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Cerebral microembolism in patients with stroke or
transient ischaemic attack as a risk factor for early
recurrence
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Abstract
The incidence of early recurrence in 32
patients who had had a transient ischae-
mic attack or stroke in the anterior circu-
lation was studied. Patients with a
potential cardiac source of embolism were
excluded from the study. All patients had
transcranial Doppler (TCD) monitoring
of the symptomatic middle cerebral ar-
tery for microembolic signal detection
within seven days from the onset of symp-
toms. Four patients had early recurrence
during a mean follow up of 15 (SD11)
days. All early recurrences occurred in the
same arterial territory as the initial
ischaemic event. Three of the four pa-
tients with early recurrence had prior
microembolic signals. The incidence of
early recurrence was 50% (3/6) in patients
with microembolic signals and 3.8% (1/26)
in patients without microembolic signals
(P=0.02). The findings suggest that TCD
monitoring of patients with recent cer-
ebral ischaemia of presumed arterial ori-
gin allows recognition of a subset of
patients at high risk for early recurrence.

(J Neurol Neurosurg Psychiatry 1997;63:784–787)

Keywords: transcranial Doppler ultrasound; stroke; cer-
ebral embolism

Patients with symptomatic high grade carotid
stenosis or thick aortic arch atheroma are at
risk for recurrence of stroke.1–3 However, not all
the patients with such arterial lesions develop
recurrence. Methods that might help to select
patients at highest risk for recurrence would be
useful for therapeutic decisions.
Asymptomatic microembolic signals can be

demonstrated in patients with carotid stenosis
or aortic arch atheroma using transcranial
Doppler (TCD) monitoring of the middle cer-
ebral artery.4–7 In patients with carotid stenosis,
microembolism has been related to the degree
of carotid narrowing8 and to the ulcerated
appearance of the plaque.9 10 However, the
prognostic relevance of microembolic signals
remains uncertain. The purpose of our study

was to estimate the risk of early ischaemic
recurrence in patients with cerebral ischaemia
of presumed arterial origin, in whom TCD
monitoring demonstrated microembolic sig-
nals.

Methods
We followed up 32 patients who were under
medical treatment after transient ischaemic
attack or stroke in the anterior circulation. All
patients were selected from a series of 41 con-
secutive patients who were monitored for
microembolic signal detection within seven
days from the onset of symptoms. Because we
wanted to focus on the risk of recurrence in
patients with cerebral ischaemia of presumed
arterial origin, we excluded the nine patients
with a potential cardiac source of emboli (atrial
fibrillation, intracardiac thrombus, recent myo-
cardial infarction, valvar disease, or prosthetic
valves), as detected by history, ECG, and
echocardiography. The mean age of the 32
selected patients (25 men and seven women)
was 67 (range 32 to 96) years. Twelve patients
presented with a transient ischaemic attack and
20 with ischaemic stroke. All patients under-
went carotid duplex and TCD ultrasonogra-
phy. Carotid angiography was performed in 18
patients and magnetic resonance angiography
in two. Carotid stenoses were graded using the
North American Symptomatic Carotid Endar-
terectomy Trial criteria11 in patients who
underwent angiography and standard ultra-
sonographic criteria (peak and telediastolic
velocities and spectral broadening) in the
others. Intracranial carotid stenosis, proximal
common carotid stenosis, and carotid dissec-
tion were diagnosed by angiography after
duplex and TCD screening. Atheroma in the
proximal aorta and aortic dissection were diag-
nosed by transesophageal echocardiography
using a biplanar or multiplanar 5 MHz probe.
A potential arterial source of emboli was
defined as carotid stenosis >70% (extracranial
in 10, intracranial in one, proximal common
carotid in one), carotid dissection (one pa-
tient), plaque >5 mm in the ascending or hori-
zontal aorta (five patients), or aortic dissection
(one patient). All patients were initially treated
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with heparin and all but two were also treated
with aspirin.
Unilateral 20 minute TCD monitoring of

the middle cerebral artery was performed on
the symptomatic side. Studies with TCD were
performed according to previously described
methods10 using a Pioneer 2020 (EME
Nicolet). Briefly, after location of the artery, a 2
MHz transducer was attached with an elastic
head strap. The depth was chosen from 45 to
50 mm to obtain maximum insonation of the
middle cerebral artery. Then, gain and sample
volume were reduced (to 10 mm for the sample
volume) and the time window overlap was
increased to 72% to obtain better detection of
microembolic signals.12 13 The audible Doppler
shift and the fast Fourier transformed spectra
were continuously observed by an experienced
investigator who noted all events that could be
sources of artifacts. All monitorings were
recorded on digital audiotapes and were
analysed oV line by two independent observers
who were blinded to the clinical data. The
diagnosis of microembolic signals was done in
agreement with international recommenda-
tions: unidirectional, within the blood flow
velocity spectrum, short duration (<0.15 and
<0.3 s for systolic and diastolic signals respec-
tively), high intensity (>6 dB) signals, occur-
ring randomly within the cardiac cycle, accom-
panied by a characteristic sound, and without
any simultaneous detectable source of
artifact.14 The K index for interobserver agree-
ment in the diagnosis of microembolic signals
using these criteria was 0.895. In cases of disa-
greement, the signal was categorised as an arti-
fact.
Duration of follow up was measured from

the time of admission to hospital in our
department of neurology. This was done
because four patients had early carotid endar-
terectomy after their ischaemic cerebral event.
Another patient had prompt surgical repair of
aortic dissection. Thus for the purpose of our
study, early recurrence was defined as either
ischaemic stroke or transient ischaemic attack
that occurred before discharge, carotid endar-
terectomy, or aortic surgery and was diagnosed
during admission to hospital in our department
by the attending neurologist. In patients with
previous stroke, recurrence was defined as sud-
den clinical deterioration with a decrease of at
least two points on the Scandinavian stroke
scale,15 due to either worsening of the initial
deficit or a new focal deficit. Haemorrhagic
transformations and brain oedema were ex-
cluded by CT.
Statistical analysis was performed using ÷2

statistics with continuity correction for cat-
egorical variables and Student’s t test for

continuous variables. Significance was set at
P<0.05.

Results
Table 1 shows the characteristics of the patients
at entry. Six patients had microembolic signals.
Five patients with microembolic signals (83%)
and 13 patients without microembolic signals
(50%) had at least one potential arterial source
of embolism.The diVerence was not significant
(P=0.3).
The mean duration of follow up was 15 (SD

11) days. Early recurrence occurred after TCD
monitoring in four patients and comprised two
strokes and two transient ischaemic attacks. All
occurred in the same arterial territory as the
initial ischaemic event. Table 2 shows the char-
acteristics of the patients with early recurrence.
Laboratory examinations found a potential
arterial source of emboli in three patients. The
fourth one (patient 2) died a few days after the
ischaemic recurrence. Pathological examin-
ation demonstrated atherosclerotic plaques on
both the left anterior cerebral artery and the
left middle cerebral artery, with a superim-
posed recent occlusive thrombus on the
anterior cerebral artery lesion.No heart disease
was found.
Early recurrence occurred in three patients

with previous microembolic signals. Thus the
incidence of early recurrence was 50% in
patients with microembolic signals and 3.8% in
patients without microembolic signals
(P=0.02). The duration of follow up was not
diVerent between patients with microembolic
signals and those without (16 (SD 12) v 14
(SD 11) days, P=0.53). Among patients with
microembolic signals, there was a non-
significant trend toward higher individual rates
of microembolic signal in patients with early
recurrence (3, 9, and 33 v 3, 6, and 9 per hour).

Table 1 Characteristics of patients at entry

Characteristics Without MES With MES

No of patients 26 6
Age (y , mean (SD)) 67.5 (13) 67.5 (6)
Male (n (%)) 22 (85) 3 (50)
Hypertension (n (%)) 13 (50) 4 (67)
Diabetes (n (%)) 7 (27) 2 (33)
Smoking (n (%)) 15 (58) 2 (33)
Coronary heart disease (n (%)) 14 (54) 2 (33)
Dyslipidaemia (n (%)) 8 (31) 2 (33)
Carotid stenosis >70 % (n (%)) 8 (1) 4 (67)
Carotid dissection (n (%)) 1 (4) 0 (0)
Aortic arch atheroma >5 mm
(n (%)) 4 (16) 1 (17)

Aortic dissection (n (%)) 0 (0) 1 (17)

There were no significant diVerences between groups.
MES=microembolic signals.

Table 2 Clinical and transcranial Doppler monitoring features of the four patients with early recurrence

Patient Sex Age Initial event Source of emboli
Microembolic
signals/h

Duration of follow
up (days)

Ischaemic
recurrence

1 F 45 R MCA TIA Aortic dissection 3 3 R MCA TIA
2 F 61 L ACA stroke None 0 8 L MCA stroke
3 M 77 R MCA reversible stroke R ICA 90 % stenosis 9 20 R MCA stroke
4 F 75 L MCA reversible stroke L CCA 80 % stenosis 33 5 L MCA TIA

ACA=anterior cerebral artery; CCA=common carotid artery; ICA=internal carotid artery;MCA=middle cerebral artery; R = right;
L = left; TIA = transient ischaemic attack. The duration of follow up is the time between initial event and ischaemic recurrence.
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Discussion
To our knowledge, only two previous studies
have analysed the relation of microembolism to
the risk of subsequent stroke. Siebler et al16

reported increased risk of either stroke or tran-
sient ischaemic attack in patients with asymp-
tomatic carotid stenosis and microembolic sig-
nals. Nabavi et al17 found, in six patients with
cardiac assist devices, a positive predictive
value of microembolic signal for ischaemic
clinical events of 75%. Both studies included
patients who were initially asymptomatic. Our
result on symptomatic patients showed that
microembolism in the symptomatic arterial
territory was associated with increased risk of
early recurrence. The incidence of early recur-
rence in patients with microembolic signals was
as high as 50%. Moreover, pathological
examination of the one patient without micro-
embolic signals who developed early recur-
rence showed cerebral atherosclerosis with
recent superimposed thrombus but failed to
disclose any source of cerebral embolism.
Hence, among patients with a potential arterial
source of embolism, all those who had an early
recurrence had prior microembolic signals.
We used a single 20 minute recording.

Repeated recording might have resulted in a
higher detection rate of microembolic signals.6

Nevertheless, the incidence of microembolic
signals in the present study (19%) was of the
same order of magnitude as those previously
reported on similar patients. Thus in five pub-
lished series of patients with recent cerebral
ischemia, the incidence of microembolic sig-
nals ranged from 9.3 to 29%.18–22

Reported risk for early recurrent stroke var-
ies from 1.2% to 9%.23 The apparently high
number of early recurrences in our study may
be explained by the fact that, to diagnose early
recurrence, we took into account either stroke
or transient ischaemic attack, whereas only
strokes were considered in previous studies.23

Some previous reports suggest that micro-
embolic signals can disappear after initiation of
antithrombotic treatment.6 24 25 In our study all
patients were already on antithrombotic
medication at the time of TCD monitoring.
Therefore, we cannot exclude the possibility
that we have isolated a subgroup of patients
with microembolic signals, in whom the signals
persisted despite antithrombotic treatment,
and who were at higher risk for ischaemic
recurrence. Further studies including TCD
monitoring before and after initiation of
antithrombotic treatment are needed to resolve
this issue.
We found a non-significant trend towards a

higher proportion of potential arterial sources
of embolism in patients with microembolic sig-
nals. The lack of significance may be due to a
sample size eVect, because previous studies
have documented an association between
microembolic signals and high grade carotid
stenosis.4–6 Moreover, microembolic signals
have also been found in symptomatic patients
with aortic arch atheroma and no other appar-
ent source of cerebral embolism.7 Both high
grade carotid stenosis and thick aortic arch
atheroma have been independently associated

with increased risk of recurrence of stroke.1–3

Therefore, although our finding suggests that
microembolism may be a strong risk factor for
early recurrence, the independent contribution
of microembolism to the risk of early recur-
rence should be more precisely assessed on a
larger sample.
In conclusion, in a small and selected

sample, patients with recent cerebral ischaemia
of presumed arterial origin and microembo-
lism on TCD monitoring of the symptomatic
middle cerebral artery were at high risk for
early ischaemic recurrence.
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