
The Journal of Rheumatology 2001; 28:102222

From the Division of Rheumatology, Department of Medicine, Johns
Hopkins University School of Medicine, Baltimore, Maryland, USA.

Supported by NIH/NIAMS R01-AR-43727, Johns Hopkins General
Clinical Research Center M01RR00052, American Heart Association, and
Maryland Arthritis Foundation.

J. Kron, MD, Department of Medicine; U.M. Hamper, MD, Department of
Radiology; M.A. Petri, MD, MPH.

Address reprint requests to Dr. M.A. Petri, Division of Rheumatology,
Department of Medicine, Johns Hopkins University School of Medicine,
1830 E. Monument Street, Suite 7500, Baltimore, MD 21205. 

Submitted September 6, 2000; revision accepted April 27, 2001.

Central nervous system (CNS) complications in systemic
lupus erythematosus (SLE) were first described by Kaposi
in 18721. Although reports on incidence vary widely in the
literature, as many as two-thirds of lupus patients may have
neuropsychiatric involvement2-9. Common neuropsychiatric
complications in SLE include seizures, psychosis, cere-
brovascular disease (occurring in about 5–20% of SLE
patients)10-15, and cognitive function deficits.

In 1903, Osler detailed the first case report of recurrent
focal cerebral ischemia in SLE, describing a lupus patient
with multiple episodes of aphasia and hemiplegia16. Young
women with SLE are at substantially increased risk of
stroke. Women with lupus aged 18–44 years are 2 times
more likely to be hospitalized due to stroke17.

Several factors have been associated with higher risk of
stroke in patients with lupus. Antiphospholipid antibodies
are important risk factors for cerebral thrombosis and other
neurologic disease in SLE18-20. Markers of immune complex
mediated injury (high anti-dsDNA and low C3) and athero-
sclerosis markers (hypertension, hyperlipidemia, homocys-
teine) are independent predictors of thrombosis19,21.
Homocysteine is an independent risk factor for stroke and
all thrombotic events in patients with SLE14. However, most

SLE patients with these risk factors do not have a stroke,
highlighting the need for a noninvasive way to determine
which lupus patients are at highest risk of stroke.

Transcranial Doppler (TCD) is a noninvasive technique
that measures blood flow velocity in intracranial arteries.
Experimental and clinical studies indicate that TCD can
detect cerebral microemboli. In rabbits, TCD is able to
detect arterial emboli that are introduced into the rabbit arte-
rial system22.

Clinically, TCD microemboli were originally detected
during carotid endarterectomy23 and cardiac surgery24. In
patients with high grade internal carotid stenosis, longterm
TCD of the intracranial arteries can reveal abnormal signals
indicating clinically silent microemboli23,25,26. TCD-detected
microemboli are associated with an increased prevalence of
prior cerebrovascular ischemia27. Further, these TCD
microemboli are indicative of recent ischemic events and
seem predictive of future ischemic symptoms26,28. Studies
have not investigated the relationship between TCD
microemboli and neurologic manifestations other than stroke,
such as cognitive dysfunction or abnormal findings on
magnetic resonance imaging or computerized tomography.

In patients with antiphospholipid antibody syndrome
(APS), TCD detected cerebral microemboli in 14 of 16
patients with a history of cerebrovascular ischemia but in
only one of 35 patients without a similar history29. Further,
in patients with SLE and APS, microembolic signals are
strongly associated with cerebrovascular symptoms30. As
TCD detection of cerebral microembolism correlates with
cerebrovascular ischemic symptoms in patients with coro-
nary artery disease and APS, we investigated whether tran-
scranial Doppler might identify asymptomatic lupus patients
with microemboli.
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ABSTRACT. Objective. To determine the prevalence and predictors of microemboli on transcranial Doppler
(TCD) in patients with systemic lupus erythematosus (SLE).
Methods. One hundred sixty-seven patients with SLE underwent TCD testing.
Results. Fifteen of 153 patients (9.8%) who successfully underwent TCD testing had microembolic
events. Predictors of TCD microemboli included valve repair or replacement (p < 0.0001) and higher
SLE Disease Activity Index (p = 0.07). Antiphospholipid antibodies and atherosclerotic plaque on
carotid duplex were not associated with TCD microemboli.
Conclusion. TCD microemboli may represent a noninvasive method to ascertain risk of stroke in
SLE. TCD microemboli are not associated with traditional stroke risk factors. Longitudinal studies
are needed to determine if TCD microemboli are predictive of future stroke in SLE. (J Rheumatol
2001;28:2222–5)
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MATERIALS AND METHODS
Patients. We studied 167 consecutive outpatients from the Johns Hopkins
Hospital Lupus Center, who fulfilled the American College of
Rheumatology classification criteria for SLE. Informed consent was
obtained from all participants prior to enrollment. In the enrolled outpa-
tients, 152 of 167 patients (91%) were female, 63 (38%) were African-
American, and the mean age was 46.1 ± 13.5 years (Table 1). Forty-three
out of 167 patients (26%) had atherosclerotic plaques on carotid duplex,
but no patient had high grade stenosis. Three patients (1.8%) had cardiac
valve surgery or replacements. Fifteen of 167 patients (9%) had a previous
cerebrovascular accident, while 9 (5.4%) had a previous myocardial
infarction. None had current neurologic symptoms. Twenty-seven of 167
(16%) were taking aspirin alone, 10 (6%) warfarin alone, 6 (3.6%) aspirin
and warfarin, and aspirin and heparin together in one patient (0.6%). At the
time of the TCD, none of the 167 patients had active central nervous
system lupus, including new seizures, psychosis, organic brain syndrome,
visual changes, cranial nerve disease, lupus headache, or stroke since the
previous visit.

Clinical data. Participants in this study were enrolled in the Hopkins Lupus
Cohort, in which routine visits are scheduled every 3 months, with addi-
tional visits added as needed due to disease activity or complications.
Several clinical measures of disease activity were calculated at each visit,
including the SLE Disease Activity Index (SLEDAI)31. SLEDAI values
from the visit at entry into the cohort and from the visit closest to the TCD
study were recorded. At each visit, blood pressure, weight, serum choles-
terol level, complete blood count, urine protein level, C3, C4, anti-dsDNA
(by Crithidia), and medication doses were recorded. Two assays were done
for antiphospholipid antibodies, the modified Russell viper venom time (for
lupus anticoagulant) and anticardiolipin antibody32. Patients underwent
bilateral continuous wave Doppler and duplex sonography studies of the
carotid arteries as part of a separate study, for which informed consent was
also obtained.

Longterm TCD monitoring. All patients were evaluated with longterm (1 h)
simultaneous bilateral TCD monitoring performed using a Pioneer model
TC 2020 (Nicolet Biomedical Inc., Madison, WI, USA) The method
utilized a 2 MHz pulsed wave transducer; the Doppler probe was affixed
bilaterally to the temporal region for insonation of the middle cerebral
artery (40–55 mm insonation depth, 15 mm width of axial sample volume).
The audible Doppler shift and color coded, fast-Fourier transformed TCD
spectra were continuously observed by an online investigator. Additionally,
the audible TCD output signal was recorded digitally on tape (digital audio
tape) for further offline analyses. The abnormal Doppler signals were rated
as microembolic events if they fulfilled the following criteria: (1) high
intensity unidirectional signal within the blood flow velocity spectrum, (2)
short duration of < 100 ms, (3) signal intensity of ≥ 9 dB compared with the
background blood flow signal, and (4) characteristic “chirping” sound. The
methodology has been detailed26,29.

Data analysis. Categorical variables were analyzed using Fisher’s exact
test. Continuous variables were analyzed by Student’s t test. P < 0.05 was
taken as statistically significant.

RESULTS
The 167 patients enrolled in this study were similar to the
total Hopkins Lupus Cohort in terms of demographic vari-
ables (Table 2). Fourteen of the 167 enrolled patients (8.4%)
were excluded from the study due to technical difficulties.
No microembolic events were detected in 138 of 153
patients (90.2%) who were successfully studied (Table 3).
The remaining 15 of 153 patients (9.8%) had one or more
microembolic signals, with a range of 1 to 40 events. Two of
the 15 patients (13.3%) who had a previous stroke had
microembolic events on TCD and 13 (87%) did not. There
was no association of a previous stroke with microemboli on
TCD; however, most previous stroke patients were treated
with antiplatelet and anticoagulation therapy. Of the 9
patients with a history of myocardial infarction, 4 (44%)
were excluded secondary to lack of an acoustic window
(defined in Discussion) and 5 (56%) had no microembolic
signals detected.

Valve surgery or replacement predicted TCD microem-
boli (p < 0.0001) (Table 4). Thrombocytopenia was more
common with TCD microemboli, but failed to reach statis-
tical association. The SLEDAI at entry into the cohort was
higher in those who had microemboli on TCD (p = 0.07).
However, the SLEDAI at the visit closest to the TCD study
was not higher in those with microemboli signals (mean 3.1
vs 2.1; p = 0.13). Other variables that were tested showed no
association with TCD microemboli, including antiphospho-
lipid antibodies, carotid atherosclerosis, demographic vari-
ables such as age, race and sex, and traditional
cardiovascular risk factors (Table 5). Although patients

Table 1. Characteristics of patients with SLE (n = 167)*.

Female, % 91
African-American, % 38
Mean age, yrs 46.1 ± 13.5
Atherosclerotic plaques on carotid duplex, % 26
Valve replacements, % 1.8
Previous stroke, % 9.0
Previous myocardial infarction, % 5.4
Aspirin only, % 16
Warfarin only, % 6.0
Aspirin and warfarin, % 3.6
Aspirin and heparin, % 0.6

* 167 patients enrolled, 153 had a successful study.

Table 2. Comparison of patients enrolled in the transcranial Doppler (TCD)
study with the entire Hopkins Lupus Cohort.

TCD Study, Hopkins Lupus Cohort,
n = 167* n = 1034

Female, % 91 91.4
African-American, % 38 40.8
Mean age, yrs 46.1 ± 13.5 42 ± 12
Previous CVA, % 9.0 7.4
Previous MI, % 5.4 4.4

* 167 patients enrolled; 153 had a successful study. CVA: Cerebrovascular
accident. MI: Myocardial infarction. 

Table 3. Prevalence of transcranial Doppler microemboli in SLE.

No. of Events N %

0 138/153 90.2
1–40 15/153 9.8
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taking aspirin were less likely to have microembolic signals,
this failed to reach statistical association (odds ratio = 0.27,
95% confidence interval 0.03–2.13).

DISCUSSION
Patients with SLE are at increased risk of stroke10-15,17.
While several risk factors for stroke have been identified in
lupus patients, including antiphospholipid antibodies,
markers of immune complex mediated injury, atheroscle-
rosis risk factors, and homocysteine, most patients with
these risk factors do not have a stroke14,18-20. A better, nonin-
vasive method to assess stroke risk in lupus patients is
needed. We sought to determine whether transcranial
Doppler might identify asymptomatic lupus patients with
microemboli.

We found that TCD detect microemboli in 10% of
patients with SLE. In contrast, microemboli are virtually
never found in the normal population. In one study, no
embolic signals were detected in 20 healthy volunteers who
were in sinus rhythm, had no clinical embolic source, and
had normal carotid Doppler studies33. Another trial found
that only one of 54 (1.8%) healthy controls had microem-
bolic signals detected by TCD; subsequent evaluation of the
one control with microemboli revealed an internal carotid
artery stenosis > 85%34. It is therefore unlikely that the
frequency of microemboli detected in our lupus patients
would be found in a healthy population.

Valve repair or replacement is the only significant asso-
ciate of TCD microemboli in this study. Prosthetic valves
are an obvious source for microemboli. We speculate that
the source of the microemboli in the other patients is also
cardiac, because there was no association with an abnormal
carotid duplex. No patient had known arrhythmia. However,
because the patients did not undergo electrocardiography to
exclude arrhythmia, or echocardiography to evaluate the
heart valves, the sources of embolism are not known.
Finally, and surprisingly, antiphospholipid antibodies,
demographic variables such as age, race and sex, traditional
cardiovascular risk factors, and active lupus at the visit
proximate to the TCD are not predictive of abnormal TCD.
Thus, transcranial Doppler identifies lupus patients with
microemboli who do not have a typical risk profile for
stroke.

Technical difficulties occurred in 14 of our 167 patients
(8.4%). In most cases, the patient had an “inadequate
acoustic window,” meaning that the ultrasound technologist
was unable to identify a blood flow waveform in one or both
of the middle cerebral arteries. Ability to insonate the intrac-
erebral arteries through the temporal bone is significantly
reduced in women, African-Americans, and the elderly35.
Access failure likely occurs because the skull serves as an
effective bone barrier. This is supported by the finding that
the trend in anatomical thickness of the temporal bone paral-
lels access failure rates in terms of sex and race35-37.
However, despite the high proportion of both women and
African-Americans in our study, our failure rate was at the
lower end of the rates reported in the literature, which
ranged between 0 and 65% in 60 laboratories across the
United States38.

Prospective studies are needed to determine definitively
whether microemboli detected by TCD are predictive of
future cerebrovascular events in patients with SLE. In addi-
tion, technological advances will likely increase the useful-
ness of transcranial Doppler as a clinical tool. For example,
4-gated TCD is a modification in which the blood flow
volume is measured at 4 insonation depths39. This technique
enhances ability to distinguish a true embolus from an arti-
fact. While an embolus produces sequential time delays in
the 4 probes, the artifact signals occur simultaneously in all
4 probes. In the future, 4-gated TCD may become the
preferred noninvasive test for stroke risk assessment.
Automatic embolus detection software has also been devel-
oped with the hope of making transcranial Doppler easier
and less time consuming40. However, such software acting
as a “stand-alone system” reaches less agreement than expe-
rienced observers, suggesting that further development of
these programs is needed.

In summary, detection of microemboli using noninvasive
transcranial Doppler may identify an additional subset of
lupus patients at risk for stroke, but only future prospective
studies can ascertain this. Such studies are now under way.

Table 4. Clinical variables associated with transcranial Doppler (TCD)
microemboli with p < 0.10; univariate analyses.

Normal TCD OR 95% CI p
TCD Microemboli

Valve repair/ 0% 20% 77.6 3.8–1588 < 0.0001
replacement

Thrombocytopenia 2% 13% 6.8 0.99–44.6 0.08
SLEDAI at cohort 5.2 9.5 0.07

entry (mean)

Table 5. Traditional cardiovascular risk factors and measures of SLE
activity associated with TCD microemboli.

Normal TCD OR 95% CI
TCD, Microemboli,

n = 138, % n = 15, %

Hypertension (n = 66) 43 47 1.15 0.39–3.34
Cholesterolemia (n = 91) 62 40 0.41 0.14–1.23
Lupus anticoagulant (n = 14) 9 13 1.52 0.17–13.94
Anticardiolipin (n = 24) 15 25 1.86 0.17–20.51
Low C3 (mg/dl) (n = 48) 31 36 1.28 0.35–4.66
Low C4 (mg/dl) (n = 54) 34 45 1.64 0.47–5.74
High anti-dsDNA (n = 55) 36 33 0.88 0.25–3.10
Abnormal carotid duplex 

(n = 36) 24 20 0.79 0.21–2.96
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