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ORIGINAL RESEARCH
BRAIN

Brain MR Findings in Patients with Systemic Lupus
Erythematosus with and without Antiphospholipid

Antibody Syndrome
Y. Kaichi, S. Kakeda, J. Moriya, N. Ohnari, K. Saito, Y. Tanaka, F. Tatsugami, S. Date, K. Awai, and Y. Korogi

ABSTRACT

BACKGROUND AND PURPOSE: Antiphospholipid syndrome may affect the incidence and pathogenesis of cerebrovascular diseases in
patients with systemic lupus erythematosus. We compared the spectrum of MR findings in patients with systemic lupus erythematosus
with and without antiphospholipid syndrome.

MATERIALS AND METHODS: We identified 256 patients with systemic lupus erythematosus (45 with, 211 without antiphospholipid
syndrome) who underwent MR studies; in 145 (57%), we detected abnormalities. These were categorized as large territorial, lacunar,
localized cortical, and borderzone infarctions and as microembolisms, basal ganglia lesions, callosal lesions, hemorrhages, and white matter
hyperintensity on T2-weighted and/or FLAIR images, and as stenotic arterial lesions on MR angiograms. Logistic regression analysis was
performed to compare the MR findings in patients with systemic lupus erythematosus with and without antiphospholipid syndrome, with
patient age and antiphospholipid syndrome as the covariates.

RESULTS: Abnormal MR findings were more common in patients with systemic lupus erythematosus with antiphospholipid syndrome
(73% versus 53%). Large territorial (P � .01), lacunar (P � .01), localized cortical (P � .01), borderzone infarcts (P � .01), basal ganglia lesions
(P � .03), stenotic arterial lesions (P � .04), and the rate of positive findings on MR imaging (P � .01) were significantly associated with
antiphospholipid syndrome. Irrespective of age, significantly more patients with antiphospholipid syndrome manifested lacunar infarcts in
the deep white matter (P � .01), localized cortical infarcts in the territory of the MCA (P � .01), bilateral borderzone infarcts (P � .01), and
anterior basal ganglia lesions (P � .01).

CONCLUSIONS: Abnormal MR findings were more common in patients with systemic lupus erythematosus with than in those without
antiphospholipid syndrome. Large territorial infarctions, lacunar infarctions in the deep white matter, localized cortical infarctions in the
MCA territory, bilateral borderzone infarctions, anterior basal ganglia lesions, and stenotic arterial lesions are common MR findings in
patients with systemic lupus erythematosus with antiphospholipid syndrome.

ABBREVIATIONS: aPL � antiphospholipid antibodies; APS � antiphospholipid syndrome; GRE � gradient echo; SLE � systemic lupus erythematosus; WMH �
white matter hyperintensity

Systemic lupus erythematosus (SLE) is an autoimmune disease

that frequently manifests with involvement of the central

nervous system.1,2 A previous autopsy study of neuropsychiat-

ric SLE revealed various types of brain lesions including global

ischemic changes, parenchymal edema, microhemorrhages, glial

hyperplasia, diffuse neuronal/axonal loss, resolved infarction,

microthromboemboli, blood vessel remodeling, acute infarction,

acute macrohemorrhages, and resolved intracranial hemor-

rhages.3 A wide spectrum of MR findings in patients with SLE has

also been reported.3 SLE is a heterogeneous disease characterized

by multisystem autoimmunity, leading to an array of clinical pre-

sentations. In addition, there is also a small subset of patients with

SLE who show persistently negative antinuclear antibody tests

despite having the typical clinical features of SLE. These variabil-

ities can add to the difficulty of timely diagnosis and intervention.4

Understanding the wide spectrum of brain pathologic conditions in

patients with SLE may help to render an appropriate diagnosis.

Antiphospholipid syndrome (APS) is characterized by anti-

phospholipid antibodies (aPL) and specific thromboembolic

phenomena, including deep venous thrombosis and spontaneous
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abortions.5 However, both events are relatively common in the

general population and in subjects with autoimmune diseases.

Moreover, in patients with thrombosis or spontaneous abortion

in whom APS is strongly suspected, conventional aPL are repeat-

edly negative.6 This condition has been called “seronegative

APS.”7 Therefore, the correct identification of patients with APS

can be a complex task. The diagnosis of APS affects treatment

options; an antiplatelet and/or anticoagulation therapy is recom-

mended for neuropsychiatric SLE related to aPL, especially for

thrombotic cerebrovascular disease.8 Therefore, it is important to

investigate MR findings in patients with SLE with APS and those

without APS. The association of aPL/APS with neurologic in-

volvement has been established,9,10 but there has been limited

reporting of differences in MR findings in patients with SLE with

APS and those without APS.11 That study concluded that infarc-

tions and infarcts with white matter hyperintensity (WMH)

were more common in patients with SLE with APS, but the

study population was relatively small and the specific nature of

the MR findings was not described in detail. We characterize

the spectrum of MR findings in a large series of patients with

SLE and compare our findings in patients with SLE with APS

and those without APS.

MATERIALS AND METHODS
Patients
This retrospective study was approved by our institutional review

board; informed consent was waived. We reviewed the data base

of patient charts entered between May 2004 and June 2011 and

selected 261 patients diagnosed with SLE on the basis of American

Rheumatism Association criteria for the classification of SLE.12 At

our institution, a screening brain MR imaging has been routinely

performed for the assessment of patients with SLE.

Exclusion criteria included unsatisfactory images because of

artifacts and a history of other neurologic disease. Thus, on the

basis of these exclusion criteria, we eliminated 2 patients whose

image quality was inadequate and 3 because they had a brain

tumor, osmotic myelinolysis, or multiple sclerosis. Consequently,

256 patients with SLE who underwent brain MR study were in-

cluded. Of these, 211 (82.4%) did not and 45 (17.6%) did have

APS diagnosed according to Sapporo criteria.10,13

We reviewed patient demographic data for vascular risk fac-

tors (diabetes mellitus, defined as a random glucose level �11.1

mmol/L, a fasting blood glucose level �7.0 mmol/L, HbA1c

�6.5%, or current use of antidiabetic drugs), hypertension

(blood pressure �140/90 mm Hg, or current treatment with an-

tihypertensive drugs), past and current

smoking, dyslipidemia (LDL cholesterol

�3.64 mmol/L, HDL cholesterol �0.91

mmol/L, triglyceride �1.7 mmol/L, or

receiving treatment), obesity (body

mass index �26 kg/m2), duration of SLE

(interval between diagnosis and brain

MR study), and previous treatments

(corticosteroids and immunomodula-

tory drugs).

MR Imaging
All studies were performed on a 1.5T or

3T MR system (Signa Excite, GE Health-

care, Milwaukee, Wisconsin) by use of a

dedicated 8-channel phased-array coil

(USA Instruments, Aurora, Ohio). The

imaging parameters were 4000/85/1/

13.4/1 minute, 50 seconds (repetition

time msec/echo time msec/NEX/echo

spacing/imaging time), with an echo-

train length of 14 at 1.5T, and 4500/85/

1/10.9/2 minutes, 10 seconds, with an

echo-train length of 16 at 3T for T2-

weighted FSE imaging. They were 8000/

115/2000/2/8.0/2 minutes, 40 seconds

(repetition time msec/echo time msec/

FIG 1. A 34-year-old woman with SLE with APS. A, Axial FLAIR image shows right borderzone
infarction (arrows). B, MR imaging study performed 3 days after symptom onset shows evidence
of marked narrowing of the bilateral internal carotid artery and the M1 segment of the bilateral
MCA (arrows). C, Follow-up MRA study performed 60 days after symptom onset shows recovery
of the arterial stenosis.

MRI findings in patients with SLE

Patients With
SLE, No. (%)

Occlusions or Stenotic
Lesions of Arteries,

No. (%)
MRI findings (n � 256) (%) (%)
Infarction/infarction-like lesions 69 (27) 8 (12)

Large territorial infarctions 23 (9) 6 (26)
Lacunar infarctions 23 (9) 2 (9)
Localized cortical infarctions 19 (7) 2 (11)
Borderzone infarctions 11 (4) 2 (18)
Basal ganglia lesions 11 (4) 0 0
Callosal lesions 3 (1) 1 (33)
Acute microemboli 4 (2) 0 0

Other lesions 118 (46)
Hemorrhages 6 (2)
WMH 108 (42)

Stenotic arterial lesions 9 (4)
Abnormal findings 145 (57)
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inversion time/NEX/echo spacing/imaging time), with an echo-

train length of 30 at 1.5T, and 12,000/140/2600/2/9.1/3 minutes,

20 seconds, with an echo-train length of 30 at 3T for FLAIR im-

aging. At both field strengths, T2-weighted and FLAIR images

were acquired at a section thickness of 5 mm, an intersection gap

of 2.5 mm, an FOV of 22 cm, and a matrix of 256 � 192. In

addition, all patients underwent our standard brain MR imaging

protocol including T1WI, DWI, and 3D TOF intracranial MRA.

The following imaging parameters at 3T were used: 2500/10/90/

320 � 224/22 � 22/1 minute, 30 seconds (TR msec/TE msec/flip

angle/section thickness/matrix/FOV/imaging time), for T1WI

and 6000/minimum/not available/5/128 � 256/22 � 22/30 sec-

onds for DWI. The imaging parameters for 3D TOF MRA were 30

msec/6.3 msec/20°/1 mm/18 cm/256 � 256/4 minutes, 32 seconds

(repetition time msec/echo time msec/flip angle/section thick-

ness/FOV/matrix/imaging time), at 1.5T; they were 30 msec/3.3

msec/20°/1 mm/18 cm/384 � 224/4 minutes, 37 seconds, at 3T. In

29 of 256 patients with SLE (11%), gradient echo (GRE) T2WI

scans were obtained on 1.5T or 3T systems.

MR Imaging Analysis
Two neuroradiologists (S.K. and Y. Kaichi) reviewed the MR im-

ages and categorized their findings as normal (grade 1), as infarc-

tion or infarction-like lesions (large territorial, lacunar, localized

cortical, or bilateral or unilateral borderzone infarctions; acute

multiple or single micro-embolisms; basal ganglia; or callosal le-

sions; grade 2), and as other lesions (WMH, macro- or microhe-

morrhages, stenotic arterial lesions on MRA; grade 3). We found

various kinds of destructive brain lesions in this study, for some of

which we could not identify the specific MR findings suggesting

cerebral infarctions according to the previous observations.

Therefore, we defined them as infarction-like lesions.

Large territorial infarction14 was defined as an infarct that in-

volved all or a large part of the territory of the anterior cerebral

artery, MCA, or posterior cerebral artery; the cerebellum; or the

brain stem in a characteristic pattern of a large vessel occlusion.

The readers defined acute multiple or single microemboli as small

hyperintense foci �3 mm in the cortex and/or subcortical white

matter on DWI. Localized cortical infarction15 was recorded

when there were single or multifocal ischemic lesions in the cor-

tex. Therefore, this category included chronic small cortical in-

farcts suggestive of microembolism and acute cortical lesions �3

mm.16

Borderzone infarction was defined according to the templates

of Bogousslavsky and Regli17 and the atlas of Damasio.18 Lacunar

infarction, defined as a CSF-filled cavity with increased peripheral

signal on FLAIR �15 mm in diameter,19 was subclassified into

basal ganglia, deep white matter, or brain stem infarction. Lesions

larger than lacunar infarcts were recorded as basal ganglia lesions;

their location was divided into anterior, middle, and posterior.

Callosal lesions were defined as abnormally hyperintense areas in

any part of the corpus callosum on DWI, T2WI, or FLAIR scans.

WMH was identified as ill-defined hyperintensity �5 mm on

both T2-weighted FSE and FLAIR images, and WHM was rated

according to the scale of Fazekas et al,20 in which grade 1 � punc-

tate foci, grade 2 � incipient confluence of foci, and grade 3 �

large confluent areas. In the present study, we made a distinction

between WMH and perivascular space on the basis of the MR

findings in a previous report21; the perivascular space was visual-

ized as hyperintense regions on T2WI and as hypointense regions

on T1WI and formed punctuate or tubular structures of usually

�3 mm in diameter, and usually located in conformity with the

path of perforating brain vessels, which run perpendicular to the

brain surface. Micro- and macrohemorrhages were defined as

hemorrhages �5 mm and �5 mm in diameter on the basis of

T2WI findings, because only 29 of the 256 patients (11%) under-

went GRE T2WI.22 Stenotic arterial lesions were recorded when

there was either complete occlusion or stenosis of �50% on MRA

images. Because of the limited FOV and spatial resolution of MRA

images, the assessed intracranial vessels included segments of the

internal carotid artery, the middle cerebral artery (M1 [the sphe-

noidal segment], M2 [the insular segment], M3 [the opercular

segment]), and the anterior cerebral artery (A1 [the segment from

the origin of the anterior cerebral artery to the anterior commu-

nicating artery] and A2 [the infracallosal segment]).

Statistical Analysis
We compared the differences in the baseline characteristics of

patients with SLE with and without APS by use of logistic regres-

sion analysis. To compare MR findings in patients with SLE with

and without APS, logistic regression was also applied to correct

for confounding age and APS, resulting in an adjusted odds ratio.

Differences of P � .05 were considered statistically significant.

RESULTS
Whereas the demographic and clinical characteristics were not

significantly different between patients with and without APS, the

median disease duration was longer in those with APS (P � .05)

(On-line Table 1).

Our MR findings on all patients with SLE are summarized in

the Table. The most common finding was WMH. Infarcts and

infarct-like lesions were seen in 69 of the 256 patients (27%); only

8 of the 69 (12%) harbored stenotic lesions on major intracranial

arteries. On MRA images, the relevant artery manifested stenotic

lesions in 6 (26%) of 23 patients with large territorial, 2 (9%) of 23

with lacunar, and 2 (18%) of 11 with borderzone infarcts. In 1

patient with borderzone infarction, the initial MRA scan showed

marked narrowing of the bilateral internal carotid artery and the

M1 segment of the bilateral MCA; follow-up MRA revealed reso-

lution of the arterial stenoses. In this patient, we considered vas-

culitis or arterial vasospasm a likely diagnosis (Fig 1). No stenotic

lesion on the relevant artery was seen in patients with basal ganglia

lesions and acute micro-embolism in the cortex and/or subcorti-

cal white matter.

On-line Table 2 is a comparison of the MR imaging findings in

patients with SLE with and without APS. More patients with than

without APS demonstrated abnormal findings (73% versus 53%).

The incidence of large territorial, lacunar, localized cortical, and

borderzone infarcts; acute microemboli; basal ganglia lesions; cal-

losal lesions; and stenotic arterial lesions was higher in patients

with APS than in those without APS.

We performed logistic regression analysis to compare MR

findings in patients with SLE with and without APS, with patient

age and APS as the covariates. Large territorial, localized cortical
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(Fig 2A), and borderzone infarctions (Fig 2B, -C); basal ganglia

lesions (Fig 2D); lacunar infarcts; stenotic arterial lesions; and the

total number of patients with abnormal findings were signifi-

cantly associated with APS (On-line Table 3). The incidence of

large territorial infarctions in the cerebellum was significantly

higher in patients with APS than in those without APS (P � .02).

Localized cortical infarctions in the MCA area were significantly

associated with APS (P � .01). Bilateral but not unilateral border-

zone infarcts were associated with APS (P � .01). All basal ganglia

lesions were in the anterior zone (7/7). Stenotic arterial lesions

were seen in the ICA and MCA. WHM, lacunar infarcts, and the

total number of patients with abnormal findings were signifi-

cantly associated with age. Although acute microembolism in the

cortex and/or subcortical white matter was associated with age

(P � .03), the association was not significant because the number

of patients was small. We found that abnormal findings and lacu-

nar infarcts were associated with patient age and APS status.

DISCUSSION
We compared brain MR findings in a large number of patients

with SLE on the basis of their APS status. Our logistic regression

analysis demonstrated that the incidence of large territorial in-

farcts, lacunar infarcts in the deep white matter, localized cortical

infarcts in the MCA area, bilateral borderzone infarcts, anterior

basal ganglia lesions, and stenotic arterial lesions was significantly

higher in patients with SLE with APS

than in those without APS, regardless of

their age.

Large Territorial Infarcts
Arterial thrombosis rather than arterial

sclerosis has been proposed as a major

cause of territorial infarction in patients

with APS.4,23 Our patients with and

without APS manifested infarcts/in-

farct-like lesions in the absence of ste-

notic lesions in the cerebral arteries. This

suggests thromboembolism as the main

mechanism leading to lesions associated

with cerebrovascular disease in patients

with SLE with and without APS, though

the presence of APS may further pro-

mote their development.

Localized Cortical Infarcts
The small arterial anastomoses between

gyri of the cerebral cortex may help to pre-

vent the development of cortical infarc-

tion.24 In patients with SLE, thromboem-

bolism or small-vessel thrombosis

promoted by the association of APS may

result in the occlusion of small cortical ar-

teries and the eventual development of lo-

calized infarcts.

Bilateral Borderzone Infarcts
Borderzone infarcts occur at character-

istic locations at the junction between

the external (cortical) and internal (sub-

cortical) territory. Internal borderzone infarcts are thought to be

attributable to hemodynamic compromise,25 whereas external

borderzone infarcts have been attributed to embolism not neces-

sarily associated with hypoperfusion.26,27 We observed both in-

ternal and external borderzone infarcts in patients with SLE with-

out stenotic lesions on the relevant artery. Therefore, besides

thromboembolism, different etiologies such as small-vessel injury

may play a role in the development of borderzone infarcts. Ac-

cording to Atsumi et al,28 the induction of endothelin-1 by aPL

may contribute to an increase in the arterial tone and ultimately

lead to vasospasm and the occlusion of small vessels. In 1 of our

patients with borderzone infarction who presented with marked

narrowing of the bilateral internal carotid arteries and the M1

segment of the bilateral MCA, vasculitis or arterial vasospasm was

suspected. This suggests that hemodynamic compromise second-

ary to vasculitis or arterial vasospasm may represent a possible

mechanism resulting in borderzone infarctions.

Anterior Basal Ganglia Lesions
Significantly more patients with SLE with APS than those with-

out APS presented with anterior basal ganglia lesions. None of

the patients with such lesions manifested stenotic lesions on

the relevant MCA, suggesting that APS induces substantial

neuronal injury caused by small-vessel injury. A clot of the M1

segment of the MCA often leads to caudate and/or putaminal

FIG 2. A, Sixteen-year-old boy with SLE with APS. Axial FLAIR image shows localized cortical
infarction (arrow). B and C, Thirty-nine–year-old woman with SLE with APS. Axial T2WI (B) and
coronal FLAIR image (C) show bilateral borderzone infarction (arrows). MRA revealed no abnor-
mality (image not shown). D, Forty-five–year-old woman with SLE with APS. Axial DWI image
shows a lesion in the left anterior basal ganglia (arrow).
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infarction. Therefore, another explanation for basal ganglia

lesions might be the infarction caused by the clot of the M1

segment after recanalization. Other factors, for example, de-

myelination,29 metabolic abnormalities,30 and vasculitis or va-

sospasm,28 must be considered as etiologic factors in the

development of basal ganglia lesions. However, the mecha-

nism(s) responsible for the high incidence of lesions in the

anterior part remains to be identified.

Stenotic Arterial Lesions
We found that significantly more patients with SLE with APS than

those without APS presented with stenotic arterial lesions, and

these lesions were not associated with age. Moreover, in 1 of our

patients, follow-up MRA study revealed resolution of the arterial

stenosis. This suggests that the main cause of arterial stenosis is

not associated with arteriosclerosis but with aPL/APS-related

vasculitis or arterial vasospasm.

White Matter Hyperintensity
Compared with healthy individuals, WMH was a more common

finding in patients with SLE and those with primary APS.31 Al-

though the specific mechanism, SLE per se or APS, resulting in the

manifestation of WMH remains unknown, various pathologic

conditions, not only small-vessel occlusion but also demyelin-

ation, may play a contributory role. The incidence of WMH was

higher in our patients with SLE than in asymptomatic volunteers

studied by others,29 but there was no significant difference among

our patients with SLE with APS and those without APS. More-

over, WMH was significantly associated with age. The WMHs seen

in patients with SLE are therefore not necessarily related to thrombo-

embolism or small-vessel injury promoted by the presence

of aPL.

Miscellaneous Lesions
The reported incidence of lacunar infarction in patients with aPL

is 9%.32 Our observation that this rate was higher in patients with

SLE with APS than in those without APS (20% versus 7%) sug-

gests that thromboembolism or small-vessel injury promoted by

the presence of aPL may produce lacunar infarcts in patients with

SLE with APS. Because lacunar infarcts were significantly associ-

ated with patient age and APS, however, they are not a character-

istic finding in patients with SLE with APS. Whereas up to 42% of

patients with SLE with uremia, thrombocytopenia, and hyperten-

sion have cerebral hemorrhages,33,34 their incidence in our pa-

tients with SLE with APS and those without APS was not different.

The presence of multiple microemboli implies that they arose at

the same time, suggesting that their source is a proximal rather than a

more distal independent microvascular occlusive event. Because the

number of patients with cerebral hemorrhage and acute microem-

boli in the cortex and/or subcortical white matter was small in our

study, we cannot comment on the difference in their incidence rate in

patients with SLE with APS and those without APS.

Our retrospective study has some limitations. First, we evalu-

ated patients with different phases of the disease as a single group,

and we did not differentiate between acute and chronic infarc-

tions. Moreover, we could not take neurologic symptoms into

consideration because in most patients it was not possible to eval-

uate the association between their symptoms and MR findings.

Second, because many patients received therapy with antiplatelet,

antihypertensive, and antilipemic drugs before undergoing MR

imaging, we cannot rule out the possibility that these treatments

affected our findings. Nonetheless, we posit that drug treatments

did not play a major role because the clinical characteristics were

not significantly different between patients with SLE with APS

and those without APS. Third, because our study included neither

healthy age-matched control subjects nor patients with primary

APS, we did not assess the difference in the incidence of cerebral

lesions in patients with SLE and control subjects. Fourth, we could

not evaluate hemorrhagic lesions exactly because few of our pa-

tients underwent GRE T2WI. Last, we did not determine the in-

cidence of large territorial infarcts, lacunar infarcts in the deep

white matter, localized cortical infarcts in the territory of the

MCA, bilateral borderzone infarcts, anterior basal ganglia lesions,

and stenotic arterial lesions in patients with primary APS.

CONCLUSIONS
Our study of a large series of patients with SLE shows that APS is

a significant risk factor for cerebral lesions. Our characterization

of the spectrum of MR findings suggests that large territorial in-

farcts, lacunar infarcts in the deep white matter, localized cortical

infarcts in the territory of the MCA, bilateral borderzone infarcts,

anterior basal ganglia lesions, and stenotic arterial lesions are par-

ticularly common MR findings in patients with SLE with APS.

Disclosures: Kazuo Awai—UNRELATED: Consultancy: Daiichi-Sankyo Ltd; Employ-
ment: Toshiba Medical Systems,* Bayer Pharmaceutical,* Daiichi-Sankyo Ltd,* Eizai
Ltd* (*money paid to institution).
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