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Abstract: Carotid artery stenosis causes significant morbidity and mortality accounting for approximately 
8% of all ischaemic strokes. Carotid artery stenting (CAS) offers an endovascular alternative to carotid 
endarterectomy (CEA), suggested as a viable option in those deemed high-risk for open CEA due to 
comorbidities or operative technical considerations. A number of large randomised-controlled trials (RCTs) 
and meta-analysis comparing CAS vs. CEA in unselected patient populations support the conclusion 
that CAS is associated with a higher risk of stroke and CEA is associated with a higher risk of myocardial 
infraction. Initial promise for CAS in high-risk patients was demonstrated by The Stenting and Angioplasty 
with Protection in Patients at High Risk for Endarterectomy (SAPPHIRE) trial that reported CAS was non-
inferior to CEA. However, there is evidence to suggest age-related adverse outcome in patients undergoing 
CAS. There is limited evidence to suggest that CEA could be suitable even in patients deemed high-risk 
for medical or technical reasons. Further contemporary research on the use of CAS and CEA in high-risk 
patients is required to re-evaluate current guidelines and high-risk criterion. It is common for a composite 
outcome of death, ipsilateral stroke and MI which should be questioned as subsequent quality of life is likely 
to differ after suffering a stroke in comparison to MI. This literature review will discuss the current evidence 
for CAS and CEA interventions in unselected populations and high-risk patients with carotid disease 
requiring intervention. 
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Background

Carotid artery stenosis causes significant morbidity and 
mortality accounting for approximately 8% of all ischaemic 
strokes (1). Mortality after ischaemic stroke has been 
reported to be as high as 13–23% in high-income countries 
with an incidence of 66 per 100,000 person-years (2).

The National Institute for Health and Care Excellence 
(NICE) guidelines recommend that all patients suffering 
from transient ischaemic attacks or non-disabling strokes 

who have carotid stenosis of 50% to 99% undergo urgent 
assessment for carotid endarterectomy (CEA) (3). NICE 
recommend that if the carotid stenosis is <50%, despite 
presence of symptoms, patients should be managed with 
best medical therapy alone.

Carotid artery stenting (CAS) offers an endovascular 
alternative to CEA, suggested as a viable option in those 
deemed high-risk for open CEA due to comorbidities or 
operative technical considerations. NICE currently state 
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CAS is a viable option after discussion at a neuroradiology 
multidisciplinary team meeting when CEA would not be 
suitable (4).

CAS was first performed using a metal stent in 1989 with 
subsequent introduction of neuroprotection devices in 1990 
to reduce the risk of embolic events from the stent site and 
periprocedural stroke (5,6). Medical devices have continued 
to improve with newer devices offering self-expanding, 
coated and drug-eluting stents. There is current debate 
over whether the less-invasive nature renders CAS a more 
attractive intervention in high-risk patients. Initial trials 
indicated that CAS was likely to be as safe as high-risk CEA 
based on predicted morbidity (7). However, even early small 
trials highlighted risk of stroke, stent deformation and re-
stenosis (7).

This review will discuss the current evidence for CAS 
and CEA interventions in unselected populations and high-
risk patients with carotid disease requiring intervention. 

Current evidence base for CAS vs. CEA in 
unselected populations

A number of large randomised-controlled trials (RCTs) 
compar ing CAS with  CEA for  symptomat ic  and 
asymptomatic patients exist in the literature, see Table 1. 

The Stent-Protected Angioplasty versus Carotid 
Endarterectomy (SPACE) trial compared the use of CAS vs. 
CEA in an unselected population of symptomatic patients 
with high-grade carotid stenosis (8). A total of 1,214 patients 
with symptomatic carotid stenosis of >70% were randomly 
assigned to CAS or CEA. Composite outcome included 
ipsilateral ischaemic stroke, any major stroke, death at  
30 days and 2-year follow-up. Secondary outcome measures 
included carotid re-stenosis as measured on ultrasound. 
Composite outcome at 30 days was not significantly 

different for CAS vs. CEA (6.92% vs. 6.45%, P=0.09). 
There were no significant differences in periprocedural 
risk of stroke or death. In the post-procedural period up to 
2 years follow-up, risk of ipsilateral ischaemic stroke was 
similar in the CAS arm vs. CEA (2.2% vs. 1.9%). Carotid 
re-stenosis was significantly higher in CAS vs. CEA (10.7% 
vs. 4.6%, P=0.0009).

Interestingly, subgroup analysis identified that there was 
an age-related increase in risk of composite outcome at  
30 days in the CAS group (P=0.001), but not the CEA 
group. This seems counterintuitive as CAS had previously 
been non-inferior in higher risk (older) patients.

The Carotid Revascularization Endarterectomy versus 
Stenting Trial (CREST) was an RCT that randomised 
2,502 patients to either CAS or CEA (9). Inclusion criteria 
partially mirrored those of the SPACE trial with the 
addition of asymptomatic patients. Included patients had 
symptomatic and asymptomatic carotid stenosis >70%. 
Primary outcome was a composite of death, stroke or MI 
in the perioperative period with a follow-up duration of 
4 years. Primary composite outcome was similar for CAS 
and CEA (7.2% vs. 6.8%, P=0.51). Stroke was significantly 
higher in the CAS group (4.1% vs. 2.3%, P=0.012). Risk of 
biochemical myocardial infarction was significantly lower in 
the CAS group vs. CEA (1.1% vs. 2.3%, P=0.032). 

The risk of stroke and death was significantly higher 
in symptomatic patients undergoing CAS vs. CEA (6.0% 
vs. 3.2 %, HR: 1.89; 95% CI: 1.11–3.21). This effect was 
not seen in the asymptomatic subset. At 1-year follow-up 
patients who developed stroke scored lower on the Medical 
Outcomes Study 36-Item Short-Form Health Survey but 
those who had an MI did not. Unexpectedly, CREST 
reported that outcomes were better in CEA for patients  
>70 years of age in comparison to CAS. Subsequent 
analysis of the CREST trial published later from Brott et al. 

Table 1 Randomised-controlled trial data frisk of periprocedural stroke and stroke at last follow-up after CAS vs. CEA (unclassified risk)

Trial
Periprocedural risk  
of stroke after CAS

Periprocedural risk  
of stroke after CEA

P value
Risk of stroke at last 
follow-up after CAS

Risk of stroke at last 
follow-up after CEA

P value

SPACE (8) 42 (6.9%) 38 (6.5%) RR (95% CI): 
1.07 (0.70–1.63)

56 (9.5%) 50 (8.8%) RR (95% CI):  
1.10 (0.75–1.61)

CREST (9) 4.10% 2.30% 0.012* 105 (10.2%) 75 (7.9%) 0.03

ICSS (10) 58 (7.0%) 27 (3.3%) 0.001*
†

15.2% 9.4% HR (95% CI):  
5.8 (2.4 to 9.3)*

EVA-3S (11) 24 (9.1%) 9 (3.4%) Not reported 11.10% 6.20% 0·03*

*, P<0.05; 
†
, per-protocol comparison, not intention to treat comparison. CAS, carotid artery stenting; CEA, carotid endarterectomy.
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concluded that the 4-year rate of stroke or death was 6.4% 
with CAS and only 4.7% CEA (HR =1.50, P=0.03) (12). 

The International Carotid Stenting Study (ICSS) also 
compared CAS vs. CEA as part of a National Institute for 
Health Research Health Technology Assessment (10). A 
total of 1,713 symptomatic patients with >50% carotid 
stenosis were randomised. Composite outcome of stroke, 
death or MI within 120 days of procedure was higher in the 
CAS vs. CEA group (8.5% vs. 5.2%, P=0.006). At follow-
up, 5-year risk of composite outcome was similar for CAS 
and CEA (6.4% vs. 6.5%, P=0.776). Echoing the findings of 
previous trials, despite the rate of composite outcome being 
similar, the risk of stroke was higher after CAS. The risk 
of any stroke at follow-up was significantly higher in CAS 
vs. CEA (15.2% vs. 9.4%, P<0.001). Again, increasing age 
was related to adverse outcome in CAS with a relative risk 
increase of 1.17% per 5-year increase in age for stroke, MI 
or death within 30 days.

The Endarterectomy Versus Angioplasty in Patients with 
Symptomatic Severe Carotid Stenosis (EVA-3S) trial also 
concluded that the risk of periprocedural stroke or death 
and ipsilateral stroke after 4 years of follow-up was higher 
with CAS vs. CEA (11). Subsequent pooled analysis of 
these 4 RCTs (SPACE, CREST, ICSS and EVA-3S) again 
found higher risk of periprocedural stroke after CAS in 
comparison to CEA (13).

Importantly, studies have demonstrated this increase 
risk of stroke even when adjusting for age (14). Hussain 
et al. performed pooled analysis on 15,525 patients from 
an observational cohort of all individuals who underwent 
in CAS or CEA for asymptomatic or symptomatic carotid 
stenosis in Ontario, Canada (14). Composite outcome of 
death, stroke, or myocardial infarction at 30 days in addition 
to any stroke during the 13-year follow-up was higher in 
the CAS group vs. CEA group (16.3% vs. 9.7%, HR =1.57, 
P<0.001). After adjusting for age, sex, intervention year, 
carotid-artery symptoms, and diabetes the increased risk of 
composite outcome remained.

Meta-analysis pooling data from 9 trials and 7,163 patients 
reflected the results of the individual trials discussed (15). 

Analysis revealed a 35% risk reduction in short-term stroke 
(P=0.007) and a 22% risk reduction in long-term stroke 
(P=0.006) for patients undergoing CEA in comparison to 
CAS. However, a 114% increased risk of perioperative 
MI for CEA vs. CAS (P=0.003) was also reported. These 
findings have been echoed elsewhere in the literature, with 
repeat meta-analysis suggesting the same conclusions (16). 
The 2012 Cochrane systematic review and meta-analysis 
concluded that there was increased risk of periprocedural 
stroke or death with CAS compared with CEA (17).

RCTs and meta-analysis comparing CAS vs. CEA in 
unselected patient populations both support the conclusion 
that CAS is associated with a higher risk of stroke and CEA 
is associated with a higher risk of MI. Limited evidence 
suggests that patients whom developed MI had better 
functional outcomes in comparison to those who had a 
stroke.

Current evidence base for CAS vs. CEA in high-
risk populations

Head-to-head comparison for CAS vs. CEA in high-risk 
populations

CAS showed initial promise in patients deemed to be high-
risk for CEA (18). The Stenting and Angioplasty with 
Protection in Patients at High Risk for Endarterectomy 
(SAPPHIRE) trial concluded that CAS was non-inferior 
to CEA in patients that have at least one variable that 
would render CEA more challenging, see Table 2 (18). 
Patients are deemed to be high-risk for CEA based 
on medical comorbidities (e.g., heart failure, chronic 
obstructive pulmonary disease) and operative factors (e.g., 
contralateral carotid occlusion, previous neck radiotherapy). 
These patients are often offered CAS as an alternative  
procedure (6).

In this randomised-controlled trial (RCT), 334 high-
risk patients were deemed medically and technically suitable 
to be for either CAS or CEA intervention. Composite 
outcome of death, stroke or myocardial infarction (MI) at 

Table 2 Randomised-controlled trial data for risk of periprocedural stroke and stroke at last follow-up after CAS vs. CEA in high-risk patients 

Trial
Periprocedural risk  
of stroke after CAS

Periprocedural risk  
of stroke after CEA

P value
Risk of stroke at  

last follow-up
Risk of stroke at  

last follow-up
P value

SAPPHIRE (18) 6 (3.6%) 5 (3.1%) 0.6 10 (6.2%) 12 (7.9%) 0.6

CAS, carotid artery stenting; CEA, carotid endarterectomy.
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30 days was lower in the CAS compared to CEA (12.2% 
vs. 20.1%), resulting in an absolute risk reduction of 7.9% 
and reaching significance for non-inferiority (P=0.004). 
Importantly, the composite outcome remained lower 
in the CAS group at 1 year, however this did not reach 
significance (12.0% vs. 20.1%, P=0.053). Risk of individual 
components of the composite outcome were lower in the 
CAS vs. CEA group. The risk of major ipsilateral stroke at 
1-year was lower in the CAS vs. CEA group (0.6% vs. 3.3%, 
P=0.09).

However, little replication of this non-inferiority has 
been published since 2004. Retrospective analysis was 
performed of 51,492 patients in the Vascular Quality 
Initiative database who underwent CAS or CEA for 
symptomatic or asymptomatic carotid stenosis (19). CEA 
was performed in 44,912 cases and CAS was performed in 
the remaining 7,030 cases. Patients were classified as high-
risk or normal-risk based on the Centers for Medicare and 
Medicaid Services policy. Overall, there was a higher risk 
of 30-day stroke in high-risk patients undergoing CAS in 
comparison to high-risk patients undergoing CEA (2.5% vs. 
1.4%, P<0.01). This effect was also seen in the 2-year risk 
of stroke (2.4% vs. 1.3%, P<0.01). Analysis using matched 
patients based on preoperative variables was also performed. 

Comparing 2,920 matched pairs revealed a higher risk 
of 30-day and 2-year stroke in high-risk patients who 
underwent CAS in comparison to CEA (2-year risk: HR: 
1.65, P=0.03), see Table 3. From these results, Hicks et al. 
strongly recommended re-evaluation of national guidelines 
and indications for CAS. 

Furthermore, Giles et al. retrospectively reviewed the 
Nationwide Inpatient Sample (USA) including 482,394 
CEA patients and 56,564 CAS patients comparing outcomes 
of patients deemed to be at high-risk of undergoing CEA 
based on The Centers for Medicare and Medicaid Services 
guidelines (20). Across both normal-risk and high-risk for 
CEA groups, after adjustment for confounding variables, 
CAS was associated with double the risk of stroke or 
death compared with CEA (OR 2.4, 95% CI: 2.1–2.8). 

Furthermore, composite outcome of stroke and death 
was also higher in patients deemed high-risk for CEA in 
the CAS group compared to those who underwent CEA 
(3.2% vs. 1.8%, P<0.001). This effect was seen across both 
symptomatic and asymptomatic patients. This report is 
unique in respect to the proportion of risk factors across 
both groups—50.5% of CAS patients were deemed to be 
high-risk for CEA and 50.8% of CEA patients were deemed 
to be high-risk for CEA (P=0.58). This suggests that 
confounding by indication may not be as present as in other 
retrospective real-world studies. 

Meta-analysis on 4,754 patients who were randomly 
assigned to CEA or CAS for treatment of symptomatic 
carotid stenosis from four RCTs in the Carotid Stenosis 
Trialists’ Collaboration was undertaken. Patients were 
stratified into age groups of 5-year intervals. Periprocedural 
stroke (<120 days) and stroke within median follow-up time 
of 2.7 years was used as the primary outcome. In patients 
undergoing CAS, periprocedural risk of stroke and death 
in patients aged 65–69 years was higher vs. patients aged 
<60 years (HR 2.16; 95% CI: 1.13–4.13). For patients 
aged 70–74 years undergoing CAS, this risk increased 
further (HR 4.01; CI 2.19–7.32). There was no relationship 
between age and poor outcome in patients undergoing 
CEA. Comparison of the two interventions in patients aged 
70–74 years revealed that CAS had a higher risk of stroke 
and death vs. CEA (2.09, CI: 1.32–3.32). 

Furthermore,  evidence regarding the technical 
indications for CAS have also been questioned. Turley et al. 
retrospectively analysed data from the American College 
of Surgeons National Surgical Quality Initiative Project, 
including 12,370 patients (21). Logistic regression was 
performed to asses if contralateral carotid occlusion was 
associated with periprocedural stroke rate and if there was 
a higher risk in patients who underwent CAS or CEA. A 
total of 11,948 patients underwent CEA and 422 underwent 
CAS. Contralateral carotid occlusion was associated with 
increased risk of stroke, but the risk was the same across 
both CAS and CEA groups. 

Table 3 Observational data for risk of periprocedural stroke and stroke at last follow-up after CAS vs. CEA in high-risk patients 

Study
Number of 

high-risk CAS 
procedures 

Number of 
high-risk CEA 
procedures 

Periprocedural 
stroke risk in  

high-risk group 
after CAS 

Periprocedural 
stroke risk in  

high-risk group 
after CEA 

P value

Stroke risk at  
2 years in  

high-risk group 
after CAS 

Stroke risk at  
2 years in  

high-risk group 
after CAS 

P value

Hicks (19) 5,349 18,012 28 (1.7%) 271 (1.0%) 0.01* 32 (1.9%) 268 (1.0%) <0.001*

*, P<0.05. CAS, carotid artery stenting; CEA, carotid endarterectomy.
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Non-comparative evidence for CAS in high-risk 
populations

The ACCULINK for Revascularization of Carotids in 
High-Risk Patients trial performed CAS in 581 high-risk 
patients and compared it to a theoretical historical control 
CEA model (22). Inclusion criteria mirrored that of the 
insurance policy criteria for high-risk patients (NYHA 
class III heart failure, restenosis after previous CEA etc.). 
Symptomatic patients made up 24% of the trial. Composite 
outcome of 30-day rate of death/stroke/myocardial 
infarction was 8.3%. Although this was deemed to be less 
than historical CEA control, this rate of severe adverse 
outcome at 30 days was high for a population with so few 
symptomatic patients. 

The SAPHIRE registry encompasses 2,001 patients who 
underwent CAS for either symptomatic carotid stenosis 
≥50% or asymptomatic carotid stenosis ≥80% (23). Patients 
had at least one physiological high-risk variable (heart 
failure class III/IV, MI within 4 weeks, age >80 years, 
severe pulmonary disease) or anatomical high-risk variable 
(contralateral carotid stenosis, previous neck radiotherapy, 
previous ipsilateral CEA etc.). The most common risk 
factors in the physiological high-risk group were age  
>80 years (37.4%), severe pulmonary disease (20.9%) 
and heart failure class III/IV or severe left ventricular 
dysfunction (20.2%). In the anatomic risk population, 
common risk factors were previous ipsilateral CEA and 
restenosis (43.3%) and contralateral carotid occlusion 
(23.7%). Primary outcome was 30-day major adverse 
event defined as death, myocardial infarction or stroke. 
Overall 30-day primary outcome was observed in 4.4% of 
participants. The primary outcome at 30-days was lower 
in the anatomic risk group vs. the physiological risk group 
(2.8% vs. 4.9%, P<0.05). Patients who had physiological 
risk factors and were symptomatic at presentation had a 
poor outcome with 30-day stroke or death risk of 8.3%, 
representing a high risk of periprocedural stroke. 

Stanziale et al. compared outcomes for 87 patients 
over the age of 80 years and 295 younger patients who 
underwent CAS for asymptomatic and symptomatic carotid 
artery stenosis (24). Overall, in the age over 80 years group 
there was a higher risk of stroke at 30 days (8.0% vs. 2.7%, 
P=0.02) and composite outcome of stroke, myocardial 
infarction, or death (9.2% vs. 3.4%, P=0.02). Comorbidities 
were similar across both groups.

A secondary analysis performed by Schmid et al. on 
13,086 pooled patients who underwent CAS for carotid 

stenosis (25). As few as 36% of these patients had 
symptomatic carotid stenosis. Primary outcome of in-
hospital/periprocedural stroke or death occurred in 2.4%. 
Regression analysis revealed that age was significantly 
correlated with a higher risk of in-hospital stroke or death 
after CAS (RR 1.54/10 year increase, 95% CI: 1.35–1.75). 

Non-comparative evidence for CEA in high-risk 
populations

It could be argued that the poor outcomes observed in 
high-risk groups undergoing CAS would be similar if 
those patients underwent CEA. However, recent literature 
suggests that CEA has better outcomes in high-risk patients. 

Mozes et al. performed a retrospective analysis on patients 
who underwent CEA from 1998–2002 (26). The Stenting 
and Angioplasty with Protection in Patients at High Risk 
for Endarterectomy (SAPPHIRE) trial inclusion criteria was 
used to identify high-risk patients. From the 776 patients  
who underwent CEA, 42% (n=323) were deemed to 
be high-risk. Symptomatology and degree of stenosis 
were similar between the high-risk and low-risk groups. 
Examples of patients deemed high-risk had the following 
characteristics: age over 80 years (11%), contralateral 
carotid occlusion (9%), pulmonary dysfunction (7%), high 
cervical lesion (5%), and repeat carotid operation (3%). 
Outcome of postoperative stroke rate was 1.4%. There was 
no difference in postoperative in-hospital stroke rate in 
high-risk vs. low-risk patients undergoing CEA.

In a large retrospective review of the American College of 
Surgeons National Surgical Quality Improvement Program 
vascular targeted database, outcomes for patients who 
were high-risk of undergoing CEA for either physiological 
factors (e.g., recent MI or unstable angina) or anatomical 
factors (e.g., contralateral carotid occlusion) were compared 
to those with a normal operative risk (27). The analysis 
included 25,788 patients undergoing CEA—1,278 patients 
had at least one physiological risk factor, 2,823 patients had 
at least one anatomical risk factor, and 21,615 patients had a 
“normal” operative risk. Rao et al. reported a higher rate of 
composite 30-day stroke or death in the physiological high-
risk for CEA group compared with patients with normal 
operative risk (4.6% vs. 2.3%, P<0.001). This increased risk 
of composite 30-day stroke or death was also demonstrated 
in the patients at high-risk for CEA based on anatomical 
risk factors in comparison to patients with a normal 
operative risk (3.6% vs. 2.3%, P<0.001). Interestingly, 
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14,756 (60%) of patients were asymptomatic, of these 621 
had a physiological risk factor for CEA. 

The composite 30-day stroke or death rate in this 
asymptomatic, physiological high-risk group, was as high 
as 4.7%—a rate that is well above the recommended 
risk profile for CEA in asymptomatic patients. Rao et al. 
highlighted the importance of patient selection when 
considering interventions for reduction in incidence of 
recurrent stroke. However, this data is, by definition, 
confounded by the physiological and anatomical criteria. 
There’s no evidence to suggest that had these asymptomatic 
patients “at-risk” of CEA would have had better outcomes 
with CAS. 

Other literature has assessed outcomes for patients who 
underwent CEA but also had a technical indication for  
CAS (28). Boitano et al. compared the outcomes after 
CEA from 18,551 with no history of neck radiation with  
281 patients who had a known history of radiotherapy 
treatment to the neck. Rate of periprocedural stroke, MI, 
death and long-term survival was the same in both groups.

A recent retrospective analysis, pooling large numbers 
of patients, has indicated that CAS does not have better 
outcomes in higher-risk patients. It must be noted that 
observational studies will be subject to confounding, and 
indication for choosing CAS rather CEA will represent a 
confounding variable even in those with similar baseline 
characteristics. However the outcomes reported in CAS 
seem at odds with the less invasive nature of the procedure. 
It is often cited in the literature that improved CAS 
outcomes will arrive with evolution of stent technologies 
and endovascular techniques. However, Lokuge et al. 
performed an analysis on CAS outcomes comparing pre-
2005 and post 2005 data (29). It was demonstrated that 
CAS outcomes have not improved despite evolution in stent 
technologies. There is existing evidence to suggest that the 
higher-risk patients could be better served by CEA.

Potential mechanisms for increased stroke in CAS

There is little high-quality evidence in the literature to 
suggest potential mechanisms for the increased risk of 
stroke associated with CAS. 

It has been suggested that outcomes are related to centre 
and operator volume with promises that as the procedure is 
more widely utilised outcomes may improve (30). Poorthuis 
et al. performed pooled analysis for operator and hospital 
volume for patients undergoing CAS (including 103,051 and 
178,251 procedures respectively) (30). The odds of being 

in a high-volume centre/operator in those who suffered 
periprocedural stroke was significantly lower. However, 
these results were also replicated with CEA and unlikely 
to account for the entirety of the adverse periprocedural 
outcomes.

A known complication of CAS is hyper-perfusion 
syndrome which can result in intracranial haemorrhage (31). 
CAS has been shown to increase cerebral blood flow and 
alter transit time in haemodynamic studies (32). It could be 
argued that stenting reduces autonomic control of vessel 
calibre and results in less modulation of cerebral blood 
flow. Huibers et al. pooled 33 studies assessing 8,731 CAS 
procedures and estimated the risk of developing hyper-
perfusion syndrome to be 4.6% (33). Within this group 
of patients, stroke developed in 47%. This is likely to be 
responsible for some of the periprocedural mortality and 
stroke risk.

Paraskevas et al. conducted a review in attempt to 
identify the mechanism behind the poor outcomes in 
symptomatic patients undergoing CAS (34). Paraskevas et al.  
concluded that the presence of neurological symptoms was 
a poor prognostic indicator for neurological outcome. They 
identified an increased risk of ischaemic events on magnetic 
resonance imaging despite the use of embolic-protection 
devices. The exact mechanism for this increase in cerebral 
ischaemic events remains unknown but Paraskevas et al. 
postulated the “unstable plaque theory”. This theory 
suggests that symptomatic patients are more likely to have a 
plaque that is fragile to manipulation and unstable. 

Hence, by manipulating a guidewire through this, one 
risks micro emboli showering and perioperative stroke. This 
theory is supported by the higher number of microembolic 
signals detected during CAS compared with CEA (35).

Further research into the mechanisms underpinning the 
increased risk around CAS is required. 

Conclusions

CEA is associated with lower risk of periprocedural stroke 
and death in comparison to CAS in unselected patients 
requiring carotid intervention. Previously it was thought 
that CAS offered a less invasive intervention in high-risk 
patients with better outcomes. This is not reflected in the 
literature. There is evidence to suggest age-related adverse 
outcome in patients undergoing CAS. There is limited 
evidence to suggest that CEA could be suitable even in 
patients deemed high-risk for medical or technical reasons. 

Further research into the use of CEA in high-risk 
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patients is required to re-evaluate current guidelines and 
high-risk criterion. The use of composite outcome of 
death, ipsilateral stroke and MI should be questioned as 
subsequent quality of life is likely to differ after suffering 
a stroke in comparison to MI. A core outcome set for 
subsequent RCTs would prove useful. 
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