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Transcranial Doppler ultrasound allows measurements of blood flow velocity to
be made from the basal intracerebral vessels The major advantages of trans-
cranial Doppler ultrasound are that it is non-invasive, relatively cheap, can be
performed with portable machines, allows monitoring for prolonged periods,
and has a high temporal resolution making it ideal for studying dynamic
cerebrovascular responses. In addition it has recently been demonstrated that it
can be used to detect circulating cerebral emboli, these cannot be detected by
any other currently available imaging modality.

Correspondence to
Prof H S Markus,

Department of Clinical
Neuroscience, St George's
Hospital Medical School,

Cranmer Terrace,
London SW17 ORE, UK

Transcranial Doppler ultrasound (TCD) allows measurements of blood
flow velocity to be made from the basal intracerebral vessels. Although
Doppler ultrasound was first applied to patients in the 1960s,1 it was
not appreciated for many years that sufficient ultrasound could pass
through the skull to allow recording from intracerebral vessels. It was
only in the 1980s that successful insonation of the middle cerebral artery
was described by Aaslid et aP. To enable sufficient transmission of
ultrasound through the skull, a low frequency transducer (usually 2
MHz) is used. This has the consequence that the spatial resolution is
poor and, therefore, the technique is primarily useful for giving Doppler
information on blood flow velocity. Duplex machines, which provide a
two dimensional B-mode image of the intracranial structures, have been
developed more recently, but the spatial resolution is of low quality and
provides limited clinically useful information. Even using state-of-the-art
TCD ultrasound equipment, it is impossible to successfully insonate the
intracerebral vessels in approximately 10% of individuals due to the
lack of an acoustic window; this proportion is increased in black
individuals and with increasing age. A number of acoustic windows are
used to provide access to different intracerebral vessels3. Most
commonly, a temporal window above the zygomatic arch is used,
through which the terminal internal carotid artery, middle cerebral
artery, anterior cerebral artery, and proximal posterior cerebral artery
can be insonated. The distal vertebral arteries and basilar artery can be
insonated via an occipital window. Access can be obtained to the distal
internal carotid artery and the ophthalmic artery via the orbit.
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Table 1 Major uses of transcranial Doppler ultrasound

Detection of intra-cranial stenosis

Atheromatous stenosis

Acute stroke

Sickle cell disease

Subarachnoid haemorrhage

Evaluation of the presence or absence of collateral f low channels

Measurement of dynamic cerebrovascular responses

Carbon dioxide reactivity

Dynamic autoregulation

Vasoneuronal coupling

Intra-operative monitoring

Carotid endarterectomy

Cardiopulmonary bypass

Interventional neuroradiological procedures

Embolic signal detection

Major advantages of TCD are that it is non-invasive, relatively cheap,
can be performed with portable machines, allows monitoring for
prolonged periods, and has a high temporal resolution making it ideal for
studying dynamic cerebrovascular responses. In addition, it has recently
been demonstrated that it can be used to detect circulating cerebral
emboli; these cannot be detected by any other currently available imaging
modality. The major uses of TCD are shown in Table 1.

Detection of intracranial stenosis

TCD is widely used in many countries for detection of intracranial
stenoses usually caused by atheromatous disease. Stenosis can be
identified by the presence of a high velocity jet and is most commonly
detected in the middle cerebral artery4. One difficulty with using con-
ventional TCD ultrasound is that one cannot correct for the angle
between the ultrasound beam and the direction of flow. This is less of a
problem for the middle cerebral artery where the angle is usually less than
20°, but it means that the sensitivity for detecting middle cerebral artery
stenoses is reduced, particularly in subjects in whom the angle is at the
upper end of the normal range. Using duplex TCD systems it is possible
to determine and correct for this angle5. Intracranial stenoses can be
detected in a number of patients with acute stroke, but it has been argued
that the finding does not alter management and, therefore, in many
countries TCD is not routinely used in acute stroke. There is some
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Stroke

evidence that intracranial stenoses may be better treated with warfarin
than aspirin6, and, if this is confirmed, the importance of detecting such
stenoses will be increased. Recently, this use of TCD has been challenged
by magnetic resonance angiography. Both have potential advantages, but
a major use of TCD is in ill patients with acute stroke or where serial
monitoring is required. It has also been shown in an elegant study that, in
patients with acute stroke, the presence of both middle cerebral artery
occlusion and the subsequent time course of its recanalisation can be
monitored using TCD7. Using TCD to identify individuals with acute
stroke who have persisting middle cerebral artery occlusion, and who,
therefore, might be particularly suitable for thrombolysis, is attractive.
However, no large thrombolysis studies using it as a screening tool have
yet been performed.

TCD is ideally suited to situations where repeated measurements are
required. This potential use is illustrated by a recent stroke prevention
study in sickle cell disease study8. Children with sickle cell disease are at
markedly increased risk of stroke, which frequently occurs secondary to
intra-cranial stenosis. TCD was used to identify children with sickle cell
disease who had middle cerebral artery stenoses, and in a prospective study
it was shown that these individuals were at markedly increased stroke
risk8. In a follow on study, sickle cell children with intracranial stenoses, as
detected by TCD, were randomised to either exchange transfusion or no
additional treatment9. There was a very marked reduction in strokes
during follow-up in the actively treated group.

Subarachnoid haemorrhage is another situation where the ability to
perform repeated measurements is useful, primarily for the detection of
vasospasm, which can be identified by TCD10.

Evaluation of the presence or absence of collateral flow
channels

TCD ultrasound can be used to identify the directionality of flow within
collateral pathways3 and provides useful information about whether
collateral supply is adequate in cases of arterial occlusion. For example,
in carotid artery occlusion the directionality of ophthalmic artery flow
will indicate whether blood is being shunted from the extracranial
circulation into the intracranial circulation. The technique can also be
used to demonstrate the integrity of the circle of Willis. In practice,
dynamic techniques such as carbon dioxide reactivity (as discussed
below) may give a better global estimate of the adequacy of collateral
supply.
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Measurement of dynamic cerebrovascular responses

A major advantage of TCD is its very high temporal resolution. This
makes it ideal to study rapid changes in cerebral haemodynamics. This
has led to its use in the measurement of cerebral autoregulation. One
potential problem in this setting is that TCD measures blood flow
velocity and not absolute blood flow. Therefore, it is only a valid
method to estimate changes in cerebral blood flow if the vessel diameter
does not change during the intervention. It has been demonstrated using
angiography that there is very little or no change in the middle cerebral
artery diameter during carbon dioxide inhalation at the concentrations
used during carbon dioxide reactivity measurements11. Therefore, in this
setting, it appears a valid technique. Similarly, the middle cerebral artery
does not change in diameter following certain drugs. However, some
drugs, particularly those affecting the nitric oxide system, can cause
marked changes in middle cerebral artery diameter. For example, nitric
oxide synthase inhibition in man resulted in a 30% reduction in cerebral
blood flow, as determined by absolute carotid artery volume flow. In
contrast, there was no change in middle cerebral artery blood flow12.
This is consistent with vasoconstriction in the middle cerebral artery,
and similar studies using nitric oxide donors have suggested that marked
vasodilation can occur13.

Carbon dioxide reactivity has been widely used as a surrogate measure
of autoregulation, particularly in patients with carotid stenosis, as a way
to determine the adequacy of collateral supply. Middle cerebral artery
blood flow velocity is measured while the patient breathes air, and then
while they breathe a mixture of 5-8% carbon dioxide in air. The
percentage change in blood flow velocity is then calculated14. If a
concentration of carbon dioxide is used which does not maximally
vasodilate (i.e. 5 or 6%), the change in blood flow velocity is divided by
the change in end tidal carbon dioxide, an estimate of the partial pressure
of carbon dioxide in the blood. A proportion of patients with carotid
stenosis and occlusion have impaired carbon dioxide reactivity, and this is
primarily seen in individuals with poor collateral supply14. An
improvement is seen after carotid endarterectomy15. Studies have
demonstrated that, in patients with carotid occlusion, impaired reactivity
identifies individuals at particularly high risk of future stroke or TLA16.
There is less firm data as to whether the same technique identifies
individuals with carotid stenosis who are at high risk. If so, it may be a
useful technique to identify high-risk asymptomatic patients with carotid
stenosis for endarterectomy. One potential problem with the technique is
that high doses of carbon dioxide can result in hypertension and, in some
patients, this results in a 'passive' rise in cerebral artery blood flow
velocity. This can sometimes obscure unpaired autoregulation17. For this
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reason, it is recommended that a non-invasive technique such as a
Finapres is used to monitor blood pressure during the procedure. An alter-
native vasodilatory stimulus which is frequently used is acetazolamide, a
carbonic anhydrase inhibitor18. However, some studies have suggested
that the results are less reproducible than those obtained using carbon
dioxide as a vasodilator19.

Carbon dioxide reactivity is an indirect measure of autoregulation.
More recently, a direct measure of cerebral autoregulation has been
developed by Aaslid et aP°. Following a sudden stepwise drop in blood
pressure, cerebral blood flow drops suddenly and then returns to normal.
The rate of rise of blood flow is greater than that of systemic blood
pressure, and this difference is caused by the cerebral autoregulatory
response. A sudden stepwise blood pressure drop can be induced by
inflating leg cuffs, and then suddenly deflating them, resulting in a reactive
hyperaemia. Middle cerebral artery blood flow velocity can be recorded
by TCD and blood pressure non-invasively monitored at the same time
by a Finapres or other similar method. The rate of rise of the two
parameters can then be compared to derive an autoregulatory index20.
There has been concern that the stepwise drop in blood pressure might
alter middle cerebral artery diameter. However, validation studies have
shown that an autoregulatory index measured m this way correlates well
with that measured using carotid artery flow monitoring, which provides
an absolute measure of blood flow21. A good correlation has been found
between dynamic autoregulation, estimated using this method, and
estimates of static autoregulation22. Therefore, the technique does appear
to be valid, and impaired autoregulation has been found both in patients
with head injury21 and in a subgroup of patients with carotid artery
stenosis23. This technique may be useful at identifying those individuals at
high risk who may benefit from revascularisation. It may also allow
identification of individuals with carotid stenosis or occlusion who have a
particularly poor collateral supply, and in whom lowering of blood
pressure to the normal range could precipitate cerebral ischaemia.

Vasoneuronal coupling describes the increase in regional blood flow
seen in response to neuronal activity. An estimate of this can also be
obtained using TCD. Using the high temporal resolution of TCD, the rise
in cerebral blood flow velocity in the artery supplying a particular brain
region can be determined while that brain region is activated. Most
commonly the occipital cortex is activated, using a flashing visual
stimulus, while posterior artery blood flow velocity is recorded24. By
averaging over a number of stimuli, a reliable measurement can be
obtained. Using a language activation task, and recording from both
middle cerebral arteries, the technique may allow hemispheric dominance
for language to be determined25'26. Using other activation tasks, the
technique has also been used to study mechanisms of recovery following
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stroke27. However, the application of TCD here is limited by its poor
spatial resolution, and the mechanisms of neural recovery following
stroke may be better answered using positron emission tomography or
functional magnetic resonance imaging.

Intra-operative monitoring

The non-invasive nature of TCD and its high temporal resolution make
it ideally suited to intra-operative monitoring. In this context, it is most
used during carotid endarterectomy28. In a proportion of patients during
cross clamping, if collateral supply is inadequate, middle cerebral artery
blood flow can drop dramatically and there is a danger of cerebral
ischaemia. In such patients, it is necessary to insert a shunt. One method
of identifying individuals who require shunt insertion is to continuously
monitor middle cerebral artery blood flow velocity during the operation,
and only insert a shunt in individuals in whom it falls below a particular
threshold on cross-clamping. Monitoring can also identify individuals in
whom the potential problems arise such as shunt kinking. The technique
is also used to monitor for embolisation occurring during both carotid
endarterectomy and cardiopulmonary bypass as discussed below.

Embolic signal detection

Doppler ultrasound has the unique ability to detect emboli as they pass
through the circulation. Due to increased scattering and reflection of
ultrasound from the embolus, compared with the surrounding red blood
cells, an embolus appears as a short duration high intensity signal within
the Doppler flow spectrum. It has been appreciated since the 1960s that
gas bubbles can be detected using ultrasound29, and the technique has
been applied to both decompression sickness and cardiopulmonary
bypass to detect gaseous emboli30'31. However, it was only in 1990 that it
was appreciated that solid emboli, composed of thrombus or platelet
aggregates, could also be detected. While recording during carotid
endarterectomy for air emboli introduced during the operation, Spencer
and colleagues noted that similar embolic signals occurred prior to arterial
opening, i.e. before any air could be introduced into the system32. They
deduced these must be solid emboli dislodged from the carotid plaque
during surgical manipulation. Although there was initial scepticism,
subsequent in vitro and in vivo studies have demonstrated that the
technique is highly sensitive and specific33"35. Embolic signals have been
detected in patients with a wide variety of potential embolic sources
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including carotid artery stenosis, atrial fibrillation, and valvular heart
disease36. Conventionally, recordings are made from the middle cerebral
artery. The low frequency transducer used for TCD mcreases the embohc-
to-background blood signal ratio and, therefore, makes them easier to
detect37. In addition, prolonged recording can be performed using simple
headpieces. Good interobserver reproducibihty in identifying embolic
signals has been reported38 and recent consensus criteria have been
developed for applying this technique in clinical practice39.

Most work has been performed in carotid artery stenosis. Asymptomatic
embolic signals are surprisingly frequent and are usually detected in
20-50% of patients with symptomatic carotid stenosis if recordings are
performed for an hour40"45. Their presence has been shown to correlate with
known markers of increased risk including symptomatic status40'41, time
since last symptoms45""*7, and plaque ulceration determined either histo-
logically48 or on angiography43'44. Recently, small studies have suggested
that asymptomatic embolisation may be an independent predictor of future
stroke risk49"51 and this is being tested in larger multicentre studies.

Asymptomatic embolic signal detection has a number of potential uses.
It may allow identification of individuals at high risk of stroke for targeted
pharmacological or surgical therapy. For example, operating on an
asymptomatic carotid stenosis has a poor risk-benefit ratio. Eighty-five
patients have to be operated on to prevent one stroke over a one-year
period52. Identifying a high-risk group of individuals would improve both
cost-benefit and risk-benefit ratios. Embolic signal detection may also be
useful in monitoring the effectiveness of antithrombotic therapy in
individuals. It may also be useful m monitoring during interventional
procedures. For example, it has been demonstrated that embolic signals
during the dissection phase of carotid endarterectomy (before arterial
opening) correlate with both new peri-operative MRI infarcts53 and
neuropsychological decline54. Intra-operative use of the technique may aid
the surgeon in reducing embolisation. Furthermore, embolisation in the
postoperative period has been associated with early postoperative stroke
and TLA. risk55. It has been suggested that the technique may allow the
identification of individuals in this setting who require more aggressive
postoperative antithrombotic measures such as a Dextran infusion56.

Embolic signal detection may also prove useful in evaluating new
antithrombotic and antiplatelet therapies. Currently, these are evaluated
in large expensive clinical trials with an endpoint of stroke. For example,
the recent CAPRIE trial recruited approximately 20,000 patients and only
just achieved a significant result57. There is a wide gulf between ex vivo
assessment of platelet function and clinical effectiveness, and animal
models are not always truly representative of the situation occurring in
man. Because asymptomatic embolic signals are much more frequent than
stroke and TLA, they provide a surrogate endpoint which can be used to
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test the effectiveness of novel therapies. For this application, a situation is
required where embolisation is frequent, and asymptomatic emboli have
clinical significance. The setting of the postoperative period following
carotid endarterectomy has been used. It was possible to show the highly
significant antithromboembolic effect of a novel and potentially platelet-
specific nitric oxide donor, S-nitrosothiol, in only 12 cases and 12 controls
using this technique58.

Asymptomatic embolic signal detection may also be useful in patients
with acute stroke both in identifying the stroke subtype and mechanism, in
localising the embolic source by recording from multiple sites along the
arterial tree simultaneously, and possibly in identifying individuals at high
risk of recurrent stroke59. Particularly in patients with carotid artery
stenosis and acute stroke, continued embolisation is frequent even at 2
weeks post-stroke59'60.

Other recent advances

Recently, duplex ultrasound machines have been adapted for trans-
cranial imaging. The B-mode modality does allow some delineation of
structure, and lesions such as intracranial haemorrhage and mid-line
shift have been identified; however, the spatial resolution is much
inferior to computed tomography or magnetic resonance imaging.
Nevertheless, this imaging modality does have advantages for studying
intracerebral vessels, primarily due to the use of the colour coded
modality. It can be easier to identify certain intracranial arteries, and this
can help in determining whether they are absent or merely difficult to
identify due to a poor acoustic window. It allows the sample volume to
be placed m the vessel of interest and the Doppler angle to be adjusted
manually so that angle corrected flow velocity can be determined61. The
technique has also been used to study other intracranial vascular
structures such as the pulsatility of intracranial aneurysms62.

A major problem with TCD remains the lack of an acoustic window in
approximately 10% of individuals. The use of ultrasonic contrast agents
can overcome this problem63. An intravenous injection is given of an agent
containing stabilised microbubbles. This passes into the intracranial
arterial circulation, and results in increased back-scattering and signal
intensity. Using this technique in combination with colour flow duplex
imaging the anatomy of the complete circle of Willis can be visualised.

Conclusions

In its early days, TCD ultrasound was primarily used to identify intra-
cranial stenoses. With the advent of magnetic resonance angiography,
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TCD is less used for this indication by many units. However, its non-
invasive nature and high temporal resolution make it ideal to for the
study of cerebral hemodynamics, to monitor during interventional
procedures, or where repeated measurements are required particularly in
sick patients. It also offers the only technique by which asymptomatic
emboli can be detected non-invasively.

References

1 Satomura S, Kaneko Z. Ultrasonic blood rheograph Proceedings of the 3rd International
Conference on Medical Electronics. 1960, 254-8

2 Aashd R, Markwalder T-M, Nornes H Noninvasive transcrarual Doppler ultrasound recording
of flow velocity in basal cerebral arteries / Neurosurg 1982; 50: 570—7

3 Fujioka KA, Douville CM Anatomy and freehand examination techniques. In: Newell DW,
Aashd R. (eds) Transcranial Doppler. New York: Raven, 1992

4 Ley-Pozo J, Ringlestein EB. Noninvasive detection of occlusive disease of the carotid siphon
and middle cerebral artery. Ann Neurol 1990, 28 640-7

5 Baumgartner RW, Arnold M, Gonner F et al. Contrast-enhanced transcrarual color-coded
duplex sonography in lschemic cerebrovascular disease. Stroke 1977; 28: 2473-8

6 The Warfann-Aspinn Symptomatic Intracranial Disease (WASID) Study Group. Prognosis of
patients with symptomatic vertebral or basilar artery stenosis. Stroke 1998, 29. 1389-92

7 Ringlestein EB, Biniek R, Weiller C, Ammehng B, Nolte PN, Thron A. Type and extent of
hemispheric brain infarctions and clinical outcome in early and delayed middle cerebral artery
recanahzation Neurology 1992; 42: 289-98

8 Adams RJ, McKie VC, Carl EM et al. Long-term stroke risk in children with sickle cell disease
screened with transcranial Doppler. Ann Neurol 1997; 42: 699-704

9 Adams RJ, McKie VC, Hsu L et al. Prevention of first stroke by transfusions in children with
sickle cell anaemia and abnormal results on transcranial Doppler ultrasonography. N Engl ]
Med 1998; 339: 5-11

10 Sloan MA Transcranial Doppler monitoring of vasospasm after subarachnoid haemorrhage.
In Tegeler CH, Babikian VL, Gomez CR (eds) Neurosonology. St Louis: Mosby, 1995; 156-71

11 Huber P, Handa J. Effect of contrast material, hypercaprua, hyperventilation, hypertonic
glucose and papaverine on the diameter of cerebral arteries. Invest Radiol 1967; 2: 17-32

12 White RP, Deane C, Vallance P, Markus HS. Nitric oxide synthase inhibition in humans reduces
cerebral blood flow but not the hyperaemic response to hypercapnia. Stroke 1998, 29: 467-72

13 Dahl A, Russell D, Nyberg Hansen R, Rootwelt K. Effect of nitroglycenn on cerebral
circulation measured by transcranial Doppler and SPECT. Stroke 1989, 20 1733-6

14 Ringelstein EB, Sievers C, Ecker S, Schneider PA, Otis SM Noninvasive assessment of CO2-
lnduced cerebral vasomotor response in normal individuals and patients with internal carotid
artery occlusions. Stroke 1988; 19: 963-9

15 Hartl WH, Janssen I, Furst H. Effect of carotid endarterectomy on patterns of cerebrovascular
reactivity in patients with unilateral carotid artery stenosis. Stroke 1994; 25: 1952-7

16 Kleiser B, Widder B Course of carotid artery occlusions with impaired carbon dioxide
reactivity Stroke 1992; 23: 171-4

17 Dumville J, Panerai RB, Lennard NS, Naylor AR, Evans DH Can cerebrovascular reactivity be
assessed without measuring blood pressure in patients with carotid artery disease? Stroke 1998,
29: 968-74

18 Piepgras A, Schmiedek P, Lernsinger G, Haberl RL, Kirsch CM, Einhaupl KM. A simple test to
assess cerebrovascular reserve capacity using transcranial Doppler sonography and
acetazolamide Stroke 1990; 21- 1306-11

19 Kehser B, Scholl D, Widder B Assessment of cerebrovascular reactivity by Doppler CO2 and
diamox testing — which is the appropriate method. Cerebrovasc Dis 1994; 4: 134—8

386 British Medical Bulletin 2000,56 (No 2)

D
ow

nloaded from
 https://academ

ic.oup.com
/bm

b/article/56/2/378/303304 by guest on 10 April 2024



Transcranial Doppler ultrasound

20 Aaslid R, Lindcgaard KF, Soncbcrg W, Nornes H. Cerebral autoregulanon dynamics in
humans. Stroke 1989; 20 :45-52

21 Newel] DW, Aaslid R, Lam AM, Mayberg TS, Winn R. Companson of flow and velocity during
dynamic autoregulanon testing in humans Stroke 1994; 25: 793—7

22 Tiecks FP, Lam AM, Aaslid R, Newell DW. Companson of static and dynamic cerebral
autoregulaaon measurements. Stroke 1995, 26: 1014-9

23 White RP, Markus HS Non-invasive determination of impaired dynamic cerebral
autoregulation in carotid artery stenosis. Stroke 1997; 28: 1340-4

24 Panczel G. Daffertshofer M. Ries S. Spiegel D Hennenci M Age and stimulus dependency of
visually evoked cerebral blood flow responses. Stroke 1999; 30: 619-23

25 Markus HS, Boland M Cognitive activity monitored by non-tnvasive measurement of cerebral
blood flow velocity and its application to the investigation of cerebral dominance Cortex 1992,
28 575-81

26 Kltngelhofer J, Matzander G, Sander D, Schwarze J, Boecker H, Bischoff C. Assessment of
functional hemispheric asymmetry by bilateral simultaneous cerebral blood flow velocity
monitoring / Cereb Blood Flow Metab 1997; 17: 577-85

27 Silvestnni M, Cupim LM, Placidi F, Diomedi M, Bernardi G. Bilateral hemispheric activation
in the early recovery of motor function after stroke Stroke 1998; 29: 1305-10

28 Gaunt ME. Transcranial Doppler' preventing stroke during carotid endarterectomy Ann R Coll
Surg Engl 1988; 80: 377-87

29 Austen WG, Howry D. Ultrasound as a method to detect bubbles or particulate matter in the
arterial line during cardiopulmonary bypass. / Surg Res 1965; 5: 283—4

30 Spencer MP Decompression limits for compressed air determined by ultrasonically detected
blood bubbles / Appl Physiol 1976, 2. 229-35

31 Padayachee TS, Parsons S, Theobold R, Linley J, Gosling RG, Deverall PB. The detection of
microemboh in the middle cerebral artery during cardiopulmonary bypass: a transcranial
Doppler ultrasound investigation using membrane and bubble oxygenators. Ann Thorac Surg
1987; 44: 298-302

32 Spencer MP, Thomas GI, Nicholls SC, Sauvage LR. Detection of middle cerebral artery emboli
during carotid endarterectomy using transcranial Doppler ultrasonography. Stroke 1990; 21:
415-23

33 Russell D, Madden KP, Clark WM, Sandset PM, Zivin JA. Detection of arterial emboli using
Doppler ultrasound in rabbits. Stroke 1991; 22- 253-8

34 Markus HS, Brown MM. Differentiation between different pathological cerebral embohc
materials using transcranial Doppler in an in vitro model. Stroke 1993; 24 1-5

35 Markus H, Loh A, Brown MM Detection of circulating cerebral emboh using Doppler
ultrasound m a sheep model / Neurol Sa 1994; 122- 117-24

36 Markus HS. Transcranial Doppler detection of circulating cerebral emboh: a review. Stroke
1993; 24: 1246-50

37 Spencer M, Granado L Ultrasomc frequency and Doppler sensitivity to arterial microemboh
[abstract]. Stroke 1993; 24: 510

38 Markus HS, Ackerstaff R, Babikian V et al. Inter-centre agreement in reading Doppler embohc
signals' a multicentre international study Stroke 1997; 28: 1307—10

39 Ringlestein EB, Droste DW, Babikian VL et al and the International Consensus Group on
Microembolus Detection. Consensus on microembolus detection by TCD. Stroke 1998; 29 725-9

40 Siebler M, Nachtmann A, Sitzer M et al Cerebral microembolism and the risk of ischaemia in
asymptomatic high-grade internal carotid artery ischaemia. Stroke 1995, 26: 2184—6

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

42 Georgiadis D, Lindner A, Manz M et al. Intracranial microembohc signals in 500 patients with
potential cardiac or carotid embohc source and in normal controls Stroke 1997, 28: 1203—7

43 Orlandi G, Parent! G, Bertolucci A, Pughoh M, Collavoh P, Mum L. Carond plaque features on
angiography and asymptomatic cerebral microembohsm. Acta Neurol Scand 1997, 96 183-6

44 Valton L, Larrue V, Arrue P, Geraud G, Bes A Asymptomatic cerebral embohc signals in
patients with carotid stenosis • correlation with the appearance of plaque ulceraaon on
angiography Stroke 1995, 26: 813-5

British Medical Bulletin 2000,56 (No 2) 387

D
ow

nloaded from
 https://academ

ic.oup.com
/bm

b/article/56/2/378/303304 by guest on 10 April 2024



Stroke

45 Molloy J, Khan N, Markus HS. Temporal variability of asymptomatic embolisation in carotid
artery stenosis, Stroke 1998; 29: 1129-32

46 Van Zuilen EV, Moll FL, Vermeulen FE, Mauser HW, van Gnn J, Ackerstaff RG. Detection of
cerebral microemboh by means of transcramal Doppler monitoring before and after carotid
endarterectomy. Stroke 1995; 26 210-3

47 Siebler M, Sitzer M, Rose G, Bendfeldt D, Steinmetz H. Silent cerebral embolism caused by
neurologicaLly symptomatic high-grade carotid stenosis Event rates before and after carotid
endarterectomy. Brain 1993; 116- 1005-15

48 Sitzer M, Muller W, Siebler M et al. Plaque ulceranon and lumen thrombus are the main sources
of cerebral microemboli in high-grade internal carotid artery stenosis Stroke 1995; 26: 1231-3

49 Siebler M, Nachtmann A, Sitzer M et al Cerebral microembohsm and the risk of ischaemia in
asymptomatic high-grade internal carotid artery ischaemia Stroke 1995; 26 2184-6

50 Valton L, Larrue V, Le Traon AP, Massabuau P, Gerard G Microembohc signals and risk of
early recurrence in patients with stroke or transient ischaemic attack. Stroke 1998; 29: 2125-8

51 Molloy J, Markus HS. Asymptomatic embolisation predicts stroke and TTA risk m patients
with carotid artery stenosis. Stroke 1999; 30: 1440-3

52 Warlow C Endarterectomy for asymptomatic carotid stenosis? Lancet 1995; 345: 1254
53 Jansen C, Ramos LM, Van Heesewijk JP, Moll FL, van Gijn J, Ackerstaff RG. Impact of

microembolism and haemodynamic changes in the brain during carotid endarterectomy. Stroke
1994, 25: 992-7

54 Gaunt ME, Martin PJ, Smith JL et al. Clinical relevance of mtraoperanve embolisation detected
by transcranial Doppler ultrasonography during carotid endarterectomy: a prospective study of
100 patients. Br J Surg 1994; 81: 1435-9

55 Levi CR, O'Malley HM, Fell G et al. Transcramal Doppler-detected cerebral microembohsm
following carotid endarterectomy high microembolic signal loads predict post-operative
cerebral ischaemia. Brain 1997; 120. 621-9

56 Lennard N, Smith J, Dumville J et al. Prevention of postoperative thrombotic stroke after
carotid endarterectomy; the role of transcramal Doppler ultrasound. / Vase Surg 1997; 26:
579-84

57 CAPRIE Steering Committee A randomised, blinded, trial of clopidogrel versus aspirin in
patients at risk of ischaemic events (CAPRIE). Lancet 1996, 348: 1329-39

58 Molloy J, Martin JF, Baskemlle PA, Fraser SCA, Markus HS. S-nitrosoglutathione reduces the
rate of embolisation in humans. Circulation 1998; 98: 1372-5

59 Kapostza Z, Young E, Bath PMW, Markus HS. The clinical application of asymptomatic
embolic signal detection in acute stroke: a prospective study. Stroke 1999; 30: 1814-8

60 Konnecke H, Mast H, Trocio SH et al. Frequency and determinants of microembolic signals on
transcramal Doppler in unselected patients with acute carotid territory ischaemic: a prospective
study. Cerebrovasc Dis 1998, 8. 107-12

61 Bartels E. Transcramal color-coded ultrasonography. In: Babikian V, Weschsler LR. (eds)
Transcranial Doppler Ultrasonography, 2nd edn. Boston: Butterworth Heineman, 1999,
271-83

62 WardJaw JM, Cannon JC. Color transcramal 'power' Doppler ultrasound of intracranial
aneurysms / Neurosurg 1996; 84: 459-61

63 Baumgartner RW, Martle HP Contrast-enhanced transcramal ultrasonography. In Babikian V,
Weschsler LR. (eds) Transcranial Doppler Ultrasonography, 2nd edn Boston Butterworth
Heineman, 1999; 389-97

388 British Medial Bulletin 2000,56 (No 2)

D
ow

nloaded from
 https://academ

ic.oup.com
/bm

b/article/56/2/378/303304 by guest on 10 April 2024


