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Carotid guidelines recommend carotid endarterectomy 
(CEA) for patients with 60% to 99% asymptomatic 

carotid stenosis (ACS) provided the perioperative stroke/death 
rates are <3%.1,2 Several reports have noted that the average 
annual risk of ipsilateral/any territory stroke among patients 
with asymptomatic moderate to severe internal carotid artery 
stenosis receiving medical therapy (MT) alone has now fallen 
to ≈1%.3–5 The decreased incidence of stroke has been attrib-
uted to modern MT and has made opinion leaders demand a 
revision of management strategies4 by either refraining from 
CEA6 or by identifying high-risk patients.7 Such high-risk 
patients should be offered prophylactic CEA in addition to 
MT to reduce the risk of a future stroke. It is therefore essen-
tial to develop methods to identify these ACS patients at high 
enough risk to warrant prophylactic intervention.

Several methods have been proposed for the identification of 
ACS patients at high risk for future stroke (Table),6,8–22 namely: 
(1) the detection of microemboli by transcranial Doppler 
(TCD), (2) identification of the unstable carotid plaque using 
ultrasound, (3) reduced cerebral blood flow reserve, (4) intra-
plaque hemorrhage using magnetic resonance imaging (MRI) 
scans, (5) silent embolic infarcts on brain computed tomogra-
phy (CT) or MRI, and (6) progression in the severity of ACS. 
A discussion of the involved mechanisms and the predictive 
value of each of these methods is presented.

Microemboli Detection on TCD
The predictive value of microemboli detection on TCD for the 
identification of ACS patients at high risk for stroke has been 
validated by 2 independent studies and is further supported 
by a meta-analysis.6,8–10,23 A small prospective, observational, 
cohort study failed to verify the association between TCD-
detected emboli and higher stroke risk for ACS patients.24 A 
possible reason is that this study accepted 1 microembolus 
as positive although the test was repeated at 6 monthly inter-
vals.24 Evidence suggests that ≥2 embolic signals detected 
in a recording lasting 1 hour improve the accuracy of the 

method.25,26 The detection of ≥2 embolic signals in a single 
1-hour recording suggests a high-risk, unstable asymptom-
atic plaque or a plaque with a thrombus on its surface.26 In 
the most recent meta-analysis,10 microembolic signals were 
detected in 195 (17%) of a total of 1144 patients. At the end 
of the follow-up, this high-risk group with an average annual 
stroke risk of 8% contained 17 (57%) of the 30 strokes that 
occurred during follow-up. This means that TCD recording 
once for 1 hour may not be enough or many plaques may rup-
ture and produce strokes without prior microemboli. It may be 
argued that TCD equipment or expertise may not be available 
in many hospitals. However, the cost of TCD equipment is low 
(approximately the cost of 3 CEAs), and training and certifica-
tion for TCD embolus detection is not onerous. In view of the 
increasing use of TCD for neurovascular disorders,27,28 it could 
be argued that TCD embolus detection should be performed in 
all centers that perform CEA for ACS.

Identification of the Unstable Carotid  
Plaque Using Ultrasound

Recent reports from the largest prospective study on 
ACS patients undergoing medical intervention alone, the 
Asymptomatic Carotid Stenosis and Risk of Stroke (ACSRS) 
study,11,20,29 demonstrated clearly that not all ACS patients 
carry the same stroke risk. In ACSRS, 1121 patients with 50% 
to 99% ACS received MT and were followed up for 6 to 96 
months (mean, 48 months).

As shown in ACSRS,11,20,29 severity of stenosis, a history of 
contralateral transient ischemic attack (TIA) episodes and a 
number of plaque texture features at baseline could stratify 
patients into groups of varying annual stroke rate from <1% to 
>10%. In addition, the presence of a juxtaluminal black area 
of >8 mm2 in a plaque (indicating a thrombus or a thin or 
absent fibrous cap) identified a group of 245 patients (21% of 
the cohort) that had an average annual stroke rate of 4.1% and 
contained 42 (86%) of the strokes that occurred during follow-
up.11 These results clearly show that not all ACS patients are 
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Table.   Suggested Predictors of the Development of Stroke/Transient Ischemic Attack in Asymptomatic Carotid Patients

Study Study Outcome

Microemboli detection on TCD

 ������� Spence et al8 Patients with microemboli at baseline (n=32) were more likely to have a stroke during the first year  
of follow-up (15.6% [95% CI, 4.1–79] vs 1% [95% CI, 1.01–1.36]; P<0.0001)

 ������� Spence et al6 In the first year, a stroke was recorded in 3 of 37 patients with vs 5 of 431 patients  
without microemboli (10.3% vs 1.4%, respectively; P=0.02).

In the second year, a stroke was recorded in 5 of 37 patients with vs 5 of 431 without  
microemboli (18.5% vs 1.8%, respectively; P=0.001)

 ������� Markus et al10 Patients with embolic signals on TCD had a >2.5-fold higher 2-year stroke and TIA risk  
compared with patients without (HR, 2.54; 95% CI, 1.20–5.36; P=0.015)

For ipsilateral stroke alone, the HR was 5.57 (95% CI, 1.61–19.32; P=0.007)

The absolute ipsilateral stroke or TIA annual risk was 7.13% in patients  
with and 3.04% in patients without embolic signal

 ������� Topakian et al9  Plaque echolucency (164 carotid plaques; 37.7%) was associated with an increased  
risk of ipsilateral stroke (HR, 6.43; 95% CI, 1.36–30.44; P=0.019)

Plaque echolucency in combination with TCD emboli was associated with a >10-fold higher  
ipsilateral stroke risk (HR, 10.61; 95% CI, 2.98–37.82; P=0.0003)

Identification of unstable carotid plaques using ultrasound

 ������� Kakkos et al11 The mean annual stroke rate was 0.4% in 706 patients with a JBA <4 mm2, 1.4% in 171 patients with a  
JBA 4–8 mm2, 3.2% in 46 patients with a JBA 8–10 mm2, and 5% in 198 patients with a JBA >10 mm2 (P<0.001)

Of the 59 ipsilateral ischemic strokes, 42 (71%) occurred in the  
244 patients (22% of the cohort) who had a JBA ≥8 mm2

Reduced cerebral blood flow reserve

 ������� Gupta et al12 A positive relationship was observed between baseline cerebrovascular reserve impairment and  
increased risk of stroke/TIA (summarized random effects OR, 3.96; 95% CI, 2.60–6.04)

Intraplaque hemorrhage using MRI

 ������� Singh et al13 Of the 98 carotid arteries included, 36 had MRI-depicted intraplaque hemorrhage (36.6%)

MRI-depicted intraplaque hemorrhage was associated with a >3.5-fold higher risk of  
cerebrovascular events (HR, 3.59; 95% CI, 2.48–4.71; P<0.001)

 ������� Hellings et al14 Patients with intraplaque hemorrhage had a >2-fold higher risk for the occurrence of stroke compared with patients  
without intraplaque hemorrhage (50 of 591 vs 9 of 227 or 8.4% vs 3.9%, respectively; HR, 2.1; 95% CI, 1.1–4.4)

 ��� van Lammeren et al15 The carotid plaques from ACS patients (n=182) had less frequently intraplaque hemorrhage (21 of 182 vs 25 of 82 or  
11.5% vs 30.5%, respectively; P=0.005) compared with patients with ipsilateral events >6 mo before CEA (n=82)

 ��� Qiao et al16 The occurrence of cerebrovascular ischemic events was associated with the presence  
of intraplaque hemorrhage (OR, 10.18; 95% CI, 1.42–72.21; P=0.02)

Silent embolic infarcts on brain CT or MRI

 ������� Kakkos et al17 In 462 patients with 60% to 99% ACS, the annual stroke rate was 3.6% vs 1.0% when embolic  
signals were present vs absent, respectively (HR, 3.0; 95% CI, 1.46–6.29; P=0.002)

In the subgroup of 216 patients with 60% to 79% ACS, the annual TIA and stroke rate was 4.4% vs 1.3%  
when embolic signals were present vs absent, respectively (P=0.005)

 ������� Miwa et al18 During an average follow-up of 4.1±2.0 y (range, 1–105 mo), the presence of SCI was associated with a >8.5-fold  
higher risk for the development of stroke/TIA after adjustment for carotid IMT (HR, 8.56; 95% CI, 1.72–42.55; P=0.003)

Progression in the severity of ACS

 ������� Balestrini et al19 Progression of ACS was detected in 129 patients (24.7%). Of these, 35 patients (27.1%)  
had an ipsilateral stroke and 22 (17.0%) had a TIA

Progression of ACS was strongly associated with the risk of ipsilateral stroke (HR, 31.97; 95% CI, 9.83–103.91; P<0.001)

 ������� Kakkos et al20 The 8-year cumulative ipsilateral cerebral ischemic stroke rate was 0% in patients with  
regression, 9% of the stenosis was unchanged, and 16% if there was progression  

(relative risk in patients with progression, 1.92; 95% CI, 1.14–3.25; P=0.05).

 ������� Conrad et al21 Plaque progression occurred in 262 arteries and 36 (13.7%) of these developed symptoms

The symptomatic conversion rate in patients with plaque progression was almost twice that of those without  
plaque progression (13.7% vs 8.5%; P=0.02)

Plaque ulceration on 3D ultrasound

 ������� Madani et al22 Patients with >3 ulcers had a 2-year stroke risk of 18.2% vs 1.7% in patients with <3 ulcers

3D indicates 3-dimensional; ACS, asymptomatic carotid stenosis; CEA, carotid endarterectomy; CI, confidence interval; CT, computed tomography; HR, hazard ratio; 
IMT, intima-media thickness; JBA, juxtaluminal black area; MRI, magnetic resonance imaging; OR, odds ratio; SCI, silent cerebral infarction; TCD, transcranial Doppler; 
and TIA, transient ischemic attack.
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the same. It therefore seems inappropriate to offer all asymp-
tomatic individuals the same treatment. Furthermore, these 
results provide proof that multiple risk stratification param-
eters (4 independent predictors: baseline degree of stenosis, 
history of contralateral stroke or TIA, size of black juxtalumi-
nal plaque area ≥8 mm2 without a visible echogenic cap, and 
the presence of discrete white areas in a hypoechoic plaque) 
are better than single parameters for stroke risk stratification.11

A limitation of this technique is that ultrasonographers 
require special training in equipment settings and image cap-
ture during duplex scanning and in image analysis using com-
mercially available software (info@lifeqmedical.com) on a 
laptop. In the ACSRS study,11 a 1-day course was adequate 
for each ultrasonographer from the 80 centers participating. 
Besides training, there are the issues of cost and also if these 
analyses could be readily and reliably performed in the com-
munity setting.

Reduced Cerebral Blood Flow Reserve
Several studies have demonstrated that impairment in cerebral 
blood flow reserve is associated with the development of stroke 
in ACS patients.30–33 With increasing degree of carotid stenosis 
and an incomplete circle of Willis or contralateral occlusion, 
cerebral perfusion pressure is reduced. As a result of cerebro-
vascular autoregulation, cerebral arterioles dilate maximally 
to maintain a constant cerebral blood flow. However, when the 
arterioles are maximally dilated, further reduction in cerebral 
perfusion pressure (such as may occur during a hypotensive 
episode) is associated with a reduction in perfusion that may 
result in TIA or stroke.

Four studies have investigated the cerebrovascular reserve 
using TCD velocity measurements in response to acetazolamide 
or breathing 5% CO

2
 in asymptomatic patients with severe ste-

nosis or occlusion.30–33 Average follow-up was 24 months. Raw 
data are not available in 1.33 Impaired cerebrovascular reserve 
was present in 183 (75%) of the 244 included in the remaining 
three studies.30–32 This high-risk group had an average annual 
event (TIA or stroke) rate of 5.7% and contained 21 (75%) of 
the 28 events that occurred during follow-up.

A meta-analysis summarizing the association between cere-
brovascular reserve impairment with stroke risk demonstrated 
an ≈4-fold higher stroke risk in asymptomatic patients with 
impaired cerebral blood flow.12 Reduced cerebrovascular flow 
reserve may therefore identify ACS patients at high risk for 
stroke. The cost, access, insurance coverage, and availability 
of trained technicians and physicians to perform and read the 
studies are possible limitations of this technique.

Identification of Intraplaque Hemorrhage 
Using MRI

Intraplaque hemorrhage is a marker of plaque instability and 
contributes to 2 features that synergistically increase the odds 
of plaque rupture, namely necrotic core size and plaque vol-
ume.13–16 A histological study of 264 excised carotid plaques 
has demonstrated that intraplaque hemorrhage and a large 
lipid core were associated with symptomatic patients.15 In an 
MRI study involving 47 patients having CEA demonstrated 
that intraplaque hemorrhage and adventitial enhancement 

indicating neovascularization were independently associated 
with previous events.16

In a study of 75 men with 50% to 70% ACS, MRI identified 
the presence of intraplaque hemorrhage in 36 (36.7%) of 98 
carotid arteries.13 In this high-risk group, 2 strokes and 4 TIAs 
occurred during a 25-month follow-up. Strokes or TIAs did 
not develop in the patients without intraplaque hemorrhage.13

The evidence to date on the value of MRI in the cerebrovas-
cular bed is not enough and has not been validated prospec-
tively. Moreover, this is not covered by insurance.

Silent Embolic Infarcts on Brain CT or MRI
Earlier studies demonstrated that the presence of silent 
embolic infarcts on brain CT or MRI scans is associated with 
an increased risk of stroke in the general population.34,35 The 
prevalence of silent infarcts on brain CT scans in asymp-
tomatic patients having CEA was 14% and 18% in 2 stud-
ies.36,37 The ability of such infarcts to predict the risk of future 
strokes was tested in the ACSRS study.17 Embolic infarcts 
were present in 61 (9.6%) of 633 patients with 60% to 99% 
stenosis in relation to the normal distal internal carotid. This 
high-risk group which had an average annual stroke rate of 
3.5% contained 9 (24%) of the 38 strokes that occurred dur-
ing follow-up.17 This means that 76% of the plaques that pro-
duce a stroke will be missed probably because many plaques 
rupture without giving off emboli that produce silent infarcts. 
This report,17 as well as an independent study,18 seem to sup-
port that ACS patients found to have prior infarcts should be 
referred for intervention.

Another factor to be considered is that brain CT scans are 
not sensitive in demonstrating small embolic infarcts. It is well 
known that brain CT scans may miss ≤50% of small infarcts 
shown on brain MRI scans. Future longitudinal studies need 
to investigate the value of silent infarcts using MRI.

Progression in the Severity of ACS
Several natural history studies in medically managed patients 
with ACS have investigated the association between stenosis 
progression and risk of ipsilateral cerebrovascular events.38–40 
Most authors have concluded that progression to >80% steno-
sis in relation to the diameter of the distal internal carotid was 
associated with an increased risk of cerebrovascular events. 
However, these studies did not determine whether progression 
itself is a risk factor that is independent of the degree of stenosis 
and have not answered the question whether different degrees 
of stenosis are associated with different rates of progression.

In a recently published series involving 900 carotid arter-
ies (794 patients) with 50% to 69% ACS, plaque progression 
occurred in 262 (29.1%) arteries during a mean follow-up of 
3.6 years.21 This high-risk group (average annual stroke rate, 
2.1%) contained 20 (38%) of the 52 strokes that occurred dur-
ing follow-up (absolute values calculated from percentages 
given in the article). In the absence of progression the average 
annual stroke rate was 1.4%.21

In a second study involving 523 patients with 50% to 69% 
ACS, plaque progression occurred in 129 (24.7%) arteries 
during a mean follow-up of 3.5 years.19 This high-risk group 
(average annual stroke rate, 7.7%) contained 35 (92%) of the 
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38 strokes that occurred during follow-up. In the absence of 
progression the average annual stroke rate was 0.4%.19

In the most recently published study (ACSRS) involving 
1121 patients with 50% to 99% ACS in relation to the bulb, 
plaque regression occurred in 43 (3.8%), no change in stenosis 
in 856 (76.4%), and progression in 222 (19.8%) arteries during 
a mean follow-up of 4.0 years.20 This high-risk group (average 
annual stroke rate, 2.0%) contained 19 (32%) of the 59 strokes 
that occurred during follow-up. In the absence of progression 
the average annual stroke rate was 1.12%, whereas it was 0% 
in the presence of regression.20 For patients with 80% to 99% 
baseline stenosis (70%–99% in relation to the distal internal 
carotid), the average annual ipsilateral ischemic stroke rate 
was 1.7% in the absence and 3.1% in the presence of progres-
sion.20 In addition, this study demonstrated that the incidence 
of plaque progression is inversely proportional to the severity 
of baseline stenosis and that both baseline stenosis and pro-
gression were independent predictors of stroke risk.20

These data argue for continued screening and treatment by 
CEA of patients with progressive ACS even if they remain 
asymptomatic.

Combination of Methods
The combination of multiple risk stratification parameters, 
which are independent predictors (baseline degree of stenosis, 
history of contralateral stroke or TIA, size of black juxtalumi-
nal plaque area ≥8 mm2 without a visible echogenic cap and 
the presence of discrete white areas in a hypoechoic plaque), 
is better than single parameters when it comes to stroke risk 
stratification.11 Another example is the combination of gray 
scale median score with TCD microembolic signals.9 A low 
gray scale median score is an independent predictor for an 
increased risk of stroke during carotid intervention.41

Conclusions
Although intensive MT now reduces the overall risk of stroke 
below that of CEA in the majority of ACS patients, some 
patients with ACS may go on to have a stroke. It is therefore 
important to identify specific subgroups of ACS patients who 
despite MT are still at increased risk (>2%/y) and may require 
a carotid intervention. Identification of these high-risk ACS 
patients is crucial to target carotid revascularization proce-
dures appropriately and to avoid excessive use of unnecessary 
interventions. Performing CEA or carotid artery stenting on 
those with >80% stenosis as currently practiced in many cen-
ters ignores the fact that many strokes occur in patients with 
moderate stenosis, which may be identified by the presence 
of TCD embolic signals or unstable plaques using ultrasound. 
Thus, the approach of selective intervention will lead to a 
refinement of the current indications for CEA and would also 
reduce costs spent on unnecessary or even harmful procedures.

Current evidence suggests that certain ACS patients (ie, those 
with TCD-detected microemboli,6,8–10,23 or silent embolic infarcts 
on brain CT/MRI scans,17,18,34–37 those with reduced cerebrovas-
cular reserve,12,30–33 ACS severity progression despite MT19–21 or 
history of contralateral stroke/TIA, size of black juxtaluminal 
plaque area ≥8 mm2 without a visible echogenic cap)11 are at 
increased stroke risk and should be considered for prophylactic 

CEA or carotid artery stenting. Another modality that may be 
of use in the future is ulceration on 3-dimensional ultrasound.22

A limitation of practically all the studies reviewed above 
is that they have been performed during the era when MT 
was not optimal. Many of these studies need to be repeated in 
cohorts that are on what is currently considered optimal MT. 
Positive results from such studies are likely to make risk strati-
fication methods accepted in routine medical practice.
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