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Abstract

Carotid artery disease is a significant cause of stroke. Risk stratification
with regard to suitability for intervention is still largely based on the results of
studies performed 20 years ago comparing medical treatment with carotid
endarterectomy. Importantly, improvements in medical management have
reduced stroke risk since this time. We here review the evidence in support
of intervention, along with recent outcome comparisons between carotid
endarterectomy and stenting. We also discuss some newer approaches to the
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evaluation of symptomatic carotid disease.
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Abbreviations

CEA: Carotid Endarterectomy; CAS: Carotid Artery Stenting;
MRI: Magnetic Resonance Imaging; TCD: Transcranial Doppler
Ultrasonography; MES: Microembolic Signals; MRIPH: Magnetic
Resonance Imaging Plaque Haemorrhage; TIA: Transient Ischaemic
Attack; SPARCL: Stroke Prevention by Aggressive Reduction in
Cholesterol Levels Study; PROGRESS: Perindopril Protection Against
Recurrent Stroke Study; SAMMPRIS: Stenting Versus Aggressive
Medical Management for Preventing Recurrent Stroke in Intracranial
Stenosis; EVA-3S: Endarterectomy Versus Stenting in Patients with
Symptomatic Severe Carotid Stenosis; ICSS: International Carotid
Stenting Study; CREST: Carotid Revascularization Endarterectomy
Versus Stenting Trial

Introduction

Carotid artery disease accounts for approximately 10-20%
of stroke [1,2], although estimates vary widely depending on the
population examined [3]. Identifying which patients should be
referred for carotid intervention is a common dilemma in clinical
practice. International guidelines tend to focus on degree of stenosis
when recommending cut-offs for intervention [4-8]. However,
Magnetic Resonance Imaging (MRI) techniques delineating plaque
morphology and detection of microembolic signals (MES) using
Transcranial Doppler Ultrasonography (TCD) are emerging as tools
that may assist with risk stratification in patients with carotid disease
[9-15]. Current recommendations regarding benefit in symptomatic
patients are based on data from the only adequately powered trials to
date examining outcomes in patients randomized to medical therapy
versus carotid endarterectomy (the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) [16] and the European
Carotid Surgery Trial (ECST) [17]), performed between 1981 and
1996.However, improvements in medical therapy since this time
demonstrably reduce recurrent stroke risk [18-23], making it difficult
to know the absolute benefit to intervention in 2015.

We here discuss the evidence to date regarding thresholds for

intervention as well as recent outcome comparisons between carotid
endarterectomy and stenting. We further review other factors that
might assist with risk stratification in symptomatic patients with
carotid disease.

Background

The North American Symptomatic Carotid Endarterectomy Trial
(NASCET) [16,17] and the European Carotid Surgery Trial (ECST)
[24,25] were the pivotal trials proving secondary gains of Carotid
Endarterectomy (CEA) in moderate and high grade stenosis more
than two decades ago. These trials examined rates of stroke and death
following CEA compared with medical treatment among patients
with varying degrees of symptomatic carotid stenosis following
a qualifying event of transient ischaemic attack, non-disabling
ischaemic stroke, or retinal infarction with stenosis of the ipsilateral
carotid artery preceding enrolment up to six months. Both trials used
catheter angiography to rate the stenosis and together included over
5500 patients with an average follow up of 5 and 6.1 years, respectively.
While different methods were used to quantify stenosis in these trials
leading to significant variation of stenosis grading and outcome
between these two trials, data from ECST have since been re-analyzed
according to NASCET angiographic criteria [26] (the angiographic
method now in common-use for quantifying carotid stenosis in terms
of low moderate (less than 50%), high moderate (50-69%), or severe
(70-99%) stenosis). In the remainder of this manuscript all stenosis
grading is based on NASCET criteria.

An additional trial, the Veterans Affairs Cooperative Study
(VA309) [27], was halted when the results of NASCET and ECST
became available.

Since then, Duplex Ultrasound and Time Of Flight (TOF) MR
angiography have emerged as the most commonly used methods to
rate carotid artery stenosis. Direct equivalence with regard to degree
of stenosis as reported using angiographic criteria and other imaging
modalities is lacking. A universally accepted criteria by which to
measure degree of stenosis by ultrasonography does not exist,
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although a NASCET sonographic index has been devised [28,29].
Haemodynamic criteria and the presence or absence of collateral
flow can assist estimates of severity and ultrasound can provide
useful information regarding plaque morphology [30]. Transcranial
Doppler sonography further enables detection of microembolic
signals predicting neurovascular events [12-15]. It is generally
accepted that MR angiography may over-estimate degree of stenosis
compared to CT angiography but high resolution MR imaging with
contrast-enhanced MR angiography has shown promise in terms
of reliability and reproducibility for evaluation of carotid plaque
morphology, thus identifying plaque characteristics that herald
recurrent neurovascular events [12,31,32]. Newer MR techniques
can identify features associated with risk such as the presence of a
lipid-rich necrotic core and, possibly, intra-plaque haemorrhage and
fibrous cap rupture [9-12,31,33-37], which is discussed further below.

Severe (>70%) Symptomatic Stenosis

Consistent results were noted among the NASCET and ECST
trials despite some differences in their inclusion criteria with a clear
benefit to carotid endarterectomy demonstrated among patients
with severe (70-99%) symptomatic carotid stenosis. In the NASCET
trial of 659 patients with severe stenosis, the reported risk of any
stroke or surgical death in this group of patients fell from 32.3% in
the medically-treated group to 15.8% in the surgically-treated group
at two years (a 16.5% absolute risk reduction at 2 years) [16]. ECST
demonstrated a 5 year absolute risk reduction of stroke or surgical
death of 21.2% in 429 patients with severe symptomatic carotid
stenosis of 70-99% according to NASCET criteria. Excluded were
patients with “near occlusion”, in whom no benefit was observed
despite a reduction in recurrent transient ischaemic attacks over 5
years) [26]. Benefits were maintained at 8 and 10 years of follow up,
respectively [17,26].

Although stopped prematurely, the VA309 study (n=193) also
showed a stenosis-dependent effect that supported the benefit of CEA
in patients with high grade stenosis (>70%) with an absolute risk
reduction of 17.7% at 11.9 months in men randomized to treatment
within 120 days [27].

Combined analysis of individual patient data from these trials
found that six patients needed to be treated to prevent one ipsilateral
carotid territory stroke or operative stroke or death at five years, and
14 to prevent one disabling or fatal ipsilateral stroke or operative
stroke or death at five years [38].

It should be noted that patients were randomized out to four
months from their symptomatic event in NASCET and six months in
VA309 and ESCT [39]. Antiplatelet regimes also differed.

Moderate (50-69%) Symptomatic Stenosis

Examining the complete NASCET dataset for this subgroup
of patients (n=857), a modest benefit was seen for carotid
endarterectomy in patients with symptomatic 50-69% carotid
stenosis with a 5 year ipsilateral stroke rate of 15.7 % in surgically-
treated patients versus 22.2% in medically-treated patients, resulting
in an absolute risk reduction of 6.5%. Fifteen patients needed to be
treated to prevent one ipsilateral stroke during the five year period.
Confidence intervals of event-free survival curves overlapped, unlike

those in patients with greater than 70% stenosis (reflecting less
significant results in this group of patients with 50-69% stenosis)
[17]. The authors comment that a surgical risk of greater than 2% for
disabling stroke or death would negate the small benefit seen looking
at the NASCET dataset for this group of patients. Importantly, benefit
was not observed for women who had a lower 5 year stroke risk than
men on medical treatment (15% in women versus 25% in men) [17].
This was attributed to higher operative risk and lower stroke risk
without surgery [40].

Examining the ESCT data, a borderline statistically significant
reduction in risk of any stroke or surgical death (the primary
outcome) was observed in patients with 50-69% stenosis (NASCET
angiographic criteria). No reduction in risk of ipsilateral carotid
territory stroke or surgical stroke or death (or risk of disabling or
fatal ipsilateral territory stroke or disabling stroke or death) was
observed [26]. At the level of operative risk quoted in this study for
any stroke or death (7.5% at 30 days), convincing benefit of carotid
endarterectomy in patients with 50-69% stenosis was not established.

The role for intervention in carefully selected patients with
moderate stenosis has since been examined using pooled individual
data from the NASCET and ECST trials [41]. Atan operative stroke or
death rate of 7%, benefit from CEA in patients with 50-69% stenosis
was not clearly observed in women. CEA led to a 5 year absolute risk
reduction of 8% in men with 50-69% stenosis. Clinically important
benefit was only seen in patients randomized within two weeks of a
symptomatic event (median time from randomization to trial surgery
was 3 days in NASCET, and 14 days in ECST [39]). Delayed surgical
treatment diminished the treatment benefit. Meta-analysis of all three
early trials (NASCET, ECST and VA309) suggested some benefit in
patients aged 75 years or older [39,41].

It is worth pointing out that, while women may face a slightly
greater peri-operative risk than men, more recent studies do notX
demonstrate the same sex-related increase in stroke/death as seen in
some of the earlier studies [42-47]. A recent meta-analysis suggests
that an association is not observed when gender-related outcomes are
examined as a primary aim (despite an observed increase in risk in
women when this is examined as a secondary outcome), such that
any increase in peri-operative risk (stroke and death) in women is
of questionable clinical significance [47]. The authors point to an
ongoing need for sex-specific trials and examination of registry
data since women tend to be under-represented in clinical trials
and since it can be difficult to translate trial data into the real-world
setting where intervention is not limited to patients fulfilling the trial
inclusion criteria [47].

While many current trials comparing CAS with CEA include
patients with 50-69% carotid stenosis, studies directly comparing
optimal medical management with revascularization therapy in the
present day setting are lacking.

Mild (<50%) Symptomatic Stenosis

A significant reduction in risk has not been observed in
symptomatic patients with less than 50% stenosis. No benefit was seen
in those with 30-49% stenosis and surgery was harmful in patients
with less than 30% stenosis on re-analysis of ESCT data according
to NASCET angiographic criteria [26]. A recent meta-analysis of
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individual patient data from ECST, NASCET and VA304 confirm
these findings [39].

Quantifying Risk

A caveat to blankly applying a “degree of stenosis” to assessment of
risk versus benefit in individual patients is that medical management
has progressed since the NASCET and ECST trial data was published
more than 20 years ago [23,48]. Best medical treatment in the
1980’s consisted of aspirin in varying dosages and antihypertensive
treatment. Although the first HMG Co A reductase inhibitor Lovan
was approved in 1987 in North America, uptake was very low in
both trials. Newer antiplatelet therapies were not yet available in
the medical arms. Clopidogrel and dipyridamole as well as more
potent statins and stringent blood pressure targets have undoubtedly
reduced the risk of recurrent stroke from that observed in the medical
arms of NASCET and ECST.

The Perindopril Protection against Recurrent Stroke Study
(PROGRESS), the Stroke Prevention by Aggressive Reduction in
Cholesterol Levels (SPARCL) study, as well as the Stenting versus
Aggressive Medical Management for Preventing Recurrent Stroke
in Intracranial Stenosis (SAMMPRIS) trial, illustrate the potential of
medical intervention to reduce stroke risk.

in the PROGRESS trial with combination
antihypertensive therapy reduced risk of recurrent stroke by 30-40%
(it is unknown how many of these patients had carotid disease) [18].

Intervention

In patients with carotid artery stenosis not requiring intervention
at baseline in the SPARCL trial, treatment with high dose atorvastatin
was associated with a 33% reduction in the risk of any stroke and a
reduced risk of subsequent carotid revascularization [20]. Reduction
in early stroke risk following transient ischaemic attack in patients
with carotid stenosis commenced on stat in therapy has been shown
[21].

The SAMMPRIS trial (a comparison of maximal medical
management versus stenting for intracranial stenosis) illustrated how
aggressive medical treatments can half the natural risk of stroke in a
group of patients at high risk of stroke [22,49].

In light of this decline in risk on medical therapy, surgical risk
is paramount when evaluating potential surgical benefit, which is
operator-dependent with a clear volume effect [50-52]. More recent
trials and consecutive case series suggest that an achievable risk of
peri-operative stroke or death for CEA is less than 4%, with lower
rates still for disabling stroke or death in symptomatic patients
[42,46,53]. Surgical risk is greater in small volume centres and must
be known when weighing up treatment decisions.

Moving away from degree of stenosis, imaging may further assist
with risk stratification. MRI- defined plaque haemorrhage (MRIPH)
has been identified as a strong predictor of recurrent ischaemic
events in patients with symptomatic carotid disease [12,31,32]. In
a recent study of 134 patients with symptomatic carotid disease,
the association between MR plaque haemorrhage and recurrent
cerebrovascular events was confirmed (HR 8.68; p<0.001), along with
detection of microembolic signals (MES) on transcranial sonography
(HR 3.23; p=0.001). Combining these further improved the observed
association [12], which is not surprising since a number of other

studies have shown an association between detection of microembolic
signals (MES) in the cerebral circulation and stroke in patients with
carotid disease [13,15].

Histopathological studies have further identified presence of a
lipid-rich necrotic core, thrombus, inflammation [10], and possibly
intra-plaque haemorrhage and thinning/rupture of the fibrous cap
[54], as features that might be associated with elevated risk. Increased
risk in the setting of a lipid-rich necrotic core, cap rupture and intra-
plaque haemorrhage in particular is supported by the results of multi-
contrast weighted MRI studies examining plaque morphology with
regard to risk of future events [11,31,54].

It is therefore hoped that future large-scale studies will solidify the
role of various imaging biomarkers in risk stratification in patients
with carotid disease.

Carotid Endarterectomy
Endovascular Intervention

Versus

Many of the early trials comparing endovascular treatment and
carotid endarterectomy were poorly designed, underpowered, and
sometimes terminated early when increased complication rates
were observed in the stenting arms [55-59]. Others stopped when
recruitment for larger trials commenced [60,61]. More recent studies
have produced closer comparisons between endovascular intervention
and endarterectomy in terms of middle- to long-term outcomes with
follow up extending out to 10 years [46,62]. Inclusion of short-term
outcomes, however, still favors endarterectomy, particularly in older
patients [38,62]. The two largest trials to date examining CAS versus
CEA are the Carotid Revascularization Endarterectomy Versus
Stenting Trial (CREST; n= 2522) and the International Carotid
Stenting Study (ICSS; n=1713) [45,63].

Endovascular intervention has evolved from balloon angioplasty
to stenting with or without the use of embolic protection devices,
the potential benefit of which has not been established in terms of
peri-procedural stroke prevention [38]. Proponents of carotid artery
stenting point to the potential for faster recovery and avoidance of
surgical complications, which may also be achieved with regional
anaesthesia during CEA in some cases [53]. Whether or not CAS is
associated with a reduced risk of myocardial infarction in the short-
term has been debated, in part due to controversy surrounding the
definition of myocardial infarction used in CREST [53,64], which
examined perioperative myocardial infarction, stroke or death
with subsequent ipsilateral stroke as its primary endpoint [45].
Inconsistent findings were noted among CREST and ICSS with
regard to the risk of myocardial infarction following CAS and CEA
[46,53,63]. Furthermore, myocardial infarction was not associated
with death and was not found to influence quality of life to the extent
that minor stroke did in CREST [46].

Data from 16 trials involving 7572 patients, including some of
the first-ever trials, were the subject of a 2012 Cochrane review [38].
A later publication examined carotid endarterectomy versus carotid
stenting alone (as opposed to angioplasty and stenting as examined in
the Cochrane review) [62]. Both are discussed below.

Outcomes in Symptomatic Patients

The primary safety outcome of the 2012 Cochrane review was
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death or stroke of any severity from randomization until 30 days after
the procedure. A significant excess was observed in the endovascular
treatment group (OR 1.72; p=0.0003) [38], as was peri-procedural
stroke risk of any severity (OR 1.81; p<0.0001) [38], although peri-
procedural rates of death or major or disabling stroke did not differ
(OR 1.28; p=0.13) [38]. This was particularly the case for symptomatic
patients 70 years of age or older who had significantly greater risk
of peri-procedural death or stroke of any severity with endovascular
treatment (OR 2.20 versus 1.16 for patients under 70 years of age;
p=0.02) [38].

When short-term peri-procedural risk was combined with
number of ipsilateral strokes at last follow-up, the combined outcome
was also significantly more frequent after endovascular treatment
(OR 1.39; p=0.005), as were death or any stroke (OR 1.41; p=0.01)
[38].

Despite a lower risk of fatal or non-fatal myocardial infarction
up to 30 days after treatment in patients assigned endovascular
treatment (OR 0.44; p=0.02), myocardial infarction combined with
peri-procedural death or stroke favored endarterectomy (OR 1.44 for
endovascular treatment; p=0.002).

Treatment effects did not differ significantly in men and women
(p=0.52) [38].

With regard to procedural complications, cranial nerve palsy was
significantly less common with endovascular treatment compared
to endarterectomy (OR 0.08; p<0.00001) [38]. Furthermore, access
site haematoma (requiring surgery, blood transfusion or prolonging
hospital stay) was significantly less common with endovascular
treatment (OR 0.37; p=0.008) [38].

Higher rates of re-stenosis were observed following endovascular
intervention among six trials (OR 2.41; p=0.007) [38]. More patients
were treated with balloon angioplasty in at least one of these trials
[65]. Heterogeneity of the data and possible measurement error in
some cases make it difficult to know what significance to attribute to
these findings. Follow up data from ICSS (which constitute roughly
one third of the available data) suggest that rates might not differ
significantly at 10 years [62]. The relationship between re-stenosis
and subsequent stroke risk also remains unclear.

CEA versus CAS and Functional Outcomes

The authors of ICSS performed an analysis of primary carotid
stenting versus endarterectomy in symptomatic patients [62], which
incorporated additional long-term data from the Endarterectomy
Versus Stenting in Patients with Symptomatic Severe Carotid Stenosis
trial (EVA-3S) [66] and ICSS [62]. Again, the combined outcome
of peri-procedural stroke or death or subsequent ipsilateral stroke
was significantly more frequent in patients randomized to stenting
compared to endarterectomy (OR 1.47; p=0.001) [62].

Given that a similar distribution of modified Rankin scores
was noted at the end of follow up among the two treatment groups,
the authors of ICSS point to an excess in non-disabling procedural
stroke as contributing to the less favourable risk profile of carotid
stenting [62], and possibly to an excess of non-ipsilateral strokes
for reasons that are unclear [62]. They did not; however, control for
other variables which may have influenced the scores. As mentioned

previously, CREST researchers identified an impact of minor stroke
on quality of life. A possible neurocognitive impact of minor stroke
(or clinically silent ischaemic lesions, as observed more frequently
following CAS [67,68]), cannot be excluded [53].

Anatomical/Surgical Considerations

Certainly,  anatomical  considerations = may  preclude
endarterectomy in some circumstances (radical neck dissection,
radiotherapy or surgically inaccessible lesions for example). Likewise,
a patient with extensive atherosclerotic disease of the aortic arch may
face higher risks of embolization with stenting and patients may have

otherwise unfavourable vascular or arch anatomy for stenting [53].
Conclusion

Improvements in medical intervention have undoubtedly reduced
the risk of stroke recurrence in the setting of symptomatic carotid
disease over the past 20 years. Results of current trials examining the
natural history of carotid stenosis on maximal medical management
with or without carotid endarterectomy or carotid stenting will
help further identify which patients may benefit from intervention.
Updated risk models based on current risk in the setting of aggressive
medical therapy, ideally incorporating validated measures of plaque
stability, are required.

Uncertainty regarding the absolute benefit of intervention makes
it all the more important to appreciate risk when recommending
carotid intervention. Whether or not risks of stenting are increased
by operators with less experience or in less experienced centres
has not been definitively shown [38] (generally, comfort lies with
operators who have performed at least 30-50 procedures). Risks of
CEA, however, are demonstrably inversely related to surgical volume
and CEA should therefore only be performed in high volume centres
with published registry data. Finally, it should be emphasized that the
potential benefit of endarterectomy is most pronounced within two
weeks of a symptomatic event, after which risk of recurrent stroke
notably declines. The optimal timing of CAS has not been established.

While an important consideration, the possibility that milder
strokes resulting in less functional impairment are driving the current
disparity between stenting and endarterectomy does not diminish
the fact that current evidence favors endarterectomy, particularly
in older patients. In younger patients, this may be slightly offset by
an increased risk of cranial nerve palsy and problems secondary to
access site haematoma formation. Debate surrounding the definition
of myocardial infarction in the various studies makes it difficult to
know how much weight to permit observations regarding incidence
of myocardial infarction following CEA or CAS [64].

The results of upcoming trials such as ECST-2 (http://www.ecst-
2.com) designed to examine carotid revascularization versus optimal
medical treatment in low-to-intermediate risk symptomatic patients,
are eagerly anticipated. In the interim, patients need to be informed
that there exists some uncertainty regarding the absolute benefit of
carotid intervention in the setting of symptomatic carotid disease,
but that clear benefit to aggressive medical treatment (regardless of
intervention) has been established.
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