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ABSTRACT

Background The causes of stroke in patients with
asymptomatic carotid-artery stenosis have not been
carefully studied. Information about causes might in-
fluence decisions about the use of carotid endarter-
ectomy in such patients.

Methods We studied patients with unilateral symp-
tomatic carotid-artery stenosis and asymptomatic con-
tralateral stenosis from 1988 to 1997. The causes, se-
verity, risk, and predictors of stroke in the territory of
the asymptomatic artery were examined and quan-
tified.

Results The risk of stroke at five years after study
entry in a total of 1820 patients increased with the
severity of stenosis. Among 1604 patients with ste-
nosis of less than 60 percent of the luminal diameter,
the risk of a first stroke was 8.0 percent (1.6 percent
annually), as compared with 16.2 percent (3.2 per-
cent annually) among 216 patients with 60 to 99 per-
cent stenosis. In the group with 60 to 99 percent ste-
nosis, the five-year risk of stroke in the territory of a
large artery was 9.9 percent, that of lacunar stroke
was 6.0 percent, and that of cardioembolic stroke 2.1
percent. Some patients had more than one stroke of
more than one cause. In the territory of an asympto-
matic occluded artery (as was identified in 86 pa-
tients), the annualized risk of stroke was 1.9 percent.
Strokes with different causes had different risk fac-
tors. The risk factors for large-artery stroke were silent
brain infarction, a history of diabetes, and a higher
degree of stenosis; for cardioembolic stroke, a history
of myocardial infarction or angina and hypertension;
and for lacunar stroke, age of 75 years or older, hyper-
tension, diabetes, and a higher degree of stenosis.

Conclusions The risk of stroke among patients with
asymptomatic carotid-artery stenosis is relatively low.
Forty-five percent of strokes in patients with asymp-
tomatic stenosis of 60 to 99 percent are attributable
to lacunes or cardioembolism. These observations
have implications for the use of endarterectomy in
asymptomatic patients. Without analysis of the risk
of stroke according to cause, the absolute benefit as-
sociated with endarterectomy may be overestimat-
ed. (N Engl J Med 2000;342:1693-700.)
©2000, Massachusetts Medical Society.

HETHER to perform carotid endar-

terectomy in asymptomatic patients is

an important public health issue. On

the basis of Medicare records, the num-
ber of carotid endarterectomies in the United States
rose from 46,571 in 1989 to 108,275 in 1996.! The
National Hospital Discharge Survey estimated that
144,000 endarterectomy procedures were performed
in 1997 (Pokras R: personal communication). Half
of the procedures are performed in asymptomatic
patients.2 Two million people in the United States
who are over the age of 50 years are estimated to have
asymptomatic carotid-artery stenosis of at least 50
percent of the luminal diameter.3 Uncertainty about
the ideal treatment for these patients makes it nec-
essary for us to learn as much as possible about the
causes and risk of stroke.

Atherosclerosis of the internal carotid artery is an
important cause of stroke. Large multicenter trials
have demonstrated that the risk of stroke is reduced
by endarterectomy.*” The three major factors that
determine the magnitude of benefit derived from end-
arterectomy are the presence or absence of symptoms,
the degree of carotid-artery stenosis, and the rate of
perioperative stroke or death. Provided the periop-
erative rate is approximately 6 percent, patients with
severe symptomatic carotid stenosis (70 to 99 per-
cent) can expect an absolute reduction of 13.3 to 15.6
percent in the risk of stroke within five years.+6 In
contrast, endarterectomy is only marginally eftective
for patients without symptoms. The largest trial of
patients with asymptomatic carotid stenosis of 60 to
99 percent found less than half of this absolute reduc-
tion (5.9 percent) in the risk of stroke at five years.8

Decisions about whether to recommend endarter-
ectomy for asymptomatic patients must take into ac-
count that not all future strokes will originate from
the stenosed internal carotid artery. In patients with
severe symptomatic stenosis, approximately 20 per-
cent of subsequent ipsilateral strokes have a cardiac
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or lacunar cause.?!0 If this percentage is similar or
higher in asymptomatic patients, the reported abso-
lute benefit of endarterectomy in the trials of endar-
terectomy for asymptomatic carotid-artery stenosis
may be diminished by the occurrence of cardioem-
bolic and lacunar strokes. Given this finding, the ab-
solute reduction in risk attributable to endarterecto-
my should be calculated with large-artery stroke as the
outcome. We examined the causes and risk of stroke
in the territory of a carotid artery with asymptomatic
stenosis. Data are from the North American Symp-
tomatic Carotid Endarterectomy Trial (NASCET).

METHODS

The NASCET was designed to determine the efficacy of end-
arterectomy for patients with symptomatic carotid stenosis. A to-
tal of 2885 patients were enrolled who had had a transient ische-
mic attack or nondisabling ischemic stroke within 180 days before
randomization to medical care alone or medical care with endar-
terectomy. Patients were not eligible if they had a probable cardi-
ac source of embolism or a serious disease likely to cause death
within five years. All patients underwent a detailed history taking
and physical examination at base line that included routine blood
tests, electrocardiography, chest radiography, carotid angiogra-
phy, and computed tomography (CT) or magnetic resonance im-
aging, or both, of the brain. All angiograms and brain scans were
reviewed centrally. The degree of internal-carotid-artery stenosis
was measured according to strict criteria.! Near-occlusions, which
were identified on angiography as very severe stenosis proximal to
a narrowed distal segment, were assigned to the category of 95
to 99 percent stenosis. Brain scans were evaluated to detect any
brain infarctions and to rule out other disorders that could ac-
count for the symptoms. Details of the study methods have been
published previously.+!2

Follow-up consisted of clinical examinations every four months
during the trial. The mean follow-up was five years. Data on all
strokes were centrally reviewed, and ischemic strokes were assigned
by the NASCET outcomes committee to categories according to
their underlying cause (large-artery, lacunar, or cardioembolic)
and the level of disability they produced. Strokes that were not
clearly lacunar or cardioembolic in origin were categorized as
large-artery strokes. Lacunar strokes were defined by a combina-
tion of symptoms or signs and radiologic criteria: presentation
with primary motor, primary sensory, or sensory—motor symp-
toms, the dysarthria—clumsy hand syndrome or the ataxia—hem-
iparesis syndrome, with deep white-matter lesions or basal-gan-
glia lesions 1 cm or less in diameter detected radiologically.” The
NASCET definition of cardioembolic strokes, published else-
where,!0 included strokes in patients who, after study entry, had
cardiac disorders known to be associated with a substantial risk
of cerebral embolism, particularly atrial fibrillation accompanied
by two or more recognized cardiovascular risk factors, recent my-
ocardial infarction and its thrombotic or cardiac-wall sequelae,
symptomatic valvular lesions identified on echocardiography, and
the need for cardiac interventional procedures. All suspected car-
dioembolic strokes were reviewed by a cardiologist, whose assess-
ment was validated independently by a second cardiologist. When
there were two possible causes for a stroke, a single cause was as-
signed by the outcomes committee in conjunction with the con-
sulting cardiologist. Strokes were considered disabling if patients
had a modified Rankin score of 3 or more (on a scale on which
0 indicates normal and independent functioning and 6 indicates
death!3) at 90 days after the onset of symptoms. All deaths were
reviewed and assigned an underlying cause.

Of the 2885 patients enrolled in the NASCET, we excluded
375 patients who had a history of bilateral carotid-artery symp-
toms, an additional 52 who had previously undergone endarter-
ectomy of the asymptomatic artery, and 81 for whom no angio-
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gram showing the asymptomatic artery was available for central
review. The remaining 2377 patients had a carotid artery that was
asymptomatic up to the time of randomization and that was con-
tralateral to the randomized symptomatic artery. An artery was
defined as asymptomatic if there were no ipsilateral symptoms or
signs of cerebral or retinal ischemia. Even if there was a silent le-
sion on the CT scan, the artery was regarded as asymptomatic.
Among the 2377 patients, 471 had no visible internal-carotid-
artery disease and 86 had an occlusion, leaving 1820 with a patent
asymptomatic artery with angiographically visible stenosis.

The risk of any stroke at five years that was ipsilateral to the
asymptomatic artery and the risk of such a stroke according to
cause were derived from Kaplan—Meier curves for event-free sur-
vival. In the analyses of risk, only the first stroke with a particular
cause was counted, and data were censored at the time of endar-
terectomy on the asymptomatic artery. The significance of difter-
ences in risk was ascertained with the use of the log-rank test. To
permit comparisons with the Asymptomatic Carotid Atheroscle-
rosis Study,® which used 60 percent stenosis as the cutoft, patients
were divided into two categories according to the degree of an-
giographically visible asymptomatic stenosis: <60 percent or 60
to 99 percent. A secondary analysis, with use of Cox proportion-
al-hazards regression modeling, was undertaken to determine
whether different risk factors were associated with the three caus-
es of stroke. The most common risk factors for stroke were ex-
amined. Adjusted hazard ratios, which served as measures of as-
sociation, were used to report the results. All continuous variables
were dichotomized.

RESULTS

The risk of a first stroke at five years was 4.6 per-
cent for patients with no visible disease in the asymp-
tomatic artery, ranged up to 18.5 percent for those
with 75 to 94 percent stenosis, and decreased there-
after as the degree of stenosis approached occlusion
(P<<0.001 for the overall comparison among the cat-
egories of stenosis). As Figure 1 shows, the magni-
tude of these risks was notably less than the risk of
stroke in the territory of an artery with symptomatic
stenosis.

Of the 1820 patients with asymptomatic stenosis,
1604 had less than 60 percent stenosis and 216 had
60 to 99 percent stenosis. Base-line characteristics of
the entire group of 1820 patients are reported, since
no appreciable differences were observed between
the two subgroups. The mean age was 66 years (14
percent were 75 years old or older), and 68 percent
were men. There was a recorded history of hyper-
tension in 60 percent of the patients and of diabetes
mellitus in 22 percent, and 36 percent had a history
of myocardial infarction or angina. Twenty-four per-
cent of the patients had a silent brain infarction in
the territory of the asymptomatic carotid artery. Dur-
ing the 10-year duration of the trial, a total of 195
strokes (191 ischemic strokes and 4 strokes due to
primary intracerebral hemorrhage) occurred in the
territory of the previously asymptomatic artery in
165 of the 1820 patients.

The risk analysis involved 122 strokes. Data were
censored at the time of endarterectomy in 102 pa-
tients (5.6 percent). Only the first occurrence of ip-
silateral stroke within a five-year period was counted.
The risk of ipsilateral stroke, due to any cause and of
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Figure 1. The Risk of a First Ipsilateral Stroke at Five Years after Study Entry in the Territories of Carotid
Arteries with and without Symptoms, According to the Degree of Stenosis.

Stenosis of 95 to 99 percent represents near-occlusion. The numbers of patients with symptomatic ca-
rotid-artery stenosis were as follows: <50 percent stenosis, 690; 50 to 59 percent stenosis, 238; 60 to
74 percent stenosis, 267; 75 to 94 percent stenosis, 196; and 95 to 99 percent stenosis, 58. For asymp-
tomatic carotid-artery stenosis, the numbers of patients were as follows: no disease, 471; <50 percent
stenosis, 1496; 50 to 59 percent stenosis, 108; 60 to 74 percent stenosis, 113; 75 to 94 percent stenosis,
74; 95 to 99 percent stenosis, 29; and occlusion, 86.

any degree of severity, at five years among patients
with less than 60 percent carotid-artery stenosis was
8.0 percent, as compared with 16.2 percent for those
with 60 to 99 percent stenosis (absolute difference
in risk, 8.2 percent; 95 percent confidence interval,
2.1 to 14.3 percent). The risk of disabling stroke
(defined by a Rankin score of 3 or more) was higher
among the patients with more severe stenosis but still
less than half the risk of any stroke, regardless of se-
verity. Approximately 80 percent of first strokes were
not heralded by transient ischemia.

A substantial number of strokes in the territory of
the asymptomatic carotid artery had causes other than
large-artery disease (Fig. 2, top). The risk of lacunar
stroke at five years was approximately one third the
risk of large-artery stroke for patients with less than
60 percent stenosis and increased to approximately
two thirds the risk of large-artery stroke among the
patients with 60 to 99 percent stenosis. The risk of
cardioembolic stroke was less than one quarter the
risk of large-artery stroke in each of the correspond-
ing stenosis categories. The combined risk of stroke
with a lacunar or cardioembolic cause approached the
risk of a large-artery stroke among the patients who
had 60 to 99 percent stenosis (8.1 percent vs. 9.9
percent).

Of the 40 strokes that occurred in the group with
60 to 99 percent stenosis, 42.5 percent (27.5 per-
cent plus 5.0 percent plus 10.0 percent) were dis-

abling (Fig. 2, bottom). The odds of having a dis-
abling stroke as compared with a nondisabling stroke
in the group with 60 to 99 percent stenosis was cal-
culated from the percentages in Figure 2. The odds
were highest for cardioembolic stroke (2:1). For large-
artery stroke the odds were 1:1. The odds that a la-
cunar stroke would be disabling were low (1:5).

The overall risk of death from any cause at five
years was 17.5 percent for patients with asymptomat-
ic stenosis of less than 60 percent and 21.0 percent
for those with 60 to 99 percent stenosis. The risk of
death not due to stroke at five years without the pri-
or occurrence of a stroke was 15.3 percent among
patients with less than 60 percent stenosis and 17.2
percent among those with 60 to 99 percent stenosis.
In these two degree-of-stenosis categories the risk of
death due to stroke (1.9 percent and 1.0 percent, re-
spectively) or death due to myocardial infarction (3.4
percent and 2.0 percent) was low in comparison to
the risk of death due to other vascular causes (6.2
percent and 10.7 percent) and death due to nonvas-
cular causes (7.1 percent and 8.8 percent).

Results from the Cox proportional-hazards regres-
sion models indicated that the three causes of stroke
were associated with different base-line risk-factor pro-
files (Fig. 3). Higher degrees of carotid-artery steno-
sis were predictive of large-artery and lacunar stroke,
but not of cardioembolic stroke.

The asymptomatic artery was occluded in 86 pa-
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Figure 2. Risk and Severity of Stroke According to Cause.

The top panel illustrates the risk of a first ipsilateral stroke of cardioembolic, lacunar, or large-artery
origin at five years after study entry, according to the degree of asymptomatic carotid-artery stenosis.
The cause-specific risks are not additive; some patients had more than one stroke of more than one
cause. The bottom panel shows the proportions of disabling and nondisabling ipsilateral strokes for
each cause, within the categories of <60 percent stenosis and 60 to 99 percent stenosis.

tients. The five-year risk of stroke ipsilateral to the
occlusion in these subjects was 9.4 percent (1.9 per-
cent annually). Of the six strokes that occurred in
this group, five were of large-artery origin, one was
lacunar, and none were cardioembolic.

Table 1 shows the actual risk of ipsilateral stroke
from any cause and the calculated risk of ipsilateral
large-artery stroke on the basis of the Asymptomatic
Carotid Atherosclerosis Study data. To prevent one
stroke from any cause at two years, 67 patients would
have to undergo carotid endarterectomy. To prevent
one large-artery stroke at two years, 111 patients
would have to undergo carotid endarterectomy.

DISCUSSION

Recently, physicians have recognized that in clin-
ical studies of stroke, the causes of stroke should be
identified.'4!5 The causes of stroke have not been
carefully reported in patients with asymptomatic ca-
rotid stenosis. In the present study, we observed that
almost half the strokes in the territory of an asymp-
tomatic carotid artery in patients with 60 to 99 per-
cent stenosis were attributable to lacunar and cardi-
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oembolic disease. Our study excluded patients with
cardiac diseases, which can cause emboli. Consequent-
ly, the number of cardioembolic strokes among pa-
tients with asymptomatic carotid stenosis was prob-
ably underestimated.

Considering that strokes with different causes may
respond differently to a particular treatment and that
the risk of large-artery stroke is low, our data suggest
that endarterectomy may not be justified for most
patients with asymptomatic carotid-artery stenosis.
This is the case because counting only large-artery
strokes as the outcome of interest, rather than strokes
from any cause, cuts the absolute reduction in the
risk of stroke from 5.9 percent to 3.5 percent and
nearly doubles the number needed to treat (Table 1).
The expected small absolute reduction (0.9 percent)
in risk at two years translates to a large number of
patients who would need to be treated to prevent a
single large-artery stroke within two years (111 pa-
tients), even when the rate of perioperative stroke
and death associated with endarterectomy is assumed
to be the 2.3 percent reported by the Asymptomatic
Carotid Atherosclerosis Study.8 If; instead of 2.3 per-
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Figure 3. Base-Line Characteristics Associated with the Subsequent Risk of Stroke According to Cause
(Cardioembolic, Lacunar, or Large-Artery).

The hazard ratios were derived from a Cox proportional-hazards regression model. Ml denotes myocar-
dial infarction. The three causes of stroke were associated with different risk factors: for large-artery
strokes, silent brain infarction, a history of diabetes, and higher degrees of stenosis; for cardioembolic
stroke, a history of myocardial infarction or angina and a history of hypertension; and for lacunar stroke,
age =75 years, hypertension, diabetes, and higher degrees of stenosis. An asterisk indicates a signifi-
cant hazard ratio (P<0.05).

TABLE 1. RISK OF IPSILATERAL STROKE AT FIVE YEARS AND NUMBER NEEDED TO TREAT
AT FIVE AND TWO YEARS.

ABSOLUTE
MEbicALLY SURGICALLY RepbucTiON  DIFFERENCE No. NEeepep
CAUSE TReATED GRouP  TREATED GROUP IN Risk IN Risk TO TREAT*
AT 5 YR AT 2 YR
percent
Any stroket 11.0 5.1 54 59 17 67
Large-artery strokef 6.6 31 54 35 29 111

*The number needed to treat is calculated as the reciprocal of the difference in risk. At two years,
the number needed to treat is based on estimated differences in risk of 1.5 percent for stroke of any
cause and 0.9 percent for large-artery stroke.

1The risk of stroke from any cause in the medical and surgical groups in the Asymptomatic Carotid
Atherosclerosis Study is shown.8

$The estimates of the risk of large-artery stroke were based on the observations that for subjects
in the NASCET with 60 to 99 percent stenosis, the ratio of the risk of large-artery stroke to the risk
of stroke from any cause in the territory of a symptomatic artery was similar in the medically and
surgically treated subjects, and the risk of large-artery stroke was approximately 60 percent of the risk
of stroke from any cause in the territory of an asymptomatic artery (i.e., 6.6 percent =60 percent of
11.0 percent, and 3.1 percent =60 percent of 5.1 percent).
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cent, the rate of perioperative stroke and death were
to reach 4 or 5 percent, endarterectomy would cause
more strokes than it would prevent.

Although some centers report low rates of opera-
tive complications in asymptomatic patients, recent
large multicenter studies report higher rates of peri-
operative stroke and death.16!® For example, among
the 1512 patients who underwent endarterectomy
for asymptomatic carotid stenosis in the Acetylsali-
cylic Acid and Carotid Endarterectomy (ACE) Trial,
the 30-day rate of perioperative stroke and death was
4.6 percent.!® The rate was 4.0 percent among the 350
asymptomatic patients in the prospective Toronto reg-
istry.1?

The current perioperative mortality rate based on
data from large programs, such as Medicare, ranges
from 1.7 to 2.5 percent.20 Morbidity due to stroke,
which is not included in routine Medicare reports, is
at least twice as high as the perioperative mortality
rate. When stroke and death, the two most serious
complications of endarterectomy, are combined, the
perioperative risk can easily reach an unacceptable
5 percent or higher.

The marginal benefit expected from endarterecto-
my in the prevention of large-artery stroke is incon-
gruent with the recommendation of the expert pan-
el of the American Heart Association. This panel’s
guidelines include a “Grade A recommendation” of
the use of endarterectomy in asymptomatic patients
with 60 to 99 percent stenosis, provided the rate of
perioperative stroke and death is less than 3 percent
and life expectancy is at least five years.2! A consen-
sus panel of the National Stroke Association stated
that endarterectomy cannot be recommended with-
out assurance that the local risk associated with sur-
gery is less than 3 percent.22 At the time these rec-
ommendations were issued, neither consensus panel
had information about stroke due to specific causes
in asymptomatic patients.

The benefit of endarterectomy in symptomatic pa-
tients is less impressive when stenosis is less severe.
A moderate benefit of surgery (an absolute difference
in risk of 7 percent at five years) was found among
patients in the NASCET who had symptomatic ste-
nosis of 60 to 69 percent. By comparison, in the
Asymptomatic Carotid Atherosclerosis Study, the ab-
solute difference in risk at five years for patients with
60 to 69 percent stenosis was only 5.1 percent.® It
seems paradoxical to recommend endarterectomy for
asymptomatic patients with 60 to 69 percent steno-
sis on the basis of a projected clinically important
benefit, when for symptomatic patients with the same
degree of stenosis, as well as a much greater risk of
subsequent stroke, the benefit was small.

In the medical literature, endarterectomy has been
recommended for use only in carefully selected cir-
cumstances.>227 Some surgeons have modified the
recommendations for asymptomatic patients and op-
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Figure 4. Rate of Perioperative Stroke and Death at 30 Days in
Patients with Contralateral Occlusion as Compared with the
Rate in Patients with Contralateral Stenosis.

Data are from surgically treated patients with either asympto-
matic or symptomatic stenosis in the Acetylsalicylic Acid and
Carotid Endarterectomy (ACE) Trial® and surgically treated symp-
tomatic patients in the NASCET.4 The numbers of patients rep-
resented in the bars are, from left to right, 1358, 154, 1210, 82,
1354, and 61. Three of 18 strokes in asymptomatic patients in
the ACE Trial, 0 of 6 strokes in symptomatic patients in the ACE
Trial, and 3 of 9 strokes in surgically treated symptomatic patients
in NASCET occurred in the territory of the occluded artery.

erate only when the stenosis is 80 percent or more
but will consider endarterectomy for patients with
lesser degrees of stenosis when the contralateral ca-
rotid artery is occluded.!¢ The latter practice may
not be advisable, since an increased risk of perioper-
ative stroke and death (12.3 percent) was observed
among asymptomatic patients in the ACE Trial when
the contralateral artery was occluded (Fig. 4). An in-
creased perioperative risk was also observed in pa-
tients with symptomatic stenosis and a contralateral
occlusion. However, for patients with symptoms, de-
spite the increased risk in the perioperative period,
endarterectomy is beneficial in the long term.28 For
asymptomatic patients, the long-term benefit is un-
known.

The patients with asymptomatic arteries whom we
followed in the present study were patients with a
history of contralateral symptoms and were not sim-
ply persons from the community discovered by chance
to have asymptomatic carotid stenosis. We recognized
the possibility that the results might not be regarded
as generalizable to other groups because of the par-
ticular sample of patients under study; we therefore
compared our findings in these patients with avail-
able, detailed results from prospective studies of pa-
tients with asymptomatic arteries.8-29-31 A striking sim-
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ilarity was observed between the patients in our study
and those in other studies in terms of risk factors,
annual mortality rates (which ranged from 3.4 per-
cent to 4.9 percent), and annual rates of stroke (from
2.2 percent to 3.2 percent). The observed homoge-
neity in results between our study and the other re-
ported studies suggests that our observations are gen-
erally applicable to persons living in the community.

Our findings confirm previous reports that the
risk of stroke rises with increasing degrees of asymp-
tomatic carotid stenosis but remains much lower
than in patients with symptomatic arteries.2%32:3¢ In
addition, we found, using angiography, that the risk
of stroke in the territory of an asymptomatic artery
peaks at very high degrees of stenosis and then de-
creases with near-occlusion. This phenomenon has
previously been demonstrated in symptomatic pa-
tients.3%38

The conclusions of this study may be summarized
as follows. The benefit attributable to endarterecto-
my should be calculated on the basis of the preven-
tion of large-artery strokes. Approximately half the
strokes that occur in the territory of an asymptomat-
ic internal carotid artery are not of large-artery ori-
gin. Endarterectomy cannot prevent stroke of cardi-
oembolic origin, and lacunar strokes are uncommonly
of large-artery origin. The risk of stroke in the ter-
ritory of an asymptomatic carotid artery is substan-
tially less than the risk of stroke in the territory of a
symptomatic artery with a similar degree of stenosis.
The risk of stroke declines with near-occlusion (95
to 99 percent stenosis) of the carotid artery. Only
20 percent of patients were warned of impending
stroke by a transient ischemic attack. The greatest risk
of large-artery stroke appears to be among patients
with the highest degrees of stenosis, a history of di-
abetes, the presence of a silent brain infarction beyond
the asymptomatic lesion, or a combination of these
factors. Physicians should closely monitor patients
with asymptomatic carotid-artery lesions in order to
supervise risk-factor management, detect and treat
cardiac disorders, and identify early symptoms of cer-
ebral ischemia.

Data from the present study do not rule out the
possibility that there may be a subgroup of asymp-
tomatic patients who will derive a clinically mean-
ingful benefit from endarterectomy. Two major stud-
ies are under way that will add to our knowledge
about the medical and surgical prevention of stroke
in patients with asymptomatic carotid-artery dis-
ease.?940 Ideally, the cause of each stroke that occurs
in these studies should be determined. When asymp-
tomatic patients at the highest risk for large-artery
stroke have been identified, a trial should be con-
ducted to determine the efficacy of endarterectomy
in this group. Meanwhile, the scales are tipped against
the routine use of endarterectomy in patients who
have no symptoms.
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