
M
ost ischemic cerebral and retinal symptoms due to
carotid occlusive disease are caused by artery-to-artery
embolism, with only a small proportion due to perfu-
sion insufficiency. The traditionally accepted best risk
predictor for stroke relies on the degree and severity of

carotid stenosis, which was vindicated by randomized controlled
trials (RCT) for symptomatic carotid endarterectomy (CEA).
These demonstrated a strong relationship between increasing
degrees of stenosis, higher risk of stroke and larger stroke risk
reduction from CEA. 

Even in asymptomatic patients, this notion was also support-
ed by longitudinal studies of patient cohorts with carotid ultra-
sound which suggested that higher degrees of stenosis are asso-
ciated with the highest risk of stroke.1 A population-based study
with ultrasound in the Cardiovascular Health Study also sug-
gested a higher risk of stroke in elderly asymptomatic individu-
als with the highest degrees of stenosis.2 In the randomized CEA
trials, the absence of neurological symptoms related to the
carotid artery is associated with a risk of stroke is 1.3 to 3.3 per-
cent yearly. This risk applies only to patients who met the crite-
ria for eligibility in the trials, where patients at high risk for CEA
and other systemic illnesses were excluded. Contrary to the find-
ings from symptomatic CEA trials, however, the RCT in pa-
tients with asymptomatic carotid artery stenosis showed that the
degree of stenosis failed to be a good or reliable predictor of
stroke risk or benefit from surgery. Let’s review the evidence.

Randomized Asymptomatic CEA Trials
The first major randomized study for asymptomatic endarterec-
tomy was the Veterans Affairs Cooperative Study Group trial3 of
444 male veterans with 50 percent asymptomatic carotid steno-
sis or more (measured by X-ray catheter angiography) without
other significant co-morbidities. CEA demonstrated a 62 per-
cent statistically significant relative risk reduction in the primary
endpoint of first ipsilateral stroke and transient ischemic attack
(TIA) over medical therapy alone. The risk of first ipsilateral
stroke or TIA in the medical arm was not higher in patients with
more severe carotid stenosis (76 to 99 percent) compared to
those with a moderate stenosis (50 to 75 percent). When stroke
and death are considered together as a single endpoint, howev-

er, no significant difference was seen between the surgical and
medical groups. The perioperative risk of stroke or death,
including angiographic risk, was 4.7 percent in the surgical arm.

The Asymptomatic Carotid Artery Surgery (ACAS) study4

enrolled 1,662 patients under age 80 with >60 percent carotid
asymptomatic stenosis as assessed by centrally certified ultra-
sound. Patients randomized to surgery underwent cerebral cath-
eter angiography. The primary endpoint of “cerebral infarction
ipsilateral to the carotid and stroke or death” occurred in 11 per-
cent of the medical group and 5.1 percent of the surgical group
over a projected five-year follow-up, resulting in an absolute risk
reduction of 5.9 percent and a statistically significant relative
risk reduction of 53 percent to the benefit of CEA that prompt-
ed stopping the study by the safety monitoring committee.
There was no significant trend for increasing risk of stroke asso-
ciated with higher degrees of stenosis in those who underwent
angiography. The peri-operative risk of stroke or death was 2.3
percent, half of which related to angiographic complications.

A larger study, the Asymptomatic Carotid Surgery Trial
(ACST), recruited patients with 60 percent or greater stenosis
(determined by carotid ultrasound) that was not centrally certi-
fied, with no major co-morbidity if there was uncertainty about
treatment, who were asymptomatic for at least more than six
months.5 A total of 3,120 patients were randomized to undergo
either “immediate CEA” or, if they developed related symptoms
in the course of the study, “delayed CEA.” The primary end-
point of stroke in addition to peri-operative stroke, MI or death
at  five years was reached in 11.8 percent of patients in the med-
ical group and 6.4 percent in the surgical group. 

All three major asymptomatic trials showed similar findings:
a 50 percent relative risk reduction of stroke and death with
CEA, but smaller absolute risk reductions compared to sympto-
matic CEA trials. The trials also showed no significant correla-
tion between stenosis and stroke risk, and failed to uncover any
factor that could identify asymptomatic patients at highest risk
of stroke (and hence who could benefit most from CEA). Fur-
ther, these studies excluded patients considered at high peri-
operative risk from CEA and those with significant other sys-
temic conditions. Therefore, the stroke risk, the benefits and the
results from the RCT do not apply to all asymptomatic patients. 
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What Makes Asymptomatic 
Stenosis Become Symptomatic? 
Since a symptomatic carotid carries a higher risk of stroke than
an asymptomatic one, it would be ideal to select asymptomatic
carotid arteries that are going to turn symptomatic and send
them for CEA or CAS. If only it were that easy! Understanding
the cause of the transformation would be the first step. Throm-
bosis and thromboembolism over, or from, the atherosclerotic
plaque carry the responsibility of the majority of ischemic stroke
manifestations caused by carotid disease. 

The concept of a coronary “vulnerable plaque” has become a
well-established pathophysiologic mechanism for acute coro-
nary events;6 whether a similar pattern occurs in the carotid
artery is not known. A recent histopathological study demon-
strated a thrombotically active carotid plaque associated with
high inflammatory infiltrate in 74 percent of patients with ipsi-
lateral major stroke, compared with 35.2 percent of TIA patients
and 14.6 percent of asymptomatic patients.7 Additionally, rup-
tured carotid plaques of patients with stroke demonstrated a
more severe inflammatory infiltrate than the other two groups.
Identifying the “vulnerable patient” with the “vulnerable
plaque” remains difficult, as individuals from all three groups
had comparable risk factors. So what are the possible ways of
predicting risk of stroke in someone with carotid stenosis?

Carotid Stenosis Screening and Measurement
The studies for symptomatic CEA exclusively used catheter
angiography to stratify the patients and have successfully
demonstrated a strong correlation between NASCET angio-
graphic measurement methodology and prediction of stroke risk
(and therefore CEA benefit). The same was not true for asymp-
tomatic CEA where the correlation between angiographic steno-
sis severity in ACAS and ultrasound stenosis severity in ACAS
and ACST did not predict a higher risk of stroke. This finding
suggests that asymptomatic patients may have a different biolog-
ic mechanism, activity and tempo from symptomatic patients. 

Some argue that if angiographic stenosis were measured, the
same results from symptomatic CEA correlating stenosis to
stroke risk would have been found in asymptomatic patients.
Because of the risks associated with catheter angiography, omit-

ting it decreases the risk, and improves the benefit, from CEA.
In clinical practice, few patients undergo cerebral catheter
angiography, since non-invasive studies provide enough infor-
mation to guide clinical decisions. Therefore, it will be impossi-
ble to plan any future trial based on angiography, since it would
not reflect clinical practice and would expose patients to higher
risk. Hence, in asymptomatic patients, catheter angiography is
unlikely to correlate with risk of stroke from carotid stenosis. 

Carotid Artery Stenting
In spite of an excellent profile and continued technical evolution
and improvement, CEA remains an invasive surgery that can be
associated with significant complications. The peri-procedural
morbidity of most concern is due to stroke, myocardial infarc-
tion (MI) or death, particularly in patients considered to be at
high surgical risk. Because of the known excellent profile of
CEA, most of the carotid artery stenting (CAS) studies and
series have focused on patients considered to be at high-risk for
CEA; in more simple terms, patients with characteristics that
would have met the exclusions criteria of the major CEA trials,
NASCET and ACAS. 

In spite of known limitations, significant information about
safety and efficacy of stenting came initially from large case series
that demonstrated a peri-procedural rate of stroke and mortali-
ty (7.4 percent) and patency in symptomatic and asymptomatic
patients not too dissimilar from CEA trials with carotid stenosis
in the presence of conditions considered high operative risks.9

Long-term follow-up showed a low risk for ipsilateral stroke of
3.2 percent over three years in symptomatic and asymptomatic
patients.10 An international survey from major centers perform-
ing carotid stenting reported 5,210 procedures by Wholley11 and
suggested a relatively low peri-procedural stroke and mortality of
5.07 percent that is comparable to NASCET’s.

There have so far been a limited number of RCT that evalu-
ated CAS compared to CEA, the majority of which are no
longer relevant to current treatment methods. The discussion
will be limited to the most recent studies exclusively evaluating
stents designed for the carotid artery and performed with distal
emboli protection devices. The ARCHER studies (Acculink for
Revascularization of Carotids in High-Risk Patients) consisted
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of three prospective non-randomized stenting-only studies that
enrolled over 600 patients with carotid stenosis with at least one
additional high-risk factor for CEA. The studies showed a con-
sistent perioperative rate of stroke, MI and death of 2.5 to 3.8
percent and a primary endpoint of combined perioperative mor-
bidity and one-year ipsilateral stroke of 8.3 to 10.2 percent.
Although no control arms of either medical or surgical therapy
were included, the perioperative morbidity and primary end-
points were comparable to historical contemporary rates for
CEA if MI is excluded as an endpoint. Based on these studies,
the FDA granted approval for the use of the stent system in
patients at high risk for CEA. The studies, as yet unpublished,
have been presented at scientific meetings. Other non-random-
ized recent studies using other stenting systems that showed
similar results in patients at high-risk for CEA include the
BEACH and CABERNET studies that have been recently pre-
sented but not yet published.

The largest completed randomized study of stenting with
distal protection is SAPPHIRE (Stenting and Angioplasty with
Protection in Patients at High Risk for Endarterectomy), which
enrolled 710 patients with stenosis of >80 percent asympto-
matic and >50 percent symptomatic with at least one addition-
al risk factor considered to raise the risk of CEA. Of those, 334
were considered eligible for randomization to either CEA or
CAS, and the rest were entered either into a surgical or interven-
tional registry when they did not qualify for randomization. The
results of the randomized part of the study were recently pub-
lished.12 The study’s design aimed to demonstrate at least non-
inferiority of stenting compared to CEA, which was achieved
along with a non-significant trend for superiority. The 30-day
perioperative rate of stroke, MI and death was 9.8 percent for
CEA and 4.6 percent for stenting. 

The primary endpoint was the combination of 30-day peri-
operative morbidity and one-year risk of ipsilateral stroke,
achieved in 20.1 percent of CEA and in 12 percent of the stent-
ing group. Criticisms13 included the main concerns about the
high-risk eligibility definitions, the inclusion of MI as an end-
point, the elevated rate 30-day outcomes in the CEA arm and
the lack of a medical control arm in the study. One of the main
criticisms related to including asymptomatic patients who rep-
resented 70 percent of randomized patients, particularly in the
absence of a medically-treated arm comparator. The answer
comes from the fact that high-risk asymptomatic patients are
undergoing CEA currently, and this trial was only meant to
compare CAS to CEA in such patients. Obviously, there is a
need to study natural history with medical therapy in such
patients, but that was not the purpose of the study. 

Which CEA Patients are at High Risk?
Almost all CEA trials evaluating symptomatic or asymptomatic

patients excluded patients presumed to be at high risk for peri-
operative morbidity and mortality. Such exclusion criteria
encompassed patients who were octogenarians, in the presence
of significant co-morbidities (cardiovascular, pulmonary, renal,
etc.), contralateral stenosis or occlusion, if the stenosis was too
far from the carotid bifurcation, or when the stenosis was recur-
rent after CEA or due to radiation. For this group of patients,
the natural history of carotid stenosis has been neither well ex-
plored nor answered by any of the trials. 

In the community, many patients with these criteria are com-
monly subjected to CEA, with the false assumption that the
risks and benefits from the published CEA trials apply equally
to such patients.14,15 This has become a significant source of dis-
agreements without any clear evidence to provide answers. It
proved an opportunity for the stenting trials to focus on such
patients and compare the two procedures. The perioperative
morbidity and mortality rates may be much higher for CEA in
such populations than in others. The need to study further such
group of patients is necessary to determine more rigorously what
constitutes periprocedural or operative risk factors for CEA or
CAS, and the natural history and risk of stroke. 

Carotid Revascularization in Octogenarians
The benefits and risks of CEA and CAS in octogenarians is
largely unexplored, as octogenarians were virtually excluded
from most large trials due to the potential higher perioperative
complications and a presumed shorter life-expectancy. A sub-
group analysis from NASCET suggests that patients aged 75-80
are at higher risk of stroke than younger individuals and derive
a larger benefit from CEA. These findings were confirmed in the
pooled analysis, but only few patients were older than 80.16,17

Preliminary results from the lead-in phase (while the interven-
tionalists are being trained) of the CREST stenting trial in octo-
genarians suggested a significantly high perioperative morbidity
and mortality of 12.1 percent octogenarians for CAS compared
to their younger counterparts.18 It is clear that with increasing
age there is a higher risk of stroke from carotid stenosis, and a
potentially higher benefit from revascularization, albeit with a
potentially higher perioperative risk. The big question that
should be answered is: at what age, chronologic or functional,
does mortality start interfering and undermine such benefit?

Should Revascularization be Recommended?
Carotid atherosclerotic disease is responsible for a large number
of ischemic strokes, many of which are disabling. Fortunately,
carotid occlusive disease is sometimes preceded by warning
symptoms including TIA, transient monocular blindness or a
minor stroke. These sentinel events herald a high risk for a
future stroke particularly in the first two to three years. 

Forty years from when the first CEA was performed, we have
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sufficient evidence to select the appropriate patient and effec-
tively reduce the future risk of stroke with CEA in symptomatic
patients. Although revascalurization with CEA is also clearly
effective in asymptomatic patients overall, the absolute yearly
stroke risk and the absolute stroke risk reduction from CEA
remains comparatively small yet significant. It would be ideal to
select from asymptomatic patients those who will develop symp-
toms to increase the yield and effectiveness of the surgery. This
could be achieved through better stratification of those at high-
est risk, allowing better selection of patients who benefit most
from the surgery. Unfortunately, at this time we do not have
those capabilities. 

So what is a neurologist to do? Should we tell our patient
with an asymptomatic stenosis to wait until he or she has a
stroke or TIA? That is exactly the question that ACST answered
with an emphatic “no.” Those who were randomized to “delayed
CEA” had worse outcomes, including disabling strokes, com-
pared to those who underwent “immediate CEA.” Can we
afford to make these patients wait until we have a better way to
screen them because the NNT is high? Physicians practice in an
environment of imperfect information and must exercise their
best judgment with the available information. To make things
worse, the RCT evaluated a restricted population of those with
carotid stenosis, and excluded many patients (including those at
high risk) where the statistics from the RCT do not apply. These
could be at similar or higher risk (unlikely lower risk) for stroke
than patients included in the RCT.

Many argue that octogenarians should not undergo CEA
because they may not live long enough to enjoy the benefits of
stroke-free survival. Are neurologists now supposed to play
God’s role in making such determinations of how long someone
will live? Are we still stuck with chronologic age, since we don’t
know better how to evaluate functional age? These are impor-
tant considerations, particularly when expected survival age is
incrementally getting higher, and our predictive abilities are so
limited. Why do we let octogenarians undergo other major sur-
geries like coronary bypass or major abdominal vascular surgery
to prevent death? Is preventing death more valuable to our soci-
ety than preventing neurologic disability? Aren’t we trying to
improve quality of life and not absolute survival?

Of course, costs to society are important, and the NNT is a
partial reflection of cost of revascularization. Nonetheless, cost is
a relative issue, the evaluation and assessment of which are sinu-
ous, subjective and imperfect. At this point, it should not be the
only driving force in determining revascularization eligibility. 

While still representing the best-established revascularization
procedure for the carotid artery, CEA remains an invasive sur-
gery that could be associated with some serious and other, less
serious, complications. Stenting is an attractive and less invasive
alternative to CEA. The knowledge about it and the technical

and material improvements achieved
over the past decade have been rapid.
To date, it is proven to be equivalent to
CEA only in patients that are at “high
risk” for CEA. Unfortunately, most of
these “high-risk” patients have been
excluded from the major RCT, leaving
us without much natural history about
stroke risk and response to medical therapy alone. Many of these
same patients are currently undergoing CEA, with clinicians
assuming erroneously that the same data from the completed
RCT apply to them as well. Before it becomes an alternative to
CEA in most patients, there is much need for further rigorous
evaluations through randomized trials in different groups of
patients. Four major studies are ongoing nationally and interna-
tionally to answer these questions and provide more answers to
CAS. Results from these trials will undoubtedly bring more clar-
ity to the place that CAS will occupy as a carotid revasculariza-
tion procedure.

The interest of many physician specialties in CAS along with
a lack of standards for qualification and training have opened
new controversies and concerns about when, where and by
whom carotid stenting should be performed, and which patients
and when should undergo it. Some concerns have risen from the
fact that CAS is being done in situations that have not been eval-
uated in studies and beyond the evidence available. Under such
conditions, patients may get CAS when it is not needed, and
interventionalists may perform CAS when not necessary, poten-
tially with higher risks. Neurologists should continue to have a
major role as the patient advocate in ensuring the appropriate-
ness, timing and quality of carotid surgery and stenting  through
involvement in the ongoing research, increased awareness about
related publications and a deeper engagement in the debate. PN
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