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Abstract:

Objective The underlying pathophysiology varies according to stroke subtype. However, stroke heterogene-
ity among patients with systemic lupus erythematosus (SLE) remains unstudied. We hypothesized that the
contribution of SLE to stroke might vary according to its subtype and investigated the associations of SLE
and various stroke subtypes.

Methods Diagnostic codes and electronic medical records were used to identify 70 patients with SLE who
developed acute cerebral infarction or intracerebral hemorrhaging at four tertiary referral hospitals between
2008 and 2018. Intracerebral hemorrhaging was classified as lobar or deep, while cerebral infarction was
classified according to the SSS-TOAST criteria. Physician notes were used to identify SLE activity, and their
prevalences were compared among stroke subtypes. Outcomes were collected from the patients’ medical re-
cords.

Results The most common stroke subtype in patients with SLE was that of undetermined causes (31%),
followed by small artery occlusion (16%), cardioaortic embolism (13%), other causes (11%), lobar hemor-
rhaging (10%), deep hemorrhaging (10%), and large artery atherosclerosis (9%). Stroke onset occurred during
a period of high SLE activity in 21 patients (30%). The proportion of patients with high SLE activity varied
according to stroke subtype (p=0.039) and was highest for cerebral infarction with undetermined causes.
Stroke recurrence or death was observed in 40% of patients within 5 years after the initial stroke onset.
Conclusion The contributions of SLE to stroke varied significantly according to the stroke subtype. Given
the unfavorable prognosis, close stroke subtype-specific observation by rheumatologists and stroke specialists
is recommended after stroke events.
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cerebral infarction and intracerebral hemorrhaging, is a com-

Introduction mon neuropsychiatric manifestation of SLE (6, 7) and is the

cause of up to 15% of deaths among patients with SLE (8).

Approximately 30-40% of patients with systemic lupus In addition, patients with SLE have an approximately two-
erythematosus (SLE) develop neuropsychiatric events during fold higher risk of stroke than the general population (9-11).
the course of their disease (1-5). Stroke, which includes Therefore, stroke prevention and management are critical for
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patients with SLE. However, it is unclear to what extent
stroke events are truly attributable to SLE. Furthermore, the
pathophysiology of stroke in patients with SLE is not well
understood.

Stroke is a heterogeneous disease that includes several un-
derlying mechanisms. Because patients with SLE develop
various types of stroke (12-16), the pathophysiology of
stroke is not likely to be uniform in patients with SLE, al-
though there is limited information regarding this heteroge-
neity. We hypothesized that the contribution of SLE to
stroke, which is clinically important in determining the opti-
mal treatment (1, 17), may vary according to stroke subtype.

Thus, the present study evaluated the associations of SLE
with each stroke subtype, the contribution of SLE, and the
outcomes after stroke in this patient population.

Materials and Methods

Data that support the findings of this study are available
from the corresponding author upon reasonable request. The
study complied with the Declaration of Helsinki, and the
retrospective study protocol was approved by the institu-
tional ethics committees of Osaka University Hospital,
Osaka General Medical Center, Osaka Minami Medical Cen-
ter, and Kawasaki Medical School Hospital, which waived

the requirement for written informed consent. Patients were
allowed to opt out of the research use of their data.

Patients

This multicenter retrospective study included patients who
were treated at four tertiary referral hospitals in Japan. Pa-
tients with SLE and stroke were identified by searching the
electronic medical records for relevant diagnostic codes
from the International Classification of Diseases-10th revi-
sion (ICD-10). Patients were considered eligible if they were
diagnosed with SLE (ICD-10: M32) and had undergone
brain magnetic resonance imaging (MRI) during their ad-
mission between January 1, 2008, and December 31, 2018.
Patients were also considered eligible if they were diagnosed
with SLE (ICD-10: M32) and either intracerebral hemor-
rhaging (ICD-10: 161) or cerebral infarction (ICD-10: 163)
during the same period. If a patient experienced more than
one stroke event, only the initial event was considered for
case selection. This process identified a total of 299 eligible
patients.

The eligible patients’ medical records and brain images
were thoroughly reviewed by a trained neurologist (TK),
who excluded patients with incomplete medical records (n=
4) or an incorrect diagnosis of SLE (n=29). Stroke was de-
fined as a new neurological deficit with corresponding ra-
diological evidence of hyperdense hematoma from intracere-
bral hemorrhaging detected using non-contrast computed to-
mography (CT) or a hyperintense lesion with restricted dif-
fusion caused by cerebral infarction detected using
diffusion-weighted MRI. Patients were also excluded if they
did not have acute neurological symptoms (n=94), if they
had non-stroke neuropsychiatric SLE manifestations based
on the American College of Rheumatology nomenclature (n
=71), or if they had other diseases (n=31).

The study ultimately included 70 patients with SLE who
developed acute cerebral infarction or intracerebral hemor-
rhaging (Fig. 1).

Data collection

Data regarding age, sex, medical history, smoking status,
stroke severity based on the National Institutes of Health
Stroke Scale score, and cumulative manifestations based on
the American College of Rheumatology definitions (18)
were extracted from the patients’ medical records. Labora-
tory data at admission, including complete blood counts, an-
tibodies to double-stranded DNA (ds-DNA), complement
components, and urine parameters, were also collected. Re-
nal impairment was defined as a serum creatinine concentra-
tion of >1.5 mg/dL (>132.6 umol/L). Outcomes regarding
stroke recurrence and death were collected from each hospi-
tal’s medical records, and cases were censored at the last
follow-up or on December 31, 2019.

Classification of stroke

Intracerebral hemorrhaging was classified as lobar or deep
hemorrhaging (19). Deep hemorrhaging included putaminal,
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Table. Patient Characteristics.
N=70 Missing
Age, years 55 (41-67) 0
Female sex 55 (79%) 0
Duration of SLE, years 14 (5-27) 5
Hypertension 44 (63%) 0
Diabetes 11 (16%) 0
Dyslipidemia 17 (24%) 0
Atrial fibrillation 6 (9%) 0
Renal impairment 13 (19%) 0
Previous stroke 23 (33%) 0
Previous ischemic heart disease 5 (7%) 0
Smoking 11 (16%) 0
Antiplatelet use 21 (30%) 0
Anticoagulant use 18 (26%) 0
Prednisone dose, mg 6.5 (3.3-10) 2
Immunosuppressive agents 3 (4%) 3
Modified Rankin scale score 0(0-2) 6
NIHSS score 2 (1-6) 11
Manifestations*
Malar rash 18 (38%) 23
Discoid rash 14 (30%) 23
Photosensitivity 13 (28%) 23
Oral ulcer 10 (21%) 23
Arthritis 30 (64%) 23
Serositis 14 (30%) 23
Renal disease 24 (51%) 23
Neurological disorders 11 (23%) 23
Hematological disorders 27 (57%) 23
Immunological disorders 42 (89%) 23
Positive ANA test result 42 (89%) 23

Data are presented as number (%) or median (interquartile range).
SLE: systemic lupus erythematosus, NIHSS: National Institutes of
Health Stroke Scale, ANA: antinuclear antibody

* Manifestations based on the 1997 criteria from the American Col-
lege of Rheumatology.

thalamic, brainstem, and cerebellar hemorrhaging. Ischemic
stroke was classified according to the SSS-TOAST crite-
ria (20). This system classifies the stroke event based on the
patient’s risk factors, medical history, and imaging findings
(especially lesion size and distribution) as large artery athe-
rosclerosis, cardioaortic embolism, small artery occlusion,
other causes, or undetermined causes. This system has high
inter-examiner agreement (20). In this study, subtyping with-
out considering SLE as a cause of stroke was performed.

Stroke association with SLE activity

We evaluated whether or not a stroke event was attribut-
able to SLE via two approaches. First, a high SLE activity
around the time of stroke onset was defined by either a phy-
sician’s note indicating a clinical assessment or concern re-
garding uncontrolled disease activity (this was assessed dur-
ing admission due to stroke by the attending physician) or
by the need for new or increased therapy (e.g. prednisone or
immunosuppressants) to control active disease (21). SLE ac-
tivity was evaluated in a categorical manner as either high

or not high. Second, for a more objective evaluation, we
used a previously reported algorithm to determine the contri-
bution of SLE to a neuropsychiatric event (22), based on the
interval between the event onset and the clinical SLE onset,
event type, confounding factors (e.g. diabetes mellitus), and
predisposing factors (e.g., SLE activity and heart valve dis-
ease). A higher prediction score indicates a greater likeli-
hood that SLE contributed to the neuropsychiatric event.
However, we omitted the SLE disease activity index because
we could not retrospectively calculate that score.

Statistical analyses

Continuous variables were reported as the median [inter-
quartile range (IQR)] and analyzed using Wilcoxon’s rank-
sum test. Categorical variables were reported as number
(percentage) and analyzed using Fisher’s exact test, unless
otherwise specified. A complete case analysis was performed
for items that included missing values. Kaplan-Meier curves
and the log-rank test were used to evaluate the intervals be-
tween the stroke onset and stroke recurrence alone or along
with death as a composite outcome.

Results were considered significant at p values <0.05, and
all analyses were performed using the SAS OnDemand for
Academics software program (version 9.4; SAS Institute
Inc., Cary, USA).

Results

Patient characteristics

The patients’ baseline characteristics are shown in Table.
The median age was 55 (IQR 41-67) years old, and 79% of
the patients were women. Minor neurological deficits were
common (median National Institutes of Health Stroke Scale
score: 2), although the stroke scale score was missing in 11
(16%) patients, and 3 of these patients were in a coma. The
median duration of SLE at the stroke onset was 14 (IQR 5-
27) years, although 9 (14%) patients experienced a stroke
within 1 year after their SLE diagnosis, and 8 of these pa-
tients had a high SLE activity. Five patients had an un-
known disease duration that was at least 10 years. The SLE
clinical manifestations and laboratory disorders based on the
American College of Rheumatology criteria are shown in
Table. Stroke was accompanied by other neuropsychiatric
manifestations in some patients: cognitive dysfunction (n=2),
headache (n=1), seizure (n=1), aseptic meningitis (n=1),
mood disorder (n=1), and psychosis (n=1).

Stroke subtypes

Among the analyzed patients, 14 (20%) patients had in-
tracerebral hemorrhaging, 56 (80%) patients had cerebral in-
farction, and none had coexisting intracerebral hemorrhaging
and cerebral infarction. The stroke subtypes were classified
as undetermined causes (31%), small artery occlusion
(16%), cardioaortic embolism (13%), other causes (11%),
lobar hemorrhaging (10%), deep hemorrhaging (10%), and
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Figure 2. Representative images of each stroke subtype in patients with systemic lupus erythema-
tosus. (A) Proportions of each subtype. (B) Lobar hemorrhaging observed using non-contrast com-
puted tomography (CT) and T2* images in a man with a history of antiphospholipid syndrome. (C)
Deep hemorrhaging observed using non-contrast CT and T2* images in a woman with hypertension.

(D-H) Cerebral infarction observed using diffusion-weighted images and magnetic resonance angiog-

raphy. (D) The right internal carotid artery terminal branch was severely stenosed (arrow), and in-
farcts were located in the watershed area. (E) The right internal carotid was occluded and not visible
(arrowheads). (F) Small artery occlusion in a man with diabetes mellitus. (G) Cerebral infarction af-

ter coronary angiography. (H) Scattered subcortical cerebral infarctions were observed without

large-artery lesions.

large artery atherosclerosis (9%). Representative images of
each stroke subtype are shown in Fig. 2. All six patients
with large artery atherosclerosis had intracranial artery
stenosis, although none had extracranial carotid artery steno-
sis proximal to the lesion. One patient with lobar hemor-
rhaging had cortical venous thrombosis. Another patient was
diagnosed with non-bacterial thrombotic endocarditis.

Baseline characteristics according to stroke subtype

The baseline characteristics according to stroke subtype
are shown in Supplementary material 1. A significant differ-
ence in age was found among the stroke subtypes (p=0.015),
and their distributions according to age group (<50 years old
vs. >50 years old) are shown in Supplementary material 2.
Cardioaortic embolism was observed only in patients who
were >50 years old (0% vs. 22%, p=0.008), and lobar hem-
orrhaging tended to be more common in younger patients
than in older ones (17% vs. 5%, p=0.118). The prevalence
of renal impairment was high among patients with cerebral
hemorrhaging (57%). The proportions of patients with an-
tiphospholipid syndrome were comparable between patients
with intracerebral hemorrhaging and patients with cerebral
infarction (36% vs. 27%, p=0.52), and there was no signifi-
cant difference in the proportions of patients with antiphos-
pholipid syndrome according to stroke subtype (p=0.95,

Supplementary material 3). Furthermore, there was no sig-
nificant difference in the proportions of patients who re-
ceived antiplatelet or anticoagulant therapy according to
stroke subtype (p=0.26 and p=0.26, respectively; Supple-
mentary material 4).

Stroke subtypes, SLE activity, and contribution of
SLE

The stroke onset occurred during high SLE activity in 21
(30%) patients, and the numbers of patients with high SLE
activity according to stroke subtype are shown in Fig. 3A. A
significant difference in the proportion of patients with high
SLE activity was observed between the subtypes (p=0.039),
with low prevalences observed for deep hemorrhaging (0%),
small artery occlusion (9%), and cardioaortic embolism
(11%), while high prevalences were observed for large ar-
tery atherosclerosis (50%) and undetermined causes (50%).

The median scores for predicting the contribution of SLE
to stroke events were higher in patients with a high SLE ac-
tivity than in those without [7.5 (IQR 4.5-6.5) vs. 5.5 (IQR
4.5-6.5), p<0.001]. In agreement with the analysis wherein
SLE activity was used, a significant difference in the predic-
tion scores was observed between the subtypes (p=0.039,
Fig. 3B), with a low median score observed for cardioaortic
embolism (4.5) and relatively high scores observed for lobar
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Figure 3. Patients with high systemic lupus erythematosus
activity and prediction scores according to stroke subtype. (A)
The number of patients with and without high SLE activity ac-
cording to stroke subtype (21). (B) The prediction scores ac-
cording to stroke subtype, with the boxes indicating the inter-
quartile ranges. SLE: systemic lupus erythematosus, SAO:
small artery occlusion, CAE: cardioaortic embolism, LAA:
large artery atherosclerosis

hemorrhaging (6.5), deep hemorrhaging (6.5), other causes
(6.5), and undetermined causes (6.5).

The concentrations of complement, antibodies ds-DNA,
and C-reactive protein (CRP) were also compared according
to stroke subtype (Fig. 4). No significant differences were
found according to stroke subtype in terms of the C3 con-
centration (p=0.86), C4 concentration (p=0.31), CH50 level
(p=0.25), antibodies to ds-DNA (p=0.157), and CRP con-
centration (0.69). Detailed data regarding the age, laboratory
test results, prediction scores, and SLE activity for all pa-
tients are provided in Supplementary material 5.

The prognosis after stroke

The Kaplan-Meier curves for post-stroke outcomes are
shown in Fig. 5. Stroke recurrence or death occurred in 27%
of the patients within 2 years and in 40% of the patients
within 5 years. Stroke recurrence was observed within 3
months in 5 (7%) patients, within 2 years in 13 (19%) pa-
tients, and within 5 years in 21 (30%) patients. The subtype
of recurrent stroke was confirmed in 12 patients, and 7 pa-
tients had the same type of recurrent stroke as the first

event. Death was observed within 2 years in 11 (16%) pa-
tients, including 2 patients who died because of initial
stroke, 3 patients who died because of stroke recurrence, 3
patients who died because of sepsis, 2 patients who died be-
cause of other causes, and 1 patient without a documented
cause of death. Death occurred during admission for eight
patients. No significant difference was found in the progno-
sis after stroke between patients with and without high SLE
activity (p=0.48, Supplementary material 6).

Discussion

This study revealed that patients with SLE developed
various subtypes of stroke and that the contribution of SLE
varied according to stroke subtype. These results suggest
that the underlying pathophysiology of stroke is not uniform
in patients with SLE. The stroke onset occurred during a pe-
riod of high SLE activity in 30% of the patients, while 40%
of the patients experienced stroke recurrence or death within
5 years after the initial stroke. These findings highlight the
heterogeneity of stroke in patients with SLE, suggesting that
measures to prevent stroke recurrence should be customized
for each stroke subtype.

Only a few studies have evaluated stroke subtypes among
patients with SLE. Mikdashi et al. evaluated 44 patients
with ischemic stroke and classified the subtypes as large ar-
tery (45%), small vessel (39%), cardioembolic (9%), and
undetermined origin (7%) (16). Those proportions are differ-
ent from our results, although the classification criteria were
similar (20, 23). The mean age was approximately 40 years
old in the study by Mikdashi et al. (16), which was younger
than the median age in our study (55 years old). Thus, the
differences in stroke subtype may be partially related to dif-
ferences in the patient age.

This study also evaluated the relative contribution of SLE
to stroke using two approaches, which revealed that the con-
tribution of SLE varied significantly according to stroke
subtype. Interestingly, only 30% of stroke events occurred
during a period of high SLE activity, although the estima-
tion of SLE activity can be subjective, and the absence of
concomitant high SLE activity does not preclude SLE in-
volvement in the underlying pathophysiology. Thus, risk fac-
tor management should be customized for each stroke sub-
type, such as atrial fibrillation treatment in cases with car-
dioaortic embolism. Furthermore, aggressive intervention
may be warranted for stroke risk factors, as prednisone use
may accelerate atherosclerosis in patients with SLE (24).
Moreover, given the unfavorable prognosis after stroke,
close follow-up by rheumatologists and stroke specialists
would be desirable in patients with SLE, even if their dis-
ease activity is not high.

Several studies have reported on the pathology underlying
SLE-related ischemic stroke. Vasculitis is a known cause of
cerebrovascular involvement in patients with SLE, although
autopsy studies have indicated that vasculitis is a relatively
rare cause of stroke in patients with SLE (15, 25, 26). Inter-
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Figure 4. Serum concentrations of complement C3, C4, CH50, anti-dsDNA antibodies, and CRP
according to stroke subtype. The serum concentrations of (A) C3, (B) C4, (C) CH50, (D) anti-dsDNA
antibodies, and (E) CRP are shown according to stroke subtype. No significant associations of the
marker concentrations with the stroke subtypes (p=0.86, p=0.31, p=0.25, p=0.157, and p=0.69) were
found. Twelve values were missing for C3, 13 values were missing for C4, 16 values were missing for
CHS50, and 16 values were missing for anti-dsDNA antibodies. The boxes indicate the interquartile

ranges. CRP: C-reactive protein, SAO: small artery occlusion, CAE: cardioaortic embolism, anti-
dsDNA: anti-double stranded DNA, LAA: large artery atherosclerosis
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Figure 5. Kaplan-Meier curves for the cumulative risks of
stroke or death (A) and stroke alone (B).

estingly, we observed low prevalences of diabetes (0%) and
dyslipidemia (17%) in patients with large artery atheroscle-
rosis, relative to previously reported prevalence among pa-
tients without SLE (27). Thus, some proportion of small ar-
tery occlusion and large artery atherosclerosis may be re-
lated to vasculitis, especially in young patients without athe-
rosclerotic risk factors. Hypercoagulability and endothelial
damage due to antiphospholipid antibodies may be another
cause of ischemic stroke (28-31). Furthermore, embolism
due to nonbacterial thrombotic endocarditis or Libman-
Sacks endocarditis is a possible mechanism for cardioaortic
embolism (30, 32, 33).

We identified 7 patients who had lobar hemorrhaging, and
5 of these patients were <50 years old. This is surprising, as
the mean age of patients with lobar hemorrhaging is up to
70 years old in the general Japanese population (34, 35).
Cerebral amyloid angiopathy is the major etiology of lobar
hemorrhaging in elderly patients (36), although it is caused
by aging-related B-amyloid deposition in the cortical blood
vessels. Therefore, this mechanism is not plausible in pa-
tients with SLE. Severe antiphospholipid syndrome itself is
another possible cause of cerebral hemorrhaging (37), al-
though we only identified antiphospholipid syndrome in
three of our seven patients with lobar hemorrhaging. Thus,
the development of lobar hemorrhaging may have been re-
lated to other pathologies, such as vasculitis and coagulation
disorders (38).

Previous studies have shown that patients have the highest
risk of stroke within one year after the SLE diagno-
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sis (39, 40). Our cohort included nine patients who devel-
oped stroke within one year after their SLE diagnosis, and a
high SLE activity was observed for eight of these nine pa-
tients. Thus, patients may be especially vulnerable to stroke
early after the diagnosis of SLE, which may coincide with a
high disease activity and/or insufficient treatment. However,
61 patients developed stroke beyond 1 year after their SLE
diagnosis, which highlights the need for careful examina-
tions and follow-up, regardless of the duration of SLE.

In the present study, we investigated the prognosis of SLE
patients after stroke and revealed that 40% of patients expe-
rienced stroke recurrence or died within 5 years of the initial
event. These data highlight the unfavorable prognosis of
SLE patients who developed stroke. Among the 12 patients
who developed stroke recurrence and whose stroke subtype
was confirmed, seven had the same subtype of recurrent
stroke as at the first event. Although the data regarding sub-
type of recurrent stroke are limited by the retrospective na-
ture of the study, the fact that some patients developed the
same type while others developed different types suggests
the heterogeneity of stroke in SLE patients, i.e., one patho-
physiology can explain the occurrence of stroke in some pa-
tients, while multiple factors are involved in others. The
cause of a high risk of recurrent stroke in SLE patients and
the diversity of stroke in this population should be addressed
in future studies.

Limitations

Several limitations associated with the present study war-
rant mention. First, selection bias is possible, as our process
for identifying eligible patients might not have captured all
patients with SLE who experienced a stroke event. Second,
the estimation of the SLE activity by the attending physician
may have been partially subjective. Therefore, we adopted
another method of analyzing the data using a more objective
prediction score and reconfirmed the heterogeneity of stroke
in patients with SLE. Third, the outcomes after stroke were
determined using the institutional medical records, which
might have missed patients who were treated for stroke re-
currence at other hospitals. Finally, the retrospective nature
of the study resulted in some instances of missing data for
different variables (e.g., laboratory test results). Therefore,
larger prospective studies are needed to confirm the gener-
alizability of our findings.

Conclusion

This study revealed that the contribution of SLE signifi-
cantly varied according to stroke subtype, suggesting that
customized interventions are needed. Future studies of
stroke in patients with SLE should also consider the under-
lying heterogeneity of stroke in this patient population.
Given the unfavorable prognosis, close observation accord-
ing to stroke subtype by rheumatologists and stroke special-
ists would be desirable after patients with SLE experience
stroke events.
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