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Transient ischaemic attacks (TIA) are more than just ministrokes. The high frequency of early stroke following TIA
has resulted in the recent publication of guidelines in the UK. The guidelines recommend that patients attend a
neurovascular clinic within 7 days of the index event to expedite investigation and treatment and so reduce the risk
of a subsequent (potentially more serious) neurological event. After a TIA or stroke caused by carotid-artery disease,
there is an increase in cerebral microemboli detectable by transcranial doppler (TCD). High microembolic loads
appear to be surrogate markers for future neurological events, and the pharmacological efﬁcacy of therapeutic
interventions can now be rapidly and non-invasively assessed in the clinic or at the bedside. Medical treatments can
now be optimised, avoiding the need for urgent or emergency carotid surgery and therefore allowing patients to
undergo safer elective surgery when appropriate.

Introduction
The risk of stroke after a hemispheric transient ischaemic
attack (TIA) is greatest within the ﬁrst 72 h, and event
rates as high as 20% within the ﬁrst month have been
reported.1 The Royal College of Physicians’ National
Clinical Guidelines for Stroke (2004) recommend that
patients who have a TIA or minor stroke should be seen
in a specialist neurovascular clinic within 7 days, and
those with more than one TIA in a week should be
admitted and investigated immediately.2 The type,
frequency, duration, and severity of a TIA are predictors
of subsequent risk and severity of future strokes. All
patients with a history of clear focal neurological deﬁcit
merit investigation, but those with motor or speech
deﬁcits have a more serious prognosis than those patients
with sensory or short-lived deﬁcits. There is also evidence
that after an anterior-circulation TIA (resulting from a
carotid stenosis) there is a high risk of early stroke.1,3–5
What should the next step be? Duplex
ultrasonographic examination may conﬁrm a critical
internal-carotid-artery stenosis, and CT or magnetic
resonance
angiography
(MRA)
will
exclude
haemorrhagic stroke in most cases. If cardiac-rhythm or
valvular problems are found, they can be addressed.
Antiplatelet agents can be introduced or adjusted; and
blood pressure, glycaemic, and lipid proﬁles can be
modiﬁed. However, is this enough? If the patient
continues to have further focal events, or a neurological
deﬁcit persists, should anything more be done? How can
the efﬁcacy of various treatments be assessed, and when
is it safest to proceed with surgery?

Transcranial doppler and transient microembolic
signals
Transcranial doppler (TCD) is a non-invasive
ultrasound-based technique used to measure blood
velocity within the large vessels of the cerebral arterial
circulation. The middle cerebral artery is insonated with
a 2 MHz pulsed signal transmitted through the temporal
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bone to a depth of 4·5–6·0 cm. The signal is reﬂected by
solid components of blood (mostly red blood cells) and
distorted according to the doppler-shift principle. The
reﬂected waveform gives information about systolic,
diastolic, and mean blood-ﬂow velocity.
Gaseous or solid microemboli within the middle
cerebral artery can be detected with TCD as highintensity transient signals, also known as cerebral
microembolic signals. Microemboli are deﬁned as
having a duration of less than 300 ms and an amplitude
that is 3 dB higher than the background blood-ﬂow
signal.6 Such signals are unidirectional and occur
randomly within the cardiac cycle. Furthermore, most
microemboli are easily recognised since they produce a
characteristic sound (chirp). An individual microembolic
signal does not cause neurological symptoms but may
represent an early warning sign that an individual is at a
greater risk of a neurological event in the near future.

Potential role for TCD in management of TIA of
carotid origin
Patients with crescendo or recurrent TIAs seem to be at
particularly high risk of subsequent stroke. The ﬁndings
of a large, multicentre, non-selected, observational study
emphasises the “not so benign” prognosis for all TIA
patients.7 The reported frequency of stroke after an index
TIA is higher than was originally thought and the
prevalence ranges from 5% within the ﬁrst 2 days and
20% within the ﬁrst month1 to 10·5% within 90 days.3
Perhaps the greatest justiﬁcation for early investigation
and treatment of symptomatic carotid-artery disease
comes from the analysis of the pooled data from the
ECST and NASCET trials. The beneﬁt from surgery was
greatest for patients undergoing surgery within 2 weeks
of their last ischaemic event.8

Natural course of microemboli and TIA
TCD-detected transient microembolic signals are
common for some days after an acute stroke.9
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Microemboli are an important independent predictor of
early ischaemic recurrence in patients with stroke or TIA
of arterial origin.10 In a study of 69 patients with
symptomatic carotid stenoses,11 microemboli were
detected more frequently when the patients were
examined soon after symptoms of cerebral ischaemia.
Several other studies have shown a link between
persistent cerebral microembolisation and the risk of
future TIA or stroke.12–14 In symptom-free patients with a
critical internal-carotid-artery stenosis, when the
microembolic signal rate was greater than two per hour
in the ipsilateral middle cerebral artery, there was an
associated increased risk of developing ischaemia (odds
ratio 31 [95% CI 3–302], p=0·005).11 The presence of
microemboli may deﬁne a sub-group of patients with
critical stenoses who might be at greater risk of having a
stroke.15

potential to reduce the risk of a subsequent ischaemic
event in patients with unstable carotid disease.
Tiroﬁban can also inhibit the extension of
microthrombosis, which might occur after arterial
occlusion by emboli.
In the CARESS trial,19 230 patients with at least
50% carotid stenosis and ipsilateral carotid-territory
symptoms were screened with TCD for microemboli. Of
the 110 patients with microemboli, 107 were randomly
assigned to either the dual antiplatelet therapy of aspirin
and clopidogrel, or aspirin alone. On day 7, the dualtherapy group (n=51) had more effective control of
microembolic signals than the group assigned single
antiplatelet therapy (n=56). There were four recurrent
strokes and seven TIAs in the single-therapy group, and
four TIAs in the dual-therapy group over 7 days.

Practicalities of TCD emboli detection
Effect of antiplatelet agents on microemboli
Goertler and colleagues16 have assessed the efﬁcacy of
intravenous aspirin in controlling microemboli. Nine
patients with recent symptoms arising from a critical
internal-carotid-artery
stenosis
underwent
TCD
monitoring for 1 h; they were then given intravenous
aspirin (500 mg), and the TCD measurements were
repeated. In most patients, there was a reduction in the
number of microemboli within 30 min; however, one
patient showed no sustained decrease in the number of
microemboli and later had an ischaemic event. In a
further study by the same group,17 74 patients with
symptomatic critical internal-carotid-artery stenosis
underwent 1 h of bilateral TCD monitoring within a
month of their symptoms. 38 (51%) patients had
detectable emboli. Among 48 receiving aspirin 19 (40%)
had microembolic signals and among 26 not receiving
aspirin 18 (70%) had detectable microemboli. TCDdetected emboli were controlled in about half of the
patients on maximum medical therapy, whereas in the
others persistent embolisation was an independent
predictor of recurrent TIA or stroke (adjusted odds ratio
37·0 [95% CI 3·5–333], p0·003).
Junghans and Siebler18 described rapid control of
microemboli with the glycoprotein IIb/IIIa inhibitor
(Tiroﬁban) in 24 patients with recent cerebral or retinal
embolism of arterial origin. With Tiroﬁban, the
microembolic signal rate dropped from a median of
38 per hour (range 9–324) to zero in all patients. After
the infusion was stopped the inhibitory effect of
Tiroﬁban was found to be reversible, with a signiﬁcant
increase in microembolic signals (median 13·5
[range 0–35], n=16; p0·001). Six patients received
overlapping oral antiplatelet agents and no microemboli
were detected. Junghans and Siebler concluded that
cerebral microemboli of arterial origin have the
properties of solid emboli—with platelet-ﬁbrinogen
units as predominant constituent parts—and that
glycoprotein IIb/IIIa inhibitors might have the
http://neurology.thelancet.com Vol 4 September 2005

An ambulatory TCD system has been developed; it
works by using an autosearch algorithm to restore
vessel insonation if the quality of signals decreases.20
Patients can now be monitored continuously for up to
5 h, and in view of the likely temporal variability in
embolisation, the technique is likely to improve the
predictive value of microemboli detection. However,
Blaser and colleagues21 found that monitoring periods
shorter than 1 h did not pick up less clinically relevant
information when signal frequency was already either
high or low. Cerebral perfusion has been assessed in
individuals undergoing a maximum exercise test at an
altitude of 5260 m,22 showing that TCD monitoring is a
simple and robust investigation. As such, there is no
reason why the technique should not be more widely
available within a general hospital setting, and it should
not be seen as an investigation that is only available
within specialist units.

Surgery for symptomatic carotid-artery disease
Several prospective randomised trials in patients with
sympotomatic critical internal-carotid-artery stenosis
have shown that carotid endarterectomy combined with
medical therapy is better than medical therapy alone
(70%).23–25 However, in patients with multiple,
recurrent, or crescendo TIA, there is little information
on optimum management. The treatment options
generally adopted are intravenous heparin and urgent
surgery. Mentzer and colleagues described 12 patients
with crescendo TIA.26 Seven patients underwent
emergency carotid endarterectomy, and none had
major complications; but of the ﬁve patients who did
not have surgery, three patients had strokes and one
died of cerebral infarction. In the Veterans Affairs
trialists study,27 patients with recent TIA or minor
stroke were randomly assigned to either surgery or best
medical therapy. At 1 year the proportion of patients
with subsequent stroke or crescendo TIA was
signiﬁcantly lower among the 91 who received carotid
581
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neurological deﬁcits in up to 40% in some other series.
A systematic review35 of the risks of carotid
endarterectomy in relation to both the clinical
indication for and timing of surgery showed that urgent
carotid surgery for evolving symptoms results in a
much higher risk of stroke or death (19·2% [95% CI
10·7–27·8]) than surgery for stable symptoms (odds
ratio 3·9 [95% CI 2·7–5·7], p0·001; 13 studies). In
view of the fact that both medical treatment and
emergency
carotid
surgery
have
substantial
complication rates, is there an alternative approach?

Algorithm for managing crescendo or recurrent TIAs
Index focal neurological event

Present to family practitioner or
emergency department

Fast track TIA service

Focal anterior circulation event

Non-focal event

Neurovascular
clinic

Duplex examination of carotids

⬎70% stenosis

⬎1 event

⬍70% stenosis

Single event
Home on
maximal
medical
therapy

TCD

Emboli

Early carotid
surgery

No emboli

Admit

TCD directed anti-platelet therapy
Carotid surgery next list

Figure 1: Algorithm for managing crescendo or recurrent TIA38

endarterectomy than among the 98 patients who did
not undergo surgery (8% vs 19%; p=0·011). Of the
98 patients initially treated medically, 12 subsequently
developed crescendo TIA, four had minor strokes, and
three had major strokes. All 12 patients with crescendo
TIA then underwent uncomplicated urgent carotid
endarterectomy. In another study 29 patients with
repeated TIAs were treated with heparin until elective
carotid surgery was undertaken.28 There was a mean
wait of 5 days for surgery, and during heparin
treatment there were two carotid occlusions and
13 patients continued to have further TIAs.
Postoperatively there was one stroke and one death due
to myocardial infarction. On the basis of the poor
outcome in patients treated with drugs only,27 a more
aggressive approach with urgent surgical intervention
has been advocated. However, the published results of
urgent carotid surgery are variable,27,29–34 with
complication rates ranging from no deﬁcits in
12 patients to operative mortalities as high as 20% and
582

Preoperative TCD
The role of TCD before surgery has been explored in
small trials in specialised centres but currently there is no
level 1 evidence to support its use. Patients who recently
had TIA or stroke associated with high-grade carotid
stenosis and ipsilateral haemodynamic compromise with
exhausted reactivity to carbon dioxide on TCD had a
greater risk of early stroke before surgery than those with
normal haemodynamics.36
Embolisation detected by TCD after recent
neurological symptoms in carotid stenosis predicts the
short-term ipsilateral stroke risk. TCD has been used to
identify patients who are at high risk of a further event;
Markus and MacKinnon37 have argued that these
patients should undergo urgent endarterectomy.
The timing of carotid surgery in patients with
recurrent or crescendo TIA can be safely altered;38
19 patients were treated with a combination of TCDdirected medical therapy and elective surgery. After a
TIA, patients were assessed as outpatients in the
vascular laboratory, and each patient was questioned
about any focal neurological symptoms in the previous
4 weeks (hemisensory, hemimotor, dysphasia, or
amaurosis fugax). All patients then underwent a routine
carotid duplex, and those with more than one focal
event and an appropriate-sided critical internal-carotid
stenosis underwent 1 h of TCD monitoring of the
symptomatic middle cerebral artery. Patients with more
than one focal event and microembolic signals were
admitted to hospital. Maximum oral medical therapy
was started, and a TCD-directed intravenous infusion of
the antiplatlet agent dextran 40 was started. The
infusion was increased incrementally until there were
no microembolic signals. Sustained embolisation
seemed to be associated with the development of
neurological events since no patient had symptoms
once the emboli were controlled. A single embolus does
not cause a TIA or stroke, but a high embolic load
seems to indicate that the individual is at greater risk of
further focal neurological events. Patients underwent
further TCD examinations to conﬁrm that embolisation
had ceased, and carotid endarterectomy was undertaken
on the next elective operating list up to 10 days later
(ﬁgure 1). This delay has the advantage of moving highrisk surgery out of the emergency setting and into
http://neurology.thelancet.com Vol 4 September 2005
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Figure 2: Surgical technique and carotid plaque appearance
A: right carotid endarterectomy with shunt in situ. B: carotid plaque with platelet frond from a symptomatic patient. C and D: intraoperative photographs of a
symptomatic carotid plaque.

elective hours with independently demonstrated lower
complication rates.35 Therefore, safe interhospital
transfer could be considered.

strategies; for example, early clamping of the internal
carotid artery when there is a high embolic load
(ﬁgure 2).44,45

Intraoperative TCD

Postoperative TCD

Historically, TCD was ﬁrst used during carotid surgery
to help assess the need for shunting during the
cross clamp phase.39 Among 1058 patients, a large
decrease in velocity (greater than 90%) in the middle
cerebral artery was associated with operative stroke
(odds ratio 3·3, [1·3–8·3]).40 Subsequently, TCD has
also been used to measure the intraoperative
microembolic load.41,42 TCD sensitivity to the presence
of particulate emboli can help guide surgical
dissection of the carotid artery before endarterectomy.
Jansen and colleagues43 found that a high microembolic
load was signiﬁcantly related to new ischaemic
lesions. Intraoperatively, detection of emboli by TCD
has been used to modify surgical techniques or

The reported rate of early postoperative carotid
thrombosis is 2–3%.46,47 After carotid endarterectomy,
TCD-detected microemboli are thought to be platelet
aggregates generated by a partly denuded and highly
thrombogenic vascular endothelium. Unchecked, these
aggregates can mature into occlusive thromboemboli,
resulting in infarcts in the succeeding hours or
days. In the early postoperative phase (after carotid
endarterectomy) if micrembolic counts are greater than
50 per hour, this can help predict the development of
ipsilateral focal ischaemia.48,49 Lennard and colleagues50
eliminated all postoperative strokes with the aid of a 3 h
TCD monitoring session. They found that signs of
persistent embolisation of at least 25 microemboli signals

http://neurology.thelancet.com Vol 4 September 2005
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A

Possible mechanisms of cerebral microemboli
generation

B

In patients with symptomatic critical internal-carotidartery stenoses, there is likely to be an acute rupture of
an atherosclerotic internal carotid plaque with
superimposed thrombosis—not dissimilar to the acute
coronary syndrome. A period of instability and
increased activity within the carotid plaque is indicated
by an increase in cerebral microemboli signals that can
be detected in the middle cerebral artery. Microemboli
appear to be primarily solid platelet aggregates, since
they have been controlled with various antiplatelet
agents including intravenous aspirin,16,17 dextran 40,46–51
Tiroﬁban,18 and S-nitrosoglutathione.52 In 100 patients,
use of clopidogrel (75 mg) preoperatively resulted in a
large reduction in the relative risk of having 20 or
more emboli in the postoperative period (odds ratio
10·23 [1·3–83·3]; p=0·01).53 Plaque stabilisation with
aspirin and glycoprotein IIb/IIIa inhibitors are
established therapies for the acute coronary syndrome
(ﬁgure 3).

C

Efﬁcacy of pharmacological therapy
Cerebral microemboli seem to be surrogate markers for
future ischaemic events. If they persist despite medical
therapy, the risk of further neurological events is about
40 times higher than if they do not.17 The CARESS trial19
showed that dual therapy with clopidogrel and aspirin
controls both microemboli and symptoms more
effectively than single therapy. However, even in the
dual-therapy group, some patients had continued
embolisation and remained at risk of further events.
D

E

F

Identiﬁcation of high-risk patients and timing of
subsequent surgery

Figure 3: Composite schematic of symptomatic carotid-artery stenosis
High intensity transient signal (A, arrow) detected on transcranial doppler insonation of the middle cerebral artery
via a temporal window using a 2 MHz probe (B). Carotid bifurcation with artherosclerotic plaque (C) causing
70% stenosis. Emboli originating from surface ulcer or plaque rupture shower the cerebral circulation. Carotid
plaque showing surface ulceration (C, right; D, arrow) and disruption of media with intraplaque haemorrhage
(D, circle). Microscopy of unstable plaque with subendothelial macrophage accumulation (E; CD68 stain light
microscopy, 100); and intraplaque haemorrhage (F, black arrow) and ulcerated surface with overlying
erythrocytes (F, white arrow; haematoxylin and eosin light microscopy, 200).

in 10 min consistently preceded injury. Embolisation was
completely abolished with incremental infusion of the
antiplatelet agent (dextran 40). The same group has now
audited 600 consecutive carotid endarterectomies, after
the introduction of TCD-directed dextran therapy and
found that the rate of postoperative thrombotic strokes
fell from 2·7% to 0%.46,47 There is evidence that 30 min of
postoperative TCD monitoring is adequate.51
584

A case could be made for the use of TCD emboli
detection in all carotid-based TIA, but at present this
approach is not practicable. Some researchers believe
that patients with continued embolisation should be
offered urgent surgery.37 However, cessation of both
microemboli and symptoms in patients with recurrent
or crescendo TIA has been described with use of TCDdirected intravenous antiplatelet agents.38 Consequently,
patients can undergo carotid endarterectomy safely on
the next elective list, avoiding the risks associated with
urgent or emergency surgery35 or the risks associated
with delay when microemboli persist despite oral
antiplatelet therapy.9,19

Conclusion
Until further studies are undertaken, in our opinion all
patients presenting with TIA or minor stroke should
undergo rapid clinical assessment and duplex
examination to assess the state of the internal carotid
arteries (ideally within 24–48 h). A patient with a critical
internal carotid stenosis and more than one TIA should
have a TCD study to look for microemboli in the
http://neurology.thelancet.com Vol 4 September 2005
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Search strategy and selection criteria
References for this review were identiﬁed by searches of
PubMed from 1980 until June 2005 with the terms TIA,
microemboli , transcranial Doppler, TCD, crescendo TIA,
recurrent TIA. Articles were also identiﬁed through searches
of authors’ own ﬁles. Only papers published in English were
reviewed.

5
6

7

8

9

appropriate middle cerebral artery. Those with critical
internal carotid stenosis, symptoms, and emboli should
be admitted to stroke prevention and care units. These
units would be similar to coronary-care units and jointly
managed by stroke physicians, neurologists, and
vascular surgeons. With a high ratio of staff to patients,
frequent corrections of cardiovascular, metabolic, and
haematological factors could be achieved, the aim being
to prevent strokes from occurring.54,55 Elective surgery is
likely to have better outcomes than either the
conventional treatments of medical therapy alone or
urgent surgery. Failure to control either microemboli or
symptoms from a critical internal-carotid stenosis
remains an indication for urgent surgery. Although
intravenous heparin decreases cerebral microemboli
after a focal event,9 the widely adopted approach of
intravenous heparin and early surgery is unsatisfactory.28
Converging lines of evidence suggest that TCD can
assist in identifying the patients at high risk of a
subsequent neurological event, and the pharmacological
efﬁcacy of therapeutic interventions can now be assessed
rapidly and non-invasively. TCD detection of cerebral
microemboli offers an important advance in
multidisciplinary team working which enables the
physician to optimally integrate medical therapies and
the surgeon to determine the safest timing of surgery for
a patient who has had a recent TIA or stroke.
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