
REVIEW

© RADCLIFFE VASCULAR 2022
www.VERjournal.com

Aortic

Stroke is the third most common cause of death in developed countries 
and the fourth in the UK.1,2 Approximately 600,000 first-ever strokes occur 
every year in the US and 100,000–150,000 in the UK where 12.5% die 
within 30 days.2,3 Carotid artery atherosclerosis can progress with 
debilitating or fatal stroke as the first presentation (in some cases brain 
events can be demonstrated using MRI but remain clinically silent and 
usually undetected). Approximately 7–34% of strokes are because of 
disease in the extracranial internal carotid artery (ICA).3,4

Carotid artery stenosis (CS) is usually classified as being mild (<50% left 
main stem [LMS] loss), moderate (50–69% LMS loss) or severe (≥70% LMS 
loss).5 While prevalence is relatively low in the general population, it 
increases with age, affecting up to 12.5% of men and 6.9% of women 
>70 years of age.6

Although certain ethnic subgroups are at highest risk, notably white and 
Native American people, the prevalence of significant asymptomatic 
carotid artery stenosis (ACS) is found to be increased in patients with 
peripheral artery disease (up to 39% of this group).7 People who have 
undergone coronary artery bypass grafting (CABG) have a 26.4% 
prevalence of moderate ACS and 8.6% have severe ACS.5 Individuals who 
have ACS experience a 3% yearly risk of having a stroke, which equates 
to a >50% increased relative risk compared with the general population.2

CS is most frequently the result of narrowing of the carotid artery LMS 
caused by atherosclerotic plaque formation within the artery wall. This 
may result in symptoms such as ipsilateral carotid territory ischaemic 

stroke, transient ischaemic attack (TIA) or amaurosis fugax. ACS is 
considered in individuals who have CS without a history of the localising 
events or lack of the symptoms for at least 6 months.8 Modern non-
invasive imaging modalities – most notably duplex ultrasound – are 
performed for a variety of reasons, which has resulted in asymptomatic 
stenosis being more frequently detected. This leads to the question of 
whether these people should be considered for treatment of their 
asymptomatic carotid stenosis by stenting, in addition to medical therapy.

Furthermore, there are some situations where stroke risk is considered to 
be high, in the presence of an ACS, such as when undergoing another 
intervention. The relationship between stroke and CABG is the area that 
has attracted the most attention.

Therapeutic options to treat the carotid stenosis include carotid 
endarterectomy (CEA) and medical therapy, carotid artery stenting (CAS) 
and medical therapy or medical therapy alone. There is strong evidence 
that CAS or CEA for symptomatic ICA stenosis of >70%, in addition to best 
medical therapy (BMT), is beneficial. The maximum benefit of intervention 
after an ipsilateral TIA or non-disabling stroke accrues if delivered in the 
first 2 weeks after an event.9 Nevertheless, the long-term prevention of 
stroke in asymptomatic patients remains ambiguous regarding whether 
either of CEA or CAS, in addition to BMT, is better than BMT alone. The 
available data to inform balancing the risks and benefits of the use of CAS 
in ACS, are considered below. Some of those data from trials not directly 
designed for the investigation of ACS and CAS, with many trials including 
both symptomatic and asymptomatic patients and both CEA and CAS.
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Published Randomised Trials 
The ACAS and ACST 1 trials were published in 1995 and 2004, respectively, 
and have remained the basis for most of the subsequent guidelines.10,11 
However, the outcomes after BMT, CAS and CEA have significantly 
improved in the last 20 years and the data from these two trials, which 
have supported every practice guideline since 1995, may no longer be 
appropriate for use in 2022.4

In the ACAS trial, people with ACS ≥60% were investigated. Patients were 
randomised to receive either medical therapy in addition to CEA, or 
medical therapy with 325 mg aspirin daily along with coronary vascular 
disease risk modification. Based on a mean follow up of 2.7 years, it was 
estimated that the 5-year risk of stroke or death was 5.1% in the CEA with 
medical therapy group and 11% in the medical therapy alone group.5 On 
that basis, CEA in addition to medical therapy is often recommended, 
provided that the risk of the CEA is kept low. For CAS to be considered as 
an alternative to CEA, it needs to be delivered with at least similar rates of 
stroke. This has been shown to be the case in the ACST-2 trial where the 
complications of CAS and CEA are similar.12

In the ACST 1 trial, participants with asymptomatic CS ≥60% were 
randomised to BMT with or without concomitant CEA. After excluding 
perioperative strokes, CEA was associated with a 6.4% rate of carotid 
territory stroke compared to 11.8% in the BMT group at 5 years. The risk of 
perioperative stroke in ACST 1 was 2.8% (1.5% in ACAS) and – again – CAS 
needs to be similar or better to offer benefit.11

The CREST 1 study recruited 2,502 patients and used a primary endpoint 
of periprocedural stroke, MI, death or long-term rates of ipsilateral 
stroke. There was no difference in the estimated 4-year rates of the 
primary endpoint in CEA and carotid stenting treatment (in addition to 
medical therapy) for symptomatic and asymptomatic patients.13 During the 
periprocedural period, there was a higher risk of MI with CEA against a 
higher risk of all stroke with CAS. Also noted in this study was the effect 
of age on outcomes, whereby patients aged <70 years appeared to 
have lower complication rates with CAS while patients aged >70 years 
appeared to have higher complication rates with CAS compared to CEA.14 
The authors found that the annual risks of stroke in asymptomatic patients 
including the periprocedural risk were 1.2% with CAS and 0.95% with CEA.7

This trial did not have a comparator group of medical therapy alone for 
patients with ACS. Similar results were shown in ACT-I.15 In this trial (primary 
endpoint of stroke, MI and death within 30 days of the procedure or 
ipsilateral stroke within a year and follow up to 5 years), there was no 
significant difference in asymptomatic patients after CEA or stenting and the 
procedural risk threshold was below 3%. This trial also did not have a 
medical therapy arm. However, it does support the concept that CEA and 
CAS offer a similar utility in stroke prevention following successful treatment.

The SPACE-2 trial aimed to compare BMT plus intervention (CAS or CEA) in 
patients with asymptomatic carotid stenosis with BMT alone. Unfortunately, 
the study was stopped prematurely after randomising 513 patients 
because of recruitment difficulties. One important reason why SPACE-2 
had poor recruitment was the unwillingness of patients to accept BMT 
alone (they had already been prepared to undergo an intervention using 
either CAS or CEA), particularly when these patients would have received 
BMT in all three study arms anyway.

However, at termination of the trial, there was no superiority of CEA or 
CAS against the BMT in the primary prevention of ischaemic stroke in 

patients with an asymptomatic carotid stenosis up to 1 year after treatment. 
As a result of the early termination of the trial, the sample size was too 
small for statistical confidence. It did indicate that there were no apparent 
differences the between the CAS or CEA in terms of safety during the first 
year after treatment. A 5-year follow-up is on-going.6

The findings of ACST-2, which compared CEA with CAS for long-term 
stroke prevention in patients with severe ACS on BMT, has recently been 
published. This study showed no significant difference in the risk of 
adverse, procedure-related events for CAS and CEA. For both treatments, 
1% of patients had a disabling stroke or died within 30 days (15 in the CAS 
group and 18 in the CEA group) and 2% had a non-disabling stroke (48 in 
the CAS group and 29 in the CEA group). In addition, the number of strokes 
that occurred in the participants over the 5-year follow-up period was 
similar for CAS and CEA. Non-procedural fatal or disabling stroke occurred 
in 2.5% of patients in each group, and the rate of strokes was 5.3% in the 
CAS group, and 4.5% in the CEA group. Other complications including MI 
(fatal and non-fatal) were approximately similar (0.3% with CAS and 0.7% 
with CEA). BMT can also reduce stroke rates but – even when receiving it 
– patients with severe CAS might have a risk of approximately 1% per year 
of disabling stroke or death. Hence, in addition to BMT, carotid procedures 
are still considered appropriate for many patients.12 Summarised data 
from the studies described above are in Table 1.

Review of Meta-analysis Data
A review of more recent meta-analyses shows that the short-term vascular 
endpoints at 30 days (i.e. stroke, MI or vascular death) are lower with BMT 
compared with any surgical or endovascular intervention. This is the 
result of the peri-operative risk associated with either intervention.

The long-term risk of stroke up to 10 years is lower with CEA than BMT, 
while there is no difference in the risk of death between the interventional 
treatment (CAS and CEA) and BMT.16,17 No studies are available to compare 
CAS with BMT alone, but long-term outcomes are considered to be 
probably no different between CEA and CAS.16 A systematic review and 
meta-analysis that included data from 56 studies on the evidence on 
treating and screening ACS, was conducted by the US Preventive Services 
Task Force.18 The authors compared carotid revascularisation (CEA and 
CAS) with medical therapy. The data analysis showed an absolute risk 
reduction of 5.5% for any non-perioperative stroke over approximately 
5 years follow-up. However there was a 2.4% risk of perioperative (30 
days) stroke or death after CEA and CAS. This study concluded that there 
is no overall benefit of CEA or CAS in ACS.18

The Role of Best Medical Therapy in 
Asymptomatic Carotid Artery Stenosis 
Regardless of treatment type (CEA or CAS), the consensus of current 
guidelines is that intervening in ACS is indicated when the life expectancy 
of the patients is >5 years and the perioperative risk is <3% (class IIa; level 
of evidence A) and that CAS might be considered in highly selected 
patients (class IIb; level of evidence B).19 However, the question arises 
whether modern BMT confers as much benefit in ACS as does CAS, and if 
so, whether the peri-procedural risk is worth taking.

BMT includes lifestyle modifications promoting a healthy lifestyle, 
including smoking cessation, physical activity, a healthy diet and well-
controlled blood pressure. These are the cornerstones for primary and 
secondary atherosclerotic prevention, including that of stroke. According 
to the European Society of Cardiology, smoking increases the risk of heart 
disease and stroke fivefold in people <50 years and doubles the risk in 
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those >60 years. The lifestyle guidelines from the American Heart 
Association in 2013 advocated, alongside smoking cessation, a dietary 
pattern that encourages the intake of fruits, vegetables and whole grains 
with a decreased intake of sweets, red meat and saturated fat. Guidelines 
also encourage increased use of the Mediterranean diet, supplemented 
by nuts (walnuts, hazelnuts and almonds) or by extra virgin olive oil in 
order to reduce the stroke risk, along with increasing the intake of B 
vitamins to lower homocysteine levels.20

Somewhat surprisingly, data supporting the use of antiplatelet therapy for 
primary stroke prevention in ACS are limited. Based on limited studies, 
such as the Women’s Health Study and the Asymptomatic Cervical Bruit 
Study, the current guidelines include a class I recommendation for aspirin 
therapy in patients with ACS, but there are no data supporting dual 
antiplatelet therapy for ACS in the absence of other cardiovascular 
diseases.7

There is growing evidence that only a minority of patients receiving BMT 
for asymptomatic ICA stenosis will benefit from intervention given the 
significant improvement in the preventative management of cardiovascular 
diseases, particularly with the development and use of antiplatelets and 
lipid-lowering therapy, alongside improvements in lifestyle care. This is 
demonstrated by the ACAS trial, in which the 5-year risk for ipsilateral 
stroke in 1995 was 11% in those receiving BMT. This was halved to 5.3% by 
2004 and to 3.6% by 2010 as shown in the ACST 1 trial. This corresponds 
to an overall relative risk reduction of approximately 70% over 15 years.

Patients with ACS also have a substantial frequency of associated 
coronary artery atherosclerosis: MI is about half as frequent as stroke, 
while the risk of cardiovascular death exceeds that of stroke. Aggressive 
medical management of ACS offers the additional benefit of prevention of 
coronary events.17

Spence et al. argued that the annual risk of ipsilateral stroke with modern 
BMT should be as low as 0.5% per year in ACS; based on trials, such as 
ACT 1 and CREST 1, outcomes for patients who have interventions trail 
behind BMT after taking peri-procedural risks into account.21,22 The 
outcomes of intervention are now comparable to medical therapy in 
terms of long-term stroke prevention. However, the periprocedural risks 
still exceed the risks of medical therapy alone.

Therefore, only ACS patients with a factor that renders them at higher 
risk of stroke would be likely to benefit from interventions such as CAS 
or CEA. It has been proposed that there may be subgroups who may 
benefit, which may be based on evidence of embolic activity using 
trans-cranial Doppler, MRI plaque morphology or plaque inflammation 
on PET CT.21 

The recent systematic review and meta-analysis by Howard et al. indicates 
that the more severe degrees of ACS may benefit from intervention, but 
not those considered to have moderate ACS.23 The potential of benefit in 
these groups, who are considered to be at higher risk of stroke, has yet to 
be thoroughly investigated or the case proven.

Table 1: Summary of Trial Characteristics 

Trial Recruitment 
Period

Total 
Patients (n)

Patient 
Groups

Antiplatelet 
Therapy

Inclusion Criteria Embolic 
Protection 
Device

Follow-up Findings
(Periprocedural/ 
Postprocedural MI, 
Stroke and Death)

ACAS 199510  
(39 centres)

1987–1993 1,659 CEA: 825 
BMT: 834

CEA: Aspirin BMT: 
Aspirin

Patients aged 40–79 
years with asymptomatic 
ICA stenosis of ≥60%

NA 2.7 years CEA + BMT 5.1%
BMT: 11%

ACST-1 201011

(126 centres, 
30 countries)

1993–2003 3,120 CEA: 1,560
BMT: 1,560

All patients: Aspirin 
or clopidogrel

Asymptomatic patient (last 
6 months) with carotid 
stenosis of ≥60%

NA 9 years CEA: 9.6%
BMT: 11.8%

CREST 1 201113

(117 centres)
2000–2008 2,502 CEA: 1,337

CAS: 1,165
CEA: Aspirin CAS: 
Aspirin + 
clopidogrel or 
ticlopidine

ICA stenosis of ≥60% on 
angiography, ≥70% on 
ultrasound, or ≥80% on 
CTA/MRA if the stenosis 
on ultrasonography was 
50–69%

Whenever 
feasible

30 days,  
6 monthly for  
4 years

CEA: 5.4% CAS: 6.1%
p=0.95

ACT-I 201615

(65 centres)
2005–2013 1,453 CEA: 364

CAS: 1,089
CEA: Aspirin CAS: 
Aspirin + 
clopidogrel

Patients aged ≤79 years 
with 70–99% ICA stenosis 
without symptoms during 
the previous 180 days. In 
the absence of substantial 
(>60%) contralateral 
carotid stenosis.

Mandatory 5 years CEA: 5.7%, CAS: 2.2%
p=0.51

SPACE-2 20166

(36 centres) 
2009–2014 513 CEA: 203 

CAS: 197
BMT: 113

CEA: Aspirin CAS: 
Aspirin + 
clopidogrel
BMT: Aspirin

Patients aged 50–85 
years with a 70–99% ICA 
stenosis based on 
ultrasound without stroke/
TIA symptoms within the 
preceding 180 days

Not mentioned 30 days, 5 
years

On-going

ACST-2 202112 2008–2020 3,625 CEA: 1,814
CAS: 1,811

90–91% on 
antiplatelets; 8–9% 
on anticoagulation.

Asymptomatic ICA 
stenosis ≥70%

Not mentioned 30 days, 
annually for  
5 years.

CEA: 4.5%
CAS: 5.3%

BMT = best medical therapy; CAS = carotid artery stenting; CEA = carotid endarterectomy; CTA = CT angiography; ICA = internal carotid artery; MRA = magnetic resonance angiography; NA = not 
applicable; TIA = transient ischaemic attack.
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Future Randomised Controlled Trials
There are a number of on-going trials that are attempting to answer some 
of the uncertainties in relation to the benefit (or not) of CAS or CEA in 
addition to BMT for ACS. The results of these trials are pivotal in 
understanding patient benefits and risks.

The CREST-2 trial (NCT02089217) has been designed to allow and 
facilitate decision making regarding the optimal management of high-
grade ACS. It is comparing stroke prevention by BMT alone against 
revascularisation (CEA or CAS) with BMT in patients with a 70–99% ACS. 
The results of this trial will be available after recruitment completion, 
which was expected to be in December 2020. Follow-up will be required, 
and, as with many trials currently, there may be delays because of the 
COVID-19 pandemic.

In ECST-2 (NCT00883402), where CEA and CAS are being compared with 
BMT in patients with severe ACS. ACTRIS (NCT02841098) will compare 
CEA with BMT against BMT alone. CAS is not included in the trial, therefore 
further direct information of CAS in asymptomatic patients will not be 
available from this study.

When we have the benefit of the results of these trials it is hoped that 
there will be more clarity regarding management of patients with ACS – 
particularly with the use of new-designed stents – potentially increasing 
the safety and effectiveness of the CAS.

Of interest there is a new study, CREST-H, which is designed to 
investigate the decline of cognition due to a reduction in the cerebral 
blood flow secondary to high-grade carotid stenosis, which is otherwise 
‘asymptomatic’ in terms of TIA or stroke. The trialists explore whether 
revascularisation of a haemodynamically significant carotid stenosis can 
alter the course of cognitive decline.24

Patients Undergoing CABG with Concomitant 
Asymptomatic Carotid Disease
Patients who fall into this group are considered to have a high risk of 
stroke at the time of their coronary artery surgery. There has been much 
debate in the literature as to the potential benefit that may be gained by 
having the carotid disease treated either before, or at the same time as, 
the coronary artery bypass. One of the major problems with offering CEA 
prior to CABG is that there is a higher risk of myocardial events at the time 
of CEA. However, if the CEA is performed simultaneously with the CABG, 
the stroke risk may remain high.25

Analysis of data including 2,813 patients from a prospective multicentre 
observational study showed that in patients with ACS who are undergoing 
isolated CABG, the risk of postoperative stroke is significant only when 
the stenosis is ≥90%, with an incidence of stroke in these patients of 
approximately 7.0%.26 As there is potential for differing levels of carotid 
disease on either the left or right side, the total burden of carotid artery 
disease was addressed by Naylor et al.27 This analysis of the data 
concluded that there was an increase in the CABG-related stroke rate as 
the total burden of carotid disease increased.

Because of the perceived reduced risk of cardiac events occurring when 
CAS is performed prior to CABG rather than CEA (which is supported by 
trials such as CREST), CAS has been proposed as a preferable method for 

treating high-grade carotid disease prior to CABG. This was reviewed in 
2017 by Paraskevas et al. who included 31 studies of 2,727 patients in 
whom 80% were neurologically asymptomatic with unilateral stenoses.28 
This meta-analysis suggested that overall 30-day outcomes after CAS and 
CABG or after CEA and CABG are broadly similar. However, in patients 
with a history of TIA/stroke, staged or same-day CEA and CABG is 
considered to be the preferred option over CAS and CABG. For the 
majority of the patients who are asymptomatic, the risks following CABG 
and CAS are 7.9% for death/stroke and an 8.8% risk of death/stroke/MI. 
This exceeds the risk of death/stroke in patients who are undergoing 
isolated CABG (no prophylactic CAS/CEA), where, in the presence of a 
>50% carotid stenosis, the prevalence of stroke within 30 days of CABG 
was 7.4%, while death/stroke was 8.3%. The conclusion was that 
prophylactic CAS in asymptomatic patients does not add any additional 
benefits over isolated CABG in this group of patients. However, from the 
work of Naylor et al., it may still be the case that those with a higher 
burden of disease do indeed obtain benefit if their ACS is treated prior to 
CABG. However, Santarpino et al. argue the opposite, that asymptomatic, 
severe CS has a low prevalence and when left untreated is associated 
with a relatively low risk of stroke. This may argue that preoperative 
screening for ACS before CABG may not be justified.26

Conclusion
Carotid interventions have proven to be an effective treatment in 
preventing ischaemic stroke in symptomatic patients. However, the 
majority of studies for asymptomatic patients – and indeed recently-
symptomatic patients – were conducted before the advances in modern 
medical treatment with lipid-lowering therapy, antiplatelet treatment, 
antihypertensives and good diabetic control, together with lifestyle 
modifications such as smoking cessation, regular exercise and a well-
balanced diet. This change in BMT is likely responsible for the 33% relative 
risk reduction in the 5-year risk of any stroke noted in ACST (published in 
2004) compared to the earlier ACAS trial (published in 1995), which has 
raised questions regarding the benefit of CEA or CAS in the context of 
asymptomatic ICA stenosis.29

This review of the literature indicates that CS of any degree is a relatively 
weak predictor of ipsilateral stroke, in the absence of recent symptoms 
referable to the carotid disease, and that this risk is not reduced by 
revascularisation if added to best medical therapy. It is possible that there 
are some subgroups who are at higher risk of stroke and the evidence in 
support of CAS prior to CABG, even in high level disease, remains 
controversial. Evidence from further randomised controlled trials will be 
key.

There are on-going trials currently recruiting patients. CREST-2 will test 
CEA and CAS for asymptomatic ICA stenosis versus BMT. In ECST-2, CEA 
and CAS are being compared with BMT in patients with severe ACS and 
ACTRIS compares CEA with BMT against BMT alone. The results of these 
trials are yet to be published, at which time they will hopefully further 
clarify the role of carotid interventions.

Current data do not support the routine treatment of asymptomatic 
carotid stenosis with CAS, outside the realms of research, and in the small 
group of patients at particularly high risk from their stenosis, such as 
patients undergoing CABG with bilateral high-grade stenosis or those 
with severe stenosis. 
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