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Summary

Atherosclerotic narrowing (stenosis) of the internal carotid
artery accounts for about 10—-15% of ischaemic strokes. Ca-
rotid endarterectomy (CEA) reduces the risk of stroke in
patients with symptomatic stenosis and — to a lesser de-
gree — with asymptomatic carotid stenosis. Endovascular
treatment including balloon angioplasty and carotid artery
stenting (CAS) has emerged as an alternative to CEA to
treat carotid stenosis. The present review summarises the
existing evidence on risks and benefits of CAS in compar-
ison with CEA, with a focus on evidence from random-
ised clinical trials. Across all randomised trials, CEA was
associated with a lower risk of peri-procedural stroke or
death than CAS, while CAS had lower risks of myocardial
infarction, cranial nerve palsy and access site haematoma.
The increased stroke risk with CAS is mainly observed in
elderly patients; therefore, CAS appears to be a safe op-
tion to CEA in younger patients. In the first few years fol-
lowing treatment, both procedures are equally effective in
preventing ipsilateral recurrent strokes. Nevertheless, long-
term follow-up of ongoing trials must be awaited to in-
vestigate whether a potential increase in recurrent stenosis
following CAS might limit the long-term effectiveness in
stroke prevention. The optimal treatment for asymptomatic
carotid stenosis remains to be determined in ongoing clin-
ical trials.
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Introduction

In the industrialised world, stroke is the third most common
cause of death, the second most common cause of de-
mentia, and the most common reason for acquired disabil-
ity in adulthood. About 10-15% of ischaemic strokes are
caused by focal atherosclerosis and consecutive narrowing
(stenosis) of the internal carotid artery. Carotid stenosis is
more frequent in men than in women and its prevalence in-
creases with age. Severe asymptomatic carotid stenosis is
present in 0.1% of men under the age of 50 years, but in
as many as 3.1% of men and 0.9% of women 80 years or
older [1]. Impairment of blood flow was long considered
to be mainly responsible for the occurrence of cerebral
ischaemia in patients with carotid stenosis (haemodynamic

hypothesis). Current evidence however, suggests that rup-
ture of the atherosclerotic plaque with embolism of locally
formed thrombus or plaque debris, and consecutive occlu-
sion of arteries in the eye or in the brain, is the most im-
portant mechanism (embolic hypothesis).

The present review summarises the evidence on endovas-
cular treatment for symptomatic and asymptomatic carotid
artery stenosis, including balloon angioplasty and stenting,
and ends with the authors’ treatment recommendations.
Risks and benefits of endovascular treatment must be com-
pared with the effects of carotid endarterectomy (CEA), the
standard procedure to treat carotid stenosis. Therefore, a
brief outline of the evidence on CEA is given first.

Endarterectomy versus medical
treatment for symptomatic carotid
stenosis

Among patients with recent ischaemic symptoms associ-
ated with carotid stenosis, the risk of stroke is very high.
In clinical trials, symptomatic carotid stenosis is commonly
defined as stenosis having caused ischaemic events in the
ipsilateral eye (transient monocular blindness: so called
amaurosis fugax, or retinal infarcts) or cerebral hemisphere
(transient ischaemic attack or stroke) in the past 6 months.
Randomised controlled trials which enrolled patients in the
1980ies and early 1990ies clearly established the benefit
of CEA for symptomatic carotid stenosis. In The North
American Symptomatic Carotid Endarterectomy Trial
(NASCET), the cumulative incidence of any ipsilateral
stroke (including peri-operative events) in patients with
severe symptomatic stenosis (defined as 70% or more lu-
minal narrowing) was reduced from 26% under medical
therapy alone to 9% with CEA, after two years (p <0.001)
[2]. Marginal benefit was also evident in patients with
moderate symptomatic stenosis (50—69% narrowing) after
5 years, in whom surgery reduced the ipsilateral stroke risk
from 22.2% to 15.7% (p = 0.045) [3]. In the European
Carotid Surgery Trial (ECST), benefit of CEA was only
reported in patients with symptomatic carotid stenosis of
80% or more luminal narrowing [4]. However, this discrep-
ancy was largely explained by differences in measurement
of the degree of stenosis on angiography between the trials.
In the NASCET trial, degree of stenosis was determined by
comparing the most narrow vessel diameter at the site of
the stenosis with the diameter of the distal normal artery
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[5]. In the ECST trial, the presumed diameter of the normal
artery at the site of stenosis — most often the carotid bulb
— was taken as the reference diameter. The method used in
the NASCET trial is nowadays the most widely used meth-
od for describing the degree of stenosis. In a pooled ana-
lysis of the endarterectomy trials, where ECST angiograms
were reanalysed using the NASCET method, CEA reduced
the combined outcome of peri-procedural stroke or death,
or ipsilateral ischaemic stroke up to 5 years after treat-
ment by an absolute difference of 15.9% in patients with
severe (>70%) stenosis and 4.6% in patients with moderate
(50-69%) stenosis [6]. The risk of peri-procedural stroke or
death (which by definition includes outcome events occur-
ring up to 30 days after treatment) was 7.1% in this pooled
analysis, and did not vary significantly with the degree of
stenosis.

Endarterectomy versus medical
treatment for asymptomatic carotid
stenosis

CEA also prevents strokes among patients with asympto-
matic carotid disease. In the Asymptomatic Carotid Athero-
sclerosis Study (ACAS), the 5-year risk of ipsilateral stroke
(including any peri-operative stroke or death) was reduced
from 11% to 5.1% [7]. In the Asymptomatic Carotid Sur-
gery Trial (ACST), the rate of any stroke up to ten years
follow-up (including perioperative death) was reduced
from 17.9% to 13.4% [8]. Thus, the absolute reduction in
stroke risk achieved with CEA in patients with asympto-
matic carotid stenosis was similar to the risk reduction in
patients with symptomatic, moderate stenosis. The risks of
peri-operative stroke or death in the surgical arms of these
trials, 2.3% in ACAS and 2.8% in ACST, were substan-
tially lower than in symptomatic patients.
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Figure 1

Meta-analysis of randomised trials comparing endovascular
treatment with endarterectomy for symptomatic carotid stenosis:
any stroke or death between randomisation and 30 days after
treatment. Data are numbers of patients with events, total numbers
of patients and Mantel-Haenszel random-effects odds ratios
including 95% confidence intervals (Cl) with endarterectomy as the
reference treatment. Squares on the right represent point estimates
of odds ratios at trial level, with 95% CI as horizontal bars.

The diamond at the bottom represents the summary OR and 95%
Cl. Data from the following trials are included: Leicester [46],
Wallstent [47], CAVATAS [13], Kentucky [48], TESCAS-C [49],
EVA-3S [14], SPACE [16], BACASS [50], Beijing [51], ICSS [17],
CREST [18].

Endovascular treatment: balloon
angioplasty and stenting

In recent years, endovascular treatment of carotid stenosis
has been developed as an alternative to CEA with several
potential advantages. Endovascular treatment avoids an in-
cision in the neck with the risk of cranial or cutaneous
nerve damage, and potentially reduces general surgical
complications, such as myocardial infarction. Surgically
inaccessible lesions distant to the carotid bifurcation can
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Figure 2

Pooled Individual patient-data meta-analysis of the EVA-3S,
SPACE and ICSS trials, comparing primary carotid stenting with
endarterectomy for symptomatic carotid stenosis: risk ratio of any
stroke or death within 120 days of randomisation according to
patient age. (Reproduced from [20]: Bonati LH, Dobson J, Algra A,
Branchereau A, Chatellier G, Fraedrich G, et al. Short-term
outcome after stenting versus endarterectomy for symptomatic
carotid stenosis: a preplanned meta-analysis of individual patient
data. Lancet. 2010;376(9746):1062—73. © Elsevier, Oxford, UK.
Reprint with kind permission.)

CAS =carotid artery stenting; CEA = carotid endarterectomy; RR =
risk ratio CAS versus CEA; 95% CI = 95% confidence interval

Figure 3

Diffusion weighted MRI of a patient following stenting of the right
carotid artery in the MRI substudy of the International Carotid
Stenting Study. Multiple hyperintense signals representing acute
ischaemic lesions in the territory of the right middle cerebral artery
are present. The patient did not experience any symptoms. ©
Department of Radiology, University Hospital Basel. Reprinted with
kind permission.
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be treated, and hospital stay is usually shorter than for sur-
gery. On the other hand, endovascular treatment does not
remove the atherosclerotic plaque and may dislodge throm-
bus or plaque material during the procedure, causing em-
bolic stroke. Another concern has been that residual stenos-
is after incomplete dilation or recurrence of carotid stenosis
might limit the long-term effectiveness of endovascular
treatment in preventing strokes.

Endovascular treatment involves insertion of a catheter in
the femoral artery at the groin under local anaesthesia,
which is then advanced to the site of the stenosis in the
internal carotid artery. In the early years of endovascular
treatment, the stenosis was dilated by inflating a balloon
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Figure 4

Meta-analysis of randomised trials comparing endovascular
treatment with endarterectomy for symptomatic carotid stenosis:
myocardial infarction between randomisation and 30 days after
treatment. Data are numbers of patients with events, total numbers
of patients and Mantel-Haenszel random-effects odds ratios
including 95% confidence intervals (CI) with endarterectomy as the
reference treatment. Squares on the right represent point estimates
of odds ratios at trial level, with 95% CI as horizontal bars. The
diamond at the bottom represents the summary OR and 95% CI.
Data from the following trials are included: CAVATAS [13], EVA-3S
[14], SPACE [15], BACASS [50], Regensburg [52], Beijing [51],
ICSS [17], CREST [18].
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Figure 5

Meta-analysis of randomised trials comparing endovascular
treatment with endarterectomy for symptomatic or asymptomatic
carotid stenosis: cranial nerve palsy between randomisation and 30
days after treatment. Data are numbers of patients with events,
total numbers of patients and Mantel-Haenszel random-effects
odds ratios including 95% confidence intervals (Cl) with
endarterectomy as the reference treatment. Squares on the right
represent point estimates of odds ratios at trial level, with 95% CI
as horizontal bars. The diamond at the bottom represents the
summary OR and 95% CI. Data from the following trials are
included: Leicester [46], CAVATAS [13], Kentucky [48, 53],
SAPPHIRE [43], EVA-3S [14], SPACE [15], BACASS [50],
Regensburg [52], ICSS [17], CREST [18].

mounted to the catheter tip (balloon angioplasty), without
routine insertion of stents. Primary insertion of stents (ca-
rotid artery stenting [CAS]) has since replaced balloon an-
gioplasty as the endovascular technique of choice. Primary
stenting has several advantages over balloon angioplasty:
the risk of peri-procedural carotid dissection is reduced,
and if dissection occurs, adverse consequences such as ca-
rotid occlusion or thrombo-embolism might be minimised,
because the stent maintains laminar flow across the sten-
osis and seals the site of dissection [9, 10]. Superior dila-
tion achieved by stenting is also likely to lower the rate
of residual or recurrent stenosis compared with balloon an-
gioplasty.

Carotid stenting versus
endarterectomy for symptomatic
carotid stenosis

Peri-procedural stroke or death

As with CEA, the most frequent major adverse event in
CAS is peri-procedural stroke. A vast number of non-ran-
domised single-centre case series and multi-centre regis-
tries have reported on the safety of CAS. However, the in-
terpretation of many of these studies is limited by the fact
that outcomes were not provided for patients with sympto-
matic and asymptomatic carotid stenosis separately, and by
the inclusion of patients at different risk for surgical com-
plications. The German Prospective Registry of CAS (Pro-
CAS) reported outcomes from 2921 procedures in symp-
tomatic and 2412 procedures in asymptomatic patients in
2008 [11]. No restrictions on the indications for CAS, stent
types, or use of protection devices were in place. The com-
bined risks of in-hospital stroke or death were 4.3% among
patients with symptomatic and 2.7% among patients with
asymptomatic stenosis. Importantly however, follow-up of
patients was not done by independent neurologists and did
not include the full 30-day peri-procedural period. There-
fore, these figures are difficult to compare with short-term
outcomes of CEA in the large clinical trials.

The question whether endovascular treatment is a safe and
effective alternative to CEA could only be answered by
randomised trials. Most of the randomised evidence is
available from investigator-initiated trials comparing en-
dovascular treatment with CEA in patients with sympto-
matic carotid stenosis, who were considered equally suit-
able for both treatments. The first such trial on a larger
scale was the Carotid And Vertebral Artery Transluminal
Angioplasty Study (CAVATAS). CAVATAS was a family
of three trials, the largest of which randomly assigned 505
patients with mainly symptomatic, severe carotid stenosis
to either endovascular treatment or CEA, between 1992
and 1997 [12]. More than 90% of patients had ischaemic
symptoms associated with carotid stenosis in the previous
6 months before randomisation. Endovascular treatment
consisted of balloon angioplasty without stent insertion in
the majority of patients. Stents were only used in 23%
of patients in the endovascular arm, usually after unsatis-
factory results with angioplasty alone. The peri-procedural
risk of stroke causing symptoms for more than 7 days or
death was 10.0% in both treatment arms. A later analysis of
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CAVATAS data showed a non-significant increase in stroke
risk in the endovascular arm if minor events lasting less
than seven days were included [13].

In 2006, two European randomised multi-centre trials pub-
lished short-term results of the comparison between CAS
and CEA for symptomatic carotid stenosis: The Endarter-
ectomy versus Angioplasty in Patients with Symptomatic
Severe Carotid Stenosis (EVA-3S) trial was stopped early
by the data monitoring committee after inclusion of 527 pa-
tients, because the 30-day stroke or death rate was signific-
antly higher in the CAS arm (9.6%) than in the CEA arm
(3.9%, p = 0.01) [14]. The Stent-Supported Percutaneous
Angioplasty of the Carotid Artery versus Endarterectomy
(SPACE) trial was stopped after inclusion of 1214 patients
for both reasons of futility and lack of funding [15, 16].
Short-term outcomes were comparable in both treatments,
with risks of death or stroke between randomisation and 30
days after treatment of 7.4% in the CAS group and 6.6% in
the CEA group. However, the trial was unable to prove its
primary hypothesis that CAS was not inferior to CEA by a
predefined margin.

In 2010, an interim analysis of the International Carotid
Stenting Study (ICSS), the largest trial comparing CAS
versus CEA for symptomatic carotid stenosis with a total
of 1713 patients randomised, was published [17]. Within
the first 120 days of randomisation, the primary short-term
outcome measure, the combination of stroke, myocardial
infarction or death, occurred in 8.5% of patients random-
ised to CAS and 5.2% of patients randomised to CEA (p
= 0.006). In the same year, the North American Carotid
Revascularization  Endarterectomy vs Stenting Trial
(CREST), which enrolled 1321 patients with symptomatic
and 1181 patients with asymptomatic stenosis, published
results up to four years after randomisation [18]. The
primary composite endpoint of death, stroke or myocardial
infarction between randomisation and 30 days after treat-
ment, or ipsilateral stroke during follow-up, occurred in
7.2% of CAS and in 6.8% of CEA patients. Among patients
with symptomatic carotid stenosis, peri-procedural rates of
death or stroke in the CAS arm (6.0%) were lower than in
the European trials, but still almost twice as high as in the
CEA arm of CREST (3.2%, p = 0.02).

To date, 5778 patients with symptomatic carotid stenosis
considered to be at standard surgical risk have been ran-
domly assigned to endovascular therapy or endarterectomy
in eleven randomised controlled clinical trials, including
the recent large CAS trials mentioned above as well as
earlier single-centre or small multi-centre trials. In the cur-
rent update of the Cochrane systematic review of these
trials, the combined results show a significant increase in
the risk of stroke or death between randomisation and 30
days after treatment with CAS (8.2%) compared with CEA
(5.0%; random-effects odds ratio [OR] 1.72, 95% con-
fidence interval [CI] 1.29-2.31, p = 0.0003; fig. 1) [19].
Despite differences in centre selection and treatment tech-
niques between trials, these results consistently show that
on average, CEA was the safer treatment.

Comparison of short-term risks in patient subgroups
Due to limitations in sample size, however, single trials
could not reliably answer the question whether CAS might

still be a safe alternative to CEA in certain patient sub-
groups. For this reason, the Investigators of EVA-3S,
SPACE, and ICSS pooled baseline and outcome data of all
3433 patients randomised to CAS or CEA in these trials in
the Carotid Stenting Trialists’ Collaboration (CSTC) [20].
The risk of any stroke or death within the first 120 days of
randomisation (the primary short-term outcome event) was
8.9% in the CAS group and 5.8% in the CEA group (risk
ratio [RR] 1.53, 95% CI 1.20-1.95, p = 0.0006). Among
16 predefined baseline variables, only age significantly in-
fluenced the balance of treatment risks between CAS and
CEA: the primary outcome event rate was 12.0% in the
CAS group and 5.9% in the CEA group among patients 70
years or older (RR 2.04, 95% CI 1.48-2.82). In contrast,
in the younger age group, event rates were nearly identic-
al in patients receiving CAS (5.8%) and those undergoing
surgery (5.7%; RR 1.00, 95% CI 0.68—1.47; interaction p-
value 0.0053). Figure 2 shows the observed risk ratios for
short-term stroke or death with CAS versus CEA in 6 age
strata in the CSTC analysis, which increase in a nearly lin-
ear fashion with advancing age. This argues for a biolo-
gic mechanism mediating the association between age and
stroke risk in CAS. Potential mechanisms include vascu-
lar anatomy less favourable to CAS, and higher risk of dis-
lodging emboli during catheterisation due to increased bur-
den of atherosclerosis or decreased plaque stability with
increasing age. The CSTC analysis showed furthermore
that CAS appeared to be as safe as CEA among patients
in whom the stenosis initially became symptomatic with a
retinal ischaemic event (amaurosis fugax or retinal stroke;
primary outcome event 4.8% vs 4.7%, RR 1.03, 95% CI
0.50-2.09), and patients who had a severe stenosis or oc-
clusion of the contralateral carotid artery (primary outcome
event 7.7% vs 7.2%; RR 1.06, 95% CI 0.56-2.01).
However, these patient subgroups were small and there was
no significant interaction between qualifying event type or
contralateral carotid disease with the treatment risk ratio.
In the pooled CSTC analysis, there was no significant dif-
ference in the occurrence of disabling stroke or death with-
in the first 120 days (CAS: 4.8%, CEA: 3.7%, RR 1.27,
95% CI 0.92—1.74) which highlights the fact that the dif-
ference in peri-procedural risks between treatments was
mainly driven by a higher occurrence of minor strokes in
the CAS group, which did not lead to disability. This obser-
vation had also been made in single trials and initially led
to concerns that the reported differences in peri-procedural
stroke rates might have been subject to ascertainment bi-
as: patients were usually referred to neurology wards after
treatment by CAS, where minor stroke symptoms might
have been more readily detected than on surgical wards or
high-dependency units, where patients were sent to after
CEA.

Silent cerebral ischaemia

In carotid revascularisation, cerebral ischaemia may occur
without overt symptoms of stroke or TIA. Transcranial
Doppler sonography and diffusion-weighted brain imaging
(DWI), a magnetic resonance sequence which is highly
specific and sensitive to acute cerebral ischaemia, have
been used to detect subclinical embolic events in CAS and
CEA. A systematic review of non-randomised studies us-
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ing DWI before and after treatment showed that an average
of 37% of patients had new ischaemic lesions after CAS,
compared with 10% of patients after CEA [21]. Within
ICSS, a multi-centre prospective substudy investigated 124
patients randomised to CAS and 107 patients randomised
to CEA with DWI before and after treatment [22]. 50% of
CAS patients and 17% of CEA patients had new ischaem-
ic lesions on DWI after treatment (OR 5.21, 95% CI
2.78-9.79, p <0.0001; fig. 3). Since assessment of MRI
could be done without knowledge of the allocated treat-
ment, these results argued against the presence of bias
explaining the observed differences in rates of clinically
manifest strokes. Furthermore, the use of DWI allowed de-
tecting differences between treatments which were consist-
ent with the clinical outcomes of the main trial in only a
fraction of the study population. Therefore, DWI may po-
tentially serve as a surrogate outcome measure in future pi-
lot studies evaluating new treatment strategies or investig-
ating disease mechanisms [21].

Myocardial infarction

In the recent randomised CAS trials, stroke was uniformly
defined as a focal neurological deficit of vascular cause
lasting for at least 24 hours. In contrast, there were import-
ant differences in the definition and assessment of myocar-
dial infarction (MI) between trials. In ICSS and EVA-3S,
the WHO definition of MI was used which required two
out of the following three criteria: prolonged typical chest
pain, elevation of specific cardiac enzymes more than twice
the upper limit of normal, and specific ECG abnormalities.
As patients were not systematically screened with ECG and
enzyme measurement before and after treatment, most MI
events recorded in those trials can be expected to have been
clinically symptomatic.

In contrast, the CREST trial defined MI by a rise in heart
enzymes (serum creatinine kinase MB fraction or troponin
levels twice the upper limit of normal), in conjunction
with either typical chest pain or ECG changes consistent
with myocardial ischaemia [18]. Patients were routinely
screened with enzyme measurement and ECG before and
after treatment. The risks of peri-procedural MI according
to the CREST definition were 2.3% in the CAS arm and
1.0% in the CEA arm, among patients with symptomatic
carotid stenosis. 15 of 42 peri-procedural MIs (36%) oc-
curring in the CREST study population as a whole were
asymptomatic, but no break-down of symptomatic and
asymptomatic MIs according to treatment group was
provided [23]. This difference in MI risk was not signific-
ant but it counterbalanced the significant difference in peri-
procedural stroke or death, which was in favour of CEA.
Hence, there was no difference in the primary composite
outcome in CREST, which included MI. On one hand, MI
had less impact on patients’ quality of life than stroke in
CREST [18]. On the other hand, the CREST investigat-
ors recently reported that mortality during follow-up was
increased even among patients with heart enzyme eleva-
tion alone [23]. Nevertheless, the inclusion of potentially
asymptomatic myocardial ischaemia (favouring CAS) in
the composite primary outcome measure of a clinical trial
such as CREST should be seen in the context of the large

difference in asymptomatic cerebral ischaemia observed in
the MRI substudy of ICSS, which favoured CEA [22].
Pooling the results of patients with symptomatic carotid
stenosis from eight randomised trials including CREST, the
risk of fatal or non-fatal MI up to 30 days after treatment,
according to whatever definition was used in the trials,
was lower in patients treated endovascularly (0.4%) than
among those undergoing CEA (1.0%; random-effect OR
0.44, 95% CI 0.23-0.87, p = 0.02; fig. 4) [19].

Cranial nerve palsy and access site haematoma

Perhaps the most consistent difference in short-term out-
comes across randomised trials comparing endovascular
treatment with CEA is the higher rate of cranial nerve palsy
(CNP) among patients treated surgically. In the updated
Cochrane systematic review, CNP was significantly re-
duced among patients treated endovascularly (0.3%) com-
pared with patients undergoing CEA (5.5%) in 11 trials
which were pooled irrespective of symptom status and sur-
gical risk (random-effect OR 0.08, 95% CI 0.05-0.14,
p <0.00001; fig. 5) [19]. It is perhaps surprising that CNP
may occur with endovascular treatment, at all; reported
reasons include iatrogenic carotid artery dissection, or that
the randomly assigned endovascular procedure was aban-
doned and the patient subsequently referred to CEA, which
then caused CNP.

Groin haematoma at the site of catheter insertion in en-
dovascular treatment was also less common than neck
haematoma in CEA, across nine trials of patients with
symptomatic or asymptomatic carotid stenosis (0.9% vs
2.7%, random-effect OR 0.37, 95% CI 0.18-0.77, p =
0.008) [19].

Cerebral protection devices

Cerebral protection devices (CPD) have been introduced in
an attempt to prevent distal embolisation of plaque debris
or thrombotic material during endovascular treatment of
carotid stenosis. This concept was first described in 1996
in a series by Theron et al. [24]. In a systematic review
of non-randomised studies including patients with symp-
tomatic or asymptomatic stenosis, 30-day stroke or death
rates were 1.8% in patients stented with and 5.5% in pa-
tients stented without CPD (p <0.001) [25]. This was
mainly due to a difference in stroke occurrence (0.8% vs
4.8%) whereas mortality did not differ. Another systematic
review reported a higher proportion of patients having
(mostly) silent ischaemic brain lesions on DWI after un-
protected CAS than after protected CAS (45% vs 33%;
p <0.01) [21]. However, many of the contributing studies
compared historical control groups of patients undergoing
unprotected CAS against more recent series of protected
stenting cases in the same institutions (after routine use of
CPD was introduced). Therefore, these comparisons might
have been biased by a learning curve effect. In addition, se-
lection of patients with less favourable vascular anatomy
for unprotected CAS might have caused further bias.
There have been no randomised clinical trials comparing
unprotected versus protected stenting. In EVA-3S, the use
of CPDs in the CAS arm was made mandatory after 73
patients had undergone CAS, because an interim analysis
showed that strokes occurred four times as often in un-
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protected procedures than with protection [26]. In the final
analysis stroke rates were 25% and 7.9%, respectively [14].
In contrast, CPD use was optional throughout the SPACE
trial, and recommended wherever feasible but not man-
datory in ICSS. In these trials, there was no difference
between patients stented with and those stented without
CPD [15, 27]. In CREST finally, a single stent and —
wherever feasible — a single filter CPD, which both were
provided for the trial by the same manufacturer, were spe-
cified to be used in all CAS procedures [18].

The only randomised evidence on CPD effect stems from
two small trials using outcome assessment on DWI [28,
29]. In both studies, more patients undergoing protected
stenting than patients undergoing unprotected stenting had
ischaemic lesions on DWI after treatment. This finding
was confirmed in the ICSS-MRI substudy, where the effect
of CAS versus CEA on DWI lesion rates was compared
between centres having a policy of unprotected stenting
and those having a policy of routine CPD use; the odds ra-
tio for having new ischaemic lesions on DWI after CAS
versus CEA was 2.70 (1.16-6.24) among the former and
12.20 (4.53-32.84) among the latter centres [22].

The most commonly used CPD types in these studies were
distal filter devices. Although these filters might capture
some emboli, crossing the stenosis with the device before
the filter is deployed might cause additional risk of dis-
lodging plaque or thrombus material. A different approach
towards cerebral protection has been taken with proximal
occlusion devices which exert a reversal of blood flow
across the stenosis during the time of intervention, which in
theory should lower the risk of distal embolism. Indeed, the
risk for clinically manifest stroke and cerebral ischaemia
on DWI in non-randomised studies compared favourably
with reported event rates using distal filter devices [30-35].
However, not all patients tolerate flow reversal in the carot-
id artery. The current evidence provides no final answer as
to whether CPD are effective in preventing peri-procedural
strokes and to which type of CPD is best.

The role of experience

Another controversial issue is the role operator experience
had on the outcomes of CAS in randomised trials. The in-
vestigators of the SPACE trial observed an inverse relation-
ship between the total number of patients enrolled at a giv-
en centre and the risk of peri-procedural ipsilateral stroke
or death in the CAS arm at that centre, suggesting a pos-
itive effect of experience [36]. No such relationship was
found in the CEA arm. In contrast, those radiologists who
had performed the highest numbers of CAS procedures be-
fore joining the trial had the most complications in EVA-3S
[37]. This seemingly counterintuitive finding, which to a
lesser degree was also present in a large CAS registry [38],
was perhaps explained by the fact that experienced inter-
ventionalists accepted patients with more difficult vessel
anatomy in the trial than their less experienced peers. In
CREST, which had a rigorous credentialing procedure be-
fore admitting a centre into the trial, peri-procedural stroke
or death rates in the CAS arm were lower than in the CSTC
pooled analysis of European trials, but so was the com-
plication rate with CEA. Including outcome events up to
30 days after treatment, the hazard ratio for peri-procedural

stroke or death among symptomatic patients in the CREST
trial (1.89) was almost identical to the risk ratio observed
in the per-protocol CSTC analysis (1.74) [18, 20]. The
CSTC also evaluated outcomes according to centre enrol-
ment; among the larger centres which enrolled more than
50 patients in total into the trials, risk ratios of CAS versus
CEA were somewhat lower than among the smaller centres
(1.28, 95% CI 0.91-1.79 vs 1.84, 95% CI 1.29-2.61), but
still favoured CEA [20].

Thus, while common sense suggests that higher experience
at CAS would lower the risk of complications at the in-
terventionalist level (as it has been demonstrated for many
surgical procedures), the difference in complication rates
between CAS and CEA observed in clinical trials is un-
likely to have been entirely explained by lack of experien-
ce. The strong effect of patient age, for example, on CAS
risk suggests that patient-related factors probably explain
most of the peri-procedural risk associated with CAS.

Long-term efficacy of carotid stenting: stroke
prevention and recurrent stenosis

The main reason for revascularisation of symptomatic or
asymptomatic carotid stenosis is the prevention of stroke in
the long term. CEA has been shown to be effective at pre-
venting ipsilateral stroke in symptomatic or asymptomat-
ic carotid stenosis over long-term follow-up periods of 10
years or longer [4, 8]. The only trial on endovascular treat-
ment which has prospectively followed-up patients for a
similar period is CAVATAS, with a median duration of 5
years and a maximum of 11 years follow-up [13]: the cu-
mulative 8-year incidence of ipsilateral stroke was 11.3%
in the endovascular arm and 8.6% in the surgery arm.
Among the newer trials evaluating primary carotid stent-
ing, there were no differences in the medium-term recur-
rences of ipsilateral stroke between CAS and CEA in
EVA-3S (median 3.5, maximum 4 years follow-up),
SPACE (2 years follow-up) and CREST (median 2.5, max-
imum 4 years follow-up), but data beyond four years after
treatment are lacking [16, 18, 39]. ICSS has completed
long-term follow-up at the end of 2011, 10 years after the
first patient had been randomised (median 5 years follow-
up), and the results are being analysed at the time of writing
of this review.

A particular concern about endovascular treatment has
been that residual or recurrent stenosis of the treated carotid
artery (here termed “restenosis”) would limit the efficacy
of the procedure in preventing strokes. Therefore, all the
large multi-centre trials have included duplex ultrasound of
the carotid artery at regular intervals after treatment. In the
long-term analysis of the CAVATAS trial, the cumulative
incidence of severe (>70%) restenosis 5 years after treat-
ment was 30.7% in the endovascular group compared with
10.5% in the surgery group (p <0.0001) [40]. However,
the increase in restenosis occurred largely among patients
treated with balloon angioplasty alone (without stent inser-
tion). The subgroup of patients receiving stents had a signi-
ficantly lower restenosis rate than those treated by balloon
angioplasty alone, which was in the range of the surgical
arm. Among the newer trials of primary stenting, inform-
ation on restenosis is only available from shorter obser-
vation periods. In the EVA-3S trial, moderate (cumulat-
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ive 3-year rate 12.5% vs 5.0%, p = 0.02), but not severe
restenosis (3.3% vs 2.8%) occurred significantly more of-
ten among patients treated by CAS than CEA (mean
follow-up 2.1 years) [41]. In SPACE, 10.7% of patients in
the CAS arm and 4.6% in the CEA arm had severe resten-
osis at 2 years (p = 0.0009) [16].

Even though there might be a small excess of severe resten-
osis following stent treatment, it remains unclear whether
restenosis causes stroke. Among patients with severe resid-
ual or recurrent stenosis of the treated carotid in the first
year, the later risk of ipsilateral stroke or TIA was high-
er than among patients without restenosis in the CAVATAS
trial, but the risk of stroke alone was not significantly el-
evated [40]. Restenosis in the carotid artery typically oc-
curs in the first 1-2 years after CAS or CEA and is most
often caused by neo-intimal hyperplasia (rather than re-
current atherosclerosis) which appears to be less prone to
cause arterio-arterial embolism.

Carotid stenting versus
endarterectomy for asymptomatic
carotid stenosis

Compared with the wealth of data from randomised trials
comparing CAS with CEA for symptomatic carotid dis-
ease, evidence on endovascular treatment for asymptomat-
ic carotid stenosis is sparse. The largest amount of data
stems from the CREST trial, in which 1181 patients with
asymptomatic carotid stenosis were randomised between
CAS and CEA [18]. The risk of peri-procedural stroke or
death did not differ significantly between treatments (CAS:
2.5%, CEA: 1.4%), but the hazard ratio for this outcome,
1.88 (95% CI 0.79-4.42), was almost identical to the haz-
ard ratio among symptomatic patients in the same trial
(1.89, 1.11-3.21). Combining peri-procedural events with
ipsilateral strokes during follow-up of up to 4 years after
treatment, risks were 4.5% versus 2.7% in patients with
asymptomatic stenosis (HR 1.86, 0.95-3.66).

Carotid stenting versus
endarterectomy in patients at high
surgical risk

Several registries have been initiated by companies seeking
approval by the US Food and Drug Administration (FDA)
for use of stents in patients who are perceived to be at
increased risk for complications with surgery. The largest
industry-led registry, CAPTURE (Carotid ACCULINK/
ACCUNET Post Approval Trial to Uncover Unanticipated
or Rare Events), is a post-market surveillance registry in
the U.S.A. which enrolled 3500 surgical high-risk patients
up to 2007 (482 with symptomatic stenosis >50%, and
3018 with asymptomatic carotid stenosis >80%), who un-
derwent treatment with the Carotid RX Acculink® stent and
the Accunet® filter-type CPD [38]. The risk of peri-proced-
ural stroke or death was 10.6% in patients with symptomat-
ic and 4.9% in patients with asymptomatic stenosis [42].

The first large-scale randomised trial comparing CAS
versus CEA, Stenting and Angioplasty with Protection in
Patients at High Risk for Endarterectomy (SAPPHIRE),
also included patients at increased surgical risk [43]. Eli-

gibility criteria included significant cardiac or severe pul-
monary disease, contralateral carotid occlusion, and sten-
osis occurring after neck irradiation or previous CEA.
334 patients were included. The trial demonstrated non-in-
feriority of CAS compared with CEA in the occurrence
of the primary composite outcome of death, stroke, or
myocardial infarction within 30 days after the intervention
or death or ipsilateral stroke between 31 days and 1 year
(CAS: 12.2%, CEA: 20.1%, p-value for non-inferiority =
0.004, p-value for superiority = 0.053). However, most of
the difference in the primary outcome event rate was at-
tributable to a higher incidence of myocardial infarction in
the CEA arm compared with the CAS arm (7.5% vs 3.0%).
Of note, the diagnosis of MI merely required a creatinine
kinase elevation of more than twice the upper limit of nor-
mal with a positive MB fraction.

The results of SAPPHIRE and registry data have been used
as a basis to consider CAS as an alternative to CEA in pa-
tients with co-morbidities which are known or thought to
increase the risk of complications with surgery. However,
an important limitation to the applicability of findings from
registries such as CAPTURE and the SAPPHIRE trial is
the fact that the majority of included patients had asymp-
tomatic carotid stenosis. The benefit of revascularisation in
patients with asymptomatic carotid stenosis and concom-
itant diseases which increase peri-procedural risk or lim-
it life-expectancy is uncertain at best; many such patients
might better be managed with optimal medical care alone.

Conclusion and personal
recommendations

Randomised controlled trials have consistently shown a
higher rate of peri-procedural stroke or death with endovas-
cular treatment (including balloon angioplasty in the early
years, and more recently, primary stenting) than with CEA,
for treatment of symptomatic carotid stenosis. However,
the excess risk with CAS is largely confined to elderly pa-
tients; stenting appears to be as safe as CEA in patients
younger than about 70 years. CAS reduces the risk of
myocardial ischaemia, but this effect was primarily evident
in trials where patients were screened with heart enzyme
measurement or ECG before and after treatment, which led
to the inclusion of asymptomatic events. Other advantages
of endovascular treatment include reductions in the risk of
cranial nerve palsy and access site haematoma. Primary
stenting may be associated with a small increase in resten-
osis rates, but this has not resulted in a measurable in-
crease in ipsilateral stroke recurrence during medium-term
follow-up. Nevertheless, longer-term follow-up data from
existing randomised trials are needed.

Stenting may therefore be considered as a safe and (prob-
ably) effective alternative to CEA to treat symptomatic ca-
rotid stenosis of >50% (according to the NASCET meas-
urement of degree) among patients who are younger than
about 70 years. In addition, CAS may be considered in pa-
tients at increased risk for complications with surgery, pa-
tients in whom the stenosis occurred after previous CEA
or neck irradiation, and patients with stenoses at surgically
inaccessible sites, so long as these patients are considered
to benefit from revascularisation. In asymptomatic carotid
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stenosis, it would be premature to recommend stenting as
an alternative to CEA in all or subgroups of patients. In-
stead, enrolment of patients into ongoing randomised tri-
als which compare CAS versus CEA (such ACST-2 or
SPACE-2) should be encouraged [44, 45].
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Figure 1

Meta-analysis of randomised trials comparing endovascular treatment with endarterectomy for symptomatic carotid stenosis: any stroke or
death between randomisation and 30 days after treatment. Data are numbers of patients with events, total numbers of patients and Mantel-
Haenszel random-effects odds ratios including 95% confidence intervals (Cl) for any stroke or death occurring between randomisation and 30
days after treatment, with endarterectomy as the reference treatment. Squares on the right represent point estimates of odds ratios at trial level,
with 95% CI as horizontal bars. The diamond at the bottom represents the summary OR and 95% CI. Data from the following trials are included:
Leicester [46], Wallstent [47], CAVATAS [13], Kentucky [48], TESCAS-C [49], EVA-3S [14], SPACE [16], BACASS [50], Beijing [51], ICSS [17],

CREST [18].
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Pooled Individual patient-data meta-analysis of the EVA-3S, SPACE and ICSS trials, comparing primary carotid stenting with endarterectomy for
symptomatic carotid stenosis: risk ratio of any stroke or death within 120 days of randomisation according to patient age. (Reproduced from [20]:
Bonati LH, Dobson J, Algra A, Branchereau A, Chatellier G, Fraedrich G, et al. Short-term outcome after stenting versus endarterectomy for
symptomatic carotid stenosis: a preplanned meta-analysis of individual patient data. Lancet. 2010;376(9746):1062-73. © Elsevier, Oxford, UK.

Reprint with kind permission.)

CAS =carotid artery stenting; CEA = carotid endarterectomy; RR = risk ratio CAS versus CEA; 95% CI = 95% confidence interval
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Figure 3

Diffusion weighted MRI of a patient following stenting of the right carotid artery in the MRI substudy of the International Carotid Stenting Study.
Multiple hyperintense signals representing acute ischaemic lesions in the territory of the right middle cerebral artery are present. The patient did
not experience any symptoms. © Department of Radiology, University Hospital Basel, with kind permission.
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Figure 4

Meta-analysis of randomised trials comparing endovascular treatment with endarterectomy for symptomatic carotid stenosis: myocardial
infarction between randomisation and 30 days after treatment. Data are numbers of patients with events, total numbers of patients and Mantel-
Haenszel random-effects odds ratios including 95% confidence intervals (Cl) for fatal or non-fatal myocardial infarction occurring between
randomisation and 30 days after treatment, with endarterectomy as the reference treatment. Squares on the right represent point estimates of
odds ratios at trial level, with 95% CI as horizontal bars. The diamond at the bottom represents the summary OR and 95% CI. Data from the
following trials are included: CAVATAS [13], EVA-3S [14], SPACE [15], BACASS [50], Regensburg [52], Beijing [51], ICSS [17], CREST [18].
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Figure 5

Meta-analysis of randomised trials comparing endovascular treatment with endarterectomy for symptomatic or asymptomatic carotid stenosis:
cranial nerve palsy between randomisation and 30 days after treatment. Data are numbers of patients with events, total numbers of patients and
Mantel-Haenszel random-effects odds ratios including 95% confidence intervals (Cl) for cranial nerve palsy occurring between randomisation
and 30 days after treatment, with endarterectomy as the reference treatment. Squares on the right represent point estimates of odds ratios at
trial level, with 95% CI as horizontal bars. The diamond at the bottom represents the summary OR and 95% CI. Data from the following trials are
included: Leicester [46], CAVATAS [13], Kentucky [48, 53], SAPPHIRE [43], EVA-3S [14], SPACE [15], BACASS [50], Regensburg [52], ICSS

[17], CREST [18].
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