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OBSERVATIONAL STUDIES AND

clinical trials generally have
made little attempt to dis-
tinguish between stroke

outcomes according to cause,1,2 but this
pattern is changing.3-5 From the source
documents of the North American
Symptomatic Carotid Endarterectomy
Trial (NASCET), all ischemic stroke out-
comes were identified by cause (large ar-
tery, lacunar, and cardioembolic). The
working hypothesis was that a stenos-
ing arterial lesion should not be as-
sumed to be the cause of all subse-
quent strokes originating from this site.
In the age group at risk of arterioscle-
rotic stenosis, concomitant disease de-
velops in other sites, including the heart
and intracranial small arteries.

Identifying the causes of stroke among
patients with carotid stenosis is certain
to assist physicians and patients mak-
ing decisions about the acceptability of
a treatment program. Accordingly, the
aims of this study were to determine (1)
the risk and the proportion of large-
artery, lacunar, and cardioembolic stroke
in the territories of symptomatic and
asymptomatic arteries; (2) the occur-
rence of the different causes of stroke in
patients with varying degrees of ca-
rotid stenosis; (3) the influence of end-
arterectomy on the occurrence of dif-

ferent causes of stroke; and (4) the level
of disability of stroke related to cause.

The present study reports data gath-
ered from the long-term follow-up of
2885 patients with symptomatic ca-
rotid artery stenosis, half of whom re-
ceived carotid endarterectomy and half
of whom received medical care alone.

METHODS
NASCET confirmed the efficacy of ca-
rotid endarterectomy in reducing the
risk of stroke and death in patients who
experienced a transient ischemic event

or nondisabling stroke and who had
70% to 99% stenosis of the ipsilateral
carotid artery.6 The benefit was re-
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Context Therapeutic trials generally have not distinguished outcomes of stroke ac-
cording to cause.

Objective To determine whether stroke and subsequent disability was of large-
artery, lacunar, or cardioembolic origin in patients with different degrees of symptom-
atic and asymptomatic carotid stenosis.

Design Observational study of prospective data collected from the North American
Symptomatic Carotid Endarterectomy Trial between 1987 and 1997.

Setting and Patients A total of 2885 patients from 106 sites in the United States
and abroad (median age, 67 years; 70% male) who had symptomatic internal carotid
artery stenosis.

Main Outcome Measure Risk of stroke from each of the 3 causes at 5 years by
territory and degree of stenosis.

Results During an average follow-up of 5 years, 749 patients had 1039 strokes, in-
cluding 112 of cardioembolic, 211 of lacunar, 698 of large-artery, 17 of primary in-
tracerebral hemorrhage, and 1 of subarachnoid hemorrhage origin. The 5-year risk of
first stroke after entry into the trial in any territory was 2.6% of cardioembolic cause,
6.9% of lacunar cause, and 19.7% of large-artery cause. The proportion of cardio-
embolic strokes in the territory of the symptomatic artery was 12.0% and 6.9% in
60% to 69% and 70% to 99% arterial stenosis, respectively; large-artery strokes pre-
dominated (78.4%) at 70% to 99% arterial stenosis. With 70% to 99% arterial ste-
nosis, the proportion of strokes of cardioembolic and lacunar origin was 43.5% and
21.6% in asymptomatic and symptomatic arteries, respectively. A total of 67.6% of
cardioembolic, 16.7% of lacunar, and 33.0% of large-artery strokes in the territory of
the asymptomatic artery were disabling or fatal.

Conclusions Our data suggest that approximately 20% and 45% of strokes in the
territory of symptomatic and asymptomatic carotid arteries with 70% to 99% steno-
sis, respectively, are unrelated to carotid stenosis. The cause of subsequent strokes in
similar types of patients should be considered when making treatment decisions in-
volving carotid endarterectomy for patients with asymptomatic carotid stenosis, since
lacunar and cardioembolic strokes cannot be prevented by endarterectomy.
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duced for those with 50% to 69% ste-
nosis.7 Patients with less than 50% ste-
nosis did not benefit. Patients in
NASCET differed from other patients
with stroke in several large regis-
tries4,8-12 and reviews.13,14 Individuals
with cardiac conditions likely to pro-

duce cardioembolism, including atrial
fibrillation (AF), recent myocardial in-
farction (MI), unstable angina, dilated
cardiomyopathy, recent congestive
heart failure, and valvular disease prone
to the production of emboli, were ex-
cluded from the trial.

In total, 2885 patients with symptom-
atic internal carotid artery stenosis were
randomly assigned from December 1987
to December 1996 to undergo endar-
terectomy or receive medical manage-
ment alone. The average follow-up was
5 years. In patients with hypertension,
diabetes mellitus, and hyperlipidemia,
best contemporary treatment was ad-
ministered and centrally monitored.
Cigarette smoking was discouraged. En-
teric-coated aspirin was recommended
for all medical and surgical patients
throughout the trial. In the event of re-
current ischemic events despite aspirin
use, other platelet inhibitors or antico-
agulants were permitted at the discre-
tion of the treating physician.

Initial assessment includedstandard-
ized history taking, history taking and
examination for cardiovascular symp-
toms or disorders, neurological exami-
nation, laboratory tests, 12-lead electro-
cardiogram, chest radiograph, cross-
sectional imaging of the brain (usually
computed tomography), angiography,
and duplex ultrasonography of the ca-
rotid arteries. Study neurologists in the
participating centers performed medi-
cal, neurological, and functional status
assessments on all patients at entry; at
1,3,6,9,and12months;every4months
thereafter; and at the time of any stroke.
Cardiologyconsultationswererequested
by treatingphysicianswhenacardioem-
bolic origin of stroke was suspected.

All strokes and deaths were assessed
at 4 levels: by the participating neurolo-
gist and surgeon at each center, by staff
neurologists at the data center, by the
outcomescommittee (consistingof an in-
ternist, neurologists, surgeons, andmeth-
odologists), and by external adjudica-
tors. Among all strokes, a distinction in
territory was made among those on the
same side as the recently symptomatic
randomized artery (ipsilateral), those on
the opposite side (contralateral), and
those in the vertebrobasilar circulation.
The severity (using a modified Rankin
scale at 90 days to determine stroke dis-
ability) and type of stroke (hemor-
rhagic or ischemic) were assigned. A
stroke was considered to be disabling if
the Rankin score was 3 or greater.

Table. NASCET Classification of 112 Cardioembolic Strokes by Clinical and Transthoracic
Echocardiographic Risk Factors*

No. of
Strokes

Classified as possibly due to

Nonvalvular atrial fibrillation with 2 of the following risk factors16-20: 17

History of hypertension21 (blood pressure $160/90 mm Hg) 10

Recent congestive heart failure† 2

Regional/global left ventricular dysfunction 0

Left ventricular hypertrophy (by TTE) 4

Left atrial enlargement (.4 cm by TTE) 1

Age, y

65-75 8

$75 9

Regional/global left ventricular dysfunction10,12,17,22-25 37

Acute myocardial infarction (within 3 months
but excluding acute anterior myocardial infarction ,3 weeks)22

5

Left ventricular thrombus22,23,26-28 0

Left ventricular aneurysm29 0

Other (patent foramen ovale [2], anticardiolipin antibody
and history of myocardial infarction [1])

3

Subtotal 62

Classified as probably due to

Nonvalvular atrial fibrillation with $3 of the following risk factors: 21

History of hypertension (blood pressure $160/90 mm Hg) 19

Recent congestive heart failure† 11

Regional/global left ventricular dysfunction 12

Left ventricular hypertrophy (by TTE) 5

Left atrial enlargement (.4 cm by TTE) 11

Age, y

65-75 11

$75 9

Nonvalvular atrial fibrillation with left atrial thrombus 1

Mitral stenosis plus atrial fibrillation 0

Deteriorated bioprosthetic mitral valve plus atrial fibrillation 0

Mechanical mitral valve 1

Bacterial endocarditis with vegetations 0

Verrucose endocarditis with terminal cancer 1

Acute anterior myocardial infarction (within 3 weeks)13,22 6

Myocardial infarction with echocardiographic evidence of thrombus13,22 0

Left ventricular aneurysm with echocardiographic evidence of thrombus 2

Cardiac surgery (occurrence during or shortly after the procedure) 11

Cardiac catheterization or PTCA (occurrence during or shortly after the procedure) 6

Left atrial thrombus 0

Temporally proximate systemic embolism 1

Subtotal 50

*NASCET indicates North American Symptomatic Carotid Endarterectomy Trial; TTE, transthoracic echocardiogram;
and PTCA, percutaneous transluminal coronary angioplasty.

†Identified by dyspnea or peripheral edema with radiographic evidence of cardiac enlargement and pulmonary edema.
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All ischemic strokes, including those
within 30 days of endarterectomy, were
designated as to cause: large artery, la-
cunar, or cardioembolic. Outcomes
were evaluated for other potential un-
common stroke causes. Each stroke was
categorized as having 1 etiology only.
Strokes not clearly lacunar or cardio-
embolic in origin were categorized as
large-artery strokes. Because all pa-
tients entered the trial with symptoms
or signs associated with a putative is-
chemic event of large-artery origin, no
strokes were expected to be assigned to
an “unknown” cause, and none were.

Lacunar strokes were defined by a
combination of clinical and radiologi-
cal criteria: patients presenting with
primary motor, primary sensory, or
sensory-motor symptoms; the dysar-
thria–clumsy hand syndrome or the
ataxia-hemiparesis syndrome; and with
and without radiologically deep white
matter lesions or basal ganglia lesions
no more than 1 cm in diameter.15

Cardioembolicstrokeswere identified
byacombinationofclinicalandechocar-
diographic features. Single or combined
cardiac risk factors considered to be in-
dicativeofacardiacsourceforanembolic
eventweretabulated(TABLE).Theguide-
lines for this classification were consis-
tent with several reports.13,16-20,22-24,30,31

Eachcardioembolicstrokewasdesignated
aspossibleorprobable.Criteria influenc-
ing these 2 assignments were the num-
ber of associated risk factors (in AF), the
timerelationship(inMIandinvasivecar-
diacprocedures), the locationof thecar-
diacabnormality(inMIandintracavitary
thrombus), andthecharacteristicsof the
associated clinical condition (in cardiac
valvular abnormality).

In nonvalvular AF (NVAF), the event
rates for thromboembolism,derived from
multiple clinical and echocardio-
graphic risk factors, provided the basis
for postulating a possible or probable car-
diac source (FIGURE 1).16-18 Strokes in pa-
tients with NVAF who had 2 cardiac risk
factors were designated as possible car-
dioembolic. These patients are pre-
dicted to have an annual cerebral throm-
boembolism event rate of 11% to 12%,
based on the sum of event rates for 2 risk

factors.16-18 This is approximately 8 times
higher than for NVAF patients without
cardiac risk factors (1.5% rate).18 When
3 or more cardiac risk factors were iden-
tified, the stroke was designated as prob-
able cardioembolic. Nonvalvular AF in
the presence of 3 or more risk factors car-
ries a considerably greater risk of throm-
boembolism (18%-37%) based on the
sum of event rates for 3 or more risk fac-
tors.16-18 This is compared with the 4%
annual rate for large-artery stroke ob-
served in symptomatic NASCET pa-
tients and the 2% annual rate observed
in Asymptomatic Carotid Atherosclero-
sis Study patients.32 Because of such a
marked discrepancy in the risk of throm-
boembolism between high-risk NVAF
and large-artery lesions, it was appro-
priate to select AF as the cause of the
stroke. No distinction was made be-
tween paroxysmal and established AF.18

Patients with lone AF were not classi-
fied as having a cardioembolic stroke.

When a cardioembolic cause ap-
peared likely and required further clari-
fication, transthoracic echocardio-
grams (TTEs) were requested by the
outcomes committee if these studies
had not already been obtained by the
attending neurologist or the consult-
ant cardiologist. Transthoracic echo-
cardiograms were not always reques-
ted when AF developed or an acute
Q-wave electrocardiogram was pres-
ent in the setting of clinical findings and
enzyme changes consistent with MI.
Transesophageal echocardiography, re-
fined in the closing years of the study,
was available for only a few patients.
Left ventricular dysfunction was de-
scribed qualitatively as regional/local
akinesia or dyskinesia or global dys-
function. Left ventricular function was

Figure 1. Predicted Annual Thromboembolic Event Rates Based on SPAF Publications16,17

for Selected Combinations and Number of Cardiac Risk Factors of NASCET Patients With
Nonvalvular Atrial Fibrillation
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SPAF indicates Stroke Prevention in Atrial Fibrillation trial; NASCET, North American Symptomatic Carotid End-
arterectomy Trial; plus sign, risk factor present; HTN, history of hypertension; LVH, left ventricular hypertrophy;
LAE, left atrial enlargement; CHF, congestive heart failure; and LVD, left ventricular dysfunction. Data are dis-
played using the method illustrated by Rosenthal and Halperin.45 Twenty-five of 39 cardioembolic strokes caused
by nonvalvular atrial fibrillation were associated with the risk factor combinations listed along the horizontal axis.
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assessed by TTE at participating cen-
ters by echocardiographers who re-
ported on left ventricular segment wall
motion abnormalities, global left ven-
tricular dysfunction, and ejection frac-
tion measurements. Left ventricular hy-
pertrophy was based on the echocardio-
graphic diagnosis.

Potential cardioembolic strokes iden-
tified by the outcomes committee were
separately adjudicated by the study car-
diologist (R.W.G.), blinded to patient
treatment category and severity of ca-
rotid disease, using the template in the
Table. Six months later, the same car-
diologist, again blinded, reviewed a ran-
dom sample of 45 strokes, deliberately
including some already designated as
noncardiac in origin. His intraobserver
k was 0.96. A second cardiologist, also
blinded, reviewed these outcome events
and the interobserver k was 0.72.

The risk of each cause of stroke at 5
years in the medically treated and surgi-
cally treated groups by territory (ipsilat-
eral,contralateral,orvertebrobasilar)and
bydegreesofcarotidarterystenosiswere
estimated fromKaplan-Meierevent-free
survival curves. For the purpose of cor-
rectlyascribingstrokestomedicalorsur-
gical therapy, the risk analyses censored
patientsat the timeofcrossover to theal-
ternate therapyfromtheirassignedtreat-
ment group at baseline. The risk analy-
ses counted only the first stroke of each
cause in each territory.

The risk of each cause of stroke in
the territory of an asymptomatic ca-
rotid artery was also estimated in the
subgroup of 1820 patients who had an
asymptomatic stenosed carotid artery
on the contralateral side. The artery was
regarded as asymptomatic if there was
no recent or remote history of symp-
toms or physical signs in the territory
of that artery. Presence of a lesion on a
computed tomography scan in the ab-
sence of symptoms or signs was con-
sidered to be asymptomatic. The risk
analyses censored data at the time of ca-
rotid endarterectomy for individuals
who subsequently had surgery on the
side of the asymptomatic artery.

In a further analysis, the risks of dis-
abling and nondisabling stroke of each

cause, ipsilateral to the symptomatic
and asymptomatic carotid territories,
were estimated from Kaplan-Meier
event-free survival curves.

RESULTS
Baseline characteristics of patients in
NASCET were previously reported.6,7 In
brief, the median age was 67 years and
70% were men. There was a recorded his-
tory of hypertension (61%), diabetes
mellitus (22%), hyperlipidemia (34%),
smoking within the past year (42%), and
prior MI or angina (36%). Spanning the
duration of the trial, a total of 1039
strokes (1021 ischemic, 17 primary in-
tracerebral hemorrhage, and 1 subarach-
noid hemorrhage) involving any terri-
tory occurred in 749 of 2885 patients in
the NASCET. Recurrent strokes in the
same patient did not always originate
from the same cause. Cardioembolic ori-
gin accounted for 112 (10.8%) of the
strokes occurring in 95 patients, lacu-
nar strokes were identified 211 times
(20.3%) in 184 patients, and large-
artery disease strokes occurred 698 times
(67.2%) in 542 patients.

Causes of Cardioembolic Strokes
Among the 95 patients who had car-
dioembolic strokes, 80 had 1 stroke, 13
had 2 strokes, and 2 had 3 strokes.
Sixty-two cardioembolic strokes were
designated possible and 50 probable.
Echocardiograms were performed in 64
events (57.1%).

The most frequent cause was NVAF,
identified in 39 of the 112 cardioem-
bolic strokes (34.8%) (Table). Twenty-
two strokes were assigned to the prob-
able category and 17 to the possible
category. Of the 39 strokes occurring
in 34 patients who developed AF, 5 pa-
tients were taking anticoagulants prior
to the event and 12 others began tak-
ing long-term anticoagulants after the
event. During follow-up, another 195
patients developed NVAF without ex-
periencing a stroke, 56 of whom were
given anticoagulants.

Regional/global left ventricular dys-
function based on TTE findings at the
time of the outcome event was deemed
to be due to ischemia and classified as

a possible cause in 37 (33%) of 112
strokes. Excluding left bundle-branch
block in 4 patients, 23 of the 33 re-
maining strokes were associated with
significant electrocardiographic Q
waves recorded at the time of or prior
to the outcome event, strongly suggest-
ing transmural MI. Three strokes in-
volved patients with previous coro-
nary artery bypass graft; 20 (54%) had
a remote history of MI.

Acute MI was associated with 11 car-
dioembolic strokes. In 6 patients with
acute anterior MI, a probable cause was
assigned. The strokes occurred within
3 weeks of the infarction. A possible
cause was assigned in 5 other patients
when the stroke occurred within 3
months of the infarction.

Invasive cardiac procedures were
identified as the probable cause of 17
strokes occurring within 24 hours of the
procedure. Eleven followed cardiac sur-
gical procedures, coronary artery by-
pass graft, or aortic valve replacement,
and 6 followed catheterization proce-
dures, coronary angiography, and/or per-
cutaneous transluminal angioplasty.

Other cardiac risk factors for prob-
able and possible strokes of cardioem-
bolic origin are listed in the Table.

Analysis of Stroke Risk
Of the 1021 ischemic strokes, 727 re-
mained in the risk analyses after ac-
counting for crossovers, first occur-
rence, and the 5-year period. The 5-year
risk of a cardioembolic stroke in any ter-
ritory was 2.6% (95% confidence inter-
val [CI], 2.0%-3.4%), approximately one
third the risk of lacunar stroke (6.9%)
and one seventh the risk of large-artery
stroke (19.7%) (FIGURE 2, top). Cardio-
embolic strokes in any territory oc-
curred equally in medically and surgi-
cally treated patients (2.6%). Patients
were at reduced risk of all causes of
stroke in the contralateral and vertebro-
basilar territories.

The proportion of each cause of
stroke was calculated using data from
all 1021 ischemic strokes. Thirty per-
cent of all strokes were not of large-
artery origin, irrespective of treatment
group and territory (Figure 2, bottom).
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Cardioembolic strokes occurring on the
side of the randomized artery (ipsilat-
eral to symptoms) accounted for 8.5%
and 9.9% of all strokes in the medical
and surgical groups, respectively.

In medically treated symptomatic pa-
tients, theriskofanipsilateral large-artery
stroke increased as expected with sever-
ity of stenosis (FIGURE 3, top). The risk
of lacunarandcardioembolic strokesdid
not rise with increasing stenosis. In the
territoryofanasymptomaticartery, there
wasalowerriskofallcausesofstroke(Fig-
ure3, top).Theriskof large-arterystroke
increasedwiththedegreeof stenosis,but
eveninthe70%to99%stenosiscategory,
it only reached about one third of that in
the symptomatic artery. Cardioembolic
strokes did not increase in the presence
of increasing stenosis in the asymptom-
aticartery.Theriskof lacunarstrokes in-
creased moderately.

For symptomatic arteries with severe
(70%-99%) stenosis, the highest propor-
tion of strokes were of large-artery ori-
gin (78.4%) (Figure 3, bottom). Of all
strokes in the territory of a symptom-
atic 70%- to 99%-stenosed artery, 21.6%
were cardioembolic or lacunar in origin
(6.9% + 14.7%, respectively). At lesser
degrees of stenosis, although large-
artery strokes still predominated, the pro-
portion of lacunar and cardioembolic
strokes was higher than in the territory
of a 70% to 99% stenosis.

For asymptomatic arteries, the pro-
portion of strokes of combined lacu-
nar and cardioembolic origin ac-
counted for one third to nearly half of
strokes (Figure 3, bottom). The pro-
portion of lacunar and cardioembolic
strokes in the territory of the asymp-
tomatic artery was somewhat higher in
subjects with greater degrees of steno-
sis. Of all strokes on the asymptom-
atic 70%- to 99%-stenosed side, 43.5%
(8.7%+34.8%, respectively) were of car-
dioembolic or lacunar origin.

The 5-year risks of disabling and non-
disabling strokes in the territory of a
symptomatic carotid artery for medi-
cally treated and surgically treated pa-
tients are shown in FIGURE 4, top. The
risk of stroke of any degree of disabil-
ity was highest in medically treated pa-

tients whose strokes were attributed to
large-artery disease (11.0% nondis-
abling and 5.6% disabling). The risks
of disabling stroke due to lacunar and
cardioembolic causes were only 0.2%
and 1.2%, respectively. The 5-year risk
of stroke by cause in the territory of
asymptomatic arteries is shown in Fig-
ure 4, top. The reduced risk of large-

artery stroke compared with the terri-
tory of a symptomatic artery is shown,
as are the equal risks of cardioembolic
and lacunar strokes.

The proportion of ipsilateral stroke
by cause and disability was calculated
(Figure 4, bottom). About 51% (25.8%
+25.8%) of the cardioembolic strokes
in the territory of a symptomatic ar-

Figure 2. Kaplan-Meier Risks at 5 Years and Proportions of Each Cause of Stroke by Territory
and Assigned Treatment Group
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The overall number of patients analyzed was 2885 (medically treated patients, 1449 and surgically treated
patients, 1436).
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tery in medically treated patients were
disabling. The proportion of disabling
strokes of lacunar cause was substan-
tially lower (4%). None were in the
most severe or fatal categories. The pro-
portion of disabling or fatal large-
artery strokes was 33.7% (19.8% +
13.9%, respectively).

Similarly, in the territory of an asymp-
tomatic artery, strokes that were dis-
abling or fatal were more common with
cardioembolic cause (67.6%) than dis-
abling strokes of lacunar (16.7%) or
large-artery (33.0%) cause (Figure 4,
bottom). In the territory of an asymp-
tomatic artery, more lacunar strokes

had no disability (Rankin score of 0)
at 90 days than was observed in strokes
of cardiac or large-artery origin.

COMMENT
Theresultsof thisstudydemonstratethat
even in the presence of large-artery le-
sions, strokes arise from a variety of
causes. To our knowledge, no previous
large trials or case-series of carotid end-
arterectomyhaveattemptedtoassignthe
proportion of subsequent strokes by
cause. This omission may be of critical
consequence,consideringthatsubsequent
strokes arising from cardiac or aortic
sourcesandthepenetratingarteriesofthe
brain (producing lacunes) are not likely
tobepreventedbyanoperativeprocedure
(endarterectomy) that isnotexpected to
eradicate these potential causes.

Althoughpreviousdatabankandcase-
series studieshaveexamined therelative
disabilityof strokesbycause,34-39 thedis-
ability imposed by the various causes of
strokehadnotbeenaddressedinpatients
with proven carotid artery disease. The
present study shows that strokes of car-
dioembolic origin account for the high-
estproportionofdisablingstrokes.Strokes
of lacunar origin are least disabling, and
those attributable to large arteries have a
disability between strokes of cardioem-
bolic origin and lacunar origin, whether
the subsequent strokes were in the terri-
tory of the symptomatic artery or the
asymptomatic artery.

Cardiogenicstrokewasdiagnosedless
often in this trial than in largecase-series
and data banks. Stroke data banks have
identified cardiac causes in 15% to 20%
ofstrokes,9-11,40-42whereasinNASCET,the
proportionwaslowerat10.8%.Thisfind-
ing is attributable to exclusion from en-
try in NASCET of patients with cardiac
diseases known to be a source of embo-
lism.Thesepatient-selectioncriteria im-
plythattheobservationsfromthepresent
studycannotbegeneralizedtoallpatient
populationswithcarotidstenosisbutare
applicabletopatientsbeingconsideredfor
carotidendarterectomyinwhomserious
cardiacconditionswerejudgedtobeabar-
rier to the procedure. The proportion of
cardioembolic events in this study may
only be half that occurring in patients

Figure 3. Kaplan-Meier Risks at 5 Years and Proportions of Each Cause of Stroke for
Medically Treated Patients by Symptom Status of the ICA and Degree of Stenosis
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commonly undergoing endarterectomy
in community practice.

Not surprisingly for this population of
patients with a median age of 67 years,
NVAF developing after randomization
headed the list of probable causes of car-
dioembolic stroke. Atrial fibrillation be-
comes more common with increasing
age, affects 2 million people in the United
States in any given year, causes 36% of
strokes among patients older than 80
years, and increases stroke risk 6-fold.43,44

Two large stroke registries have identi-
fied AF as the most common risk factor
for cardioembolic stroke.10,12 Anticoagu-
lant therapy (for which benefit has been
proven since NASCET began) was ad-
ministered to only about one quarter of
these patients, but should be recom-
mended more frequently in the future.

The second most common risk factor
identifiedwasregional/globalleftventricu-
lar dysfunction. Both left atrial thrombi
and left ventricular thrombi as cerebral
embolicsourceshavebeenassociatedwith
left ventricular wall motion abnormali-
ties23 andleftventriculardysfunction,24,25

with and without AF.21,23-29,45

In addition to NVAF, cardiac se-
quelae of atherosclerosis developed in
NASCET subjects, including symptom-
atic coronary heart disease, MI, and
congestive heart failure, in some cases
requiring invasive therapeutic inter-
ventions. All these factors are known
to have potential for the formation or
dislodgement of aortic, atrial, and ven-
tricular thrombi or atheromatous frag-
ments causing embolic stroke.

Amongipsilateralstrokesinsymptom-
atic patients with 70% to 99% stenosis,
asmallproportion(6.9%)wereofcardio-
embolicorigin.Bycontrast,patientswith
moderate (60%-69%) symptomatic ste-
nosishad12.0%oftheirstrokesfromcar-
diac sources. The proportion of lacunar
and cardioembolic strokes (approxi-
mately35%)insymptomaticpatientswith
lessthan70%stenosiswasapproximately
twice thatobserved inpatientswith70%
to 99% stenosis. This proportion of
strokesnotcausedbylarge-artery lesions
must be weighed in any decisions about
endarterectomy for patients with only
moderate stenosis.

Of strokes occurring in the territory
of the asymptomatic artery, the propor-
tion of large-artery origin was less than
inthe territoryof thesymptomaticartery,
particularly in the presence of severe ste-
nosis. For patients with asymptomatic
arteries with 60% to 99% stenosis (the
range of stenosis believed to benefit from

endarterectomy), nearly half of strokes
were from the small vessels or the heart.

CONCLUSIONS
Disordersof theheartandsmallpenetrat-
ingarteriesareimportantcausesofstroke,
even inthepresenceof stenosingarterio-
scleroticextracranialcarotidlesions.Non-

Figure 4. Kaplan-Meier Risks at 5 Years and Proportions of Disabling and Nondisabling
Stroke by Assigned Treatment Group and Cause in the Territory of a Symptomatic and
Asymptomatic Carotid Artery
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valvularAFandtheconsequencesofmyo-
cardial ischemia account for most of the
strokesofcardiacorigin.Theriskandpro-
portionofcardioembolicstrokeoutcome
eventsinthisgroupofpatientswithsymp-
tomatic carotid artery disease was simi-
lar inthemedicallyandsurgically treated
patients.Surgicaltreatmentofthediseased
artery would not be expected to reduce
the later occurrence of cardioembolic
stroke and did not. Strokes of cardioem-
bolic origin were more commonly dis-
abling or fatal compared with those that
arose from the large or small arteries.

Approximately 35% of strokes oc-
curring subsequently in symptomatic
patients with moderate carotid dis-
ease (,70% stenosis) were due to
causes other than the large-artery le-
sion. Approximately 50% of strokes oc-
curring in the territory of the asymp-
tomatic artery with 60% to 99% stenosis
were not of large-artery origin.

Expectations of benefit from endar-
terectomy in symptomatic patients with
moderate disease or in asymptomatic
subjects must consider the evidence that
a large number of future strokes will not
be related to the carotid artery lesion. The
risk of stroke expected from the large-
artery lesion is only part of the story. In
patients with carotid stenosis suspected
of causing ischemic events, risk factors
must be modified. Before deciding on the
final treatment strategy, consideration
should be given to investigations to iden-
tify other potential causes (eg, cardiac,
aortic, lacunar, prothrombotic hemato-
logical conditions) of stroke.
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