SEMINARS IN VASCULAR SURGERY 30 (2017) 62-66

Available online at www.sciencedirect.com

Seminars in

VASCULAR
SURGERY

ScienceDirect

www.elsevier.com/locate/semvascsurg

Transcranial Doppler monitoring for microemboli: a @CmsMark
marker of a high-risk carotid plaque

J. David Spence

Stroke Prevention and Atherosclerosis Research Centre, Robarts Research Institute, Western University, 1400 Western
Road, London, Ontario, Canada N6G 2V4

ARTICLE INFO ABSTRACT

In the United States, 90% of carotid intervention is being performed for asymptomatic
carotid stenosis, even though 90% of patients would be better treated with intensive
medical therapy. This is being justified by comparing risks of stroke or death with medical
therapy during clinical trials completed decades ago (approximately 2% per year) with risks
of intervention with carotid artery stenting (CAS) versus carotid endarterectomy in recent
trials that did not have a medical arm. Such extrapolations are, simply put, invalid. Even
though the two most recent papers comparing carotid endarterectomy with CAS reported
that the long-term risk (after first deducting periprocedural risks) is similar to that with
medical therapy (approximately 0.5% per year), when the periprocedural risks are
considered (approximately 3% with stenting v 1.5% with CAS), most patients would be
better treated with intensive medical therapy. Furthermore, it must be recognized that the
low risks observed in clinical trials with highly selected surgeons and interventionalists are
much lower than in real-world practice. It is therefore necessary to have ways to identify,
among patients with asymptomatic carotid stenosis, the few (approximately 10% to 15%)
who could benefit from intervention. Indicators of vulnerable plaque, such as ulceration,
juxtaluminal lucent plaque, intraplaque hemorrhage on magnetic resonance imaging, and
plaque inflammation on positron emission tomography/computed tomography are in
development for that purpose. The best-validated approach is detection of microemboli on
transcranial Doppler. A prospective single-center study of 468 patients showed that micro-
emboli identified high-risk asymptomatic stenosis; this was validated by a prospective
multicenter international study in 467 patients. Increased risk with microemboli persisted in
the era of lower risks with intensive medical therapy. Patients with asymptomatic carotid
stenosis should not be offered CAS or carotid endarterectomy without first being identified
as high risk; percent stenosis does not do so. Currently, the best way to improve the risk to
benefit ratio for intervention is transcranial Doppler embolus detection.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction approximately 90% of patients would be better treated with

intensive medical therapy [2]. This is being justified by compar-
In the United States, >90% of carotid intervention is being ing risks of stroke or death with medical therapy during clinical
performed for asymptomatic carotid stenosis [1], even though trials completed decades ago (approximately 2% per year) with
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risks of intervention with carotid artery stenting (CAS) versus
carotid endarterectomy (CEA) in recent trials that did not have a
medical arm. Such extrapolations are, simply put, invalid. Even
though the two most recent papers comparing CEA with CAS
after first deducting periprocedural risks [3,4] reported that the
long-term risk was similar to that with medical therapy (approx-
imately 0.5% per year, irrespective of percent stenosis [5]), the
risk of intervention is still much higher with intervention than
with medical therapy when the periprocedural risks of stroke or
death are considered (approximately 3% with CAS v 1.5% with
CEA). Furthermore, it must be recognized that the low risks
observed in clinical trials, with highly selected surgeons and
interventionalists, are much lower than in real-world practice.

Among Medicare patients, Wang et al [1] reported that the
1-year risk of stroke or death was 16.7% for stenting and 11%
for endarterectomy. More recently, among 17,716 patients
with asymptomatic carotid stenosis treated with CEA and
3,962 treated with CAS at 186 University Health System
Consortium hospitals [6], postoperative stroke or in-hospital
death was more frequent after CAS (4.0% v 1.5%). At hospitals
where a high proportion of procedures was CAS, the risk of
poor outcomes was 3.7-fold higher.

Jalbert et al [7] reported from data of the Centers for
Medicare and Medicaid Services (2000 to 2009) that among
patients undergoing stenting for asymptomatic carotid steno-
sis, the mean 2-year mortality was 28%. Based on that
observation, Alberts [8] commented that stenting an asymp-
tomatic carotid artery may not be the same as treating the
patient. A recent systematic review in asymptomatic carotid
stenosis showed that 9 of 21 large registries (43%) reported
stroke or death rates above the recommended 3% risk thresh-
old with CAS, versus 1 of 21 registries (5%) with CEA.
However, the recommended 3% threshold should now be
regarded as too high [9].

The discrepancies in practice worldwide are striking: 90% of
carotid interventions in the United States are for asymptomatic
carotid stenosis; in Italy and Germany approximately 60%, in
Australia and Canada approximately 15% (probably about right),
and in Denmark 0%. Such discrepancies call into question not
only the advisability, but even the ethics of routine CAS or CEA
for asymptomatic carotid stenosis. Reasons for this practice in
the United States do not bear scrutiny [10].

Intensive medical therapy is warranted in all patients
with asymptomatic carotid stenosis, if only for their high
coronary risk. This does not mean simply an aspirin, an
angiotensin-converting enzyme inhibitor and a bit of statin;
comprehensive medical therapy includes smoking cessation,
a Mediterranean diet, exercise, effective blood pressure con-
trol, intensive lipid-lowering therapy, antiplatelet therapy
(possibly dual) [11] and B vitamins to lower homocysteine,
particularly in patients with metabolic B12 deficiency [12].

Beyond intensive medical therapy, patients with asympto-
matic carotid stenosis should be assessed to identify those
few (10% to 15%) who are at high enough risk of stroke that
they could possibly benefit from intervention. A number of
approaches are being developed, as recently reviewed. These
include assessing cerebral blood flow reserve, or imaging
features of vulnerable plaque, such as intraplaque hemor-
rhage on magnetic resonance imaging, black juxtaluminal
plaque, echolucency, and plaque inflammation on positron

emission tomography/computed tomography [13,14]. The
best validated approach is transcranial Doppler (TCD) detec-
tion of microemboli.

2. TCD embolus detection
2.1. Methods

The method of Spence et al [2] was described as follows:

. with a 2MHz probe . . . monitoring of both middle
cerebral arteries, preferably in the M1 segment, through a
posterior or middle temporal window. Middle cerebral
arteries were identified bilaterally within depths of inso-
nation between 35 to 56 mm from the temporal window
and monitored for up to 1 hour on 2 occasions using a
Spencer Mark 500 head-fixation device. Because the head-
gear is somewhat uncomfortable, and because some
patients had difficulty lying still for long periods, monitor-
ing was stopped after at least 40 minutes, or if the test was
positive, exhibiting more than 2 microemboli ipsilateral to
the stenosed carotid artery. Two TCD machines were used
to monitor patients: a Nicolet TC 4040 Pioneer for the first
150 patients, and for the remainder, a PMD 100 (TCD 100
mol/L) flow Trax Power M-Mode Doppler. Microembolic
signals were defined by unidirectionality, duration of
<300 ms, and intensity of >8 dB above the Doppler
background, with adjustment of gain to enhance detec-
tion; settings for microemboli detection were: leading cols
255 mm, trailing cols 255 mm, microemboli-threshold
9 mm, and rejection 55 mm, corresponding to interna-
tional consensus recommendations.*® All monitoring was
performed and analyzed by the same observer (AT). All
sessions were recorded on the hard drive for review and
confirmation of microembolic signals noted during
monitoring.

The methods of Markus et al [15] were:

At baseline, two 1 h TCD recordings, separated by 1 week,
were taken from the ipsilateral middle cerebral artery. In
symptomatic carotid stenosis, the risk of recurrent stroke
declines rapidly to a low level by 6 months;' therefore,
wherever possible, we did 1 h repeat TCD recordings at the
6, 12, and 18 month follow-up visits to find out whether the
presence of embolic signals at the start of each 6-month
period predicted risk over the subsequent 6 months.

A standard TCD recording protocol was followed by all
centres, which was based on the recommendations of the
International Consensus Group on Microembolus Detec-
tion." A 2 MHz transducer was used to insonate the
middle cerebral artery ipsilateral to the asymptomatic
carotid stenosis at a depth of between 45 mm and
55 mm. A standard axial sample volume of 5 mm was
used. All embolic signal data were recorded onto digital
audiotape and analysed centrally by investigators who
were masked to clinical information. For central data
analysis, the audio signal was played back into the same
Doppler machine (Pioneer, EME/Nicolet, Madison, USA)
with standard settings, and fast Fourier transform spectral
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Fig. 1 - Microembolic signal on transcranial Doppler. Upper panel: M-mode recording; the arrow points to an image of a
microembolus. Lower panel: the Doppler velocity envelope; the arrow (A) points to the high-intensity transit signal created by
a microembolus. From Spence JD. Transcranial Doppler: uses in stroke prevention. J Vasc Ultrasound 2015;39:183—7 [21],

reprinted with permission.

analysis was done with an overlap of at least 60%. Stand-
ard consensus criteria on embolic signal identification
were used in addition to an intensity threshold of
7 dB.20 Embolic signals were identified visually and
audibly. All potential embolic signals were then reviewed
by a second observer (HSM) to ensure consistency in
reporting of whether or not signals were present.

Figure 1 shows a microembolus in the middle cerebral
artery of a patient with asymptomatic carotid stenosis.

3. Microemboli and unstable plaque

Microemboli may reflect unstable/vulnerable plaque, and are
reduced by intensive medical therapy. Berman et al [16]
reported that plaque strain was associated with microemboli
and that both plaque strain and microemboli predicted the
burden of white matter lesions on magnetic resonance
imaging. In 2005 Spence et al [2] found that among
319 patients with asymptomatic stenosis studied between
2000 and 2005, 10% had microemboli at baseline; a year later
microemboli were only present in 34% of those with micro-
emboli at baseline, and after 2 years this had declined to 9.4%.
Among those who did not have microemboli at baseline only
1.4% had microemboli a year later, and after 2 years micro-
emboli were detected in only 1%. In 2010 Spence et al [17]
compared patients enrolled before and after 2003, the year in
which a more intensive regimen of therapy was introduced in
that clinic, in which the goal of therapy was to stop plaque
progression or achieve plaque regression (“treating arteries
instead of treating risk factors” [18]). They found that micro-
emboli were present in 12.6% of patients enrolled before 2003,
versus only 3.7% after 2003 (P < .001); the annual rate of

progression of carotid plaque burden also declined signifi-
cantly, from 69 + 96 mm? to 23 + 86 mm? (P < .001); this
suggests that the decline in microemboli may have been
associated with plaque stabilization achieved during regres-
sion of plaque.

Madani et al [19] found in patients with asymptomatic
carotid stenosis that microemboli were associated with car-
otid ulceration; 14% of patients with two or more ulcers had
microemboli, versus 3% without (P = .02). The presence of 3 or
more ulcers on 3-dimensional ultrasound predicted stroke to
nearly the same extent as microemboli—a 20% 3-year risk of
stroke or death with microemboli, 18% risk of stroke or death
with ulceration versus 2% with neither. Many or most micro-
emboli may represent small thrombi, probably platelet aggre-
gates (white thrombus) triggered by contact with unstable
plaque. Patients with microemboli had significantly higher
levels of homocysteine, a clotting factor: tHcy was 16.2 + 10
pmol/L in those with microemboli, versus 10 + 4.5 pmol/L in
those without microemboli (P < .001).

4, Prediction of risk

Molloy and Markus [20] reported in 1999 that in a mixed
population of symptomatic and asymptomatic patients with
carotid stenosis, microemboli on TCD predicted an 8-fold
increase in the risk of transient ischemic attack (TIA) or
stroke. In 2005, Abbott et al [21] reported in a prospective
study of 202 patients that microembolic signals predicted a
1.47-fold increase in the risk of stroke or TIA; with repeated
TCD embolus detection, presence of microemboli on any
occasions was associated with a doubling of TIA/stroke
compared to persistently negative studies. These results were
not significant, likely due to the small sample size, the
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decision to count any microembolus as positive, and perhaps
the dilutional effect of repeated embolus detection studies.

In 2005, Spence et al [2] reported on 319 patients with
asymptomatic stenosis studied prospectively with TCD
embolus detection for up to an hour; in that study, two
microemboli or more were regarded as positive for micro-
emboli. (Studies were stopped early once two or more emboli
were detected, due to patient discomfort with the head frame
or with sitting still.) The 10% of patients with two or more
microemboli had a 1-year risk of stroke of 15.6% compared
with a risk of only 1% among embolus-negative patients;
P < .001).

In 2009, a meta-analysis [20] showed a significant increase
in the risk of stroke or a combination of stroke or TIA in
patients with asymptomatic stenosis and microemboli on
TCD. The odds ratio for stroke alone was 7.46 (95% confidence
interval, 2.24-24.89; P = .001; for stroke/TIA it was 12.00; 95%
confidence interval, 2.43-59.34; P = .002, but with heteroge-
neity (P = .004).

In 2010, Markus et al [15] reported on a prospective multi-
center international study in 467 asymptomatic carotid stenosis
patients who underwent TCD embolus detection. They found
microemboli (one or more in an hour of monitoring) in 16% of
patients. The 2-year risk of ipsilateral stroke or TIA was 7.13% in
patients with embolic signals and 3.04% in those without
(hazard ratio = 2.63; 95% confidence interval, 1.01-6.88; P =
.049) and for ipsilateral stroke the risk was 3.62% in patients
with embolic signals and 0.70% in those without (hazard ratio =
6.37; 1.59-25.57; P = .009). The lower risk in this study is very
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Fig. 2 - Prediction of risk by transcranial Doppler
microemboli. Patients enrolled in study after 2003. Even
after implementation of more-intensive medical therapy in
2003, the presence of microemboli was associated with
reduced survival free of stroke, transient ischemic attack, or
death by Kaplan-Meier analysis. From Spence JD.
Transcranial Doppler: uses in stroke prevention. ] Vasc
Ultrasound 2015;39:183—7 [22], reprinted with permission.

likely explained by more intensive medical therapy. A meta-
analysis reported in that paper [15] supported prediction of
stroke by TCD microemboli in asymptomatic stenosis.

In 2010 Spence et al [17] reported from an updated study
population of 468 patients with asymptomatic carotid stenosis,
199 enrolled before 2003 (when a more intensive regime of
therapy based on measurement of plaque burden [18] had been
implemented in the clinic) and 269 after 2003. Kaplan-Meier
event-free survival was significantly better among patients
enrolled before 2003, and among patients without microemboli.
Figure 2 shows the Kaplan-Meier plot of survival predicted by
TCD microemboli among patients enrolled after 2003, when
more-intensive medical therapy was implemented.

Thus the studies by Markus et al [15] and Spence et al [17]
provide mutual external validation of TCD embolus detection
for identifying high-risk asymptomatic carotid stenosis.

5. Feasibility of establishing TCD embolus
detection at a vascular center

A commonly heard excuse is “We don’t have TCD at our site.”
This is really not a reasonable basis on which to routinely
proceed to intervention in asymptomatic carotid stenosis.
Given that 90% of patients with asymptomatic carotid steno-
sis would be at lower risk with intensive medical therapy, the
default option in the absence of TCD embolus detection
should be to intervene in no patients. A TCD machine costs
less than two carotid stenting procedures in the United
States, and training and certification for TCD embolus detec-
tion is easily obtained in a 2- to 3-day course.

6. Conclusions

Most patients with asymptomatic stenosis (approximately
90%) are more likely to be harmed than helped by routine
carotid stenting or endarterectomy. Patients with asympto-
matic stenosis should therefore not be subjected to stenting
or endarterectomy without first being identified as having a
high enough risk of stroke to warrant intervention. The best
validated way to do so is transcranial Doppler embolus
detection. This should be implemented at all centers where
carotid intervention is being performed.
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