
Central nervous system involvement is one of the most
serious complications of systemic lupus erythematosus (SLE).
More than half of patients with SLE demonstrate major
psychiatric and neurological disorders1-4. The most common
manifestations of neuropsychiatric SLE (NP-SLE) include
seizures, psychosis, brainstem dysfunction, stroke and cognitive
impairment2.

Despite the numerous previous studies5-8, the exact
pathogenesis of disease is not completely understood, and
therefore its recognition and treatment remains a major
diagnostic and therapeutic challenge. The possible mechanisms
include vasculopathy, autoantibody production, immuno-
logically mediated thromboembolism and systemic
inflammation. Antiphospholipid (aPL) antibodies, hyperhomo-
cysteinaemia, cardiac valve pathology and other vascular risk
factors can also increase the risk of stroke4,9-14.

ABSTRACT: Introduction: Central nervous system (CNS) involvement is a common and less understood aspect of systemic lupus
erythematosus (SLE). Microembolic signals (MES) have been reported in SLE. We conducted a prospective study to evaluate the
frequency of MES among patients with CNS involvement and those without. The main aim of the study is to clarify the pathophysiology
of the CNS involvement in SLE. Methods and Materials: Sixty eight patients with a diagnosis of SLE (60 females, 8 males) participated
in the study. Both middle cerebral arteries were monitored using transcranial Doppler for 60 min to detect MES. All cases underwent
neurology and psychiatry assessments. Results: MES were detected in 7/68 patients (10.3%) with the mean number of 3.5 per hour.
MES were significantly higher in patients with CNS involvement (6/24, 25%) than those without (1/44, 2.2%) (P=0.006). SLE disease
activity index, duration of disease, plaque formation, intima-media thickness, and antiphospholipid antibodies were not associated with
MES. MES were more frequent in patients receiving Aspirin and/or Warfarin (p=0.02). Conclusions: MES may be a predictor for CNS
involvement in SLE patients at risk for neuropsychiatric syndromes. Cerebral embolism may be implicated in the pathophysiology of
neuropsychiatric SLE.

RÉSUMÉ: Signaux microemboliques chez les patients atteints de lupus érythémateux aigu disséminé. Contexte : L’atteinte du système nerveux
central (SNC) est fréquente dans le lupus érythémateux aigu disséminé (LEAD), mais cet aspect de la maladie est mal compris. Des signaux
microemboliques (SME) ont été décrits dans le LEAD. Nous avons effectué une étude prospective pour évaluer la fréquence des SME chez les patients
qui avaient une atteinte du SNC et chez ceux qui n’en avaient pas. Le but principal de l’étude était de déterminer la physiopathologie de l’atteinte du
SNC dans le LEAD. Méthodes et matériels : Soixante-huit patients chez qui un diagnostic de LEAD avait été posé (60 femmes et 8 hommes) ont
participé à l’étude. Les deux artères cérébrales moyennes ont été étudiées pendant 60 minutes au moyen du Doppler transcrânien afin de détecter les
SME. Tous les patients ont subi une évaluation neurologique et psychiatrique. Résultats : Des SME ont été détectés chez 7 des 68 patients (10,3 %) et
leur nombre moyen était de 3,5 par heure. Le nombre de SME était significativement plus élevé chez les patients qui présentaient une atteinte du SNC
(6/24, soit 25 %) que chez ceux qui n’en présentaient pas (1/44, soit 2,2 %) (p = 0,006). L’indice d’activité de la maladie, la durée de la maladie, la
formation de plaques, l’épaisseur de l’intima-média et les anticorps antiphospholipides n’étaient pas associés aux SME. Les SME étaient plus fréquents
chez les patients qui recevaient de l’aspirine et/ou de la warfarine (p = 0,02). Conclusions : Les SME peuvent être un signe prédictif d’atteinte du SNC
chez les patients atteints de LEAD qui sont à risque de syndromes neuropsychiatriques (NP). L’embolie cérébrale pourrait être en cause dans la
physiopathologie du LEAD-NP.
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ORIGINALARTICLE

Microembolic signals (MES) in major intracranial cerebral
arteries can be detected using transcranial Doppler (TCD)
sonography. Although MES are usually not associated with
immediate focal neurological symptoms, there is growing
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evidence that ongoing and generalized occurrence of MES may
lead to deterioration of cognitive function13. Microembolic
signals may also be an indirect marker of stroke risk in patients
with carotid stenosis15. A few studies have reported MES in SLE
and its relation with NP-SLE16-19. This study was designed to
compare MES in NP-SLE and SLE without neuropsychiatric
manifestations (non-NP-SLE). The main aim of the study was to
clarify the pathophysiology of the CNS involvement in NP-SLE.

SUBJECTS AND METHODS
Sixty-eight patients with a diagnosis of SLE were recruited

and investigated from December 1, 2006, through March 15,
2007. These patients were cases with SLE referred to the
rheumatology clinics of Ghaem Medical Center and Emam Reza
Hospital of Mashhad University of Medical Sciences from all
through the Khorasan province, in north-east Iran. Written
consent forms were obtained from all subjects before
investigation and this study was approved by the ethics
committee of the Mashhad University of Medical Sciences.
Patients fulfilled the revised 1982 criteria of the American
College of Rheumatology (ACR) for SLE, developed for the
purpose of identifying patients in clinical studies. The diagnosis
of SLE is based on the presence of 4 or more of 11 criteria,
serially or simultaneously, during any interval of observation20.

Patients with poor temporal windows, and other possible
sources of emboli including recent cardiac surgery, recent
myocardial infarction, and valvular heart disease were excluded.
All patients underwent detailed examination, including review of
medical records, neurologic examination, neuropsychological
testing, and cardiology evaluation including physical

examination, electrocardiography, and trans-thoracic echo-
cardiography. Neuropsychiatric syndromes were classified
according to the standardized ACR nomenclature and case
definitions21. Disease activity was quantified using the SLE
Disease Activity Index (SLEDAI)22. Demographic data as well
as disease duration, drug history, and aPL antibodies were also
recorded. Cognitive functions were evaluated using three
neuropsychological tests, Mini-mental State Examination
(MMSE), Bender-Gestalt test and Block Design subset from
Wechsler Adult Intelligence Scale (WAIS-R). Mini-mental State
Examination is a brief cognitive screening test for evaluating
orientation, language, short-term memory, construction, and
attention. Bender-Gestalt test was administered to evaluate
visual-motor functioning and visual perceptual skills. Executive
ability and right hemisphere functions were assessed using Block
Design (a non verbal IQ ability) a subset of WAIS-R23.
Depression and anxiety were assessed on clinical interview.
After a thorough evaluation patients were divided into two
groups: NP-SLE and non-NP-SLE according to criteria
previously described by the ACR Ad Hoc Committee21.

Atherosclerotic plaques were investigated by ultrasound
examination of both carotid arteries using a high-resolution
ultrasound scanner (Medison, SA8000EX) equipped with a
linear-array transducer. The maximum intima-media thickness
in common and internal carotid arteries was measured on frozen
B-mode images. Like our previous MES detection study24, TCD
evaluation was performed using an Atys TCD ultrasonographic
instrument (Atys Medical, St. Genislaval, France) equipped with
a 2 MHz probe and Spencer head frame. Both MCAs were
monitored for 60 min using the Bilateral Multigate mode. The
results were reviewed off-line, and MES were defined as being
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* SLE Disease Activity Index; **Antiphospholipid antibodies; †: Intima-media thickness; ‡: Microembolic signals

NP-SLE (n=24) non-NP-SLE (n=44) P value

Female 21/24 (87.5%) 39/44 (88.6%) 1.0

Age (Years) 30.8±9.9 28.2 ±11.0 0.33

Disease duration (Years) 4.8±5.3 4.1±5.0 0.85

Use of Aspirin and Warfarin 5/24 (20.8%) 8/44 (18.2%) 1.0

SLEDAI* (mean) 9.2±7.5 8.6±7.0 0.71

aPL antibodies** 2/17(8.3%) 3/40(6.8%) 0.62

Plaque formation 3/24(12.5%) 2/43(4.5%) 0.34

IMT† Right CCA (mm) 0.37±0.06 0.40±0.10 0.27

IMT Right ICA (mm) 0.37±0.08 0.37±0.07 0.63

IMT Left CCA (mm) 0.39±0.09 0.40±0.07 0.75

IMT Left ICA (mm) 0.38±0.10 0.38±0.07 0.96

MES‡ 6/24 (25%) 1/44 (2.2%) 0.006

Table 1: Clinical and paraclinical characteristics of patients with NP-SLE and non-NP-SLE
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random, unidirectional, high intensity, and short duration signals,
with an associated characteristic chirping sound25-26.

The Fisher’s exact test and independent t test were used to
analyze the relationship between the presence of MES, and
neuropsychiatric syndrome as well as other demographic data.
p<0.05 was considered as significant.

RESULTS
During the study period, 68 patients who fulfilled the revised

1982 criteria of the ACR for SLE were recruited20. Based on
neurology examination, psychiatric interview, and neuro-
psychology testing, 24 patients (35%) were classified as NP-SLE
and 44 patients (65%) as non-NP-SLE. The average age of all
patients (mean ± standard deviation) was 29.1 ± 10.7 years
(range 15-58), with disease duration of 4.3± 5.1 (range 2 months-
20 years). There were more females than males (88% vs. 12%).
Five out of 66 cases (7.4%) had non stenosing atherosclerotic
plaque in carotid arteries. Eight cases used Aspirin alone, 4
Warfarin alone, and 13 (19.1%) Aspirin and Warfarin. There
were no differences between NP-SLE and non-NP-SLE groups
with respect to age, sex, SLE Disease Activity Index, duration of
disease, use of Aspirin and/or Warfarin, plaque formation, IMT,
and aPL antibodies (Table 1).

Cognitive evaluation using the MMSE revealed 12 patients
with scores ≤24 score consistent with moderate cognitive
impairment. Thirteen patients had WAIS-R scores ≤20 and 14
patients had Bender-Gestalt scores ≥6.

Microembolic signals were detected in 7/68 (10.3%) patients
comprising 6/24 in the NP-SLE group, and 1/44 in the non-NP-
SLE group (p=0.006). The mean number of MES per hour was
3.5 (range 1–6). In the 7 patients with MES and 61 without MES
(Table 2) the only variable significantly associated with detection
of MES was treatment with Aspirin and/or Warfarin (p=0.02).

DISCUSSION
Neuropsychiatric systemic lupus erythematosus is a common

but poorly understood form of SLE5-8. The mechanism of NP-
SLE is complex and likely to be multifactorial. In this study, we
found MES in 10.3% of patients, which was similar to some
previous studies17,19, although less than in Kumral’s et al, study,
where MES were found in 20.7% of cases18.

The detection of MES provides important pathophysiological
information in a variety of disorders, but their clinical
importance and possible therapeutic implications is still the
subject of discussion15. Although MES have been reported in
SLE, their exact role in the pathogenesis of NP-SLE is uncertain.
Dahl et al, found an association between MES and cerebral
infarcts19. In our study the detection of MES was significantly
higher in NP-SLE (P=0.006), raising the possibility that cerebral
microemboli may have a role in NP-SLE pathogenesis.

The origin of MES in SLE is also a matter of debate.
Vasculitis of the small vessels, hypercoagulability, and early
atherosclerosis are some of the proposed mechanisms. Despite
the high risk for subclinical atherosclerosis in SLE27, there was
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* SLE Disease Activity Index; **Antiphospholipid antibodies; †: Intima-media thickness

Table 2: Clinical and paraclinical characteristics of patients with and without
microembolic signals (MES)

Female

Age (Years)

Disease duration(Years)

Use of Aspirin and Warfarin

SLEDAI* (mean)

aPL antibodies**

Plaque

IMT† Right CCA(mm)

IMT Right ICA (mm)

IMT Left CCA (mm)

IMT Left ICA (mm)

MES-Positive Group (n=7) MES-Negative Group (n=61) P value
7/7 (100%)

25.8±7.8

4.7±5.5

4/7(57.1%)

11.5±7.8

1/4(25%)

1/7 (14.3%)

0.39±0.09

0.34±0.05

0.38±0.12

0.38±0.12

53/61(86.9%)

29.4±10.8

4.3±5.1

9/61(14.8%)

8.5±7.0

4/53(7.5%)

4/59 (6.7%)

0.343±0.05

0.380±0.78

0.40±0.07

0.38±0.08

0.58

0.42

0.84

0.02

0.35

0.31

0.434

0.47

0.232

0.631

0.941
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no relation between MES and carotid duplex findings or vascular
risk factors19. In the study of Kron et al17, heart valve repair or
replacement was the only significant factor associated with
MES. They could not find any association between MES and
carotid duplex abnormalities and postulated that MES may
originate from the heart17. However, we did not include any
cases with valve pathology in our study. Although MES have
been reported in patients with aPL antibodies16,18,28,29, no
association was found in Dahl's and Kron's studies19,17. In our
study, plaque formation, and aPL antibodies were more frequent
in the MES-Positive group, but these failed to reach statistical
significance. The SLE disease activity index and disease
duration were also higher in the MES-positive group; however,
these also were not statistically significant. We believe that
the mechanism of MES production is likely to be as complex as
NP-SLE.

The detection of MES in patients with SLE could potentially
aid the selection of antithrombotic treatment after acute stroke,
determine oral anticoagulant intensity and assess the efficacy of
therapeutic strategies for the secondary prevention of stroke.
Antithrombotic agents reduce the occurrence of MES and the
effect of antithrombotic agents on MES may serve as a marker
for their efficacy in preventing TIA and stroke recurrence15. Kron
et al,17 did not find any significant association between MES and
Aspirin usage. Surprisingly, we found that MES were more
likely to be detected in patients receiving Aspirin and/or
Warfarin (p=0.02). This may be a chance observation due to our
small sample size, or those patients prescribed aspirin or
warfarin may have had clinical findings or diagnostic results
predicting a higher rate of thrombo-embolic events.

The small sample size is a limitation of our study. We did not
perform all the neuropsychiatric tests proposed by the ACR for
SLE, and therefore it is possible some cases of NP-SLE were not
diagnosed. We did not evaluate silent stroke by brain MRI and
sub-clinical cardiac disease by trans-esophageal echocardio-
graphy.

CONCLUSION
We have found an association between presence of MES and

NP-SLE. However, microembolism cannot explain all cases of
NP-SLE. Further studies are needed to clarify the role of MES in
the pathophysiology of NP-SLE, their origin, and the role of
preventive antithrombotic treatment.
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