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Abstract
Extracranial internal carotid artery stenosis is one of the most common and best studied causes of stroke. Revascularisation with carotid
endarterectomy (CEA) has been shown to be beneficial for patients with severe stenosis associated with stroke or transient ischaemic attack
(TIA) and for many patients with moderate stenosis associated with stroke or TIA. CEA has also been shown to be beneficial for patients with
asymptomatic severe stenosis if they have a reasonable expected lifespan and surgical risk, but the benefit is greater for men compared
with women. Carotid angioplasty and stenting (CAS) has become a viable alternative procedure for carotid revascularisation with less risk of
major bleeding complications and cranial nerve injury. Randomised studies of CEA versus CAS have found that the endovascular approach
is associated with a lower risk of myocardial infarction but a higher risk of peri-procedural stroke which has a greater impact on long-term
quality of life. Thus, recommending CEA or CAS must be based upon individual patient characteristics and their preferences, but at this point
it appears that most patients should still be receiving CEA if an intervention is required.
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The purpose of this article is twofold: first, to review the studies
comparing carotid endarterectomy (CEA) with medical treatment to
help decide who should undergo revascularisation; and secondly, to
review studies comparing carotid angioplasty and stenting (CAS)
versus CEA to see how they should be revascularised. Extracranial
internal carotid artery stenosis is a leading cause of ischaemic strokes
and transient ischaemic attacks (TIAs). It is estimated that extracranial
atherosclerotic carotid disease is responsible for 15–20 % of strokes
and treatments for extracranial internal carotid artery stenosis
are among the best-studied interventions for preventing stroke.1–3
Several groundbreaking studies in the 1990s confirmed the benefit of
surgical revascularisation for most patients with haemodynamically
significant carotid stenosis. At this point, CEA is considered to be
the gold standard treatment for symptomatic carotid stenosis and
many patients with asymptomatic carotid stenosis also undergo
revascularisation.4–10 With advances in endovascular techniques, CAS has
evolved into a viable alternative to CEA and considerable interest
has been shown in determining whether endovascular treatment
is comparable to surgery for the treatment of carotid stenosis.
Determining whether a carotid stenosis has been symptomatic or
asymptomatic is essential to deciding whether an individual patient
would benefit from a revascularisation procedure, as well as the
urgency required to undertake such an intervention. Carotid artery
stenosis is considered symptomatic if the patient has experienced
focal neurological symptoms related to ischaemia in the ipsilateral retina
causing monocular blindness, or in the ipsilateral cerebral hemisphere,
potentially causing contralateral hemiparesis, hemianaesthesia, a visual
field cut, and neglect in the non-dominant hemisphere, or aphasia in
the dominant hemisphere.
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Carotid Endarterectomy in
Symptomatic Carotid Stenosis
In the 1990s, two large randomised controlled trials, namely the North
American symptomatic carotid endarterectomy trial (NASCET)4,6 and
the European carotid surgery trial (ECST),5,7 established that patients
with symptomatic carotid stenosis benefit from CEA. NASCET was a
randomised prospective multicentre trial carried out to assess the
efficacy of CEA versus medical treatment in patients with symptomatic
carotid atherosclerotic disease. The study enrolled 659 patients who had
a hemispheric or retinal TIA or a non-disabling stroke within the 120 days
before entry. The result showed a significant benefit of CEA in patients
with 70–99 % symptomatic stenosis. The two-year ipsilateral stroke risk
was 26 % in the medically treated patients versus 9 % in the surgical
group (p<0.001). The absolute risk reduction (ARR) was 17.0 % and the
number needed to treat (NNT) was found to be six at two years. In
patients with 50–69 % symptomatic stenosis, the benefit was more
modest; the five-year rate of ipsilateral stroke was 15.7 % in patients
treated with surgery and 22.2 % in patients who received medical
treatment (ARR 6.5 %, NNT 15.4, p=0.045). Finally, with <50 % symptomatic
stenosis, there was no significant difference, with a five-year rate of
ipsilateral stroke of 14.9 % in the CEA group and 18.7 % in the medical
therapy group (p=0.16).4,6 Subset analysis found that patients who were
aged 75 and older benefited more from CEA than younger patients.11 Post
hoc analyses further revealed gender differences in the 50–69 % group,
with a statistical benefit from CEA seen only in men but not in women.
ECST was a multicentre randomised controlled trial that enrolled 3,024
patients who had at least one transient or mild symptomatic ischaemic
vascular event within the previous six months due to ipsilateral carotid
artery stenosis.5 ECST initially used a different approach from NASCET
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Figure 1: Measurement of an Internal Carotid Artery
Stenosis Using the North American Symptomatic
Carotid Endarterectomy Trial Criteria

who have symptomatic ipsilateral carotid stenosis and co-existing severe
contralateral carotid stenosis or occlusion, in spite of the increased risk
compared with medical treatment alone.18 The interactions between all
of these factors are complicated, but it is worth noting that time to CEA
has the greatest impact on the potential benefit for women, such that
it is reasonable to consider revascularising women with 50–69 %
stenosis, if this is carried out within two weeks of the first ischaemic
event.19 There was no clear benefit of the procedure in patients with total
or near-total occlusion of the symptomatic ipsilateral internal carotid
artery and it is unknown whether patients with ipsilateral stroke with
disabling deficits or severe co-morbidities due to a medical or surgical
condition would benefit or not.20

Carotid Angioplasty and Stenting in
Symptomatic Carotid Disease
Based upon the previously discussed studies, CEA is considered the
gold standard therapy for patients with symptomatic severe carotid
stenosis. CAS is an attractive alternative as it is less invasive and
associated with less cranial nerve injury and fewer bleeding
complications. Within the past five years, considerable high-level data
have become available as multiple randomised studies that have
compared CAS to CEA have been completed.

The diameter of the artery in the projection that displays the greatest degree of stenosis (S)
and at a normal segment distal to the stenosis (N). The percentage of stenosis = (1-S/N) x 100.
CCA = common carotid artery; ECA = external carotid artery; ICA = internal carotid artery.

to the measurement of the degree of carotid stenosis but they
subsequently re-analysed the angiography data to be consistent
with NASCET (see Figure 1 for NASCET criteria). Surgery reduced the
five-year risk of any stroke or surgical death by 5.7 % (95 % confidence
interval [CI] 0–11.6) in patients with 50–69 % stenosis by NASCET criteria
(n=646, p=0.05) and by 21.2 % (95 % CI 12.9–29.4) in patients with
70–99 % stenosis by NASCET criteria without ‘near-occlusion’ (n=429,
p<0.0001). Thus results of the ECST and NASCET were very consistent.12

Pooled Analysis and Subset Analysis of
Carotid Endarterectomy Trials
Analysis of the pooled data from the NASCET, ECST, and the Veterans
Affair 309 study (a smaller randomised trial involving 189 patients with
symptomatic carotid stenosis) confirmed the efficacy of CEA in patients
with symptomatic carotid disease.13 The analysis showed that surgery
increased the five-year risk of ipsilateral ischaemic stroke in patients with
less than 30 % carotid stenosis, had no effect in patients with 30–49 %
carotid stenosis, and was of marginal benefit in those with 50–69 %
carotid stenosis. However, surgery was highly beneficial in patients with
≥70 % carotid stenosis but not near-occlusion. Importantly, surgical
morbidity and mortality exceeding 6 % in symptomatic stenosis could
negate the benefit gained from CEA.14,15 The combined data allowed for
more precise subgroup analyses. For timing of the procedure, it was seen
that CEA was most beneficial if carried out within the first two weeks
after a non-disabling stroke or TIA.16 In general, men benefit from CEA
more than women with symptomatic carotid stenosis revascularisation;
however, CEA is clearly beneficial for women with 70–99 % symptomatic
carotid stenosis.17 Some symptomatic subgroups appeared to derive
more benefit from CEA and these include patients aged 75 years or more,
patients with ulcerated plaques and patients with recent TIAs within two
weeks of randomisation.16 CEA is also likely to be beneficial for patients
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The Stent-protected angioplasty versus carotid endarterectomy
(SPACE) trial was an international, multicentre, randomised controlled
European study designed to test the non-inferiority of CAS to CEA for
the treatment of severe symptomatic carotid stenosis. One thousand
two hundred patients with symptomatic carotid artery stenosis were
randomly assigned within 180 days of TIA or moderate stroke (modified
Rankin scale score of ≤3) to carotid artery stenting (n=605) or CEA
(n=595).21 The primary endpoint (rate of ipsilateral ischaemic stroke
or death occurring within 30 days of the procedure) was 6.8 % in CAS
and 6.3 % in CEA (absolute difference of 0.51 %, 90 % CI -1.89–2.91),
which was greater than the predefined threshold. Thus, the study
failed to prove the non-inferiority of CAS compared with CEA for the
peri-procedural complication rate. In a post hoc analysis, older age in
the CAS group (but not the CEA group) was significantly associated
with an increased risk of ipsilateral stroke or death.22 After two years
follow-up, there was no statistically significant difference between CAS
and CEA in the composite endpoint of any peri-procedural stroke or death
and ipsilateral ischaemic stroke up to two years after the procedure in
both intention-to-treat (9.5 versus 8.8 %) and per-protocol (9.4 versus
7.8 %) analyses. The incidence of recurrent carotid stenosis ≥70 % at two
years, as defined by ultrasound, was significantly higher after carotid
artery stenting in both analyses (10.7 versus 4.6 % by intention-to-treat).
However, it cannot be excluded that the degree of in-stent stenosis is
slightly overestimated by conventional ultrasound criteria.23
The Endarterectomy versus angioplasty in patients with symptomatic
severe carotid stenosis (EVA-3S) was a French multicentre clinical trial
that randomised 527 patients to endarterectomy (n=262) or CAS
(n=265) to prove non-inferiority of CAS to CEA in low-risk patients
with symptomatic carotid stenosis of ≥60 %. The 30-day incidence of
any stroke or death, the composite primary outcome measure, was
significantly higher with CAS than with CEA (9.6 versus 3.9 %, relative
risk [RR] 2.5, 95 % CI 1.2–5.1) and the incidence of disabling stroke or
death was 1.5 versus 3.4 % for the CEA and CAS groups, respectively.
The trial was stopped prematurely due to an excess number of deaths
in the CAS group.24 At four years of follow-up, it was found that
the cumulative probability of peri-procedural stroke or death and
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non-procedural ipsilateral stroke was higher with stenting than
with endarterectomy (11.1 versus 6.2 %, hazard ratio [HR] 1.97, 95 %
CI 1.06–3.67, p=0.03). There were more major local complications
after stenting and more systemic complications (mainly pulmonary) after
endarterectomy, but the differences were not significant. Cranial nerve
injury was more common after endarterectomy than after stenting.24
The International carotid stenting study (ICSS) was a multicentre
European trial, in which 1,713 patients (age >40 years) with recently
symptomatic carotid artery stenosis were randomly assigned to receive
carotid artery stenting (n=855) or CEA (n=858).25 The 30-day risk
of stroke, death, or myocardial infarction (MI) was significantly higher
after CAS than after CEA (7.4 versus 4.0 %, RR 1.8, 95 % CI 1.2–2.8,
p=0.003). The 120-day risk of stroke, death, or MI was still higher in the
stenting cohort (8.5 versus 5.2 %; p=0.006). Moreover, in a subset of 231
patients in the ICSS who had brain magnetic resonance imaging (MRI),
the proportion of patients with new ischaemic brain lesions on
diffusion-weighted MRI at a median of one day after treatment was
significantly higher in the stenting group than in the endarterectomy
group (50 versus 17 %, odds ratio 5.2, 95 % CI 2.8–9.8, p<0.0001).26

Table 1: Symptomatic Carotid Disease – What Do the
Guidelines Recommend?
Symptomatic Carotid Artery Stenosis

Level of
Evidence

1. For patients with recent TIA or ischaemic stroke within the

(Class I; level

past six months and ipsilateral severe (70–99 %) carotid

of evidence A)

artery stenosis, CEA is recommended if the peri-operative
morbidity and mortality risk is estimated to be <6 %
2. For patients with recent TIA or ischaemic stroke and

(Class I; level

ipsilateral moderate (50–69 %) carotid stenosis, CEA is

of evidence B)

recommended depending on patient-specific factors,
such as age, sex and co-morbidities, if the peri-operative
morbidity and mortality risk is estimated to be <6 %
3. When the degree of stenosis is <50 %, there is no

(Class III; level

indication for carotid revascularisation by either CEA or CAS

of evidence A)

4. When CEA is indicated for patients with TIA or stroke,

(Class IIa; level

surgery within two weeks is reasonable, rather than

of evidence B)

delaying surgery, if there are no contraindications to
early revascularisation
5. CAS is indicated as an alternative to CEA for symptomatic

(Class I; level

patients at average or low risk of complications associated

of evidence B)

with endovascular intervention when the diameter of the

It is important to note that, relative to CEA, CAS is a less mature
procedure and, as with any intervention, experience and improvements
in techniques and devices have an impact on the potential risk and
efficacy. Many proponents of CAS have argued that EVA-3S, SPACE
and ICSS did not insure that the interventionists had adequate
experience with CAS prior to enrolling patients in the study. That said,
analyses of the experience of interventionists in these studies did
not show a relationship with peri-procedural events.27–30
Most recently, the Carotid revascularization endarterectomy versus
stenting trial (CREST) was published.31 CREST was a North American
randomized multicentre trial comparing CAS with CEA in both
symptomatic and asymptomatic patients. The primary endpoint was the
occurrence of stroke, death, or MI during the peri-procedural period and
ipsilateral stroke up to four years. About half of the patients enrolled had
an asymptomatic >60 % stenosis and half were symptomatic with >50 %
stenosis. The CREST study attempted to address the issue of
inexperienced interventionists by enforcing a credentialing lead-in period
of up to 20 CAS procedures prior to enrolling patients in the study.
Overall, there was no significant difference in the rates of the primary
endpoint between CAS and CEA (7.2 versus 6.8 %, HR 1.11, 95 % CI
0.81–1.51, p<0.51) during long-term follow-up (median 2.5 years). An
interaction with age and treatment was detected (p<0.02). Outcomes
were slightly better after CAS for patients aged <70 years and better after
CEA for patients aged >70 years. The proportion of patients developing
stroke within 30 days of the procedure was significantly higher in the CAS
than the CEA group (4.1 versus 2.3 %, HR 1.8, 95 % CI 1.1–2.8); on the
other hand, the frequency of MI within 30 days of the procedure was
significantly lower in the CAS group (1.1 versus 2.3 %, HR 0.5, 95 % CI
0.3–0.9). However, at one-year follow-up the quality of life was significantly
diminished for patients who developed stroke compared with those with
MI.31 For the subgroup of patients with symptomatic carotid disease, the
peri-procedural rate of stroke and death was significantly higher for those
assigned to stenting compared with endarterectomy (6.0 versus 3.2 %,
HR 1.89, 95 % CI 1.1–3.2).32 In addition, CREST found that the difference in
peri-procedural complications between CEA and CAS was accentuated
in women. Peri-procedural events occurred in 35 (4.3 %) of 807
men assigned to carotid artery stenting compared with 40 (4.9 %) of
823 assigned to CEA (HR 0.90, 95 % CI 0.57–1.41) and 31 (6.8 %) of 455
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lumen of the internal carotid artery is reduced by >70 %
by non-invasive imaging or >50 % by catheter angiography
6. Among patients with symptomatic severe stenosis (>70 %)

(Class IIb; level

in whom the stenosis is difficult to access surgically,

of evidence B)

medical conditions are present that greatly increase the
risk for surgery, or when other specific circumstances
exist, such as radiation-induced stenosis or restenosis
after CEA, CAS may be considered
7. CAS in the above setting is reasonable when performed

(Class IIa; level

by operators with established peri-procedural morbidity

of evidence B)

and mortality rates of 4–6 %, similar to those observed
in trials of CEA and CAS
8. For patients with symptomatic extracranial carotid

(Class III; level

occlusion, EC/IC bypass surgery is not routinely recommended

of evidence A)

9. Optimal medical therapy, which should include antiplatelet

(Class I; level of

therapy, statin therapy and risk factor modification, is

evidence B)

recommended for all patients with carotid artery stenosis
and a TIA or stroke as outlined elsewhere in this guideline
The revised American Heart Association/American Stroke Association (AHA/ASA) guidelines
published in 2011 for the prevention of stroke make the above recommendations for the
management of symptomatic carotid stenosis. CAS = carotid angioplasty and stenting;
CEA = carotid endarterectomy; EC/IC = extracranial/intracranial; TIA = transient
ischaemic attack. Source: Furie et al., 2011.41

women assigned to carotid artery stenting compared with 16 (3.8 %) of
417 assigned to CEA (HR 1.84, 95 % CI 1.01–3.37, interaction p=0.064).33

Asymptomatic Carotid Stenosis
Whether to recommend revascularisation for an asymptomatic
carotid stenosis is a question that has persistently troubled
neurologists, due to the fact that prior studies have found variable
benefit from revascularisation, based upon a number of different
patient characteristics. In addition, advances in medical therapies
have raised doubts on whether the original CEA studies would show
similar results if they were performed now.

Carotid Endarterectomy in
Asymptomatic Carotid Stenosis
The Asymptomatic carotid atherosclerosis study (ACAS) was a
prospective randomised multicentre trial that randomised 1,662
patients with asymptomatic carotid stenosis of >60 % to CEA and
medical management.8 After a median follow-up of 2.7 years, the
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Table 2: Asymptomatic Carotid Disease –
What Do the Guidelines Recommend?
Asymptomatic Carotid Artery Stenosis

Level of
Evidence

1. Patients with asymptomatic carotid artery stenosis should

(Class I; level of

be screened for other treatable risk factors for stroke with

evidence C)

institution of appropriate lifestyle changes and medical therapy
2. Selection of asymptomatic patients for carotid

(Class I; level of

revascularisation should be guided by an assessment of

evidence C)

co-morbid conditions and life expectancy, as well as other
individual factors and should include a thorough
discussion of the risks and benefits of the procedure with
an understanding of patient preferences
3. The use of aspirin in conjunction with CEA is recommended,

(Class I; level of

unless contraindicated, because aspirin was used in all of

evidence C)

the cited trials of CEA as an antiplatelet drug
4. Prophylactic CEA performed with <3 % morbidity and

(Class IIa; level

mortality can be useful in highly selected patients with an

of evidence A)

asymptomatic carotid stenosis (minimum 60 % by angiography,
70 % by validated Doppler ultrasound). It should be noted
that the benefit of surgery may now be lower than
anticipated based on randomised trial results and the cited
3 % threshold for complication rates may be high because
of interim advances in medical therapy
5. Prophylactic carotid artery stenting might be considered

(Class IIb; level

in highly selected patients with an asymptomatic carotid

of evidence B)

stenosis (>60 % on angiography, >70 % on validated Doppler
ultrasonography, or >80 % on computed tomographic
angiography or MRA if the stenosis on ultrasonography
was 50–69 %). The advantage of revascularisation over
current medical therapy alone is not well established
6. The usefulness of CAS as an alternative to CEA in

(Class IIb; level

of asymptomatic patients at high risk for the surgical

of evidence C)

procedure is uncertain
7. Population screening for asymptomatic carotid artery

(Class III; level

stenosis is not recommended

of evidence B)

The revised American Heart Association/American Stroke Association (AHA/ASA) guidelines
published in 2011 for the primary prevention of stroke make the above recommendations for
the management of asymptomatic carotid disease. CAS = carotid angioplasty and stenting;
CEA = carotid endarterectomy; MRA = magnetic resonance angiography.
Source: Goldstein et al., 2011.42

aggregate five-year risk of ipsilateral stroke, any peri-operative stroke,
or death was estimated to be 5 versus 11 % for an RR reduction of 0.53
(95 % CI 0.22–0.72) favoring CEA. However, for surgery to be beneficial,
the rate of peri-operative death and other serious complications had
to be less than 3 %, and the expected patient survival had to be at
least five years. The study showed higher incidence of peri-operative
complications in women compared with men (3.6 versus 1.7 %), and
men had an ARR of 8 % compared with 1.4 % in women, with women
receiving no statistically significant benefit from revascularisation.
The Asymptomatic carotid surgery trial (ACST) was a subsequent
randomised multicentre trial that enrolled 3,120 patients with ≥60 %
asymptomatic carotid stenosis but no recent neurological symptoms
(stroke or TIA) between immediate intervention (CEA) or indefinitely
deferred CEA (until there was an associated stroke or TIA). Of 1,560
patients allocated to immediate treatment, half had CEA by one month
and 88 % by one year and of the deferred group only 4 % per year
underwent CEA.9 The CEA group had a peri-operative risk of stroke or
death of 3.1 % within 30 days of surgery; however, the net five-year risk
for all strokes or peri-operative death in the immediate CEA group was
reduced by nearly half compared with the CEA deferral group (6.4 versus
11.8 %, 95 % CI 2.96–7.75), results that are similar to the ACAS study.
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The ARR for preventing non-peri-operative stroke over five years was
greater for men than for women (8.2 %, 95 % CI 5.64–10.78, versus
4.08 %, 95 % CI 0.74-7.41), although the benefit was statistically
significant for both. CEA was shown to benefit patients <75 years of age,
but there was no statistical benefit in patients who were older. ACST
re-emphasised that, when selecting asymptomatic patients for carotid
revascularisation, age, sex, life expectancy and the cited 3 %
complication rate must all be taken into account. Finally, it is important
to note that patients randomised to medical therapy in both ACAS and
ACST were undertreated in terms of modern interventions such as
statins and aggressive blood pressure goals. More recent prospective
cohorts of medically treated patients with asymptomatic carotid
stenosis have reported much lower stroke rates than these trials. A
review of data collected from 11 studies showed that the average annual
rates of ipsilateral or any other ischaemic stroke in asymptomatic severe
carotid stenosis fell significantly in the last three decades with medical
management alone.34 It remains unknown whether modern aggressive
medical management would be better than, or equivalent to,
revascularisation in asymptomatic carotid stenosis, but it is an area
which is gaining attention. Finally, it may be possible to identify patients
at higher risk of stroke who then may be most likely to benefit from
revascularisation. Based upon the ACST study, progression of carotid
atherosclerosis on serial Doppler ultrasound studies is associated with
increased risk of first stroke.35 Furthermore, though not routinely
available at every hospital, prolonged microembolic signal detection
with transcranial Doppler (TCD) ultrasound has been validated in a
multicentre study to accurately stratify high- and low-risk patients with
asymptomatic carotid stenosis.36
In summary, CEA can be recommended in men who have a life
expectancy of at least five years with asymptomatic carotid stenosis of
60–99 %, provided the peri-operative risk of stroke and death is <3 %.
In women, carotid revascularisation can be considered, particularly if
they are younger and have a low expected peri-procedural risk.

Carotid Angioplasty and Stenting in
Asymptomatic Carotid Stenosis –
Stenting and Angioplasty with Protection in
Patients at High Risk for Endarterectomy
Besides CREST, as discussed earlier, another study that looked into
the utility of CAS in asymptomatic patients was the Stenting and
angioplasty with protection in patients at high risk for endarterectomy
(SAPPHIRE) trial. SAPPHIRE randomised 334 high-surgical-risk patients
to receive CAS with embolic protection device or endarterectomy to
test the hypothesis that CAS was not inferior to endarterectomy. These
patients had symptomatic carotid stenosis of ≥50 % or asymptomatic
carotid stenosis of ≥80 %; however, more than 70 % of patients
had asymptomatic carotid disease.37,38 Patients were considered high
risk for revascularisation based upon age >80, pulmonary or cardiac
disease, prior neck surgery, or radiation. The primary endpoint of the
cumulative incidence of a major cardiovascular event at one year,
which included a composite of peri-procedural death, stroke, or MI
(within 30 days after the procedure), and/or death or ipsilateral stroke
between 31 days and one year, was 12.2 % for CAS compared with
20.1 % for CEA (absolute difference 7.9 %, 95 % CI -0.7–16.4 %). In the
analysis of symptomatic patients with carotid stenosis (30 % in the CAS
and 28 % in the endarterectomy group), the cumulative incidences of
the primary endpoint at 30 days and also one year, in both groups were
non-significantly different (2.2 versus 9.3 %, p=0.18 at 30 days and 16.8
versus 16.5 %, p=0.95 at one year). For patients with asymptomatic

EUROPEAN NEUROLOGICAL REVIEW

Messe_RL_v1_A4_2011 25/04/2012 12:21 Page 45

Ischaemic Stroke – Stenting versus Surgery for Carotid Disease

carotid stenosis (70 % in the CAS and 72 % in the endarterectomy
group), the cumulative incidence of the primary endpoint in the
peri-procedural period was 5.4 versus 10.2 % (p=0.20) in the CAS and
CEA groups, respectively. SAPPHIRE hinted that CAS is not inferior
to CEA in high-risk patients, namely with contralateral carotid occlusion,
neck irradiation, prior neck surgery, severe cardiac/pulmonary disease,
recurrent stenosis post-CEA and age more than 80 years.39 In patients
≥80 years old, a meta-analysis of 41 studies of either CEA or CAS
showed that the stroke rate was significantly higher for CAS compared
with CEA (7.0 versus 1.9 %); the relative risks of death or MI at 30 days
were fairly similar.40 As mentioned above, half of the patients included
in the CREST study had an asymptomatic carotid revascularisation. For
these patients, the stroke and death rates were 2.5 ± 0.6 % for CAS
and 1.4 ± 0.5 % for CEA (HR 1.88, 95 % CI 0.79–4.42, p=0.15).

Conclusions
The decision to recommend carotid revascularisation, by what method
and in what timeframe, needs to be done on an individual basis
depending on specific patient characteristics and the availability of
surgeons and interventionists with a high volume of procedures and a
track record with an acceptable complication rate. The accompanying
tables provide the current recommendations from the American Heart
Association regarding carotid revascularisation (see Tables 1 and 2).
Clearly, the vast majority of patients with symptomatic carotid stenosis
of 70–99 % will benefit from revascularisation, which should be carried
out as soon as possible, assuming that the first event was not a major
stroke. In this setting, it appears that CEA is more beneficial compared
with CAS when the lesion is surgically accessible. CAS may be a
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