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The potential value of microembolic signal detec-
tion by transcranial Doppler sonography in the
clinical evaluation of patients with cerebrovascular
disease is investigated and particular attention
given to the prevalence of microembolic signals
in different clinical groups. The present study was
conducted on 158 patients, 100 of whom had 120
stenoses (moderate-grade in 69 arteries, high-
grade in 38) or occlusions of the carotid artery
(13 cases), and 58 of whom suffered from stroke of
other aetiologies in the anterior circulation. Among
the 120 stenoses and occlusions, 87 were asymp-
tomatic and 33 were symptomatic. The cerebral ves-
sels of the patients were evaluated by continuous
wave Doppler sonography, colour-coded duplex
scanning, transcranial Doppler sonography and
digital substraction angiography. Cardiac exami-
nation included electrocardiography, Holter moni-
toring and echocardiography.

Microembolic signals were found in patients
only when a source of cerebral embolism was
detected. Patients with vascular or cardiac embo-
lism were likely to show microembolic signals,
the frequency being not significantly different.
microembolic signals were found in 33% of pa-
tients with carotid artery disease and in 31% of
patients with cerebral embolism of cardiac source,
4 of the latter patients having a prosthetic cardiac
valve. Microembolic signals were less prevalent in
patients with moderate-grade (3/69) ICA stenosis
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than in patients with high-grade (9/38) stenosis
(p <0.01), but more prevalent in patients with
symptomatic high-grade (7/15) stenosis than in
cases with asymptomatic (2/23) ones (p <0.05).
Patients with moderate-grade stenoses and detec-
table microembolic signals should be further
studied, as they might benefit from a more aggres-
sive therapy, such as endarterectomy.
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Introduction

In recent years there has been much interest in the
detection of microembolic signals by transcranial
Doppler sonography as a new method for eval-
uating embolic phenomena in cerebral vessels.
Most investigators have studied groups of patients
comparing cerebral embolism known to be of the
same origin, for example, internal carotid artery
(ICA) stenoses [1-6] or heart diseases [6-9]. Other
investigators [10-13] have monitored patients with
ischaemic stroke of various aetiology, particular
attention given, for example, to solving particular
problems, such as the relation between micro-
embolic signals and brain CT scan imaging, the
source of embolism, and the effect of therapy. The
main goal has been to evaluate the clinical rele-
vance of the microembolic signals and to determine
their predictive value [14].

This study attempts to show the potential role
and place of microembolic signal detection in the
clinical evaluation of patients with cerebrovascular
disease. The goal is to define what relevance this
method might have in standard practice to patients
including those suffering from stroke of mixed
aetiology and carotid artery disease, taking into
account that it is a time consuming and laborious
technology. To this end, we investigated the preva-
lence of microembolic signals, detected by TCD

1'This work was done with the support of Fund Konstantin
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monitoring of the middle cerebral artery in two
groups of patients: (1) those with carotid artery
disease — symptomatic as well as asymptomatic,
and (2) those with acute stroke of other aetiology.

Patients and methods
Patients

The first group included 100 consecutive patients
(76 men, 24 women, mean age 69 years, range
52-92) with moderate-grade (30-69% reduction in
diameter) or high-grade (70-99%) ICA stenosis
and occlusion. Eighty patients had unilateral and
20 had bilateral ICA lesions, a total of 120 ICA
stenoses or occlusions. ICA stenosis was found to
be of moderate-grade in 69/120 arteries, of high-
grade in 38/120 arteries, and ICA occlusions were
present in 13/120. In the group with high-grade
ICA stenosis, 23/38 were asymptomatic and 15/38
were symptomatic (with TIA or stroke in the
previous 120 days). In the group of moderate-
grade ICA stenosis, 56/69 were asymptomatic
and 13/69 were symptomatic. Five of the 13 ICA
occlusions were symptomatic, the remaining §
patients with occluded ICA having never had
symptoms. All these patients received antiplatelet
therapy or, for some of them, anticoagulant at the
moment of transcranial Doppler sonography ex-
amination.

The second group included 58 consecutive pa-
tients with anterior circulation ischaemic stroke
or transient ischaemic attack of aetiology other
than carotid artery disease (mean age 63 years,
range 38-84). Of this group 22.4% (13/58) had
cardioembolism. The sources of cardioembolism
were classified as follows: prosthetic cardiac valve,
atrial fibrillation, recent myocardial infarction
(<4 weeks), mitral valve prolapse, patent foramen
ovale, and calcific aortic stenosis. None of the
prosthetic valve patients (4 patients) had received
sufficient anticoagulation therapy (international
normalised ratio of 1.5). In addition, one of the
prosthetic valve patients had atrial fibrillation,
2 a left atrial thrombus, one a left ventricular
thrombus, and one an ejection fraction <35%.
Of 58 examined patients 17 (29%) had lacunar
infarcts. Of the 58 patients 8 (14 % ) suffered stroke
of other determined aetiology. These were rare and
unusual causes of stroke — haematologic disorders
or nonatherosclerotic vasculopathies. In 20/58
cases (35%) the cause of the stroke could not be
determined with any degree of confidence. Of
these patients, only 2 received neither antiplatelet
therapy nor anticoagulant.
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Methods

All patients underwent a full clinical and diagnostic
work-up, including evaluation of cerebrovascular
risk factors,laboratory tests,and brain imaging. The
cerebral vessels of all patients were examined
by continuous wave Doppler sonography (Spectra-
dop 2, DMS Montpellier, France) and colour-
Doppler duplex scanning (Acuson 128XP/10). The
degree of carotid stenosis was assessed according
to established criteria [15]. Digital substraction
angiography was performed in 46 patients and
degree of carotid stenosis was determined using
NASCET criteria [16]. Cardiac disease was diag-
nosed by clinical examination, electrocardiogra-
phy, Holter monitoring, and echocardiography
(transthoracic or transoesophageal).
Simultaneous transcranial microembolic signals
monitoring of the right and left middle cerebral
arteries on each patient was done with a computer-
controlled Doppler ultrasound device (Multi Dop
X4TCD-8 DWL) with a2-MHz transducer (14 mm
diameter).The recording time was 30 minutes. Each
middle cerebral artery was recorded simultaneous-
ly at two insonation depths (range 45-55 mm), a
5 mm intergait distance with axial extension of
the sample volume 8 mm. Detection of micro-
embolic signals was performed using emboli-
detection software (TCD-8 for MDX, version
8.00 K). The signal intensity measurement algo-
rithm uses the whole screen as background. A
64-point fast Fourier transform was used, having
a FFT length of 2 ms. The FFT time window over-
lap was set at 60%. The high-pass filter was set at
100 Hz, the scale at 100 cm/s. An on-line investi-
gator (E.V.) was looking for characteristic spectral
displays indicative of microembolic signals and for
audible Doppler shifts. The recording was analysed
off line by two independent observers (H.S., O.P.),
both blinded to the clinical data. Microembolic
signals were identified in accordance with the cri-
teria established by the Consensus Committee of
the Ninth International Cerebral Hemodynamic
Symposium [17] (with a higher intensity thresh-
old — 9 dB). This intensity threshold was set after
analysing 100 high intensity Doppler speckles of
the normal Doppler signal. All high intensity
transient signals not showing time lag at the two
insonation depths were classified as artifacts.
Student’s t-test for independent samples was
used to determine whether degree of stenosis was
significantly higher in those patients who showed
emboli than in those who did not. Chi-square test
and Fisher’s exact test were used to test whether
patients with high-grade ICA stenosis had emboli
more frequently than those with moderate-grade
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ICA and whether microembolic signals were more
prevalent in symptomatic stenosis.

Results
Microembolic signals and carotid artery disease

Microembolic signals were detected in 24 % (9/38)
of patients with high-grade stenosis, in 4% (3/69)
with moderate-grade ICA stenosis, and in 8%
(1/13) with carotid occlusion. The mean number of
microembolic signals during 30 minutes of record-
ing time, averaged for this group, was 3.8 (range
1-8). Microembolic signals were significantly cor-
related with the severity of ICA stenosis (p <0.01).
The mean degree of ICA stenosis in patients with-
out microembolic signals was 56.3% reduction in
diameter (s.d. 15.6), and the mean degree in those
with emboli was 72.5% (s.d. 15.7) (p <0.001).

In the group with high-grade symptomatic
stenosis, 47% (7/15) showed microembolic signals.
Microembolic signals were less prevalent in asymp-
tomatic patients with high-grade stenosis — 9%
(2/23) showed microembolic signals (p <0.05). In
the moderate-grade group, microembolic signals
were detected in 15% (2/13) of symptomatic
stenoses and in 2% (1/56) of asymptomatic mod-
erate-grade ICA stenoses. There were differences
in the frequency with which microembolic signals
were detected in high-grade and moderate-grade
symptomatic stenoses. Microembolic signals were
more often detected in symptomatic high-grade
stenoses, being detected in 46.7% (7/15) as com-
pared to 15.4% (2/13) in symptomatic moderate-
grade stenoses, but the difference was not statis-
tically significant.

Microembolic signals seemed to be more
prevalent in symptomatic moderate-grade ICA
stenosis (15.4% [2/13]) than in asymptomatic
high-grade ICA stenosis (8.7% [2/23]), but the
difference was not statistically significant (p >0.05).

In the group with ICA occlusion, microembolic
signals were detected in one asymptomatic patient.

Microembolic signals in stroke
of other aetiologies

Transcranial Doppler sonography monitoring
showed indication of microembolic signals in
7% (4/58) of all examined cases with acute stroke
of aetiology other than carotid artery disease.
The mean number of microembolic signals during
30 minutes recording time was 2.8 (range 1-6).
Microembolic signals were found in 31% of pa-
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tients (4/13) with cerebral embolism of cardiac
source. These 4 patients corresponded to those
with prosthetic valve and too low anticoagulation;
3 of them had an associated intracardiac thrombus.
Two microembolic signals-positive patients with
cardioembolism showed microembolic signals in
the symptom-related middle cerebral artery. In one
patient, microembolic signals were registered only
in the contralateral middle cerebral artery (the
ipsilateral middle cerebral artery was occluded).
Microembolic signals were bilateral in one case.
No significant difference was found between the
frequency of microembolic signals in patients with
cardioembolism and patients with ICA stenosis
(p >0.05). No microembolic signals were found
in patients with lacunar infarcts. The cases with
stroke of other determined aetiology did not show
microembolic signals. No microembolic signals
were found in patients with stroke of undetermined
aetiology.

Discussion

In the groups studied, it was only when the mecha-
nism of cerebral ischaemia was clearly embolism —
either artery-to-artery or cardiogenic — that micro-
embolic signals were found. The question whether
bilateral transcranial Doppler sonography moni-
toring helps discriminate between cardiac and
vascular embolic sources has been discussed in
other studies [18, 19]. Analysis of the present
data shows a variety of localisation of micro-
embolic signals in the middle cerebral artery of
patients with cardioembolic infarction. Micro-
embolic signals were found in the symptom-related
middle cerebral artery, in the contralateral or in
both middle cerebral arteries. Cardioembolism
does not necessarily produce bilateral microem-
bolic signals. The results in patients with lacunar
stroke are consistent with other published results
[10-12] and show that transcranial Doppler sono-
graphy monitoring for microembolic signals has
no diagnostic value in this particular type of
cerebral ischaemia. Despite the present study’s
showing absence of microembolic signals in
patients with stroke of undetermined aetiology,
microembolic signals detection might yet be help-
ful in determining the pathogenetic mechanism.
Sacco et al. [20], using angiography, found embo-
lism, though of unknown source, associated with
stroke of undetermined aetiology. Perhaps we only
detected so few microembolic signals because the
great majority of our patients were already treated
by antiplatelet agents or by anticoagulants when we
examined them.
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Microembolic signals were found in 10.8% of
all patients with carotid artery disease. In accor-
dance with the results of comparable previous
studies [5, 21, 22], these results demonstrate that
microembolic signals are significantly more pre-
valent in patients with high-grade than in patients
with moderate-grade carotid stenosis. Micro-
embolic signals were significantly more often de-
tected in the group of patients with symptomatic
high-grade ICA stenosis than in patients with
asymptomatic high-grade stenosis. Similar results
have been reported in previous studies, including
studies that examined the relationship between
microembolic signals and symptomatology in
high-grade stenosis [2, 23], as well as those that
compared all degrees of stenosis (moderate- and
high-grade) [7, 24].

Furthermore, microembolic signals were more
likely to be associated with degree of symptomatic
ICA stenosis, though the number of patients in
this study was insufficient to demonstrate statistical
significance. Previous studies which showed the
presence of microembolic signals in symptomatic
moderate- or high-grade ICA stenosis also failed
to find a statistically significant correlation [5, 25].

Detection of microembolic signals in symp-
tomatic high-grade stenosis confirms mechanism
of stroke, but it is already well known that carotid
endarterectomy is clearly indicated in this group
[16,26]. In patients with asymptomatic high-grade
stenosis, also potentially benefiting from endar-
terectomy [27], discovery of microembolic signals
might help decide in favour of carotid endar-
terectomy when other indicators are less clear.

While patients with moderate stenoses of less
than 50% do not benefit from surgery [28, 29],
endarterectomy may be the preferred treatment
in patients with 50 to 69% stenoses, when there are
no other complicating conditions. A recent study
described five baseline variables predictive of
increased surgical risk: hemispheric versus retinal
transient ischaemic attack, left-sided operation,
contralateral carotid occlusion, ipsilateral ischae-
mic lesion on CT scan and ulcerated ipsilateral
plaque [30]. In our study the prevalence of micro-
embolic signals in symptomatic moderate-grade
ICA stenosis was slightly higher than in asymp-
tomatic high-grade stenosis, a difference not sta-
tistically significant. A subgroup of patients, suf-
fering from symptomatic moderate-grade ICA
stenosis of 50 to 69% and having detectable
microembolic signals, may be at risk of stroke and
might benefit from more aggressive therapy, such
as endarterectomy or anticoagulation therapy.
Therefore, further studies should be done on
patients with symptomatic moderate-grade ICA
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stenosis showing detectable microembolic signals,
comparing frequency of microembolic signals with
subsequent clinical development and different
modalities of therapy.

Conclusion

In a routine laboratory as ours, transcranial
Doppler sonography monitoring for microembolic
signals seems to have limited practical interest
in patients suffering of stroke with undetermined
aetiology (no microembolic signals found) and
in patients having high-grade ICA stenosis, symp-
tomatic or not, for whom endarterectomy is clear-
ly indicated (cf NASCET and ECST studies). In
our opinion, the most interesting group to be
studied further is the group of moderate-grade
symptomatic ICA stenoses because the detection
of microembolic signals could help to decide on
endarterectomy in these patients.

References

1 Siebler M, Sitzer M, Rose G, Bendfeldt D, Steinmetz H.
Silent cerebral embolism caused by neurologically symp-
tomatic high-grade carotid stenosis.

Brain 1993;116:1005-15.

2 Siebler M, Kleinschmidt A, Sitzer M, Steinmetz H,
Freund H-J. Cerebral microembolism in symptomatic and
asymptomatic high-grade internal carotid artery stenosis.
Neurology 1994;44:615-8.

3 Siebler M, Nachtmann A, Sitzer M, Rose G, KleinschmidtA,
Rademacher J, et al. Cerebral microembolism and
the risk of ischemia in asymptomatic high-grade internal
carotid artery stenosis. Stroke 1995;26:2184-6.

4 Markus HS, Thomson ND, Brown MM. Asymptomatic
cerebral emboli signals in symptomatic and asymptomatic
carotid artery disease. Brain 1995;118:1005-11.

5 Orlandi G, Parenti G, Bertolucci A, Murri L. Silent cere-
bral microembolism in asymptomatic and symptomatic
carotid artery stenoses of low and high degree.

Eur Neurol 1997;38:39-43.

6 Grosset DG, Georgiadis D, Kelman AW, Lees KR. Quan-
tification of ultrasound emboli signals in patients with
cardiac and carotid disease. Stroke 1993;24:1922-4.

7 Georgiadis D, Lindner A, Manz M, Sonntag M, Zunker P,
Zerkowski H, et al. Intracranial microembolic signals
in 500 patients with potential cardiac or carotid embolic
source and in normal controls. Stroke 1997;28:1203-7.

8 Sliwka U, Job FP, Wissuwa D, Diehl RR, Flachskampf FA,
Hanrath P, et al. Occurrence of transcranial Doppler
high-intensity transient signals in patients with potential
cardiac sources of embolism. A prospective study.
Stroke 1995;26:2067-70.

9 Braekken SK, Russell D, Brucher R, Svennevig J.
Incidence and frequency of cerebral embolic signals in
patients with a similar bileaflet mechanical heart valve.
Stroke 1995;26:1225-30.

151 m 2/2000



78

10

Tegeler C, Knappertz VA, Nagaraja D, Mooney M, Dalley G.
Relationship of common carotid artery high intensity
transient signals in patients with ischemic stroke to white
matter versus territorial infarct pattern on brain CT scan.
Cerebrovasc Dis 1995;5:128-32.

11

Grosset DG, Georgiadis D, Abdullah |, Bone |, Lees KR.
Doppler emboli signals vary according to stroke subtype.
Stroke 1994;25:382-4.

12

Daffertshofer M, Ries S, Schminke U, Hennerici M.
High-intensity transient signals in patients with cerebral
ischemia. Stroke 1996;27:1844-9.

13

Tong DC, Albers GW. Transcranial Doppler-detected
microemboli in patients with acute stroke.
Stroke 1995;26:1588-92.

14

Van Zuilen EV, Van Gijn J, Ackerstaff RGA. The clinical
relevance of cerebral microemboli detection by trans-
cranial Doppler ultrasound. J Neuroimag 1998;8:32-7.

21

Babikian V, Wijman C, Hyde C, Cantelmo N, Winter M,
Baker E, et al. Cerebral microembolism and early recur-
rent cerebral or retinal ischemic events.

Stroke 1997;28:1314-8.

22

Muller HR, Lyrer P, Boccalini P. Doppler monitoring
of middle cerebral artery emboli from carotid stenoses.
J Neuroimag 1995;5:71-5.

23

Sitzer M, Siebler M, Steinmetz H. Silent emboli and
their relation to clinical symptoms in extracranial carotid
artery disease. Cerebrovasc Dis 1995;5:121-3.

24

Ries S, Schminke U, Daffertshofer M, Schindimayr C,
Hennerici M. High-intensity transient signals and carotid
artery disease. Cerebrovasc Dis 1995;5:124-7.

25

Babikian VL, Hyde C, Pochay V, Winter MR. Clinical cor-
relates of high-intensity transient signals detected on
transcranial Doppler sonography in patients with cerebro-
vascular disease. Stroke 1994;25:1570-3.

15

De Bray JM, Glatt B. Quantification of atheromatous
stenosis in the extracranial internal carotid artery.
Cerebrovasc Dis 1995;5:414-26.

16

North American Symptomatic Carotid Endarterectomy
Trial Collaborators. Beneficial effect of carotid endarter-
ectomy in symptomatic patients with high-grade carotid
stenosis. N Engl J Med 1991;325:445-53.

26

European Carotid Surgery Trialists’ Collaborative Group.
MRC European Carotid Surgery Trial: interim results for
symptomatic patients with severe (70-90%) or with mild
(0-29%) carotid stenosis. Lancet 1991;337:1235-43.

27

Executive Committee for the Asymptomatic Carotid Athe-
rosclerosis Study. Endarterectomy for asymptomatic
carotid artery stenosis. JAMA 1995;273:1421-8.

17

Consensus Committee of Ninth International Cerebral
Hemodynamic Symposium. Basic identification criteria of
Doppler microembolic signals. Stroke 1995;6:1123.

18

Sliwka U, Lingnau A, Stohimann W-D, Schmidt P, Mull M,
Diehl R, et al. Prevalence and time course of microem-
bolic signals in patients with acute stroke.

Stroke 1997;28:358-63.

19

Koenneke HC, Mast H, Trocio Jr SH, Sacco RL, Ma W,
Mohr JP, et al. Frequency and determinants of micro-

embolic signals on transcranial Doppler in unselected
patients with acute carotid territory ischemia. A pros-
pective study. Cerebrovasc Dis 1998;8:107-12.

20

Sacco RL, Ellenberg JH, Mohr JP, Tatemichi TK, Hier DB,
Price TR, et al. Infarcts of undetermined cause: the NIN-
CDS stroke data bank. Ann Neurol 1989;25:382-90.

SCHWEIZER ARCHIV FUR NEUROLOGIE UND PSYCHIATRIE

28

North American Symptomatic Carotid Endarterectomy
Trial Collaborators. Benefit of carotid endarterectomy in
patients with symptomatic moderate or severe stenosis.
N Engl J Med 1998;339:1415-24.

29

European Carotid Surgery Trialists’ Collaborative Group.
Randomised trial of endarterectomy for recently sympto-
matic carotid stenosis: final results of the MRC European
Carotid Surgery Trial. Lancet 1998;351:1379-87.

30

Ferguson GG, Eliasziw M, Barr HWK, Clagett GP, Barnes
RW, Wallace MC, et al. The North American Symptomatic
Carotid Endarterectomy Trial. Surgical results in 1415
patients. Stroke 1999;30:1751-8.

151 m 2/2000





