Eur J Vasc Endovasc Surg 35, 524—533 (2008)

doi:10.1016/j.€jvs.2008.01.017, available online at http://www.sciencedirect.com on

ScienceDirect

CAROTID MASTERCLASS

Does the ‘High Risk’ Patient with Asymptomatic
Carotid Stenosis Really Exist?
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Recent evidence indicates that the risk of stroke symptoms in non-operated medically managed patients with asymptomatic
severe carotid stenosis has fallen significantly over the last 25 years. This suggests concurrent improvements in vascular
disease medical intervention efficacy. If the latest estimates of average annual stroke rate for non-operated patients are
reflective of contemporary medical intervention and surgical stroke/death rates match those of the randomised trials, the
current implication is that carotid surgery will not offer a stroke prevention advantage over medical intervention alone.
Furthermore, it is still not possible to identify patients with asymptomatic severe carotid stenosis with a higher than
average ipsilateral stroke risk despite current medical intervention. Even if such patients were one day reliably identified,
they could also be at higher risk of stroke/death from instrumental intervention (surgery, angioplasty or stenting) and
randomised trials will be required before being justification in routine clinical practice.
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Introduction

“High risk plaque, high risk patient or high risk proce-
dure?” Naylor & Golledge, Eur ] Vasc Endovasc
Surg 2006.

Appreciation of the best stroke prevention strategy
for patients with asymptomatic severe (50—99%) ath-
erosclerotic stenosis of the proximal internal carotid
artery (ICA) is important because this lesion (in wes-
ternised communities at least) becomes increasingly
prevalent in older age groups and causes an estimated
9—18% of all anterior circulation ischaemic strokes.'
The term ‘high risk” has been used to describe patients
with asymptomatic severe carotid stenosis, sometimes
to justify the trial or use of interventions, like surgery
or s’centing.z’3 However, ‘high risk” is a non-specific
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and relative term. Therefore, to avoid confusion and
inappropriate action, the kind of risk and the compar-
ison being made must always be specified. For in-
stance, ‘high risk’ may refer to general patient or
specific plaque characteristics indicating a high risk
of serious complications, like stroke or death, such
that an intervention to reduce this risk should be con-
sidered. Conversely, ‘high-risk” may refer to patient,
plaque or procedural characteristics indicating that
an intervention will sufficiently increase the risk of se-
rious complications such that the intervention should
be avoided.

This review consists of an appraisal of risk stratifi-
cation of patients with asymptomatic severe carotid
stenosis in the context of interventions aimed at re-
ducing risk. In this review, ‘asymptomatic’ means
the absence of previous symptoms of ipsilateral stroke
or TIA (except in the Asymptomatic Carotid Surgery
Trial [ACST] where about 11% of patients had suf-
fered an ipsilateral stroke/TIA >6 months before re-
cruitment’). Patients with previous stroke/TIA in
other vascular territories or with clinically silent brain
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imaging identified strokes are included in this defini-
tion. The most often studied risk in these patients is
that of stroke or death. The interventions examined
fall into three categories; (i) vascular disease medical
intervention, (ii) surgery to remove the stenosis (ca-
rotid endarterectomy [CEA]) and (iii) angioplasty
with/without stenting to compress the stenosis (endo-
vascular intervention).

Risk stratification with respect to asymptomatic
severe carotid stenosis more than 60% is important be-
cause patients with milder stenoses have about half the
annual ipsilateral stroke rate and are less likely to benefit
from instrumental intervention (CEA, angioplasty or
stenting).” Furthermore, ipsilateral stroke symptoms
should be the main focus of attention because it is
more likely that ipsilateral (rather than contra-lateral)
stroke/TIA is caused by the carotid stenosis and will
be influenced by instrumental intervention. This reason-
ing is supported by the absence of data demonstrating
that instrumental intervention for asymptomatic
severe carotid stenosis reduces any territory (or total)
stroke rate independently of an effect on ipsilateral
stroke rate.

Vascular disease medical intervention is used to de-
scribe the combination of non-invasive strategies to
avoid or minimize vascular disease, including patient
education and the diagnosis and effective treatment
(non-pharmacological /pharmacological) of vascular
disease risk factors and symptoms. An aspect of med-
ical intervention is the identification of persons with
carotid vascular disease. Consequently, all studies of
asymptomatic severe carotid stenosis involve patients
undergoing at least some degree of vascular disease
medical intervention. This review will, therefore, ex-
amine the concept of the ‘high risk’” patient despite
medical intervention alone, and the patient at ‘high
risk” because of additional instrumental intervention.

The Patient at High-risk Despite Medical
Intervention Alone

Recent evidence indicates that the risk of ipsilateral
and any territory stroke/TIA in hospital identified,
non-operated patients with asymptomatic severe ca-
rotid stenosis has fallen significantly over the last 25
years, suggesting concurrent improvements in the
stroke prevention efficacy of vascular disease medical
intervention." This evidence was provided from a re-
view of all identified published prospective studies
of at least 100 patients with non-operated asymptom-
atic severe (>50—75%) carotid stenosis with sufficient
published data for calculation of an average annual
rate of ipsilateral stroke and/or TIA. Nine studies
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were identified®™'® and, more recently, comparable re-
sults have been reported from the Second Manifesta-
tions of ARTerial (SMART) disease s’fudy,14 see Table 1.

Many of the patients in these studies were identi-
fied because of cerebral or other symptoms of vascu-
lar disease, probably placing them at higher risk of
stroke than most community based patients with
asymptomatic severe carotid stenosis. With this in
mind, the most recent measures of average annual
rate of ipsilateral stroke ranged from 0.6—1.7%, and
the average annual rate of any territory (total) stroke
ranged from 0.8—2.2%.""'* As can be seen from Table
1, these annual stroke rates are statistically no differ-
ent from those patients who received medical inter-
vention and surgery in the two larger and most
recent randomised CEA trials; the Asymptomatic Ca-
rotid Atherosclerosis Study (ACAS,'’) and ACST.* In
these two trials, the average annual rates of ipsilateral
and any territory stroke were 2.2%'’ and 2.4%.* As-
suming these more contemporary risk estimates for
non-operated patients accurately reflect outcomes in
current practice, the implication is that CEA (even at
the relatively high standard of the randomised trials)
probably no longer offers any significant stroke
prevention benefit over current medical intervention
alone.

Furthermore, in current clinical practice, surgery
could prove to be harmful if the perioperative stroke/
death rates exceed the 2—3% seen in the randomised
CEA trials*'” and/or current vascular disease medical
intervention is even more effective than reported thus
far. Accordingly, it is probably more accurate to
consider comparable ‘routine practice’ patients with
asymptomatic severe carotid stenosis as high-risk
from CEA or angioplasty/stenting because accurate
measures of surgical outcome in routine practice are
not usually made. In addition, there are no randomised
trial data establishing a stroke prevention benefit from
endovascular intervention and the full impact of
current vascular disease medical intervention has not
been measured.'

CEA or stenting may be more effective in reducing
the risk of stroke/death in patients with asymptom-
atic severe carotid stenosis if patients at higher than
average risk (despite current medical intervention)
could be identified. Although the ‘high-risk’ patient
in this sense may exist, a reliable identification
method has been elusive. Proposed and/or investi-
gated risk stratification parameters are discussed be-
low. Risk stratification studies have usually been
performed in hospital identified patients and none
have received what would now be considered to be
‘optimal medical therapy’. This would require docu-
mentation of the prevalence and treatment of vascular
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Table 1. Average annual risk of the non-operated patient with asymptomatic severe (>50%) carotid stenosis”

n Follow-up (years)" Ipsilateral stroke/TIA  Ipsilateral stroke Any stroke/TIA Any stroke
Johnson et al., 1985 121 3.0% 19.0 (12.0, 26.0) 3.3 (0.1, 6.5) - -
Toronto Study, 1986 113 1.9 mean® (3.5 KMA) 7.8 (all TIA) (2.9, 12.7) — 14.8* (8.3,21.3) —
Veterans’ Study, 1993> 233 4.0 mean” 5.2 (2.3, 8.1) 2.4 (0.4, 4.4) 6.1 (3.0,9.2) 3.0 (0.8,5.2)
ACAS, 1995 834 2.7 median® (5 KMA) 3.8* (2.5, 5.1) 2.2* (1.2, 3.2) - 3.5% (2.3, 4.7)
ECST, 1995° 127 4.5 (3 KMA) - 1.9* (0, 4.3) - -
ACBS, 1997 357 3.1 mean (KMA not given) 4.2* (2.1, 6.3) 1.4* (0.2, 2.6) 5.8 (3.4,82)  2.5*(0.9,4.1)
NASCET, 2000° 216 mean not given (5 KMA) — 2.0* (0.1, 3.9) - -
ACSRS Study, 2005 1115 3.3 mean (7 KMA) 3.4* (2.3, 4.5) 1.7* (0.9, 2.5) 41* (29,53)  2.1*(1.3,29)
ASED Study, 2005* 202 2.9 mean (3 KMA) 3.1* (0.7, 5.5) 1.0* (0, 2.4) 51* (2.1,81)  2.2*(0.2,4.2)
SMART Study, 2007" 221 4.1 mean™"" - 0.6 (0, 1.6) - 0.7 (0, 1.8)

ACAS = Asymptomatic Carotid Atherosclerosis Study, ECST = European Carotid Surgery Trial, ACBS = Asymptomatic Cervical Bruit
Study, NASCET =North American Symptomatic Carotid Endarterectomy Trial, ACST =Asymptomatic Carotid Surgery Trial,
ACSRS = Asymptomatic Carotid Stenosis and Risk of Stroke, ASED = Asymptomatic Stenosis Embolus Detection, SMART = Second

Manifestations of ARTerial disease.

# Table adapted from Abbott ef al., International Journal of Stroke, 2007.1

! Subgroup from an observational cohort study.®”*"*

% Medically managed subgroup from a randomised CEA trial for asymptomatic carotid stenosis.
3 Medically managed subgroup from a randomised CEA trial for contralateral symptomatic carotid stenosis.

* A complete observational study cohort.'*!?

8,10
9,5

" Actual mean/median follow-up in bold print. Follow-up by Kaplan—Meier analysis (KMA, in brackets) was used for rate calculation

when available.
* Rate derived from Kaplan—Meier analysis.

& Parameter applies to the whole sample this subgroup with >50% stenosis was selected from.
Rates courtesy of Prof A Nicolaides using ECST method of stenosis measurement (personal communication).
Mean followup for the subgroup with >50% asymptomatic carotid stenosis courtesy of Dr Goessens (personal communication).

disease risk factors at baseline and during follow-up.
Further, on-going efforts to identify high-risk sub-
groups despite medical intervention alone are likely
to become more challenging (and possibly less cost ef-
fective) as the efficacy and implementation of medical
intervention continues to improve. Even if such high-
risk patients are one day reliably identified, these pa-
tients may then be at higher risk from instrumental in-
tervention and randomised trials of additional CEA or
angioplasty/stenting would be required before justifi-
cation in routine practice.

i. Patient Features (Demographics and General
Vascular Disease Risk Factors)

So far studies of asymptomatic severe carotid stenosis
providing ipsilateral stroke and/or TIA rates (listed in
Table 1) have been too small for risk stratification by
age, sex or any other variable. In these studies the
mean patient age was 64—74 years and men generally
predominated, comprising 40—100% of patients. In
the Asymptomatic Carotid Stenosis and Risk of Stroke
(ACSRS) Study, the largest published and ongoing
study of asymptomatic severe carotid stenosis, neither
age nor sex has so far indicated a higher risk of ipsi-
lateral stroke with/without TIA.'*"°

It may be anticipated, like stroke rates generally,
thatipsilateral stroke rates in patients with asymptomatic
severe carotid stenosis increase with age. In addition, it

16—18
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is likely that for a given age group the prevalence of se-
vere carotid atherosclerosis'”* and “unstable’ appear-
ing asymptomatic carotid plaques® as well as stroke
and other vascular disease complication rates will be
higher in men.'®”'®?? Potential age-related gender dif-
ferences in carotid vascular disease, which may be less
noticeable in the extremes of old age, should be taken
into account in risk estimations. Ideally, risk stratifi-
cation in patients with asymptomatic severe carotid
stenosis should be performed by age for men and
women separately.

Other general vascular disease risk factors (like hy-
pertension or cardiac disease), in isolation, are poor
predictors of stroke and other vascular disease com-
plications because they are common among vascular
disease patients and a large proportion of vascular
events occur in their absence.”> * In the ACSRS
Study, the combination of 90—99% asymptomatic ca-
rotid artery stenosis (using the European Carotid Sur-
gery Trial method of measurement®), a history of
contra-lateral TIAs and a creatinine exceeding
85 umol/L identified the highest risk subgroup, with
an average annual rate of ipsilateral stroke of 6.3%."?
However, this annual risk (yet to be independently
verified) is still relatively low compared to some re-
ported perioperative stroke/death rates for asymp-
tomatic patients (see below).

Although blood detected inflammatory or
biochemical markers, such as white blood cells, C-
reactive protein, lipoprotein-associated phospholipse
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A2 activity and homocysteine levels may be useful in
general stroke or vascular disease risk stratifica-
’rion,27_32 currently these are not effective in stratify-
ing ipsilateral stroke risk in patients with
asymptomatic severe carotid stenosis.

ii. Carotid Plaque Features
Degree of stenosis

The predictive power of stenosis severity alone within
the 60—99% range has been inadequate for identifica-
tion of patients with sufficiently high risk to warrant
surgical intervention. The randomised surgical stud-
ies failed to show a correlation between stenosis se-
verity and CEA benefit.*' In the ASCRS Study,
combined ipsilateral cerebral ischaemic event rates
(stroke, TIA and amaurosis fugax) correlated with ste-
nosis severity,'> being highest (5.0%/ year) for patients
with 90—99% stenosis. In these “high risk’ patients, the
average annual risk of ipsilateral stroke alone varied
from 1.0% to 6.3%, depending on serum creatinine
levels and any previous stroke symptoms.

Other carotid plaque features proposed as markers
of ipsilateral or general stroke/TIA risk include an oc-
cluded contralateral carotid artery.®®> However, as dis-
cussed below, these patients may be at lower
spontaneous stroke risk. Other progosed high risk
markers include carotid wall motion®* or stenosis pro-
gression before symptoms occur.'*® However, large
prospective studies testing these parameters are lack-
ing, and the influence of modern medical intervention
must be considered in any future studies.

Plaque morphology

Plaque morphology may be divided into surface con-
tour and cross-sectional characteristics (or structure).
Most studies of carotid plaque morphology have em-
ployed ultrasound or conventional angiography, par-
ticularly among patients with any degree (>0%) of
carotid stenosis. An irregular surface and/or echolu-
cent texture (diffusely dark on ultrasound) or hetero-
geneous texture (mixed light and dark on ultrasound)
are features more strongly associated with past or
subsequent any territory stroke/TIA or other vascular
complications compared to a smooth surface and/or
homogeneous texture (diffusely bright on ultra-
sound).*>~** However, plaque imaging has not been
demonstrated to reliably stratify ipsilateral stroke risk
among patients with asymptomatic severe (>50—
75%) carotid stenosis.
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Johnson et al.® in 1985, (Table 1), reported that pa-
tients with duplex determined >75% echolucent
(‘soft’) plaque had respective average annual rates of
ipsilateral stroke and ipsilateral stroke/TIA of about
6.3% and 31.0% (approximately 1.5—2.5 times higher
than for patients with >75% echogenic ‘dense’ or
bright plaques). Such high ipsilateral stroke/TIA rates
stratified by plaque morphology have not been re-
ported since, possibly influenced by a lowering of
stroke symptom risk in medically treated patients
with asymptomatic carotid stenosis since the early
1980s. By comparison, Nicolaides et al. reported that
70—99% asymptomatic (mainly echolucent or partly
echogenic) plaques carry an average ipsilateral stroke
rate of only about 2%/year, compared with about
0.14%/year for uniformly echogenic or -calcified
plaques.*

Plaque imaging modalities are improving in tissue
characterization.*®**~*¢ However, the pathology itself
may ultimately limit clinically useful risk stratification
in patients with severe carotid stenosis. This is due to
heterogeneity of tissue types within the one pla-
que.””*® In addition, although pathological features
associated with plaque instability (ulceration, plaque
haemorrhage/rupture and lumen thrombus) have
been seen in about 20—50% of symptomatic patients,
these have also been seen in about 15—45% of asymp-
tomatic carotid plaques.**~>" Further, in studies of pa-
tients with mixed symptomatic status, such
pathological features become increasingly common
as degree of stenosis increases from zero,””****>% con-
sistent with the finding that imaging-determined ir-
regular and heterogeneous flaqsues predominant in
high-grade carotid stenosis,*>**** including specifi-
cally asymptomatic cases.**>

iii. Intracranial Features

Preliminary transcranial Doppler studies of patients
with asymptomatic severe carotid stenosis indicate
that the detection of at least one or two microemboli
in the ipsilateral middle cerebral artery, although
a very sensitive marker of future ipsilateral stroke
and/or TIA risk, lacks specificity as most patients re-
main stroke/TIA free over an approximate 3-year fol-
lowup period." It is more likely that higher rates of
microembolism may be useful in risk stratification,
as is the case for microembolism associated with ca-
rotid endarterectomy.”® Of note, consistently micro-
embolic signal negative asymptomatic stenotic
carotid arteries are associated with a low risk of sub-
sequent stroke or TIA.">*” Although results from
a larger and ongoing study are awaited with
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interest,”® the low average rates of microembolism in
these patients means that reliable automated emboli
detection techniques are required."

Other proposed intracranial markers of ipsilateral
or any territory stroke/TIA risk include impaired ce-
rebrovascular reactivity,” relative cerebral hypoperfu-
sion® magnetic resonance imaging detected
metabolic changes®' or the presence of asymptomatic
cerebral infarction.®> However, large prospective stud-
ies testing these parameters are lacking, and the influ-
ence of modern medical intervention must be
considered in any future studies.

The Patient at High-Risk Because of
Instrumental Intervention

In the major randomised CEA trials of asymptomatic
carotid stenosis, the overall average perioperative risk
of stroke or death was 2.9%.*%'%%® These trial results
have been used to set a bench mark between benefi-
cial and harmful surgical intervention. Previous rec-
ommendations for surgery were usually conditional
upon an operative stroke/death risk less than 3%.%*”
As mentioned above, in current routine clinical prac-
tice, however, all medically treated patients with
asymptomatic severe carotid stenosis may be consid-
ered at relatively high risk of stroke or death caused
by CEA, even if the randomised trial surgical stan-
dards are matched. This is because of evidence that
the overall stroke prevention efficacy of medical inter-
vention has improved over the last 25 years and is
now at least as good as the combination of CEA and
medical intervention employed in the randomised
CEA trials conducted in 1983—2003.*%1

Assuming recent risk estimates for non-operated
patients accurately reflect outcomes in current prac-
tice, indications are that CEA would have to carry
an average stroke/death risk of perhaps <1% if it is
to offer a meaningful benefit over current vascular
disease medical intervention alone. However, there
is little evidence that general surgical standards
have improved (or even match) those seen in the
CEA randomised trials. In fact, concern has been
raised over higher perioperative stroke/death rates
reported in other settings. Perioperative mortality
rates of up to 14 or 25 times higher than in ACAS
have been reported among non-trial patients when
CEA is performed within trial and non-trial hospi-
tals.”® Higher peri-operative stroke/death rates for
asymptomatic patients have also been reported from
other randomised trials> * and retrospective surveys
of surgical practice.”’~"2
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The SAPPHIRE (Stenting and Angioplasty with
Protection in Patients at High Risk for Endarterec-
tomy) Study, in which 71% of 334 patients recruited
were asymptomatic, has provided the first published
randomised results of stenting versus CEA for asymp-
tomatic severe carotid stenosis.” The respective 30-day
procedural stroke/death rates were 5.4% and 4.6% for
asymptomatic patients who underwent CEA or stent-
ing. The relatively high procedural stroke/death rates
in SAPPHIRE, and in prospective stenting registries
for asymptomatic (5.8% in ARCHeR™) or mostly
asymptomatic patients (5.2% in CREATE’), have
been attributed to patient factors (such as degree of
stenosis and co-morbidities). However, the absence
of a comparison arm of medical intervention alone
for such ‘high risk’ asymptomatic patients makes it
impossible to judge the extent to which patient or pro-
cedural factors are responsible.

Several other randomised studies of endovascular
intervention versus CEA for asymptomatic carotid
stenosis are underway or being planned, most (unfor-
tunately) without comparison with current oEtimal
(or any) medical intervention alone (CREST, > Ca-
RESS,”® ACST-2 [website: http:www.acst.org.uk] and
TACIT?’). Of note, in several randomised trials of
CEA versus endovascular intervention for symptomatic
patients with severe carotid stenosis, the 30-day pro-
cedural stroke/death rate for one or both procedures
exceeded 6 or 7%,>”878! the threshold between benefi-
cial and harmful surgical intervention in this set-
ting.*%>7%  These observations emphasise the
importance of accurate assessment of procedural out-
comes from each centre offering routine procedures.
Further, inter-centre differences in major procedural
complication rates may not be immediately apparent
from meta-analyses showing overall similar results.*

Evidence with regard to the low overall risk of
stroke in patients with asymptomatic severe carotid
stenosis receiving current medical intervention alone
(and thus the relatively high overall risk of stroke or
death imposed by CEA) is recent and requires
a well designed and conducted clinical study for con-
firmation. In addition, (as now discussed) certain pa-
tient, plaque and procedural features have already
been recognised as indicators that CEA is likely to in-
crease the risk of stroke or death over medical inter-
vention alone.

i. Patient and Plaque Features
It is clear that the risk of peri-operative stroke or death

is lower for asymptomatic compared to symptomatic
patients.’® Therefore, outcomes for these patients
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should always be reported separately. In the major
randomised CEA trials of asymptomatic severe ca-
rotid stenosis the main exclusion criteria were aspirin
intolerance, use of long term anticoagulants, post-
CEA carotid stenosis and conditions likely to compli-
cate surgery, prevent continuing participation or
cause disability or death within five years.*'*”> About
25 and four patients, respectively, were screened for
every one randomised in ACAS and the Veterans Af-
fairs Cooperative Study.'”®®® Although these pa-
tients were excluded because of the perception of
high risk imposed by CEA, the outcome of such pa-
tients with current (or any) vascular disease medical
intervention alone is unknown.

Of patients with asymptomatic moderate-severe
carotid stenosis included in randomised trials of
CEA or angioplasty/stenting or retrospective surveys
of clinical practice,® there is evidence that
women,m’88 those with contra-lateral carotid occlu-
sion,”™ the elderly’>®® and those with a history of
congestive heart failure® are more likely to suffer
peri-procedural stroke or death or receive no long
term benefit from carotid surgery. In ACAS, patients
with a history of diabetes mellitus, contralateral si-
phon stenosis or no alcohol consumption had a higher
risk of perioperative stroke, while those with a history
of previous stroke, contralateral stenosis greater than
60% and no alcohol consumption had a higher perio-
perative risk of stroke, TIA, nonfatal MI or death.®®

From studies of patients with mixed symptomatic
status, indicators of higher surgical stroke/death risk
are age beyond 75 years,”’** female sex,”””*** contra-
lateral ICA stenosis or occlusion®*” and stenosis of the
ipsilateral external carotid artery or carotid siphon,90
left sided procedure,®*® carotid re-operation,”® sys-
tolic hypertension® and previous angina or congestive
heart failure.”” From a registry of 418 mostly asymp-
tomatic patients, it has been reported that carotid
plaque echolucency increases the risk of stroke associ-
ated with carotid stenting.”®

ii. Procedural Factors
Surgical experience

The experience and expertise of the surgical team is
very important in determining procedural complica-
tion rates and was probably a key reason for the rela-
tively low stroke/death rates seen in the major
randomised CEA trials. Potential participating sur-
geons for the major randomised surgical trials were
selected based on personal records of acceptable an-
nual numbers of CEAs performed99 and/or
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procedural stroke/death rates.*®”*" 1In addition,

ACAS and ACST trial surgeons participated on the
understanding that they would be excluded from fur-
ther participation if complication rates were unaccept-
able.***1% About 32% of applicant surgeons were
excluded from ACAS and operative stroke/death
rates were 2—3 times higher among them.”

Higher reported perioperative stroke/death rates
than those in the randomised CEA trials are more
likely when relatively few procedures (fewer than
about 10—50/ centre or surgeon) are performed annu-
ally.*®>1%171% Other complications of CEA (such as
wound haematoma, infection or dehiscence and
pneumonia) are also more likely when relatively few
procedures are performed annually.'”

Other procedural factors

The lack of peri-operative antiplatelet therapy”’'*”'%®
and use of angiography®'” increase the risk of perio-
perative stroke, death and myocardial infarction
among asymptomatic or mixed asymptomatic/symp-
tomatic patients undergoing carotid endarterectomy.
Further, reported neurological complication and/or
mortality rates following CEA and angioplasty /stent-
ing are higher when neurologists are involved in pre
and post-intervention assessments.”*?%11?

Conclusion and Future Directions

The term ‘high risk’ in relation to patients with
asymptomatic severe carotid stenosis is a non-specific
and relative term and must always be specified if con-
fusion and inappropriate action are to be avoided. In
practice, this term usually refers to the patient at high
risk of stroke or death despite medical intervention
alone or at high risk of stroke or death because of ad-
ditional instrumental intervention. In both situations,
risk is dependent on patient risk factor profile and the
nature of the intervention(s) employed. To date hospi-
tal identified patients with asymptomatic severe ca-
rotid disease have been the focus of investigation.
For these patients there is evidence that the risk of
stroke/TIA has fallen significantly over the last 25
years, probably due to improvements in efficacy of
vascular disease medical intervention. Indications
are that it is inappropriate to use the relatively high
stroke rates from the earliest studies of non-operated
patients with asymptomatic severe, carotid stenosis
to justify instrumental intervention (CEA or stenting)
today.” Overestimates of average annual stroke rates
for non-operated patients may also occur if derived
only from the first 12 months of followup (when
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stroke rates are likely to be relatively high)' or if total
and ipsilateral stroke rates are not differentiated.

If the most recent estimates of stroke risk in non-
operated patients with asymptomatic severe carotid
stenosis accurately reflect outcomes in current routine
practice, the implication is that CEA (even to the rela-
tively high standard seen in the randomised trials)
will not offer a stroke prevention advantage over cur-
rent medical intervention alone. In fact, CEA may be
dangerous given the general unavailability of accurate
measures of outcomes from routine surgical practice
and because the full potential of currently available
vascular disease medical intervention has not been as-
sessed. Even the most recent studies of patients with
asymptomatic severe carotid stenosis were not fully
interventional in the diagnosis and treatment of vas-
cular disease risk factors and/or have provided only
baseline descriptions of patient risk factors and med-
ical interventions employed.'*'*

Carotid atherosclerosis, being a well recognised
marker of systemic vascular disease and relatively
easy to detect non-invasively, is an opportunistic win-
dow into general vascular health. Most important for
patients with carotid atherosclerosis (including those
with severe stenosis) is to assess the combined impact
of effective vascular disease medical interventions on
‘global vascular risk’,''! which is the risk of stroke,
myocardial infarction and other symptoms or death
due to vascular disease. Patients should be stratified
by markers of ‘global’ vascular risk, such as age, sex
and the presence or absence vascular disease symp-
toms. Study of hospital and community based patients
would allow assessment of early primary through
to late secondary prevention of vascular disease
complications. Although some may suggest repeated
randomised surgical studies for this purpose,''* well
conducted observational studies of contemporary
vascular disease medical intervention alone may be
preferable given the already recognised difficulties of
ensuring a surgical benefit in routine practice and the
cost-ineffectiveness of CEA in asymptomatic patients.'

Until now the kind of medical intervention which
specifically reduces stroke risk in patients with
asymptomatic carotid stenosis has been unknown.
Previously, medical intervention for many of these pa-
tients was directed by general vascular risk factors or
non-ipsilateral carotid vascular disease symptoms
rather than the presence of carotid stenosis itself.
Over the last 25 years our understanding of vascular
risk factors has evolved and effective therapies (in-
cluding the use of aspirin, statin agents and newer
anti-hypertensive agents) have become ‘common
place’. The apparent 25-year fall in risk of stroke
symptoms in non-operated asymptomatic patients
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with severe carotid disease is an indication that now
commonly employed vascular disease medical inter-
vention is effective in reducing the risk of stroke
caused by and otherwise associated with this lesion.
It is now time to educate the public about the benefits
expected from vascular disease medical intervention
in reducing everyone’s risk.”>'"® After all, vascular
disease avoidance or minimisation depends chiefly
on an informed public to adopt a healthy lifestyle
and comply with appropriate use of medication."*

Acknowledgements

The first author is a 2007 recipient of a National Health and
Medical Research Council Australian Research Training
Fellowship and a 2007/2008 Royal Australasian College of
Physicians ~ GallaxoSmithKline = Neurology = Research
Fellowship.

References

—_

AsBotT A, BLabiN C, Levi C, CHAMBERS B. What should we do

with asymptomatic carotid stenosis? Int | Stroke 2007;2:27—39.

2 Yapav JS, WHorey MH, Kuntz RE, Favap P, Karzen BT,
MisHKEL GJ et al. Protected carotid-artery stenting versus endar-
terectomy in high-risk patients. N Engl | Med 2004;351:1493—
1501.

3 Moussa I, Runpek T, Monr JE. Asymptomatic carotid artery ste-
nosis: Risk stratification and management. London, Informa
Healthcare, 2007.

4 HALLIDAY A, MANSFIELD A, MARRO ], PETO C, PETO R, POTTER ] et al.
Prevention of disabling and fatal strokes by successful carotid
endarterectomy in patients without recent neurological symp-
toms: randomised controlled trial. Lancet 2004;363:1491—1502.

5 Inzitart D, Eriasziw M, Gates P, SHarrE BL, CHan RK,

MEeLbruM HE et al. The causes and risk of stroke in patients

with asymptomatic internal-carotid-artery stenosis. North

American Symptomatic Carotid Endarterectomy Trial Collabo-

rators. N Engl ] Med 2000;342:1693—1700.

JounsoN JM, KENNELLY MM, DECESARE D, MORGAN S, SPARROW A.

Natural history of asymptomatic carotid plaque. Arch Surg

1985;120:1010—1012.

7 CHaMBERS BR, Norris JW. Outcome in patients with asymptom-

atic neck bruits. N Engl | Med 1986;315:860—865.

HossoN 2nd RW, Weiss DG, FieLbs WS, GOLDSTONE ], MOORE WS,

TownE B et al. Efficacy of carotid endarterectomy for asymp-

tomatic carotid stenosis. The Veterans Affairs Cooperative

Study Group. N Engl | Med 1993;328:221—227.

9 European Carotid Surgery Trialists” Collaborative Group. Risk
of stroke in the distribution of an asymptomatic carotid artery.
Lancet 1995;345:209—212.

10 Executive Committee for the Asymptomatic Carotid Athero-
sclerosis Study. Endarterectomy for asymptomatic carotid ar-
tery stenosis. JAMA 1995;273:1421—1428.

11 Mackey AE, ABraHaMowicz M, LANGLoOIS Y, BATTISTA R, SIMARD D,
BourQuE F et al. Outcome of asymptomatic patients with carotid
disease. Asymptomatic Cervical Bruit Study Group. Neurology
1997,48:896—903.

12 Nicorames AN, Kakkos S, GRIFFIN M, SaABETAI M, DHANJIL S,
Tecos T et al. Severity of asymptomatic carotid stenosis and
risk of ipsilateral hemispheric ischaemic events: results from
the ACSRS Study. Eur | Vasc Endovasc Surg 2005;30:275—284.

13 Assort AL, CHamBers BR, Stork JL, Levi CR, Brabpin CF,

DonNaN GA. Embolic signals and prediction of ipsilateral

[e)}

o]



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

‘High Risk’ Patient with Asymptomatic Carotid Stenosis

stroke or transient ischemic attack in asymptomatic carotid ste-
nosis: a multicenter prospective cohort study. Stroke 2005;36:
1128—1133.

GorsseNs BM, VissereN FL, KappeELLE LJ, ALGRA A, VAN DER
GRrAAF Y. Asymptomatic carotid artery stenosis and the risk of
new vascular events in patients with manifest arterial disease:
the SMART Study. Stroke 2007;38:1470—1475.

Nicorammes AN, Kakkos S, GrirriN M, GerouLakos G,
Ioannmou E. Severity of asymptomatic carotid stenosis and
risk of ipsilateral hemispheric ischaemic events: results from
the ACSRS study. Eur | Vasc Endovasc Surg 2006;31:336.

Bonita R, BEAGLEHOLE R, NorTH JD. Event, incidence and case fa-
tality rates of cerebrovascular disease in Auckland, New Zea-
land. Am | Epidemiol 1984;120:236—243.

ANDERSON  CS, Jamrozik KD, BurviLL PW, CHaAkera TM,
JounsoN GA, STEWART-WYNNE EG. Ascertaining the true inci-
dence of stroke: experience from the Perth Community Stroke
Study, 1989—1990. Med | Aust 1993;158:80—84.

THriFT AG, DEwey HM, MAcCDONELL RA, McNELL JJ, DoNNaN GA.
Stroke incidence on the east coast of Australia: the North East
Melbourne Stroke Incidence Study (NEMESIS). Stroke 2000;31:
2087—2092.

Torvik A, JOERGENSEN L. Thrombotic and embolic occlusions of
the carotid arteries in an autopsy material. I. Prevalence, loca-
tion and associated diseases. | Neurol Sci 1964;41:24—39.
SoLBERG LA, EGGeEN DA. Localization and sequence of develop-
ment of atherosclerotic lesions in the carotid and vertebral ar-
teries. Circulation 1971;43:711—724.

HerLings WE, PasterkamP G, VERHOEVEN BA, De KrLegn DP, De
Vries JP, SELDENRIK KA et al. Gender-associated differences in
plaque phenotype of patients undergoing carotid endarterec-
tomy. | Vasc Surg 2007;45:289—296 [discussion 296—287].

Dick P, SHERIF C, SABETI S, AMIGHI ], MINAR E, SCHILLINGER M. Gen-
der differences in outcome of conservatively treated patients
with asymptomatic high grade carotid stenosis. Stroke 2005;
36:1178—1183.

HaNkey GJ, Stattery JM, WarLow CP. Can the long term out-
come of individual patients with transient ischaemic attacks
be predicted accurately? | Neurol Neurosurg Psychiatr 1993;56:
752—759.

NicoLambes A, SaBetar M, Kakkos SK, DHaAnjL S, Tecos T,
STEVENS JM et al. The asymptomatic carotid stenosis and risk
of stroke (ACSRS) study. Aims and results of quality control.
Int Angiol 2003;22:263—272.

WaLp NJ, Law MR. A strategy to reduce cardiovascular disease
by more than 80%. BM] 2003;326:1419.

European Carotid Surgery Trialists” Collaborative Group. MRC
European Carotid Surgery Trial: interim results for symptom-
atic patients with severe (70—99%) or with mild (0—29%) ca-
rotid stenosis. Lancet 1991;337:1235—1243.

CorraDO E, Rizzo M, TanTiLLO R, MURrATORI I, BONURA F, ViTALE G
et al. Markers of inflammation and infection influence the out-
come of patients with baseline asymptomatic carotid lesions:
a 5-year follow-up study. Stroke 2006;37:482—486.
DaskaLorourou  SS,  DaskaLorouLos ME, Perrea D,
Nicorames AN, Liapis CD. Carotid artery atherosclerosis: what
is the evidence for drug action? Curr Pharm Des 2007;13:1141—
1159.

Oer HH, vaN pEr MEER IM, HormaN A, Koupstaal PJ, StyNeN T,
BRETELER MM et al. Lipoprotein-associated phospholipase A2 ac-
tivity is associated with risk of coronary heart disease and ische-
mic stroke: the Rotterdam Study. Circulation 2005;111:570—575.
NYGARD O, NorDREHAUG JE, Rersum H, UeLaND PM, FarstaD M,
Vortser SE. Plasma homocysteine levels and mortality in pa-
tients with coronary artery disease. N Engl | Med 1997;337:
230—236.

WaLp DS, Law M, Morrss JK. Homocysteine and cardiovascular
disease: evidence on causality from a meta-analysis. BM] 2002;
325:1202.

VITATOPS Trial Study Group. The VITATOPS (Vitamins to Pre-
vent Stroke) Trial: rationale and design of an international,

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

531

large, simple, randomised trial of homocysteine-lowering mul-
tivitamin therapy in patients with recent transient ischaemic at-
tack or stroke. Cerebrovasc Dis 2002;13:120—126.

ABuRaHMA AF, Cook CC, Metz MJ, WuLu Jr JT, Bartoruccr A.
Natural history of carotid artery stenosis contralateral to endar-
terectomy: results from two randomized prospective trials.
J Vasc Surg 2003;38:1154—1161.

GOLEMATI S, SassaNO A, LEVER MJ, BHARATH AA, DHANJIL S,
NicoLames AN. Carotid artery wall motion estimated from B-
mode ultrasound using region tracking and block matching.
Ultrasound Med Biol 2003;29:387—399.

Bock RW, Gray-WEALE AC, Mock PA, Arp Stats M, RoBINsoN DA,
IrwiG L et al. The natural history of asymptomatic carotid artery
disease. | Vasc Surg 1993;17:160—169 [discussion 170—171].
CARRA G, VisoNA A, BoNnaNOoME A, Lusianti L, Pesavento R,
BorroLoN M et al. Carotid plaque morphology and cerebrovas-
cular events. Int Angiol 2003;22:284—289.

Kitamura A, Iso H, Imano H, OHIra T, OxaDA T, SATO S et al. Ca-
rotid intima-media thickness and plaque characteristics as
a risk factor for stroke in Japanese elderly men. Stroke 2004;
35:2788—2794.

PrABHAKARAN S, RunpDek T, Ramas R, ELkinp MS, Paik MC,
BoDEN-ALBALA B ef al. Carotid plaque surface irregularity pre-
dicts ischemic stroke: the Northern Manhattan Study. Stroke
2006;37:2696—2701.

STerPETTI AV, ScHurtz RD, FeLbHAUs R], Daveneorr KL,
RicHARDSON M, FarINA C et al. Ultrasonographic features of ca-
rotid plaque and the risk of subsequent neurologic deficits. Sur-
gery 1988;104:652—660.

LanGsreLD M, Grav-WEeaLE AC, Lusy R]. The role of plaque
morphology and diameter reduction in the development of
new symptoms in asymptomatic carotid arteries. | Vasc Surg
1989;9:548—557.

BeLcaro G, Laurora G, CesaroNE MR, De Sancrtis MT,
INcaNDELA L, Fascerti E et al. Ultrasonic classification of carotid
plaques causing less than 60% stenosis according to ultrasound
morphology and events. | Cardiovasc Surg (Torino) 1993;34:287—
294.

Porak JE, O'Leary DH, KronmaL RA, Worrson SK, Bonp MG,
Tracy RP ef al. Sonographic evaluation of carotid artery athero-
sclerosis in the elderly: relationship of disease severity to stroke
and transient ischemic attack. Radiology 1993;188:363—370.
NicoLabes AN, Kakkos SK, GRIFFIN M, SABETAI M, DHANJIL S,
Tromas DJ et al. Effect of image normalization on carotid plaque
classification and the risk of ipsilateral hemispheric ischemic
events: results from the Asymptomatic Carotid Stenosis and
Risk of Stroke Study. Vascular 2005;13:211—221.

Hennerict M, MEARRs S. Imaging arterial wall disease. Cerebro-
vasc Dis 2000;10(Suppl. 5):9—20.

ScHumacHER H, Kaiser E, ScHNABEL PA, Sykora J, Ecksten HH,
ALLENBERG JR. Immunophenotypic characterisation of carotid
plaque: increased amount of inflammatory cells as an indepen-
dent predictor for ischaemic symptoms. Eur | Vasc Endovasc
Surg 2001;21:494—501.

Davies JR, Rubp JH, WEissBerG PL, NAruLA J. Radionuclide imag-
ing for the detection of inflammation in vulnerable plaques.
J Am Coll Cardiol 2006;47:C57—C68.

Fisner CM, OjeMANN RG. A clinico-pathologic study of carotid
endarterectomy plaques. Rev Neurol (Paris) 1986;142:573—589.
Bassiouny HS, Davis H, Massawa N, Gewertz BL, GrLacov S,
Zarins CK. Critical carotid stenoses: morphologic and chemical
similarity between symptomatic and asymptomatic plaques.
J Vasc Surg 1989;9:202—212.

SVINDLAND A, Torvik A. Atherosclerotic carotid disease in
asymptomatic individuals: an histological study of 53 cases.
Acta Neurol Scand 1988;78:506—517.

GOLLEDGE ], GREENHALGH RM, Davies AH. The symptomatic ca-
rotid plaque. Stroke 2000;31:774—781.

FisHER M, PAGANINI-HILL A, MARTIN A, CosGROVE M, TooLE JF,
BarNETT HJ et al. Carotid plaque pathology: thrombosis, ulcera-
tion, and stroke pathogenesis. Stroke 2005;36:253—257.

Eur ] Vasc Endovasc Surg Vol 35, May 2008



532

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Eur

A. L. Abbott and G. A. Donnan

LennmHAN L, Kupsky WJ, MoHR JP, HAauseR WA, CORRELL JW,
Quest DO. Lack of association between carotid plaque hema-
toma and ischemic cerebral symptoms. Stroke 1987;18:879—881.
RoraweLL PM, GisoN R, WarLow CP. Interrelation between pla-
que surface morphology and degree of stenosis on carotid an-
giograms and the risk of ischemic stroke in patients with
symptomatic carotid stenosis. On behalf of the European Ca-
rotid Surgery Trialists’ Collaborative Group. Stroke 2000;31:
615—621.

Leany AL, McCorrum PT, FeeLey TM, SUGRUE M, GROUDEN MC,
O’ConnNEeLL DJ et al. Duplex ultrasonography and selection of
patients for carotid endarterectomy: plaque morphology or lu-
minal narrowing? | Vasc Surg 1988;8:558—562.

AspoTT AL. Natural history of high-grade asymptomatic carotid
stenosis and identification of high ipsilateral stroke or TIA risk
using microembolus detection. Thesis, The University of Mel-
bourne, Department of Medicine; 2004. p. 438.

AsgorT AL, Levi CR, Stork JL, DoNNAN GA, CHAMBERS BR. Tim-
ing of clinically significant microembolism after carotid endar-
terectomy. Cerebrovasc Dis 2007;23:362—367.

SpeNCE JD, Tamayo A, LowNie SP, NG WP, FErRGUsoN GG. Absence
of microemboli on transcranial Doppler identifies low-risk pa-
tients with asymptomatic carotid stenosis. Stroke 2005;36:
2373—2378.

Markus HS, CuLLINANE M. Asymptomatic carotid emboli
(ACES) study. Cerebrovasc Dis 2000;,10(Suppl. 1):3.

Markus H, CULLINANE M. Severely impaired cerebrovascular re-
activity predicts stroke and TIA risk in patients with carotid ar-
tery stenosis and occlusion. Brain 2001;124:457—467.

DerbeYN CP, Gruss Jr RL, Powers WJ. Cerebral hemodynamic
impairment: methods of measurement and association with
stroke risk. Neurology 1999;53:251—259.

VAN DER GROND J, BaLM R, KapreLLE L], EikeLBoom BC, MaLt WP.
Cerebral metabolism of patients with stenosis or occlusion of
the internal carotid artery. A '"H-MR spectroscopic imaging
study. Stroke 1995;26:822—828.

Norris JW, Zuu CZ. Silent stroke and carotid stenosis. Stroke
1992;23:483—485.

CHamBErs BR, DONNAN GA. Carotid endarterectomy for asymp-
tomatic carotid stenosis. Cochrane Database Syst Rev 2005:
CD001923.

Beese HG, Cracert GP, DEWEESE JA, Moore WS, RoBerTsON JT,
SANDOK B et al. Assessing risk associated with carotid endarter-
ectomy. A statement for health professionals by an ad hoc com-
mittee on carotid surgery standards of the Stroke Council,
American Heart Association. Circulation 1989;79:472—473.
YounGg B, Moore WS, RosertsoN JT, Toore JF, Ernst CB,
CoHeN SN ef al. An analysis of perioperative surgical mortality
and morbidity in the Asymptomatic Carotid Atherosclerosis
Study. ACAS investigators. Stroke 1996;27:2216—2224.
GoLpsTEIN LB, Apams R, Becker K, FureerG CD, GoreLick PB,
HapeMmeNos G et al. Primary prevention of ischemic stroke:
a statement for healthcare professionals from the Stroke Coun-
cil of the American Heart Association. Stroke 2001;32:280—299.
GoLpstEIN LB, Apams R, Becker K, FurBerG CD, GoreLick PB,
HapemeNos G et al. Primary prevention of ischemic stroke:
a statement for healthcare professionals from the Stroke Coun-
cil of the American Heart Association. Circulation 2001;103:
163—182.

WEeNNBERG DE, Lucas FL, BirkMEYER JD, BreDEnBerG CE,
Fisner ES. Variation in carotid endarterectomy mortality in
the Medicare population: Trial hospitals, volume, and patient
characteristics. JAMA 1998;279:1278—1281.

TayLor DW, BArRNETT HJ, Haynes RB, FErcuson GG, Sackert DL,
THoreE KE et al. Low-dose and high-dose acetylsalicylic acid for
patients undergoing carotid endarterectomy: a randomised
controlled trial. ASA and carotid endarterectomy (ACE) Trial
Collaborators. Lancet 1999;353:2179—2184.

Bonp R, Rerkasem K, RotHwELL P. High morbidity and mortality
due to endarterectomy for asymptomatic carotid stenosis (abs).
Cerebrovasc Dis 2003;16(Suppl. 4):65—66.

J Vasc Endovasc Surg Vol 35, May 2008

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

RotuweLL PM, Govpstein LB. Carotid endarterectomy for
asymptomatic carotid stenosis: Asymptomatic Carotid Surgery
Trial. Stroke 2004;35:2425—2427.

Kresowik TF, BratzLER DW, KrEsowik RA, HENDEL ME, GRUND SL,
BrowN KR et al. Multistate improvement in process and out-
comes of carotid endarterectomy. | Vasc Surg 2004;39:372—380.
Gray WA, Horkins LN, Yapav S, Davis T, WHOLEY M, ATKINSON R
et al. Protected carotid stenting in high-surgical-risk patients:
the ARCHeR results. | Vasc Surg 2006,44:258—268.

SariaN RD, BresNaHAN JF, Jarr MR, FostER M, BACHARACH M,
Mait B et al. Protected carotid stenting in high-risk patients
with severe carotid artery stenosis. ] Am Coll Cardiol 2006;47:
2384—2389.

HossoN 2nd RW, Howarp VJ, RousBin GS, Brorr TG,
FerGusoN RD, Porma JJ et al. Carotid artery stenting is associated
with increased complications in octogenarians: 30-day stroke
and death rates in the CREST lead-in phase. ] Vasc Surg 2004;
40:1106—1111.

CaRESS Steering Committee. Carotid revascularization using
endarterectomy or stenting systems (CaRESS) phase 1 clinical
trial: 1-year results. | Vasc Surg 2005;42:213—219.

Karzen BT. The Transatlantic Asymptomatic Carotid Interven-
tion Trial. Endovascular Today 2005; September:49—50.
CAVATAS Investigators. Endovascular versus surgical treat-
ment in patients with carotid stenosis in the Carotid and Verte-
bral Artery Transluminal Angioplasty Study (CAVATAS):
a randomised trial. Lancet 2001;357:1729—1737.

Mas JL, CHATELLIER G, BEYssEN B, BRANCHEREAU A, MourLiN T,
BecQUEMIN JP et al. Endarterectomy versus stenting in patients
with symptomatic severe carotid stenosis. N Engl ] Med 2006;
355:1660—1671.

RiNnGLEB PA, ALLENBERG ], BruckmManN H, Ecksten HH,
FraepricH G, HARTMANN M et al. 30 day results from the SPACE
trial of stent-protected angioplasty versus carotid endarterec-
tomy in symptomatic patients: a randomised non-inferiority
trial. Lancet 2006;368:1239—1247.

NavLor AR. Where next after SPACE and EVA-3s: ‘the good, the
bad and the ugly!". Eur | Vasc Endovasc Surg 2007;33:44—47.
RotaweLL PM, Eriasziw M, Guinikov SA, Fox AJ, TayLor DW,
MayBerG MR et al. Analysis of pooled data from the randomised
controlled trials of endarterectomy for symptomatic carotid ste-
nosis. Lancet 2003;361:107—116.

MaYBERG MR, WisoNn SE, Yarsu F, WEeiss DG, MEessina L,
HersHEY LA et al. Carotid endarterectomy and prevention of
cerebral ischemia in symptomatic carotid stenosis. Veterans
Affairs Cooperative Studies Program 309 Trialist Group.
JAMA 1991;266:3289—3294.

North American Symptomatic Carotid Endarterectomy Trial
Collaborators. Beneficial effect of carotid endarterectomy in
symptomatic patients with high-grade carotid stenosis. N
Engl ] Med 1991;325:445—453.

Cowarp L], FEaTHERSTONE RL, BRowN MM. Safety and efficacy of
endovascular treatment of carotid artery stenosis compared
with carotid endarterectomy: a Cochrane systematic review of
the randomized evidence. Stroke 2005;36:905—911.

RoTHWELL PM, SLATTERY ], WaRLOW CP. A systematic comparison of
the risks of stroke and death due to carotid endarterectomy for
symptomatic and asymptomatic stenosis. Stroke 1996;27:266—269.
Role of carotid endarterectomy in asymptomatic carotid steno-
sis. A Veterans Administration Cooperative Study. Stroke 1986;
17:534—539.

GoLDSTEIN LB, Samsa GP, MarcHAR DB, OppoNe EZ. Multicenter
review of preoperative risk factors for endarterectomy for
asymptomatic carotid artery stenosis. Stroke 1998;29:750—753.
Baker WH, Howarp VJ, Howarp G, Tootk JE. Effect of contralat-
eral occlusion on long-term efficacy of endarterectomy in the
asymptomatic carotid atherosclerosis study (ACAS). ACAS in-
vestigators. Stroke 2000;31:2330—2334.

RotHweLL PM, Stattery J, Warcow CP. Clinical and angio-
graphic predictors of stroke and death from carotid endarterec-
tomy: systematic review. BMJ 1997;315:1571—1577.



91

92

93

94

95

96

97

98

99

100

101

102

‘High Risk’ Patient with Asymptomatic Carotid Stenosis

MiLLer MT, CoMmeroTA AJ, TziLINIs A, Daoup Y, HAMMERLING J.
Carotid endarterectomy in octogenarians: does increased age
indicate “High risk?”. | Vasc Surg 2005;41:231—237.

BonDp R, Rerkasem K, Curre R, RoTHWELL PM. A systematic re-
view of the associations between age and sex and the operative
risks of carotid endarterectomy. Cerebrovasc Dis 2005;20:69—77.
VerrH FJ, Amor M, Onki T, BEeBe HG, BELL PR, BoLia A et al. Cur-
rent status of carotid bifurcation angioplasty and stenting based
on a consensus of opinion leaders. | Vasc Surg 2001;33:5111—S116.
Messe SR, KasNer SE, MeHTA Z, WarRLOW CP, RoTHWELL PM. Ef-
fect of body size on operative risk of carotid endarterectomy.
J Neurol Neurosurg Psychiatr 2004;75:1759—1761.

Kucey DS, Bowyer B, Iron K, AustiN P, ANDERSON G, Tu JV. De-
terminants of outcome after carotid endarterectomy. | Vasc Surg
1998;28:1051—1058.

HerrzER NR, O’'HARA PJ, MascHa EJ, Krajewski LP, SuLLivaNn TM,
BeveNn EG. Early outcome assessment for 2228 consecutive ca-
rotid endarterectomy procedures: the Cleveland Clinic experi-
ence from 1989 to 1995. | Vasc Surg 1997;26:1—10.

WonG JH, FinpLay JM, Suarez-Armazor ME. Regional perfor-
mance of carotid endarterectomy. Appropriateness, outcomes,
and risk factors for complications. Stroke 1997;28:891—898.
Biast GM, Froio A, DiraricH EB, Dereo G, GALIMBERTI S,
MinGazzini P et al. Carotid plaque echolucency increases the risk
of stroke in carotid stenting: the imaging in carotid angioplasty
and risk of stroke (ICAROS) Study. Circulation 2004;,110:756—762.
Moore WS, Vescera CL, RoBertsoN JT, Baker WH, HowarDp V],
TooLe JF. Selection process for surgeons in the Asymptomatic
Carotid Atherosclerosis Study. Stroke 1991;22:1353—1357.
Harubay AW, THomas D, MaNsrELD A. The Asymptomatic Ca-
rotid Surgery Trial (ACST). Rationale and design. Steering
Committee. Eur | Vasc Surg 1994;8:703—710.

RusiN JR, Prruk HC, KinG TA, HuttoN M, KieGer EF, PLEcHA FR
et al. Carotid endarterectomy in a metropolitan community: the
early results after 8535 operations. | Vasc Surg 1988;7:256—260.
KaNTONEN I, LEPANTALO M, SALENIUS JP, MATZKE S, LUTHER M,
YLoNeN K. Influence of surgical experience on the results of ca-
rotid surgery. The Finnvasc Study Group. Eur | Vasc Endovasc
Surg 1998;15:155—160.

103

104

105

106

107

108

109

110

111

112

113
114

533

Karr HR, FLaNDERS WD, SHirp CC, TaYLOR B, MARTIN D. Carotid
endarterectomy among Medicare beneficiaries: a statewide
evaluation of appropriateness and outcome. Stroke 1998;29:
46—52.

CesuL RD, Snow RJ, PINE R, HertzER NR, Norris DG. Indica-
tions, outcomes and provider volumes for carotid endarterec-
tomy. JAMA 1998;279:1282—1287.

Hsia DC, Moscoe LM, KrusHar WM. Epidemiology of carotid
endarterectomy among Medicare beneficiaries: 1985—1996 up-
date. Stroke 1998;29:346—350.

Hannan EL, Porr AJ, TRANMER B, FUESTEL P, WALDMAN ], SHAH D.
Relationship between provider volume and mortality for ca-
rotid endarterectomies in New York State. Stroke 1998;29:
2292-2297.

Mayo Asymptomatic Carotid Endarectomy Study Group. Re-
sults of a randomized controlled trial of carotid endarterectomy
for asymptomatic carotid stenosis. Mayo Clin Proc 1992;67:513—
518.

LimnpBLAD B, PErRssoN NH, TAKOLANDER R, BERGQVIsT D. Does low-
dose acetylsalicylic acid prevent stroke after carotid surgery? A
double-blind, placebo-controlled randomized trial. Stroke 1993;
24:1125—1128.

RotHweLL P, WarLow C. Is self-audit reliable? Lancet 1995;346:
1623.

Tuess W, HermanNek P, Mathias K, Aumapr R, Heuser L,
HoremANN FJ et al. Pro-cas: a prospective registry of carotid an-
gioplasty and stenting. Stroke 2004;35:2134—2139.

Sacco RL. The 2006 William Feinberg Lecture: shifting the par-
adigm from stroke to global vascular risk estimation. Stroke
2007,38:1980—1987.

CHATURVEDI S. Should the multicenter carotid endarterectomy
trials be repeated? Arch Neurol 2003;60:774—775.

GoreLick PB. Stroke prevention. Arch Neurol 1995;52:347—355.
SPENCE ]D. Intensive management of risk factors for accelerated
atherosclerosis: The role of multiple interventions. Curr Neurol
Neurosci Rep 2007;7:42—48.

Accepted 29 January 2008
Available online 5 March 2008

Eur ] Vasc Endovasc Surg Vol 35, May 2008



	Does the &lsquo;High Risk&rsquo; Patient with Asymptomatic Carotid Stenosis Really Exist?
	Introduction
	The Patient at High-risk Despite Medical Intervention Alone
	i. Patient Features (Demographics and General Vascular Disease Risk Factors)
	ii. Carotid Plaque Features
	Degree of stenosis
	Plaque morphology

	iii. Intracranial Features
	The Patient at High-Risk Because of Instrumental Intervention
	i. Patient and Plaque Features
	ii. Procedural Factors
	Surgical experience
	Other procedural factors

	Conclusion and Future Directions
	Acknowledgements
	References


