ous. The therapy for MS may make SLE worse;
however, therapy for SLE may make MS bet-
ter. Most cases of MS superimposed on SLE are
actually SLE with antiphospholipid syndrome,
Libman—Sacks endocarditis or the sclerosis of
primary Sjogren’s syndrome.

Other conditions to be considered in the differ-
ential diagnosis of demyelinating syndromes are
sarcoidosis, subacute sclerosing panencephalitis,
neurosyphilis and CNS lymphoma.

Reports of therapy in SLE-related demyelin-
ating syndromes are anecdotal. In patients with
active brain MRI lesions and progressive and
relapsing syndromes, we recommend treatment
with methylprednisolone (500-1000 mg daily for
3 days), cyclophosphamide pulses (500 mg every
2 weeks for 3 months or 750 mg/m?* body surface
monthly for 3—6 months) and plasma exchange,
if available, followed by oral prednisone and
immunosuppressants as steroid-sparing agents.

Conclusion
In conclusion, the occurrence of NPSLE still
represents a diagnostic and therapeutic challenge
for patients and clinicians due to the high level
of decline in quality of life, morbidity, disability
and mortality.

The presented data reflect how challenging
it is diagnose NP events related to SLE versus
other etiologies, highlighting the need for thor-
ough differential diagnosis. At present, there is
no gold standard or a standardized algorithm of
attribution for CNS involvement in SLE.

Correct NPSLE management needs a multi-
disciplinary approach involving an expert in the
field, with treatment tailored to the patient and
type of NP event, and with the aim of increasing
quality of life.
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Pathogenic and clinical perspectives high-
light that the risk of NPSLE is mediated by a
number of elements that involve not only factors
associated with SLE, but also a range of general
modifiable risk factors. Preventative strategies
will therefore need to address all potential risk
factors of relevance in order to optimize NPSLE
management.

Despite the lack of randomized controlled tri-
als, the pharmacologic approach to NPSLE is
based on the underlying pathogenic mechanism.
Corticosteroids and immunosuppressants are
required in inflammatory or antibody-mediated
conditions whereas antimalarial, antiplatelet and
anticoagulant therapy must be considered in pri-
mary and secondary prophylaxis of thrombo-
embolic disorders. Symptomatic therapy may be
useful in specific syndromes.

Future perspective

Despite a sizeable amount of investigational
papers and guidelines on NPSLE being pub-
lished in the last 20 years by a high number
of researchers and physicians, and although
our knowledge in the field has quickly moved
forward since the publication of the 1999 ACR
nomenclature and case definition for NPSLE,
we have “miles to go before we sleep”, according
to a still significant editorial by Robin Brey and
Michelle Petri [128].

Considering the low prevalence of each
NPSLE syndrome in the general population,
future development in the management of SLE-
related CNS involvement will likely come from
longitudinal multicenter studies able to cluster
a sufficiently high number of patients. A better
understanding of the pathogenic mechanisms
of disease, the identification of biomarkers for
NPSLE, the availability of new tools for diagno-
sis and attribution of NP events, and the design
of specific double-blind, randomized controlled
trial testing the efficacy of both old and newly
available therapeutic agents are points of interest
in the next 5-10 years.

The development of new attribution algo-
rithms and the improvement of existent algo-
rithms, taking into account the epidemiology,
associated risk factors to the development of
NPSLE and the sensitivity and specificity of
diagnostic tools, will assist rather than substi-
tute clinicians in the decision-making process
when dealing with CNS involvement in SLE
patients [59,129].

Results from new neuroimaging assays such as
extra sequences placed into the MRI protocols
or new application for well-known techniques

Int. J. Clin. Rheumatol. (2011) 6(5)

such as the use of radiolabeled CNS drugs with
SPECT in the functional imaging need to be
validated in larger study and most importantly
their potential role must be proved in selected
NPSLE syndrome [130-133]. Furthermore, car-
diac and cardiovascular imaging is underuti-
lized in the evaluation of NPSLE and is to be
encouraged.

Long-term prospective studies and double-
blind randomized trials must be properly
designed, possibly together with patient del-
egates, in order to define a better therapeutic
approach for each NPSLE syndrome. Primary
and secondary end points must take into account
the efficacy of therapy in terms of event preven-
tion, resolution and risk of relapses but might
also be targeted to acceptable standardized levels
of quality of life. Prevention regimens consist-
ing in a better and tighter control of associated
modifiable risk factors should be tested in order
to understand their power to reduce the onset of
new NPSLE event.

Moreover, taking into account the potential
risks due to high cumulative doses of steroids,
the efficacy of the currently recommended
high-dose steroid therapeutic approach for
major NPSLE syndrome needs to be challenged
against other regimens of low-dose or steroid-
free therapy based on immunosuppressants such
as mycophenolate mofetil and new biotechno-
logical agents. At the same time, the role of the
long-term use of antiplatelet and anticoagulation
therapy in persistently positive aPL patients must
be better understood and they need to be deeply
investigated in order to verify and quantify their
preventive and curative potential.

Finally, in the next 1015 years, it will be
possible to clinically examine the therapeu-
tic effect of structural ‘mimetope’ peptides
blocking the antigen-binding site of supposed
pathogenic antibodies such as the known
antiribosomal-P and anti-NMDAR antibod-
ies or some newly recognized antibodies and
preventing their pathogenic interaction with
tissue antigens [133-136].
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Executive summary

Epidemiology

= According to the 1999 American College of Rheumatology (ACR) nomenclature, neuropsychiatric systemic lupus erythematosus (NPSLE)
has a prevalence ranging from 37 to 91%. However, recently developed sets of decision rules defined only 18-31% of events as
attributable to SLE.

= NPSLE should be classified for scientific and clinical purpose according to the 1999 ACR nomenclature and case definition until more
sensitive and specific attribution algorithms and classification criteria are developed.

Pathogenesis

= CNS vasculitis occurs in only 7-13% of cases and major infarcts in 10-22% of the cases, whereas thrombotic and hemorrhagic
microangiopathy (65-83%) and microinfarcts (35-71%) are major findings in post-mortem neuropathologic analysis.

= Focal manifestations such as cerebrovascular disease are considered to be mainly associated with the thrombotic effect of
antiphospholipid antibodies (aPL) and microembolism from Libman—Sacks endocarditis.

= Diffuse manifestations such as psychiatric syndromes are considered as secondary to the 'neurotoxic’ effect of cytokines and antibodies
directed against the cerebral structure, and they gain access to the CNS through blood-brain barrier defects.

= The breakdown of the blood—brain barrier is considered as secondary to ischemia, caused by antiphospholipid antibodies and Libman—
Sacks endocarditis, or to inflammatory endothelium activation, caused by either systemic inflammation due to SLE or co-occurring
conditions such as infection, nicotine dependence and hypertension.

Risk factors

= Major risk factors for NPSLE development are high disease activity or damage, previous events or other co-occurring NPSLE
manifestations, and persistently positive moderate-to-high titers of anticardiolipin or anti-p2-glycoprotein IgG/IgM or the
lupus anticoagulant.

Impact

= CNS involvement in SLE accounts for the high level of decline in quality of life, morbidity, disability and mortality.

Diagnosis

= Diagnostic work-up should be tailored to each individual patient according to the type, underlying pathogenic mechanism and severity
of the NPSLE event.

= The presence of mimicking or aggravating conditions must be determined as the first step in the NPSLE diagnostic work-up.

= A multidisciplinary approach including the intervention of expert rheumatologists, cardiologists, neurologists, psychiatrists and
neuropsychologists is recommended.

Management

= The first step in NPSLE management is the prompt identification and treatment of CNS disease-associated risk factors and
contributing causes.

= Pharmacological treatment must be tailored to each patient according to the type, underlying pathogenic mechanism and severity of
NPSLE manifestations.

= Symptomatic therapy, such as anticonvulsants, antidepressants and antipsychotics, might be helpful in appropriate syndromes with or
without the addition of steroids and immunosuppressants.

= Methylprednisolone and cyclophosphamide pulses followed by oral prednisone and immunosuppressants as steroid-sparing agents
should be used in severe cases.

= In refractory cases plasma exchange, intravenous immunoglobulin and rituximab might be successfully used.

= More data are needed on the efficacy of new biotechnologic agents, mycophenolate mofetil and intrathecal dexamethasone
plus methotrexate.

Future perspective

= Identification of biomarkers for NPSLE, the availability of new tools for diagnosis and attribution of neuropsychiatric events, and the
design of specific double-blind, randomized controlled trials testing the efficacy of both old and newly available therapeutic agents will
help the field to evolve in the next 5-10 years.

2 Hanly JG, Mccurdy G, Fougere L, Douglas 5 Brey RL, Holliday SL, Saklad AR ez al.

Bibliography

Papers of special note have been highlighted as:
= of interest

== of considerable interest

JA, Thompson K. Neuropsychiatric events in
systemic lupus erythematosus: attribution and
clinical significance. J. Rheumarol. 31,
2156-2162 (2004).

Neuropsychiatric syndromes in lupus:
prevalence using standardized definitions.
Neurology 58, 1214-1220 (2002).

6 Ainiala H, Loukkola ], Peltola J, Korpela M,
1 The American College of Rheumatology 3 Sanna G, Bertolaccini ML, Cuadrado M] Hietaharju A. The prevalence of
nomenclature and case definitions for et al. Neuropsychiatric manifestations in neuropsychiatric syndromes in systemic lupus
neuropsychiatric lupus syndromes. Arthritis systemic lupus erythematosus: prevalence and erythematosus. Neurology 57, 496-500
Rheum. 42, 599-608 (1999). association with antiphospholipid antibodies. (2001).
== Provides a complete nomenclature, J. Rheumatol. 30, 985-992 (2003). 7 Sibbitt WL Jr, Brandt JR, Johnson CR ez 4.
classification and case definition for 4 Afeltra A, Garzia P, Mitterhofer AP ez al. The incidence and prevalence of

systemic lupus erythematosus (SLE)

neuropsychiatric syndromes.

Neuropsychiatric lupus syndromes:
relationship with antiphospholipid antibodies.
Neurology 61, 108110 (2003).

neuropsychiatric syndromes in pediatric onset
systemic lupus erythematosus. /. Rheumatol.

29, 15361542 (2002).

future science group

www.futuremedicine.com

563



10

11

13

14

16

17

18

Piga & Mathieu

Hanly JG, Urowitz MB, Sanchez-Guerrero ]
et al. Neuropsychiatric events at the time of
diagnosis of systemic lupus erythematosus: an

international inception cohort study. Arthritis

Rheum. 56, 265-273 (2007).

Describes the prevalence, characteristics,
attribution and clinical significance of
neuropsychiatric events in an international
inception cohort of SLE patients at the time

of disease diagnosis.

Ainiala H, Hietaharju A, Loukkola J ez a/.
Validity of the new American College of
Rheumatology criteria for neuropsychiatric
lupus syndromes: a population-based
evaluation. Arthritis Rheum. 45, 419—-423
(2001).

Hanly JG, Urowitz MB, Su L ez al.
Prospective analysis of neuropsychiatric
events in an international disease inception
cohort of patients with systemic lupus

erythematosus. Ann. Rheum. Dis. 69,
529-535 (2010).

Jennekens FG, Kater L. The central nervous
system in systemic lupus erythematosus. Part
1. Clinical syndromes: a literature
investigation. Rheumatology (Oxford) 41,
605-618 (2002).

Davey R, Bamford J, Emery P. The ACR
classification criteria for headache disorders in
SLE fail to classify certain prevalent headache
types. Cephalalgia 28, 296-299 (2008).

Rowshani AT, Remans P, Rozemuller A, Tak
PP. Cerebral vasculitis as a primary
manifestation of systemic lupus
erythematosus. Ann. Rheum. Dis. 64,
784786 (2005).

Jennekens FG, Kater L. The central nervous
system in systemic lupus erythematosus. Part
2. Pathogenetic mechanisms of clinical
syndromes: a literature investigation.

Rheumatology (Oxford) 41, 619—-630 (2002).
Scolding NJ, Joseph FG. The neuropathology

and pathogenesis of systemic lupus
erythematosus. Neuropathol. Appl. Neurobiol.
28, 173189 (2002).

A complete review on classical
histopathological and experimental studies
providing an explanation on the wide
spectrum of features encountered in
neuropsychiatric SLE (NPSLE).

Sastre-Garriga ], Montalban X. APS and the
brain. Lupus 12, 877-882 (2003).

Colasanti T, Delunardo F, Margutti P ez al.
Autoantibodies involved in neuropsychiatric
manifestations associated with systemic lupus
erythematosus. /. Neuroimmunol. 212, 3-9
(2009).

Trysberg E, Nylen K, Rosengren LE,
Tarkowski A. Neuronal and astrocytic
damage in systemic lupus erythematosus

564

20

21

22

23

24

25

26

27

28

29

patients with central nervous system
involvement. Arthritis Rheum. 48, 2881-2887
(2003).

Sanna G, Piga M, Terryberry JW ez al.
Central nervous system involvement in
systemic lupus erythematosus: cerebral
imaging and serological profile in patients
with and without overt neuropsychiatric

manifestations. Lupus 9, 573-583 (2000).

Lu XY, Chen XX, Huang LD, Zhu CQ, Gu
YY, Ye S. Anti-a-internexin autoantibody
from neuropsychiatric lupus induce cognitive
damage via inhibiting axonal elongation and
promote neuron apoptosis. PLoS ONE 5,
el1124 (2010).

Sanna G, Bertolaccini ML, Cuadrado MJ,
Khamashta MA, Hughes GR. Central
nervous system involvement in the
antiphospholipid (Hughes) syndrome.
Rheumatology (Oxford) 42, 200-213 (2003).

Katzav A, Chapman J, Shoenfeld Y. CNS
dysfunction in the antiphospholipid
syndrome. Lupus 12, 903-907 (2003).

Karassa FB, Afeltra A, Ambrozic A et al.
Accuracy of anti-ribosomal P protein
antibody testing for the diagnosis of
neuropsychiatric systemic lupus
erythematosus: an international meta-ana-

lysis. Arthritis Rheum. 54, 312-324 (20006).

Hanly JG, Urowitz MB, Siannis F ez al.
Autoantibodies and neuropsychiatric events at
the time of systemic lupus erythematosus
diagnosis: results from an international
inception cohort study. Arthritis Rheum. 58,
843-853 (2008).

Degiorgio LA, Konstantinov KN, Lee SC,
Hardin JA, Volpe BT, Diamond B. A subset
of lupus anti-DNA antibodies cross-reacts
with the NR2 glutamate receptor in systemic
lupus erythematosus. Naz. Med. 7, 1189-1193
(2001).

ArinumaY, Yanagida T, Hirohata S.
Association of cerebrospinal fluid anti-NR2
glutamate receptor antibodies with diffuse
neuropsychiatric systemic lupus
erythematosus. Arthritis Rheum. 58,
1130-1135 (2008).

Kowal C, Degiorgio LA, Lee JY ¢ al. Human
lupus autoantibodies against NMDA receptors
mediate cognitive impairment. Proc. Natl
Acad. Sci. USA 103, 19854-19859 (2006).

Lapteva L, Nowak M, Yarboro CH ez al.
Anti-N-methyl-p-aspartate receptor
antibodies, cognitive dysfunction, and
depression in systemic lupus erythematosus.
Arthritis Rheum. 54, 2505-2514 (2006).
Faust TW, Chang EH, Kowal C ez al.
Neurotoxic lupus autoantibodies alter brain
function through two distinct mechanisms.
Proc. Natl Acad. Sci. USA 107, 18569-18574
(2010).

Int. J. Clin. Rheumatol. (2011) 6(5)

30

31

32

33

34

35

36

37

38

39

40

41

42

Abbott NJ, Mendonca LL, Dolman DE. The
blood—brain barrier in systemic lupus

erythematosus. Lupus 12, 908-915 (2003).

Davey R, Bamford J, Emery P. The role of
endothelial dysfunction in the pathogenesis of
neuropsychiatric systemic lupus
erythematosus. Lupus 19, 797-802 (2010).

Fragoso-Loyo H, Cabiedes J,
Orozco-Narvaez A et al. Serum and
cerebrospinal fluid autoantibodies in patients
with neuropsychiatric lupus erythematosus.
Implications for diagnosis and pathogenesis.

PLoS ONE 3, €3347 (2008).
Banks WA, Erickson MA: The blood—brain

barrier and immune function and dysfunction.
Neurobiol. Dis. 37, 26-32 (2010).

Hawkins BT, Abbruscato TJ, Egleton RD
et al. Nicotine increases in vivo blood—brain
barrier permeability and alters cerebral
microvascular tight junction protein
distribution. Brain Res. 1027, 48—58 (2004).

Trysberg E, Blennow K, Zachrisson O,
Tarkowski A. Intrathecal levels of matrix
metalloproteinases in systemic lupus
erythematosus with central nervous system
engagement. Arthritis Res. Ther. 6,
R551-R556 (2004).

Trysberg E, Carlsten H, Tarkowski A.
Intrathecal cytokines in systemic lupus
erythematosus with central nervous system

involvement. Lupus 9, 498-503 (2000).

Bertsias GK, Boumpas DT. Pathogenesis,
diagnosis and management of
neuropsychiatric SLE manifestations. Naz.
Rev. Rheumatol. 6, 358-367 (2010).

Karassa FB, Ioannidis JP, Touloumi G, Boki
KA, Moutsopoulos HM. Risk factors for
central nervous system involvement in
systemic lupus erythematosus. Q /M 93,
169-174 (2000).

Karassa FB, Ioannidis JP, Boki KA ez al.
Predictors of clinical outcome and radiologic
progression in patients with neuropsychiatric
manifestations of systemic lupus erythematosus.

Am. J. Med. 109, 628—634 (2000).

Mikdashi J, Handwerger B. Predictors of
neuropsychiatric damage in systemic lupus
erythematosus: data from the Maryland lupus
cohort. Rheumatology (Oxford) 43, 1555-1560
(2004).

Mikdashi J, Krumholz A, Handwerger B.
Factors at diagnosis predict subsequent
occurrence of seizures in systemic lupus
erythematosus. Neurology 64, 2102-2107
(2005).

Mikdashi J, Handwerger B, Langenberg P,
Miller M, Kittner S. Baseline disease activity,
hyperlipidemia, and hypertension are
predictive factors for ischemic stroke and
stroke severity in systemic lupus
erythematosus. Stroke 38, 281-285 (2007).

future science group



43

44

45

46

47

48

49

50

51

52

53

Tomietto P, Annese V, D’Agostini S et al.
General and specific factors associated with
severity of cognitive impairment in systemic
lupus erythematosus. Arthritis Rheum. 57,
1461-1472 (2007).

Bujan S, Ordi-Ros ], Paredes J ez al.
Contribution of the initial features of systemic
lupus erythematosus to the clinical evolution
and survival of a cohort of Mediterranean
patients. Ann. Rheum. Dis. 62, 859—-865
(2003).

Andrade RM, Alarcon GS, Gonzalez LA et al.
Seizures in patients with systemic lupus
erythematosus: data from LUMINA, a
multiethnic cohort (LUMINA LIV). Ann.
Rheum. Dis. 67, 829-834 (2008).

Padovan M, Castellino G, Bortoluzzi A,
Caniatti L, Trotta F, Govoni M. Factors and
comorbidities associated with central nervous
system involvement in systemic lupus
erythematosus: a retrospective cross-sectional
case-control study from a single center.
Rheumatol. Int. doi: 10.1007/s00296-010-
1565 (2010) (Epub ahead of print).

Govoni M, Bombardieri S, Bortoluzzi A

et al. Factors and comorbidities associated
with first central nervous system
neuropsychiatric event in systemic lupus
erythematosus : does a risk profile exist ? A
large multicenter retrospective cross sectional

study on 959 italian patients. Rheumatology
(Oxford) (2011) (In Press).

Chambers SA, Allen E, Rahman A,

Isenberg D. Damage and mortality in a group
of British patients with systemic lupus
erythematosus followed up for over

10 years. Rheumarology (Oxford) 48, 673—-675
(2009).

Fragoso-Loyo HE, Sanchez-Guerrero J. Effect
of severe neuropsychiatric manifestations on
short-term damage in systemic lupus
erythematosus. /. Rheumatol. 34, 76—80
(2007).

Alarcon GS, Mcgwin G Jr, Bartolucci AA
et al. Systemic lupus erythematosus in three
ethnic groups. IX. Differences in damage
accrual. Arthritis Rheum. 44, 2797-2806
(2001).

Cervera R, Abarca-Costalago M,

Abramovicz D et al. Systemic lupus
erythematosus in Europe at the change of the
millennium: lessons from the ‘Euro-Lupus
Project’. Autoimmun. Rev. 5, 180—186 (20006).

Petri M. Hopkins Lupus Cohort. 1999
update. Rheum. Dis. Clin. North Am. 26,
199-213 (2000).

Gonzalez LA, Pons-Estel GJ, Zhang ], Vila
LM, Reveille JD, Alarcon GS. Time to
neuropsychiatric damage occurrence in
LUMINA (LXVI): a multi-ethnic lupus
cohort. Lupus 18, 822—830 (2009).

future science group

Managing CNS involvement in systemic lupus erythematosus

56

57

58

59

60

61

62

63

64

Freire EA, Maia IO, Nepomuceno JC,
Ciconelli RM. Damage index assessment and
quality of life in systemic lupus erythematosus
patients (with long-term disease) in
Northeastern Brazil. Clin. Rheumatol. 26,
423-428 (2007).

Tam LS, Wong A, Mok VC ¢t al. The
relationship between neuropsychiatric,
clinical, and laboratory variables and quality
of life of Chinese patients with systemic lupus
erythematosus. J. Rheumatol. 35, 1038-1045
(2008).

Hanly JG, Urowitz MB, Su L ez al. Short-term
outcome of neuropsychiatric events in systemic
lupus erythematosus upon enrollment into an
international inception cohort study. Arthritis

Rheum. 59, 721-729 (2008).
Hanly JG, Urowitz MB, Jackson D ez al.

SF-36 summary and subscale scores are
reliable outcomes of neuropsychiatric events

in systemic lupus erythematosus. Ann.

Rheum. Dis. 70, 961-967 (2010).

Bertsias GK, Ioannidis JP, Aringer M ez al.
EULAR recommendations for the
management of systemic lupus erythematosus
with neuropsychiatric manifestations: report
of a task force of the EULAR standing
committee for clinical affairs. Ann. Rheum.

Dis. 69, 2074-2082 (2010).
Mosca M, Govoni M, Tomietto P et al. The

development of a simple questionnaire to
screen patients with SLE for the presence of
neuropsychiatric symptoms in routine clinical

practice. Lupus 20, 485-492 (2011).
Xuan Z, Yi D, Fu-Lin T, Fen-Chun Z.

Central nervous system involvement in
systemic lupus erythematosus in a hospital-
based study of 171 cases: the possible
therapeutic role of intrathecal therapy. /. Clin.
Rheumatol. 5, 314-319 (1999).

Mclean BN, Miller D, Thompson EJ.
Oligoclonal banding of IgG in CSF, blood—
brain barrier function, and MRI findings in
patients with sarcoidosis, systemic lupus
erythematosus, and Behcet’s disease involving
the nervous system. /. Neurol. Neurosurg.

Psychiatry 58, 548-554 (1995).
West SG, Emlen W, Wener MH, Kotzin BL.

Neuropsychiatric lupus erythematosus: a
10-year prospective study on the value of
diagnostic tests. Am. J. Med. 99, 153-163
(1995).

Peterson PL, Axford JS, Isenberg D. Imaging
in CNS lupus. Best Pract. Res. Clin.
Rheumatol. 19, 727-739 (2005).

Cauli A, Montaldo C, Peltz MT ez al.
Abnormalities of magnetic resonance imaging
of the central nervous system in patients with
systemic lupus erythematosus correlate with
disease severity. Clin. Rheumatol. 13, 615-618
(1994).

www.futuremedicine.com

65

66

67

68

69

70

71

72

73

74

Jennings JE, Sundgren PC, Attwood J,
Mccune J, Maly P. Value of MRI of the brain
in patients with systemic lupus erythematosus

and neurologic disturbance. Neuroradiology

46, 15-21 (2004).

Vermeer SE, Hollander M, Van Dijk EJ,
Hofman A, Koudstaal PJ, Breteler MM.
Silent brain infarcts and white matter lesions
increase stroke risk in the general population:
the Rotterdam Scan Study. Stroke 34,
1126-1129 (2003).

Petri M, Naqibuddin M, Carson KA ez al.
Brain magnetic resonance imaging in newly
diagnosed systemic lupus erythematosus.

J. Rheumatol. 35, 2348-2354 (2008).

Castellino G, Padovan M, Bortoluzzi A et al.
Single photon emission computed
tomography and magnetic resonance imaging
evaluation in SLE patients with and without
neuropsychiatric involvement. Rheumatology

(Oxford) 47, 319-323 (2008).

Interesting study in 107 patients with SLE
combining the use of MRI and SPECT

in the assessment of patients with
neuropsychiatric involvement and showing
how they appear more useful than the two

techniques alone.

Sibbitt WL Jr, Sibbitt RR, Brooks WM.
Neuroimaging in neuropsychiatric systemic
lupus erythematosus. Arthritis Rheum. 42,
2026-2038 (1999).

Sibbitt WL Jr, Brooks WM, Kornfeld M,
Hart BL, Bankhurst AD, Roldan CA.
Magnetic resonance imaging and brain
histopathology in neuropsychiatric systemic

lupus erythematosus. Semin. Arthritis Rheum.
40, 32-52 (2011).

Meaningful investigation describing
pre-mortem MRI abnormalities in fatal
NPSLE and their correlation to post-mortem
pathologic findings.

Appenzeller S, Bonilha L, Rio PA, Min Li L,
Costallat LT, Cendes F. Longitudinal analysis
of gray and white matter loss in patients with

systemic lupus erythematosus. Neuroimage
34, 694-701 (2007).

Roldan CA, Gelgand EA, Qualls CR, Sibbitt
WL Jr. Valvular heart disease is associated
with nonfocal neuropsychiatric systemic lupus
erythematosus. /. Clin. Rheumatol. 12, 3-10
(20006).

Kozora E, West SG, Kotzin BL, Julian L,
Porter S, Bigler E. Magnetic resonance
imaging abnormalities and cognitive deficits
in systemic lupus erythematosus patients

without overt central nervous system disease.

Arthritis Rheum. 41, 41-47 (1998).

Ainiala H, Dastidar P, Loukkola J ez a/.
Cerebral MRI abnormalities and their

association with neuropsychiatric

565



75

76

77

78

79

80

81

82

83

84

Piga & Mathieu

manifestations in SLE: a population-based
study. Scand. J. Rheumatol. 34, 376-382
(2005).

Jung RE, Segall JM, Grazioplene RG,

Qualls C, Sibbitt WL, Roldan CA. Cortical
thickness and subcortical gray matter
reductions in neuropsychiatric systemic lupus
erythematosus. PLoS ONE 5, €9302 (2010).

Sibbitt WL Jr, Schmidt PJ, Hart BL, Brooks
WM. Fluid attenuated inversion recovery
(FLAIR) imaging in neuropsychiatric
systemic lupus erythematosus. /. Rheumatol.

30, 1983-1989 (2003).

Bosma GP, Huizinga TW, Mooijaart SP, Van
Buchem MA. Abnormal brain diffusivity in
patients with neuropsychiatric systemic lupus
erythematosus. A/NR Am. J. Neuroradiol. 24,
850-854 (2003).

Welsh RC, Rahbar H, Foerster B,

Thurnher M, Sundgren PC. Brain diffusivity
in patients with neuropsychiatric systemic
lupus erythematosus with new acute
neurological symptoms. /. Magn. Reson.

Imaging 26, 541-551 (2007).

Sibbitt WL Jr, Haseler L], Griffey RR,
Friedman SD, Brooks WM.
Neurometabolism of active neuropsychiatric
lupus determined with proton MR
spectroscopy. A/NR Am. J. Neuroradiol. 18,
1271-1277 (1997).

Axford JS, Howe FA, Heron C, Griffiths JR.
Sensitivity of quantitative "H magnetic
resonance spectroscopy of the brain in
detecting early neuronal damage in systemic

lupus erythematosus. Ann. Rheum. Dis. 60,
106-111 (2001).

Brooks WM, Sibbitt WL Jr, Kornfeld M,
Jung RE, Bankhurst AD, Roldan CA. The
histopathologic associates of neurometabolite
abnormalities in fatal neuropsychiatric

systemic lupus erythematosus. Arthritis

Rheum. 62, 2055-2063 (2010).

Brooks WM, Jung RE, Ford CC, Greinel EJ,
Sibbitt WL Jr. Relationship between
neurometabolite derangement and
neurocognitive dysfunction in systemic lupus
erythematosus. /. Rheumatol. 26, 81-85
(1999).

Steens SC, Bosma GP, Steup-Beckman GM,
Le Cessie S, Huizinga TW, Van Buchem MA.
Association between microscopic brain
damage as indicated by magnetization
transfer imaging and anticardiolipin
antibodies in neuropsychiatric lupus. Arthritis

Res. Ther. 8, R38 (2006).
Appenzeller S, Li LM, Costallat LT,

Cendes F. Neurometabolic changes in

normal white matter may predict

appearance of hyperintense lesions in systemic
lupus erythematosus. Lupus 16, 963-971
(2007).

566

85

86

87

88

89

90

91

92

93

94

95

Castellino G, Govoni M, Padovan M,
Colamussi P, Borrelli M, Trotta F. Proton
magnetic resonance spectroscopy may predict
future brain lesions in SLE patients: a
functional multi-imaging approach and
follow up. Ann. Rheum. Dis. 64, 1022-1027
(2005).

Gasparovic CM, Roldan CA, Sibbitt WL Jr
et al. Elevated cerebral blood flow and volume
in systemic lupus measured by dynamic
susceptibility contrast magnetic resonance

imaging. /. Rheumatol. 37, 1834-1843 (2010).

Lopez-Longo FJ, Carol N, Almoguera MI
et al. Cerebral hypoperfusion detected by
SPECT in patients with systemic lupus
erythematosus is related to clinical activity
and cumulative tissue damage. Lupus 12,
813-819 (2003).

Oku K, Atsumi T, Furukawa S ez al. Cerebral
imaging by magnetic resonance imaging and
single photon emission computed tomography
in systemic lupus erythematosus with central

nervous system involvement. Rheumatology

(Oxford) 42, 773-777 (2003).

Zhang X, Zhu Z, Zhang F, Shu H, Li F,
Dong Y. Diagnostic value of single-photon-
emission computed tomography in severe
central nervous system involvement of

systemic lupus erythematosus: a case-control
study. Arthritis Rheum. 53, 845-849 (2005).

Castellino G, Govoni M, Giacuzzo S,
Trotta F. Optimizing clinical monitoring of
central nervous system involvement in SLE.
Autoimmun. Rev. 7, 297-304 (2008).

Roldan CA, Qualls CR, Sopko KS, Sibbitt
WL Jr. Transthoracic versus transesophageal
echocardiography for detection of Libman—
Sacks endocarditis: a randomized controlled

study. /. Rheumatol. 35, 224-229 (2008).

Barile-Fabris L, Ariza-Andraca R, Olguin-
Ortega L ez al. Controlled clinical trial of IV
cyclophosphamide versus IV
methylprednisolone in severe neurological
manifestations in systemic lupus
erythematosus. Ann. Rheum. Dis. 64,
620-625 (2005).

Neuwelt CM, Lacks S, Kaye BR, Ellman JB,
Borenstein DG. Role of intravenous
cyclophosphamide in the treatment of
severe neuropsychiatric systemic lupus

erythematosus. Am. J. Med. 98, 32—41 (1995).

Bartolucci P, Brechignac S, Cohen P, Le
Guern V, Guillevin L. Adjunctive plasma
exchanges to treat neuropsychiatric lupus: a
retrospective study on 10 patients. Lupus 16,
817-822 (2007).

Neuwelt CM. The role of plasmapheresis in
the treatment of severe central nervous system
neuropsychiatric systemic lupus
erythematosus. Ther. Apher. Dial. 7, 173-182
(2003).

Int. J. Clin. Rheumatol. (2011) 6(5)

96

97

98

99

100

10

=t

102

103

104

105

106

Tokunaga M, Saito K, Kawabata D ez al.
Efficacy of rituximab (anti-CD20) for
refractory systemic lupus erythematosus

involving the central nervous system. Ann.

Rheum. Dis. 66, 470-475 (2007).

The first observational study highlighting a
potential therapeutic role for the anti-CD20
monoclonal antibody rituximab in the
treatment of severe refractory NPSLE.

Mok CC. Mycophenolate mofetil for
non-renal manifestations of systemic lupus
erythematosus: a systematic review. Scand.

J. Rheumatol. 36, 329-337 (2007).
Milstone AM, Meyers K, Elia ]. Treatment of

acute neuropsychiatric lupus with intravenous
immunoglobulin (IVIG): a case report and
review of the literature. Clin. Rheumatol. 24,
394-397 (2005).

Sanna G, Bertolaccini ML, Khamashta MA:
Neuropsychiatric involvement in systemic
lupus erythematosus: current therapeutic
approach. Curr. Pharm. Des. 14, 1261-1269
(2008).

Khamashta MA, Cuadrado MJ, Mujic F,
Taub NA, Hunt BJ, Hughes GR. The
management of thrombosis in the
antiphospholipid-antibody syndrome. V.
Engl. J. Med. 332, 993-997 (1995).

Tuthill JT, Khamashta MA. Management of
antiphospholipid syndrome. J. Autoimmun.
33, 92-98 (2009).

Erkan D, Harrison M], Levy R ¢z al. Aspirin
for primary thrombosis prevention in the
antiphospholipid syndrome: a randomized,
double-blind, placebo-controlled trial in
asymptomatic antiphospholipid antibody-
positive individuals. Arthritis Rheum. 56,
2382-2391 (2007).

Mitsikostas DD, Sfikakis PP, Goadsby PJ.
A meta-analysis for headache in systemic
lupus erythematosus: the evidence

and the myth. Brain 127, 1200-1209
(2004).

Williams TS, Aranow C, Ross GS et al.
Neurocognitive impairment in childhood-
onset systemic lupus erythematosus:
measurement issues in diagnosis. Arthritis
Care Res. (Hoboken) 63(8), 1178—1187
(2011).

Kozora E, Hanly JG, Lapteva L, Filley CM.
Cognitive dysfunction in systemic

lupus erythematosus: past, present, and
future. Arthritis Rheum. 58, 3286-3298
(2008).

An extensive review on the pleiotropic
aspects of cognitive dysfunction in SLE.
Hanly JG, Cassell K, Fisk JD. Cognitive
function in systemic lupus erythematosus:

results of a 5-year prospective study. Arthritis
Rheum. 40, 1542-1543 (1997).

future science group



107

108

109

110

111

112

113

114

115

116

117

Hanly JG, Omisade A, Su L, Farewell V, Fisk
JD. Assessment of cognitive function in
systemic lupus erythematosus, rheumatoid
arthritis, and multiple sclerosis by
computerized neuropsychological tests.
Arthritis Rheum. 62, 1478—1486 (2010).

Denburg SD, Carbotte RM, Denburg JA.
Corticosteroids and neuropsychological
functioning in patients with systemic lupus
erythematosus. Arthritis Rheum. 37,
1311-1320 (1994).

Hanly JG, Hong C, Smith S, Fisk JD. A
prospective analysis of cognitive function and
anticardiolipin antibodies in systemic lupus
erythematosus. Arthritis Rheum. 42, 728734
(1999).

Mclaurin EY, Holliday SL, Williams P, Brey
RL. Predictors of cognitive dysfunction in
patients with systemic lupus erythematosus.
Neurology 64, 297-303 (2005).

Harrison M]J, Morris KA, Horton R ez al.
Results of intervention for lupus patients with
self-perceived cognitive difficulties. Neurology
65, 1325-1327 (2005).

Bernatsky S, Clarke A, Gladman DD et al.
Mortality related to cerebrovascular disease in
systemic lupus erythematosus. Lupus 15,
835-839 (20006).

Khamashta MA, Hunt BJ. Moderate dose oral
anticoagulant therapy in patients with the
antiphospholipid syndrome? No. /. Thromb.
Haemost. 3, 844—845 (2005).

Kur JK, Esdaile JM. Posterior reversible
encephalopathy syndrome — an underrecognized
manifestation of systemic lupus erythematosus.

J. Rheumatol. 33, 2178-2183 (2006).

Leroux G, Sellam J, Costedoat-Chalumeau N
et al. Posterior reversible encephalopathy
syndrome during systemic lupus
erythematosus: four new cases and review of
the literature. Lupus 17, 139-147 (2008).

Chen HA, Lin Y], Chen PC, Chen TY,

Lin KC, Cheng HH. Systemic lupus
erythematosus complicated with posterior
reversible encephalopathy syndrome and
intracranial vasculopathy. /nz. J. Rheum. Dis.
13, €79—e82 (2010).

Pego-Reigosa JM, Isenberg DA. Psychosis
due to systemic lupus erythematosus:
characteristics and long-term outcome of

future science group

Managing CNS involvement in systemic lupus erythematosus

118

119

120

121

122

123

124

125

126

this rare manifestation of the disease.
Rheumatology (Oxford) 47, 1498-1502
(2008).

Espinosa G, Mendizabal A, Minguez S ¢t al.
Transverse myelitis affecting more than 4
spinal segments associated with systemic
lupus erythematosus: clinical, immunological,
and radiological characteristics of 22 patients.

Semin. Arthritis Rheum. 39, 246-256 (2010).

D’Cruz DP, Mellor-Pita S, Joven B et al.
Transverse myelitis as the first manifestation
of systemic lupus erythematosus or lupus-like
disease: good functional outcome and
relevance of antiphospholipid antibodies.

J. Rheumatol. 31, 280-285 (2004).

Birnbaum J, Petri M, Thompson R,
Izbudak I, Kerr D. Distinct subtypes of
myelitis in systemic lupus erythematosus.

Arthritis Rheum. 60, 3378-3387 (2009).
This analysis shows that SLE myelitis

encompasses two distinct and previously
unrecognized syndromes that can be
clinically distinguished.

Matiello M, Jacob A, Wingerchuk DM,
Weinshenker BG. Neuromyelitis optica. Curr.
Opin. Neurol. 20, 255-260 (2007).

Frohman EM, Wingerchuk DM. Clinical
practice. Transverse myelitis. N. Engl. J. Med.
363, 564-572 (2010).

Ye Y, Qian ], GuY, Chen X, Ye S. Rituximab
in the treatment of severe lupus myelopathy.
Clin. Rheumatol. 30, 981-986 (2011).

Katsiari CG, Giavri I, Mitsikostas DD,
Yiannopoulou KG, Sfikakis PP. Acute
transverse myelitis and antiphospholipid
antibodies in lupus. No evidence for
anticoagulation. Eur. J. Neurol. 18, 556-563
(2011).

Molloy ES, Calabrese LH. Progressive
multifocal leukoencephalopathy: a national
estimate of frequency in systemic lupus
erythematosus and other rheumatic
diseases. Arthritis Rheum. 60, 3761-3765
(2009).

Itoh K, Kano T, Nagashio C, Mimori A,
Kinoshita M, Sumiya M. Progressive
multifocal leukoencephalopathy in patients

with systemic lupus erythematosus. Arthritis
Rheum. 54, 1020-1022 (2006).

www.futuremedicine.com

127

128

129

130

131

132

133

134

135

136

Ferreira S, D’Cruz DP, Hughes GR.
Multiple sclerosis, neuropsychiatric lupus
and antiphospholipid syndrome: where
do we stand? Rheumatology (Oxford) 44,
434-442 (2005).

Brey RL, Petri MA. Neuropsychiatric
systemic lupus erythematosus: miles to go
before we sleep. Neurology 61, 9-10 (2003).

Govoni M, Farina I, Bortoluzzi A ez al.
Attribution of neuropsychiatric events in SLE:
validation of an algoythm on an external
multicenter cohort. Presented at: EULAR
2010. Rome, Italy, 16-19 June 2010.

Difrancesco MW, Holland SK, Ris MD ez al.
Functional magnetic resonance imaging
assessment of cognitive function in
childhood-onset systemic lupus

erythematosus: a pilot study. Arthritis Rheum.
56, 4151-4163 (2007).

Jung RE, Caprihan A, Chavez RS ez al.
Diffusion tensor imaging in neuropsychiatric
systemic lupus erythematosus. BMC Newurol.
10, 65 (2010).

Ramage AE, Fox PT, Brey RL ¢z al.
Neuroimaging evidence of white matter
inflammation in newly diagnosed systemic
lupus erythematosus. Arthritis Rheum. doi:
10.1002/art.30458 (2011) (Epub ahead of
print).

Mathieu A, Vacca A, Serra A et al. Defective
cerebral y-aminobutyric acid-A receptor
density in patients with systemic lupus
erythematosus and central nervous system

involvement. An observational study. Lupus

19, 918-926 (2010).
Blank M, Beinglass I, Shoenfeld Y. The

therapeutic potential of targeting anti-
Ribosomal-P antibody in treating SLE
patients with depression. Expert Opin. Biol.
Ther. 7,1283-1285 (2007).

Diamond B, Bloom O, Al Abed Y, Kowal C,
Huerta PT, Volpe BT. Moving towards a cure:
blocking pathogenic antibodies in systemic
lupus erythematosus. /. Intern. Med. 269,
36-44 (2011).

Bloom O, Cheng KF, He M et al. Generation
of a unique small molecule peptidomimetic
that neutralizes lupus autoantibody activity.
Proc. Natl Acad. Sci. USA 108, 10255-10259
(2011).

567



