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Abstract

Carotid atherosclerosis is one of the main risk factors
for ischemic stroke. The annual risk of ipsilateral stroke
for asymptomatic, albeit severe stenoses is as low as 1
to 2%, but increases to 13% in patients with recent
ischemic symptoms. However the risk decreases after
the first 2-3 years from the symptomatic episode, drop-
ping to 3%.

Echo-color Doppler ultrasonography is the screening
method of choice, being highly accurate, noninvasive
and low-cost. Carotid angiography still represents the
gold standard, however, less invasive techniques as RM
angiography and Angio-CT are becoming increasingly
common.

Based on NASCET, ECST and ACAS results, carotid
endarterectomy (CE) is strongly recommended for
severe symptomatic stenoses, while for the moderate
symptomatic and the severe asymptomatic ones the
benefit in terms of stroke risk reduction is modest and
surgery should be restricted to selected cases in surgi-
cal centers of high experience. For severe asympto-

matic stenoses NNT is too high to recommend indis-
criminate surgery; we are waiting for the results of
ACSRS trial, designed to identify a subset of patients at
risk of ipsilateral stroke greater than 4%/y , that may be
considered for CE, while patients at low risk will be
spared from unnecessary operation.

Apart from surgery, in all patients with carotid athero-
sclerosis correction of cardiovascular risk factors is
mandatory. Antiplatelet therapy (ASA alone or with
dypiridamole, ticlopidine) is effective in secondary pro-
phylaxis of athero-thrombotic stroke; its use in asymp-
tomatic carotid stenoses can be recommended, even if
more because of a plausible rationale than of clinical
trial-based evidences.
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Introduction

In industrialized countries strokes are the third major cause
of death and the main cause of invalidity. In 15-20% of cases
strokes are caused by atheromasic lesions at the carotid bifur-
cation, through either hemodynamic (low-flow infarct) or —
more usually — atheroembolic mechanism. In the recently pub-
lished Italian guidelines on the prevention of stroke — the so-
called SPREAD (Stroke Prevention and Educational
Awareness Diffusion) (1) — a good deal of space is given over
to carotid stenosis on account of its important — and modifiable
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—role as risk factor for stroke.

The factors at play in the formation/progression of carotid
plaque, which are linked to embolization or reduction of cere-
bral blood flow, are still today not well known, despite numer-
ous studies on the issue. From anatomical-pathological studies
we know that in most cases also repair mechanisms that
remodel the carotid lesion exist though very little is known
about their genesis.

Carotid stenosis and risk of stroke

The frequency of carotid artery disease in the general pop-
ulation steadily increases with age (from 0.5% under 60 years
to 10% above 80). Various studies have tried to trace the natu-
ral history of carotid plaque, its rate of progression and the risk
of stroke. A lot of the data have been collected retrospectively
and very few prospective studies have been large enough to
provide a reliable estimate of the risk of stroke according to
degree of carotid stenosis. The ACAS study (Asymptomatic
Carotid Atherosclerosis Study) (2) evaluating the benefit of
endarterectomy for severe asymptomatic stenoses showed that
patients treated with medical therapy only run an 11% risk of
homolateral stroke in 5 years. The data on the contralateral
asymptomatic carotids of the 2295 patients included in the
ECST study (European Carotid Surgery Trial) (4) had the
advantage over the ACAS study of covering a wide range of
stenoses: the risk of stroke from a mild stenosis (<30%) is no
different to that from a moderate one (30-69%), equal to 1.8%
and 2.1% respectively at 3 years. The risk increases to 5.7% in
the 70-99% class. In the two studies cited the yearly risk of
stroke in patients with severe carotid stenosis is virtually the
same (2.2% and 1.9% respectively).

The data collected from population studies differ. In the
Cardiovascular Health Study (CHS) (3) that examined 5000
subjects aged over 65 years, 57% of whom were women, the
percentage of severe stenoses (>70%) was 0.5% with an annu-
al risk of homolateral stroke equal to 1%. Though older than
the patients in the ACAS and ECST studies, the subjects
enrolled in this epidemiological study presented less cardio-
vascular risk factors and a different gender mix with more
women. Adjusting the ACAS data for gender, a lower risk of
stroke in women is confirmed (1.7%/y vs 2.4%]/y in men).

In view of the fact that the overwhelming majority of
patients with severe carotid stenosis remain aymptomatic,
other factors besides the degree of stenosis must be important
in determining whether the lesion will become clinically
symptomatic. Plaques that have a predisposition for breaking
or cracking (“vulnerable” plaque) may be at greater risk of
embolization or occlusion of the lumen, and hence of ischemic
episodes. In the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) (5) angiography identified
ulcered lesions in one third of severe stenoses. After two years
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a non fatal stroke or vascular death occurred in 30% of the
patients with ulcers and in 17% of those without ulcers, the
gap growing steadily as the stenosis became higher, reaching
73.2% and 21.3% for stenoses of 95%. In a recent series of
1252 symptomatic and asymptomatic patients submitted to
endarterectomy (9 ) intra-plaque hemorrhaging was found
more frequently in >90% stenoses (68% versus 32%) but was
not associated with the presence of symptoms, unlike in the
case of macroscopic diagnosis of ulcerated plaque (78% ver-
sus 60%).

According to a recent review of 11 observational studies
published between 1960 and 1995 (7) symptomatic carotid
occlusion is associated with an annual risk of stroke equal to
6% (homolateral 2%). The biggest of these trials, the EC/IC
Bypass Study Group published in 1985 (8) , showed that extra-
intracranial bypass was no more efficacious than only medical
therapy in reducing the risk of stroke in patients with sympto-
matic carotid occlusion.

Clinical presentation of carotid stenosis

The definition of asymptomatic stenosis is not clear-cut or
straightforward as neither is the corresponding risk of stroke.
At one extreme we find subjects with few or none of the
known cardiovascular risk factors who present no neurological
signs and symptoms or atherosclerosis in other areas; the brain
scan is negative and the stenosis is detected via an epidemio-
logical survey or by the presence of a cervical bruit. At the
other extreme we find the polyvasculopathic subject who pres-
ents silent ischemic lesions of the homolateral hemisphere,
and/or contralateral previous symptoms or carotid endarterec-
tomy. Since the risk of stroke increases steadily from one
extreme to the other, the heterogeneousness of the definition of
“asymptomatic stenosis” needs to be kept in mind when trying
to apply trial data to everyday clinical practice. Furthermore,
the prevalence of disease one might expect in a particular pop-
ulation has a major role in determining the number of false and
true positives in any screening test, regardless of diagnostic
accuracy.

A carotid stenosis is said to be symptomatic when associat-
ed with homolateral retinal and/or hemispheric deficits, even
in the absence of lesions at CT scan. Excluded are aspecific
symptoms such as syncope or occasional dizziness even if, on
account of their frequency in subjects of all ages, these are dis-
orders for which echo-Doppler is most often requested.
Depending on the duration of the symptoms, the ischemic
events are divided into transient ischemic attacks (TIA) and
stroke.

The time limit for defining TIA is 24 hours even if in most
cases the symptoms disappear within an hour. In the
Cooperative Study of Transient Ischemic Attacks (6) it was
observed that if the symptom was present for more than one
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hour only in 14% of cases would it resolve within 24 hours.
Carotid TIA are usually stereotyped in that the same vascular
area is involved. An isolated TIA occurring more than two
weeks before observation doesn’t require hospitalization, pro-
viding of course the facilities are in place for examining the
patient quickly. Such an occurrence is not rare. In the ACAS
study, even though patients were instructed to report immedi-
ately the onset of any neurological symptom, reporting within
3 days occurred in less than 40%. If the time between symp-
toms is less than 2 weeks, the decision on hospitalization
depends on the seriousness of the symptom or — if multiple —
by the increase in duration and severity (“crescendo” TIA).

Minor-stroke is characterized by an ischemic neurological
deficit lasting over 24 hours, with good recovery (Rankin
scale 1-2). A different classification uses a time interval of 7
days to distinguish minor and major strokes, with major
strokes then being subdivided into non-incapacitating and
incapacitating (Rankin scale 3-4-5), at 3 0 6 months from onset
of the symptoms.

Diagnosis of carotid stenosis

In clinical practice carotid artery plaque is normally studied
by angiography and ultrasound. Using bi-planar projections,
angiography still represents the gold standard for evaluating
the extent of stenosis of the vessel lumen caused by plaque.
There are two different methods, used in the two most impor-
tant trials on the efficacy of carotid endartectomy in reducing
the risk of stroke in patients with symptomatic stenosis (9): the
“E” (European) and the “N” (North American) methods. The
degree of stenosis is measured as the ratio between minimum
residual lumen and the vessel diameter, at the level of stenosis
(E) or distal to stenosis (N). Because the most frequent site of
pathology is the bulb, the presumed diameter of the vessel at
the level of stenosis will be larger than the distal segment in the
most of the cases: a stenosis of 70% using method “E” corre-
sponds to a stenosis of just under 50% with method “N” while
a stenosis of 70% using method “N” corresponds to a stenosis
of just over 80% with method “E” (10). Since angiography is
not risk-free (1.2% of strokes or deaths in the ACAS study)
patients should be screened by non-invasive methods.

Using echo-Doppler the degree of stenosis is derived from
blood flow velocity data. The single most used parameter is
peak systolic velocity (PSV) in the point of maximum steno-
sis, which can identify severe stenosis with a diagnostic accu-
racy of over 90% (93% in the ACAS trial). The angiographic
method of reference used to define the degree of stenosis (E or
N) must be specified. Different threshold values have been
proposed in the literature but it has recently been recognized
that their validation has to be laboratory-specific. Generally
speaking, if the decision to perform surgery is taken solely on
the basis of ultrasound data, the cut-off value must be such as
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to reduce false positives to a minimum,; if, on the other hand,
the next step is angiography a lower value can be chosen which
reduces the false negatives. The diagnosis of complete occlu-
sion in a symptomatic patient should always be confirmed by
angiography because of the limitations of ultrasound examina-
tion to detect very low blood flow (pseudo-occlusion).

Transcranial Doppler complements echo-Doppler in evalu-
ating carotid steno-occlusion to the extent that it provides
information on both hemodynamic factors (reduction of mid-
dle cerebral artery flow velocity and pulsatility; revasculariza-
tion via communicating arteries) and on embolic potential
(monitoring of microemboli).

B-mode ultrasonography can identify the morpho-structur-
al characteristics of carotid plaque. In the literature diagnostic
accuracy of endoluminal ulceration varies greatly (from 39%
to 97%), not helped by the lack of standardization. As regards
lesion ecogenicity, we can distinguish between hypoecogenic
and hyperecogenic plaque, the latter corresponding, from an
anatomical-pathological point of view, to fibrocalcific lesions
(often asymptomatic in the elderly). Hypo- or an-ecogenic
areas within dishomogeneous plaque on the other hand are
related to lipidic formations or blood lacunae (intra-plaque
hemorrhage), both markers of plaque instability. With a view
to overcoming the subjectivity of interpretation, computerized
analysis of ecogenicity has been suggested.

Other non-invasive techniques have recently been intro-
duced to evaluate carotid stenosis. Magnetic resonance
angiography (MRA) is a technique that is less operator
dependent than eco-Doppler with the added advantage that it
can offer accurate pictures of intracranial vessels. Like eco-
Doppler it has problems in differentiating sub-occlusive
stenoses from complete occlusions. However, eco-Doppler and
MRA used together have a diagnostic accuracy close to 100%
when the results of the two techniques are concordant, leaving
traditional angiography for use only when results are discor-
dant. Angio-CT is also finding its way into clinical practice
and in many centers is already replacing traditional angiogra-
phy for pre-operative evaluation (1).

Cardiovascular risk factors and carotid
stenosis

Arterial hypertension is one of the main risk factors for
stroke and the benefit of anti-hypertensive therapy is greater in
patients with previous cerebrovascular episodes; generally
speaking a reduction in diastolic pressure equal to 5-6 mmHg
and of systolic pressure equal to 10-12 mmHg equates to 33-
50% fall in the number of cerebrovascular events.

The aforementioned Cardiovascular Health Study assessed
the relationship between carotid atherosclerosis and cardiovas-
cular risk factors, adjusted for age and sex. The size of the
stenosis was closely tied to systolic pressure, smoking, dia-
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betes and HDL-cholesterol (inverse relationship). Other
important epidemiological studies (Kuopio Ischemic Heart
Disease Risk Factor Study and Atherosclerosis Risk in
Communities — ARIC study) (13) have pointed up the effects
of systolic hypertension and smoking in accelerating the pro-
gression of carotid atherosclerosis.

Long-term pharmacological therapy

An analysis of the Antiplatelet Trialists’ Collaboration
regarding 100,000 patients in 145 trials up to 1990 showed that
antiplatelet drugs reduce the risk of non-fatal stroke by 23% in
patients with previous TIA or minor stroke. In clinical practice
it is widespread to treat asymptomatic carotid stenoses too,
even if this indication has not been the subject of any con-
trolled study. It should be pointed out however that a study on
asymptomatic stenosis in which the surgical group did not
receive antiaggregants was suspended on account of an unac-
ceptably high incidence in the group of myocardial infarction.
In the Ticlopidine Aspirin Stroke Study (TASS) (12), ticlopi-
dine proved to be only slightly better than aspirin in the sec-
ondary prevention of stroke while the possible side effects
(myelodepression) and the greater cost have made it a second-
choice drug, reserved for patients with intolerance to aspirin or
who get no benefit from aspirin in the prevention of stroke
recurrence. Clopidogrel, a derivative of ticlopidine but without
its hematological toxicity, proved no more efficacious than
aspirin in the subgroup of patients recruited after minor stroke
(CAPRIE study, Clopidogrel versus Aspirin in Patients at Risk
of Ischemic Events) (11) .

Surgical therapy

SYMPTOMATIC CAROTID STENOSIS — Two random-
ized and prospective multi-center trials, the European ECST
(4) and the North American NASCET (5) , showed incontro-
vertibly that in patients with recent TIA or minor stroke caused
by a carotid stenosis >70% endarterectomy significantly
reduces the risk of stroke.

In the ECST study 3024 patients were randomized with a
mean follow-up of 6 years. The incidence of major stroke or
death in the first 30 days after surgery was 7% (3.5% of which
were non incapacitating strokes). In the controls the risk of
stroke was correlated with the severity of the stenosis, but only
for the first 2-3 years from initial event. In this period of time
and for stenoses >80% the absolute reduction in the risk of
major strokes or death in the surgery group was 11.6% (14.9%
versus 26.5%), corresponding to an NNT (number needed to
treat) of 9 patients to save one death or one major stroke in 3
years. The perioperative risk was greater in women who would
probably benefit if surgery was limited to stenoses >90%. As
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the risk of stroke rapidly decreases with the passing of time
from the event it is obvious that operating as quickly as possi-
ble offers maximum advantage.

In the NASCET study the rate of perioperative major
strokes or deaths among patients with stenoses >70% was
2.1%. At the end of the follow up period (8 years) an incapac-
itating homolateral stroke occurred in a further 4.6% of
patients submitted to endarterectomy. The absolute reduction
in the risk of homolateral stroke at 2 years was 17% (9% in
surgery patients, 26% in controls), corresponding to an NNT
of 6 patients to prevent an adverse event. For stenoses in the
50-69% range the risk of homolateral stroke at 5 years was
15.7% in surgery patients and 22.2% in controls (p=0.045),
corresponding to an NNT of 15 patients to prevent one stroke
in 5 years. This benefit does not present in women because of
the greater perioperative risk they run and the lesser risk they
have using just medical therapy. For both moderate and severe
stenoses the risk of stroke in the non-surgery group gradually
fell to about 3% per year within 2-3 years. The NASCET study
analysed different sub-groups of patients which, though limit-
ed because of the low number of subjects involved, nonethe-
less provided interesting data regarding therapeutic decisions
to be taken in specific cases. For example it was suggested that
while patients with preocclusive stenosis could benefit from
surgery, an emergency operation was not necessary; that the
risk-benefit ratio favors surgery in moderate stenoses associat-
ed with intracranial lesions and in severe stenoses associated
with contralateral occlusion.

ASYMPTOMATIC CAROTID STENOSIS - A recent
review examined 5 controlled randomized trials, whose results
were published between 1984 and 1995 (7). The trials involved
a total of 1215 surgically treated patients and 1225 controls in
medical arm, with 74% of subjects being males and follow up
varying between 2 and 5 years. In all studies the size of the
stenosis (that varied between 50% and 99%) was confirmed
angiographically before surgery. The review pointed to an
absolute reduction of 2% in the risk of homolateral stroke over
3 years (4.4% versus 6.4% in controls). This translates into an
NNT of 50 to prevent 1 episode in three years. Given that the
benefit of surgery is modest, the authors of the review con-
cluded that unless sub-groups of subjects at high risk are reli-
ably identified medical treatment is an acceptable alternative
for many patients with asymptomatic carotid stenosis.

The aim of the ongoing multi-center trial ACSRS
(Asymptomatic Carotid Stenosis and Risk of Stroke) is to
identify a subgroup of patients with an annual risk of stroke
>4%. In this study the patients - all treated with medical ther-
apy - are followed for 5 years with half-yearly clinical and
standardized echo-color Doppler examination to evaluate the
role of "local" risk factors of stroke (14).

CAROTID ANGIOPLASTY AND STENT - Carotid trans-
luminal percutaneous angioplasty is an alternative to
endarterectomy but to date there are no conclusive data from
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controlled and randomized studies that compare the two tech-
niques. This procedure is currently indicated in selected cases
such as restenosis and stenoses located both proximally (com-
mon carotid) and distally to the carotid bifurcation.

Conclusions

In all patients with TIA or minor stroke an echo-color-
doppler of the supra-aortic trunks should be carried out. If
severe stenosis is diagnosed the best treatment is endarterecto-
my. For moderate stenoses as well as asymptomatic severe
stenoses surgery is only modestly beneficial and the therapeu-
tic decision must take full account of the operative risk of each

patient. Prescribing an antiplatelet agent may be a valid alter-
native provided the patients are given careful clinical-instru-
mental follow-up: the key factor in the non-surgical approach
is that the patient is instructed to report immediately the onset
of any neurological symptoms.

Correction of cardiovascular risk factors by means of
behaviour modifications and drugs is a major goal.
Antiplatelet agents reduce the overall risk of cardiovascular
events in patients with atherosclerotic vascular disease, what-
ever its location. The drug of choice is low-dose aspirin (100-
300 mg). In cases of intolerance to or inefficacy of aspirin in
preventing recurrence of stroke, ticlopidine or clopidogrel
should be used. For other drugs the research data are not con-
clusive.
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