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Abstract: Cardiovascular Disease (CVD) in Systemic Lupus Erythematosus (SLE) and Neuropsy-
chiatric SLE (NPSLE) has an estimated prevalence of 50% and 40%, respectively and both consti-
tute major causes of death among SLE patients. In this review, we proposea combined brain/heart 
Magnetic Resonance Imaging (MRI) for SLE risk stratification has been proposed. 

The pathophysiologic background of NPSLE includes microangiopathy, macroscopic infarcts and 
accelerated atherosclerosis. Classic brain MRI findings demonstrate lesions suggestive of NPSLE 
in 50% of the NPSLE cases, while advanced MRI indices can detect pre-clinical lesions in the ma-
jority of them, but their clinical impact still remains unknown. Cardiac involvement in SLE in-
cludes myo-pericarditis, valvular disease/endocarditis, Heart Failure (HF), coronary macro-micro-
vascular disease, vasculitis and pulmonary hypertension. Classic and advanced Cardiovascular 
Magnetic Resonance (CMR) indices allow function and tissue characterization for early diagnosis 
and treatment follow-up of CVD in SLE. 

Although currently, there are no clinical data supporting the combined use of brain/heart MRI in 
asymptomatic SLE, it may have a place in cases with clinical suspicion of brain/heart involvement, 
especially in patients at high risk for CVD/stroke such as SLE with antiphospholipid syndrome 
(SLE/APS), in whom concurrent cardiac and brain lesions have been identified. Furthermore, it 
may be of value in SLE with multi-organ involvement, NPSLE with concurrent cardiac involve-
ment, and recent onset of arrhythmia and/or heart failure. 

Keywords: Magnetic resonance imaging, systemic lupus erythematosus, brain lesions, cardiovascular disease, neuro-
psychiatric symptoms, cognitive dysfunction. 

1. INTRODUCTION 

 Systemic Lupus Erythematosus (SLE) is a chronic, mul-
tisystem autoimmune disorder, causing inflammation, tissue 
injury and organ dysfunction. Fatigue, fever, and weight loss 
are typically present during the course of the disease, occur-
ring in 50 to 100% and joint symptoms in >90% of the SLE 
patients at some time during the disease course. The skin 
and/or mucous membranes are involved in >80% of the SLE 
patients, ranging from the classic butterfly rash to fixed le-
sions that may be associated with scarring and atrophy. Self-
reported skin color changes consistent with Raynaud  
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phenomenon occur in 16 to 40% of the SLE patients. Lupus 
Nephritis (LN) may develop in up to 75% of the SLE pa-
tients and is higher in blacks (34-51%), Hispanics (31-43%), 
and Asians (33-55%) than in whites (14-23%). The gastroin-
testinal tract is often involved, mainly due to the side effects 
of medication. SLE vasculitis can lead to pancreatitis, peri-
tonitis, colitis and esophageal irritation. Liver abnormalities 
and a positive ANA test are more consistent with chronic 
active hepatitis, as part of polyautoimmunity (i.e., “lupoid 
hepatitis”). Pleurisy, pleural effusion, pneumonitis, intersti-
tial lung disease, pulmonary hypertension and alveolar 
hemorrhage can all occur in SLE. Furthermore, SLE patients 
frequently develop abnormalities in one or more of the blood 
cell lines and also leukopenia [1]. Finally, SLE is also asso-
ciated with Metabolic Syndrome (MetS). SLE patients with 
MetS have higher Health Assessment Questionnaire (HAQ) 
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scores, major organ involvement, age and disease duration 
[1]. 
 Our aim in this review was to describe the pathophysi-
ologic background of brain/heart involvement in SLE, pre-
sent the diagnostic power of Magnetic Resonance Imaging 
(MRI) and emphasize the potential role of a combined 
brain/heart MRI evaluation in risk stratification of SLE pa-
tients.  
 At the moment, there are no universally accepted meth-
ods for diagnosing neuropsychiatric SLE (NPSLE) and clini-
cal assessment represents the cornerstone for the diagnosis of 
these patients [2, 3]. Therefore, NPSLE remains a major di-
agnostic challenge, after ruling out other possible causes 
such as trauma, infection, drug effects, epilepsy, migraine, 
psychiatric disorders, multiple sclerosis, posterior reversible 
encephalopathy and previous nervous system disorders [4-6]. 
According to the 1999 American College of Rheumatology 
(ACR) Case Definitions for NPSLE, 19 neuropsychiatric 
syndromes were defined, divided into 12 central and 7 pe-
ripheral [7]. The central manifestations are divided into neu-
rologic (aseptic meningitis, cerebrovascular disease, mi-
graine, demyelinating syndrome, benign intracranial hyper-
tension, movement disorders, myelopathy, epilepsy), and 
psychiatric (acute confusional states, anxiety disorder, cogni-
tive dysfunction, affective disorder), while the peripheral 
syndromes include acute inflammatory demyelinating 
polyradiculopathy (Guillain-Barre syndrome), autonomic 
disorder, mononeuropathy (single/multiplex), myasthenia 
gravis, cranial neuropathy, plexopathy and polyneuropathy. 
It is also divided into primary, due to SLE specific mecha-
nisms, and secondary, which is the result of infections, drugs 
or metabolic abnormalities [3]. The pathophysiologic back-
ground of NPSLE includes: 

a) Microangiopathy (the most frequent neuropathologi-
cal finding, typically multifocal, due to intimal hyper-
plasia, erythrocyte extravasation and fibrin thrombi) 
[8], 

b) Macroscopic infarcts (potentially due to secondary 
coagulopathy, as in antiphospholipid syndrome or 
embolic lesions, as in Libman-Sacks endocarditis) [8],  

c) Accelerated atherosclerosis (either due to steroid 
treatment, or vasculitis and microhemorrhages), direct 
immune mediated alterations, demyelination and mi-
croembolisms [9-12]. 

 Anti-ribosomal P antibodies have been associated with 
lupus psychosis and depression by some authors [13], but 
other authors have not confirmed this association. Some data 
suggest that cognitive defects may be associated with the 
presence of elevated levels of antineuronal antibodies, an-
tiphospholipid antibodies, or antibodies to N-methyl-D-
aspartate (NMDA) receptors [14]. 
 Cardiovascular Disease (CVD) is also an important con-
tributor to increased mortality in SLE [15, 20], as it has been 
documented by the high incidence of myocardial infarction 
in young women with SLE [16]. CVD in SLE occurs as a 
result of a complex interaction between traditional CVD risk 
factors, disease activity and immune dysregulation. A sys-
temic review and meta-analysis of 17,187 SLE patients after 
a follow-up period of 8 years showed that CVD events oc-

curred in 25.4%. In addition, male gender, hyperlipidaemia, 
family history of CVD and hypertension, as well as SLE-
related factors such as the presence of autoantibodies and 
neurological disorders, predicted myocardial infarction and 
stroke occurrence. A low correlation was shown between the 
severity of organ damage and SLE activity, as well as the 
age at diagnosis [17]. Furthermore, myocardial infarction 
leading to Heart Failure (HF) occurs 3 times more frequently 
in SLE patients than in age- and sex-matched controls [18]. 
Traditional CVD risk factors are common in SLE patients 
[19]; however, they cannot explain the increased frequency 
of CVD, found in SLE [20, 21]. Longer disease duration, 
elevated C-Reactive Protein (CRP) levels and antiphosphol-
ipid antibody (aPL) positivity have been proved as signifi-
cant factors, associated with high incidence of CVD in SLE 
in the LUMINA study - a multiethnic SLE cohort study [22]. 
Finally, adequate disease control is required to reduce CVD 
morbidity/mortality in SLE [23]. Cardiac involvement in 
SLE presents with various clinical phenotypes including 
myo-peri-carditis, valvular disease, aseptic endocarditis 
(known as Libman-Sacks endocarditis), Heart Failure (HF), 
coronary macro- micro-vascular disease, vasculitis and pul-
monary hypertension. All these entities may contribute to 
increased CVD morbidity and mortality in SLE patients [15-
17]. 
 The probability of surviving 5 years after the diagnosis of 
SLE increased from <50% in the 1950s to 95% in most re-
cent studies [2]. Nonetheless, Standardized Mortality Ratios 
(SMRs) for SLE patients remain 2-4-fold higher as com-
pared to the general population. In the Hopkins Lupus Co-
hort, survival probabilities were 95%, 91%, 85%, and 78% at 
5, 10, 15, and 20 years after diagnosis, respectively [2]. After 
the introduction of corticosteroids and immunosuppressive 
drugs turned SLE from a rapidly-fatal into a chronic disease, 
the distribution of the major causes of death began to 
change. In the late 1970s, it was reported that deaths occur-
ring within 2 years of diagnosis were due to active disease, 
while those occurring after disease duration ≥ 5 years were 
attributable to vascular diseases. Infections remained a major 
cause of death throughout the course of the disease. Such a 
bimodal distribution of the causes of death has been reported 
in several large series from the USA, Canada, Denmark, and 
other European countries, but also from Mexico and Martin-
ique [24-28]. 
 The outcome of SLE patients has improved significantly 
during the last decades.  However, both cardiac and 
neuropshychiatric involvement are included in the 4 most 
important causes of morbidity-mortality [1]. Although the 
real prevalence of Neuropsychiatric SLE (NPSLE) and 
Cardiovascular Disease (CVD) in SLE remains unknown, 
with significant heterogeneity between studies depending on 
the inclusion criteria, a percentage of 40% and 50%, 
respectively, is widely accepted [1].  
 The judgment of whether a patient with SLE is better or 
worse is a crucial question in patient management. For this 
purpose, various indices such as British Isles Lupus Assess-
ment Group (BILAG) index and BILAG-2004, Systemic 
Lupus Erythematosus Disease Activity Index (SLEDAI), 
Systemic Lupus Activity Measure (SLAM) index have been 
successfully used. There was a good agreement between 



180    Current Cardiology Reviews, 2020, Vol. 16, No. 3 Mavrogeni et al. 

these indices in distinguishing flares and their absence. 
However, there is much less consistency in distinguishing 
mild to moderate flares. After the failure of various clinical 
trials of biologic therapy in SLE, the management of SLE in 
our days remains an art rather than science. Pitfalls in SLE 
disease activity measurements have a significant impact on 
the interpretation of studies about treatment efficacy. This 
emphasizes the need for improving the current indices by 
adding more objective measurements that should be simple, 
reliable and valid [29]. 
 Magnetic resonance imaging is a noninvasive modality 
without radiation that can give objective, reproducible and 
operator-independent information about disease activity in 
vital organs such as the brain and the heart that are consid-
ered as major contributors for the increased mortality in 
SLE. Our aim in this review was to describe the pathophysi-
ologic background of the SLE lesions in brain/heart, present 
the diagnostic power of MRI in their assessment and empha-
size the potential role of a combined brain/heart MRI evalua-
tion in risk stratification of SLE patients. 

2. COMBINED BRAIN AND HEART INVOLVEMENT 
IN SLE 

 Although both CVD and NPSLE have been mentioned as 
major causes of death in SLE, there are only a few reports 
presenting simultaneous involvement of heart/brain in SLE, 
specifically in cases with Libman-Sacks endocarditis [30]. A 
combined brain/heart evaluation has been proposed by our 
team in cases with clinical suspicion of brain/heart involve-
ment, especially in those at high risk for CVD/stroke such as 
SLE/APS [31]. However, this combined assessment of 
brain/heart is not a part of the routine diagnostic algorithm 
for SLE.  

3. MAGNETIC RESONANCE IMAGING OF THE 
BRAIN 

 Magnetic Resonance Imaging (MRI) is the gold standard 
for brain evaluation. The role of Computer Tomography 
(CT) is currently restricted to rule out acute complications 
such as hemorrhage or large infarcts [32, 33]. However, the 
large spectrum of neurologic findings in NPSLE made the 
neuroradiologic findings nonspecific [34]. The most frequent 
findings of conventional MRI in NPSLE were multiple small 
white-matter lesions (30-75%) and cortical atrophy (15-
20%), but the large majority of SLE patients (25-60%) has a 
normal MRI scan [35, 36]. Advanced MRI techniques in-
cluding diffusion-tensor, magnetization-transfer and volu-
metric studies offer micro-structural and functional informa-
tion that could reveal subtle brain changes and allow a better 
understanding of the NPSLE mechanisms. The conventional 
MRI is normal in 50% of the NPSLE patients, mainly in dif-
fuse syndromes such as headache, mood disorder, and psy-
chiatric disease [3]. In the other half of the patients, the most 
common findings can be classified as vascular and inflam-
matory lesions. 
 Vascular lesions, although nonspecific, are the main find-
ings of NPSLE [3]. They are defined as hyperintense areas 
on T2 (Fig. 1), and moderately hypointense or isointense 
areas on T1 images. Large vessel disease presents as large 
infarcts, roughly wedge-shaped, occurring in a vascular terri-

tory distribution, involving both grey and white matter. Dif-
fusion-Weighted Imaging (DWI) can potentially determine if 
they are in the acute, subacute or chronic phase. Large vessel 
infarcts are found in 10-15% of patients and at a mean age of 
35-40 years [35, 37, 38]. When infarcts occur in NPSLE, 
there is a tendency to a high recurrence of ischemic events 
[3]. The middle cerebral artery is mainly involved, as in the 
general population [3]. A stroke recurrence of around 50% 
was reported in SLE patients with positive antiphospholipid 
antibodies [35, 37, 39].  
 

 
 

Fig. (1). Flair T2 image showing silent brain lesions in an SLE 
patient. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article). 
 
 Small vessel disease is characterized by lesions <1 cm 
following the distribution of the white matter (periventricu-
lar, deep, subcortical). The MRI findings include white-
matter hyperintense areas, recent small subcortical infarcts, 
lacunes, microbleeds and brain atrophy [40]. They are char-
acterized as small hyperintense areas on T2 and FLAIR se-
quences, without cavitation [40, 41]. The differential diagno-
sis of white matter hyperintensities (WMH) includes many 
conditions including ageing, dyslipidemia, diabetes, hyper-
tension, heart diseases and migraine [40]. However, many 
reports have already proved an increased frequency of WMH 
in SLE and NPSLE [42-49]. They involve preferentially the 
frontal and parietal lobes, re consistent with an anterior to a 
posterior gradient, similar to other causes of WMH, but dif-
ferent from inflammatory demyelinating diseases such as 
multiple sclerosis [3, 50]. In a quantitative brain MRI as-
sessment, Appenzeller et al. [47] showed that age, duration 
of neuropsychiatric symptoms and cumulative corticosteroid 
dosage were independent predictors for WMH in SLE. In a 
recent study in newly diagnosed SLE, WMH were found in 
8% of them [51]. Nevertheless, these lesions were observed 
more frequently in NPSLE as compared to non NPSLE, 
ranging from 40-60% [3, 49, 51, 52]. WMH were associated 
with cerebrovascular disease, cognitive dysfunction, sei-
zures, antiphospholipid antibodies, low complement, age, 
disease duration, and cumulative corticosteroid dose [8, 46]. 
Previous reports demonstrated a significant association of 
both NPSLE activity (Neuro-SLEDAI) and injury (Neuro-
SLICC) scores with WMH number [47, 49, 51, 53]. Fur-
thermore, new lesions were found at the onset of NPSLE and 
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showed resolution after clinical improvement [54, 55]. 
Quantitative methods are increasingly proposed for the 
assessment and follow-up of the WMH in NPSLE, as they 
can be used as an independent predictor for NPSLE activity 
and treatment response [47, 51]. 
 Recent small subcortical infarcts, known as lacunar in-
farcts are usually observed in the territory of perforating arte-
rioles of less than 20 mm in maximum diameter with imag-
ing or clinical signs indicative of a recent lesion [40]. They 
may present an evolution into lacunes, WMH without cavita-
tion, or disappear. Lacunes in NPSLE were found with a 
prevalence of 11.5-16%, higher than in the general popula-
tion [3]. Cerebral microbleeds are small (usually 2-5 mm) 
round or oval areas of the signal void with associated bloom-
ing on paramagnetic-sensitive sequences such as T2*-
weighted Gradient Recalled Echo (GRE) or Susceptibility-
Weighted Images (SWI). In NPSLE, microbleeds were 
found in 14.5% of the patients on GRE/SWI sequences, and 
were correlated with antiphospholipid antibodies [3]. 
 Cortical atrophy is a generalized enlargement of periph-
eral cerebrospinal fluid spaces and is best evaluated on 
volumetric 3D-T1 or FLAIR images. Brain atrophy occurs 
more frequently in the presence of small vessel disease, such 
as WMH, high lesion burden, lacunes and microbleeds [3]. 
Brain atrophy was also correlated with lupus anticoagulant, 
low complement, longer disease duration, cognitive dysfunc-
tion and cerebrovascular disease [35, 49]. The atrophy might 
be the result of prednisone use [49], or due to other mecha-
nisms [43, 51, 52]. 
 Less frequently, some NPSLE patients show inflamma-
tory-type lesions, described as the hyperintense area on T2 
and FLAIR, involving the grey and white matter, generally 
medium or large-sized, some of them with contrast en-
hancement or diffusion restriction, without vascular territory 
distribution. They are reported in 5-10% of the SLE patients, 
correlated with low complement levels and resolved after 
aggressive corticosteroid treatment [53]. 
 Myelitis, an inflammatory disease of the central nervous 
system, is one of the most debilitating complications of 
NPSLE and occurs in 1-5% of the SLE patients. It develops 
early in the course of the disease and associates with a worse 
outcome. In 39% of the SLE patients, myelopathy constitutes 
the presenting symptom of SLE, and in another 42%, it oc-
curs during the first 5 years of post diagnosis. The common-
est MRI pattern in SLE myelitis is transverse myelitis: com-
monly affecting more than 2-3 vertebral bodies in length 
[53].  

4. ADVANCED MRI TECHNIQUES 

 Up to 40-50% of the NPSLE patients have no brain ab-
normalities on conventional MRI [3]. However, advanced 
MRI sequences in NPSLE demonstrated underlying abnor-
malities in normal-appearing white and grey matter, proving 
the limitations of conventional sequences. Recent studies 
used advanced MRI in NPSLE, as voxel-based morphomet-
ric techniques [50, 53], diffusion-tensor imaging [53], mag-
netization transfer imaging [54], magnetic resonance spec-
troscopy and perfusion MRI [54].  

 Voxel-based Morphometry (VBM) allows the detection 
of focal differences and brain atrophy and can assess differ-
ences between brain areas and hemispheres. Morphometric 
studies showed that decreased whole brain volume with  
increased lateral ventricle volume and both global gray and 
white matter atrophy are present in SLE patients, but not in 
healthy controls [55]. The macroscopic lesions of the cortical 
gray matter might be more important to identify NPSLE pa-
tients than the micro- or macrostructural damage in the white 
matter [54], although an association of NPSLE with both 
cortical and central atrophy was also observed [53-55].  
 Diffusion-Tensor Imaging (DTI) is based on the meas-
urement of water diffusion through cellular compartments 
and provides better resolution than conventional sequences 
regarding white matter microstructure [56, 57]. Compared to 
the more isotropic movement of water in gray matter, the 
diffusion in white matter presents higher anisotropy, with 
preferential diffusion along the length of the axon, which is 
due to the well-structured axonal membranes and their mye-
lin sheaths. The diffusion can be quantified by the following 
parameters: Apparent Diffusion Coefficient (ADC), Frac-
tional Anisotropy (FA), Mean Diffusivity (MD), Radial Dif-
fusivity (RD) and Axial Diffusivity (AD). FA is a measure 
of myelination and axonal integrity, and MD, a measure of 
molecular motion. High FA and low MD suggest greater 
myelination and axonal integrity. Previous studies found 
changes in various DTI indices in SLE and NPSLE patients, 
in relation to important microscopic injury of the white mat-
ter [58]. In SLE patients, white matter injury in frontal lobes, 
corpus callosum, and thalamus has been found [59-61]. FA 
values were reported to be lower and MD values to be higher 
in the brain of NPSLE patients than in healthy controls. In-
creased AD of white matter was also correlated with NPSLE, 
as compared to healthy populations. Very recent publications 
underline the role of DTI as an imaging biomarker of 
NPSLE [62]. 
 Magnetization Transfer Imaging (MTI) is based on the 
interaction between free water protons and bound protons. 
The differences in the proton mobility in various macro-
molecules are used to generate differences in image signal 
capable to quantify cerebral lesions in different diseases, 
mainly in multiple sclerosis. Bosma et al. [63] compared 
MTI parameters among 5 groups of patients: active NPSLE, 
chronic NPSLE, SLE without NPSLE, multiple sclerosis and 
healthy controls. The magnetization transfer ratio histograms 
in SLE without NPSLE and healthy controls were similar, 
whereas those in chronic NPSLE and multiple sclerosis 
groups were flattened. The active NPSLE patients also 
showed flattening of the histograms, but with a higher mag-
netization transfer ratio. This suggests that MTI could be 
used to differentiate active NPSLE from inactive NPSLE and 
monitor treatment trials in NPSLE. A report combining MTI 
with Magnetic Resonance Spectroscopy (MRS) found a 
correlation between brain atrophy and MRS markers of 
axonal and myelin damage [54]. Studies combining MTI 
with DWI, MRS and T2 relaxometry suggest common 
pathogenesis of NPSLE in spite of differences in the 
neuropsychiatric clinical presentation [53]. 
 MRS allows the analysis of brain metabolites. Different 
proton groups resonate at different frequencies of the mag-
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netic field, which can be demonstrated by MRS as peaks 
corresponding to different metabolites. N-acetylaspartate 
(NAA), one of the main MRS markers, is higher in neurons 
and is considered as a marker of neuronal viability. Gluta-
mate, a non-essential amino acid, is the most important exci-
tatory neurotransmitter and prolonged neuron excitation by 
glutamate can be toxic to neurons. NAA and glutamine-
glutamate changes were demonstrated in the normal-
appearing brain in SLE patients before neuro-imaging mani-
festations became apparent. It seems that these markers pre-
dict early cerebral involvement of SLE [64]. Lower NAA 
was also reported in both SLE and NPSLE, and increased 
myo-inositol, a marker of gliosis, was considered as a 
marker of poor prognosis in NPSLE [65].  
 There are 3 types of perfusion MRI, based on the admini-
stration of gadolinium (dynamic susceptibility contrast imag-
ing and dynamic contrast enhanced imaging) or without con-
trast administration (arterial spin labeled imaging). The main 
parameters derived are Mean Transit Time (MTT), Time To 
Peak (TTP), Cerebral Blood Flow (CBF) and Cerebral Blood 
Volume (CBV). The pathologic patterns include hypoperfu-
sion (high MTT/TTP, low CBF/CBV) and hyperperfusion 
(low TTP/MTT, high CBV/CBF) [66]. Some studies docu-
mented that perfusion in SLE patients was not different from 
controls [67], while others reported a pattern of hypoperfu-
sion in both SLE and NPSLE [68], or even hyperperfusion in 
active disease [69]. 
 To conclude, the advanced MRI techniques are able to 
detect early microstructural brain damage that is not visible 
on conventional sequences and is expected to facilitate a 
better understanding of the underlying pathophysiology of 
cerebral lesions in NPSLE. However, despite MRI being  
the imaging modality of choice, there are neither diagnostic 
nor specific radiologic findings for NPSLE. This means 
that MRI can neither confirm nor exclude the diagnosis of 
NPSLE. Future longitudinal studies are needed to deter-
mine if early changes in NPSLE patients may lead to a 
higher degree of brain atrophy and to what extent it would 
be possible to monitor disease progression and treatment 
response. 

5. CARDIOVASCULAR MAGNETIC RESONANCE 
IMAGING FOR EVALUATION OF CARDIOVASCU-
LAR DISEASE IN SLE 

 Cardiovascular Magnetic Resonance imaging (CMR) has 
been already applied in the evaluation of CVD because of its 
excellent reproducibility and the capability to perform func-
tions and tissue characterisation. Specifically, in SLE, where 
CVD can be oligo-asymptomatic, CMR is of great value for 
early diagnosis and treatment follow- up [70]. The main 
pathophysiologic phenomena occurring in SLE include myo-
cardial inflammation, macro-micro-coronary artery disease, 
valvular disease, vasculitis and pulmonary hypertension [70]. 
 The CMR sequences that are necessary to clarify the 
above-mentioned pathophysiologic phenomena include: 
[71]. 

a) Steady-State Free Precession Imaging (SSFP) for the 
evaluation of RV-LV volumes, wall motion and ejec-
tion fraction. Although echocardiography is the rou-

tinely used modality, CMR represents the gold stan-
dard for ventricular function evaluation and is more 
accurate and preferable compared to all other imaging 
modalities, specifically in patients with heart failure 
[72]. 

b) T2-W imaging (oedema imaging) using STIRT2 to 
assess recent myocardial involvement and also active 
myocardial disease, even if the underlying systemic 
disease is quiescent (Fig. 2). 

c) Early (EGE) and late (LGE) gadolinium-enhanced 
T1-W imaging is used for the detection of myocardial 
inflammation and fibrosis, respectively. These indices 
have been already used for the diagnosis of both auto-
immune myocarditis in SLE and also infective myo-
carditis in non-SLE patients [73, 74]. However, while 
LGE (Fig. 3) is the gold standard to detect replace-
ment fibrosis, it is unable to detect diffuse fibrosis, 
commonly found in SLE [75]. 

d) T2, T1 mapping and ECV for the quantification of 
myocardial oedema and diffuse fibrosis, respectively. 
Native T1 and T2 mapping support the recognition of 
SLE myocarditis and reflect the response to anti-
inflammatory treatment in SLE myocarditis [76]. Fur-
thermore, these techniques can assess the presence of 
low-grade myocardial inflammation in patients within 
active disease [77]. Finally, T1 and ECV can detect 
diffuse myocardial fibrosis, missed by LGE [75]. 

e) Adenosine stress perfusion CMR for the detection of 
macro- micro-vascular ischemia (perfusion defects) 
using first-pass T1 imaging. Myocardial perfusion 
rate index (MPRI), a stress CMR index of myocardial 
perfusion, can be reduced in asymptomatic or mildly 
symptomatic SLE patients [78, 79]. 

6. WHEN IS THERE A PLACE FOR A COMBINED 
BRAIN/HEART MRI IN SLE? 

 MRI is a non-invasive, highly reproducible, non-
radiating modality, and therefore it is ideal for the evaluation 

 
 

Fig. (2). T2 STIR image showing silent myocardial oedema of the 
inferior wall of LV (BRIGHT AREA) in the same SLE patient. (A 
higher resolution / colour version of this figure is available in the 
electronic copy of the article). 
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of systemic diseases with a high prevalence of brain/heart 
involvement as SLE. Furthermore, there is a correlation be-
tween radiographic findings and percentage of apoptotic 
blood cells in SLE that will potentially introduce apoptotic 
biomarkers as molecular probes for clinical molecular imag-
ing to early diagnose organ involvement in SLE [80]. 
 Unfortunately, high cost, lack of availability/expertise 
and awareness among the clinicians about its contribution to 
SLE risk stratification still do not allow its routine applica-
tion. On the other hand, rheumatologists are very familiar 
with the currently used clinical disease indices (SLEDAI, 
etc.) and therefore ask for sophisticated, expensive imaging 
modalities, such as MRI, only in diagnostic dilemmas. How-
ever, considering the limitations of clinical disease indices 
and the increased cost of hospital admittance for cardiac and 
neurologic complications, the cost of a combined brain/heart 
MRI in SLE seems rather reasonable. 

 To our knowledge, there are no data about the potential 
therapeutic benefit of an MRI approach in SLE patients, ex-
cept for one paper by our group supporting the role of CMR 
in both rheumatic and cardiac medication modification in 
these patients (30). However, until more clinical data will be 
available, a combined brain/heart MRI can be potentially 
proposed if there is a clinical suspicion of either brain and/or 
heart involvement in SLE patients. In more details, the pro-
posed clinical indications include: 

a) Patients at high risk for CVD and stroke such as 
SLE patients with APS. 

b) SLE patients with cardiac involvement, specifically 
Libmann-Sacks endocarditis. According to our ex-
perience (unpublished data), the majority of SLE 
patients with abnormal CMR findings have also 
concurrent brain lesions. 

c) SLE patients with clinical suspicion of NPSLE. 
d) SLE patients with new onset of arrhythmia and/or 

HF (potential of embolic brain disease, due to co-
existence of atrial fibrillation). 

e) SLE with aggressive presentation and multiple or-
gan involvement. 

 A flow chart of a combined brain/heart MRI in SLE is 
presented in Fig. (4). 

CONCLUSION 

 Brain/heart involvement are the major causes of in-
creased morbidity/mortality in SLE. Although at the mo-
ment, there are no data supporting the use of a combined 
brain/heart MRI in asymptomatic SLE patients, this diagnos-
tic approach may be considered, if there is a clinical indica-

 
 

Fig. (3). LGE image presents a transmural myocardial infarction in 
the inferior wall of LV. (A higher resolution / colour version of this 
figure is available in the electronic copy of the article). 

 
Fig. (4). Flow chart of a combined brain/heart MRI in SLE. (A higher resolution / colour version of this figure is available in the electronic 
copy of the article). 
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tion of brain/heart involvement, specifically in those at high 
risk for CVD/stroke such as SLE with APS. Furthermore, it 
can be recommended in SLE patients with multiple organ 
involvement, NPSLE and new onset of heart disease present-
ing arrhythmia and/or HF. 
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