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Imaging in Central Nervous System 
Involvement in Systemic lupus 
erythematosus: what do we know?
The aim of this mini review article is to provide clinicians with basic radio-
logical knowledge of current imaging modalities in SLE patients with central 
nervous involvement. The most prevalent pathological radiological findings 
encountered with each modality in such patients are also discussed.

Central nervous system involvement is a com-
mon and dangerous manifestation of systemic 
lupus erythematosus, with significant morbid-
ity and mortality. The prevalence of radio-

logical CNS involvement range from 15% to 90% [1, 2]. 
In 1999 a multidisciplinary committee appointed by the 
American College of Rhematology assembled 19 case 
definitions of central, peripheral and autonomic mani-
festations of the nervous system in patients with SLE 
which included seizures, mood disorders, headache, asep-
tic meningitis and others [3]. 

It is estimated that up to 90% of patients with SLE will 
suffer eventually from neuropsychiatric SLE (NPSLE) 
[4]. It is crucial to differentiate between primary and 
secondary NPSLE. Primary NPSLE is attributed directly 
to the disease pathophysiology, while secondary NPSLE 
is attributed to related etiologies such as infections, side 
effects of drugs and much more. As the treatment and 
prognosis between the two entities are entirely different, 
a thorough clinical investigation should be undertaken 
to delineate the etiology of the neurological symptoms. 
Clinical examination of the nervous system is still the cor-
nerstone of NPSLE diagnosis, combined with laboratory 
tests, cerebrospinal fluid tests, electroencephalography 
and imaging used to support the diagnosis [5]. The most 
common clinical manifestations are headache, cerebro-
vascular disease, and mood disorders [6, 7]. 

Different imaging modalities, both morphological and 
functional, can be used for evaluation of NPSLE and have 
become an important tool in its diagnosis and assessment 
[8-12]. However, as MRI is still considered the gold stan-
dard for CNS evaluation in SLE patients today, it will be 
the most discussed imaging modality. 

FUNCTIONAL MODALITIES
These are diagnostic modalities in which different imag-
ing modalities delineate one or more physiologic pro-
cesses in the brain.

SINGLE POSITRON EMISSION COMPUTED TOMOGRAPHy
Intravenous administration of radiolabeled tracers enables 
the diagnosis of  areas with normal or hyper/hypoperfusion 
blood supply in the brain. The most commonly observed 
abnormalities detected by SPECT in NPSLE patients are 
diffuse, focal or multifocal areas of decreased uptake corre-
sponding to hypoperfusion in different cortical lobes [13]. 

POSITRON EMISSION TOMOGRAPHy
PET enables measurement in different brain areas of glu-
cose uptake and oxygen consumption by using 2-18G-fluoro-
2-deoxyglucose (FDG). In NPSLE, the most common areas 
affected are the parieto-occipital and parietal regions, dem-
onstrating hypometabolism. 

FMRI 
fMRI imaging is based on the blood-oxygen-level depen-
dence (BOLD) sequence. Changes in BOLD signal are 
well correlated with changes in blood flow and are there-
fore able to demonstrate functionally active areas in the 
brain. NPSLE patients have shown abnormal increased 
regional brain activity compared to healthy control sub-
jects who were given memory tasks. This  correlated 
to disease duration, supporting the hypothesis that the 
pathological effect of SLE on the brain is cumulative [14]. 

MORPHOLOGICAL MODALITIES
Such imaging modalities depict the anatomical proper-
ties of the brain by the different physical characters of 
different areas.
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MDCT (MULTIPLE-DETECTOR COMPUTED TOMOGRAPHy)
Based on X ray tomographic technology. As MDCT has low 
specificity and sensitivity to NPSLE it is mainly used to exclude 
emergencies which can simulate NPSLE. This includes hem-
orrhage, acute infarct, abscess or edema. MDCT can detect 
the chronic NPSLE findings such as cerebral atrophy and 
calcifications. 

MRI (MAGNETIC RESONANCE IMAGING) 
MRI enables acquisition of a physical characters - specific 
images, based on their different hydrogen proton composi-
tions. [Figure 1, Table 1]  Although MRI is considered the 
gold standard imaging modality for NPSLE evaluation, 60% 
of patient undergoing MRI actually have no pathological 
findings, despite clinical findings. The most commonly 
used MRI sequences are T1, T2 and FLAIR.  T1 hypoin-
tense lesions, as well as T2 and fluid-attenuated inversion 
recovery (FLAIR) hyperintense lesions are more abundant 
in the white matter (WM) as well as gray matter (GM) of 
NPSLE patients. The most common MRI abnormalities are 
small subcortical hyperintense lesions, infarcts and brain 
atrophy which are more common in patients with NPSLE 
than in those without. However, it seems that cortical atro-
phy measured volumetrically by T1-weighted images is the 
most important MRI parameter for patients with severe 
NPSLE [15]. 

Morphological changes, as shown by MRI, can be caused 
by the disease itself (primary NPSLE) or may be due to dis-
ease complications or to treatment [11]. Despite the accepted 
notion that a morphological imaging modality cannot dif-
ferentiate between acute or chronic lesions, recent work by 
Katsumata et al. [12] has shown in a prospective study that 
large pathological signals (≥ 10 mm) occur only in NPSLE 
patients, while lesions smaller than 10 mm occur in both 
NPSLE and non-NPSLE patients. Moreover, chronological 
changes in the large pathological areas showed correlation 
with the clinical conditions and even partial reversibility in 
NPSLE patients, while smaller areas did not. 

The small (< 10 mm) subcortical hyperintense lesions were 
also shown not to correlate with the immunoserological status 
of patients, especially regarding lupus anticoagulant and anti-
cardiolipin antibodies. 

MRI technology today offer several advanced sequences 
which can demonstrate specific physical and structural char-
acters of the brain: 

• DWI (DIffusIon-WeIghteD ImagIng)
DWI sequence measures the diffusion of water molecules 
in distinct areas of any examined tissue. In normal brain 
tissue, water molecules flow along white matter tracts due 
to the myelin sheaths. Pathological conditions such as Isch-
emia, infection and inflammation cause disruption of white 
matter tracts by either myelin destruction or decrease in 
axons numbers. This will result in either an elevated or 
a decreased (restricted) diffusion of water, which can be 
measured quantitavely by the apparent diffusion coeffi-
cient (ADC) value. It helps to discriminate between cyto-
toxic (high DWI signal) and vasogenic (low DWI signal) 
edema so can  differentiate between inflammatory and 
ischemic lesions in SLE patients. A few studies have shown 
an increased diffusion (high ADC signal, low DWI signal) 
in patients with NPSLE [16, 17]. This finding indicates a 
loss of tissue integrity in NPSLE patients in both gray and 
white matter areas. 

• DtI (DIffusIon tensor ImagIng)
DTI quantifies the exchange of hydrogen protons between 
those bound in macromolecules, such as myelin compos-
ites, and free water. Compared with a more isotropic move-
ment of water in gray matter, water diffusion in white 
matter moves anisotropically. DTI enables tracking of the 
diffusion of water in the brain by measuring fractional 
anisotropy (FA) which measures overall axonal integrity 
and mean diffusivity (MD) that measures the average 
molecular motion, independent of tissue boundaries. DTI 
can demonstrate microstructural changes in MRI scans. 
This is not evident by conventional MRI sequences. A pre-
vious study by Jung et al. [18] showed that while MD and 
FA were not significantly different between patients with 
SLE without NPSLE and healthy controls, in acute NPSLE 
patients numerous FA and MD changes were found, reflect-
ing diffuse white matter abnormalities as compared to both 
healthy controls and SLE patients without NPSLE.  A recent 
study by Zivadinov et al. showed similar results that were 
correlated to a decrease in axonal density rather than dam-
age to myelin integrity [15].

• mrs (magnetIc resonance spectroscopy)
MRS allows a quantitative assessment of several metabo-
lites in various tissues, including the brain. Most of the 
studies are conducted using 1H (proton) MRS. Different 
molecules can be distinguished and quantified by their 
unique frequencies. The most common molecules mea-
sured in the brain tissue are N-acetyl aspartate (NAA), a 
neuronal marker found exclusively in neurons; choline, 
a marker of cell membrane metabolism that can reflect 
inflammation or demyelination; creatine, which is involved 
in phosphate transport system and found abundantly in 

Table 1. MRI sequences used in CNS imaging. FLAIR = fluid-attenuated inversion 
recovery, DWI = diffusion-weighted imaging, ADC = apparent coefficient of diffusion, 
DTI = diffuse tensor imaging, MRS = magnetic resonance spectroscopy.
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glial and neuronal cells and is usually used as a reference; 
and myoinositol, which is found in glial tissue [6, 11]. To 
date, MRS is not considered a diagnostic tool in NPSLE 
diagnosis but should be part of disease management and 
follow-up as it can quantify organic brain injury and help 
characterize the type of injury. MRS profiles are changed in 
NPSLE patients, although they are not specific [13]. It has 
been shown that not only is NAA reduced in CNS lesions of 
NPSLE patients, it is reduced in normal-looking brain tis-
sue as well [11]. NAA changes are more profound in NPSLE 
patients than in SLE patients without neuropsychiatric 
manifestations, which can be attributed either to neuronal 
death or transitory damage to the cells and is correlated to 
overall disease activity [11, 19]. 

Choline levels were shown to be elevated in NPSLE patients, 
and its levels correlated with disease activity and cognitive 
state [17]. 

SUMMARy AND FUTURE PERSPECTIVE
Today’s imaging enables physicians not only a morphologi-
cal imaging of the patient’s brain, but a functional view as 
well. The most dramatic change is taking place at the MRI 
field, with sequences such as DWI, DTI, fMRI and MRS, 
allowing us to better understand CNS involvement in SLE 
patients, its pathophysiology and consequences. We have 
preliminary data regarding differentiation of acute from 
chronic NPSLE in modalities such as DTI, MRS and fMRI. 
Moreover, some of these imaging modalities may have sub-
stantial impact on the patient’s treatment, as differentiation 
between the direct effects of the disease or the treatment 
effect on the brain is critical. One can assume that in the 
future a complete morphological and functional imaging 
profile will be combined with clinical data to create bet-
ter treatment and provide improved prognostic data for 

SLE patients. As imaging integrates the morphological and 
functional properties of the brain, combining these data 
with clinical and laboratory findings will help physician in 
the future to unravel the pathogenesis of NPSLE, undoubt-
edly bringing us closer to optimal treatment of this com-
plex disease.  
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FiFgUre 1.  MRI scan, axial plane, in a 24 year old woman with NPSLE. [A] 
T1-weighted image: arrow indicates hypointense lesion. [B,C] T2-weighted and FLAIR 
images: arrow indicates subcortical hyperintense lesion. [D,E] DWI image and ADC 
map: arrow indicates restricted diffusion in the lesion. [F] T1 + gadolinium images: 
the lesion was enhanced after gadolinium administration
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