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Abstract Background. Without strong evidence of
benefit, the use of carotid endarterectomy for prophylaxis
against stroke rose dramatically until the mid-1980s, then
declined. Our investigation sought to determine whether
carotid endarterectomy reduces the risk of stroke among
patients with a recent adverse cerebrovascular event and
ipsilateral carotid stenosis.

Methods. We conducted a randomized trial at 50 clini-
cal centers throughout the United States and Canada, in
patients in two predetermined strata based on the severity
of carotid stenosis — 30 to 69 percent and 70 to 99 per-
cent. We report here the results in the 659 patients in the
latter stratum, who had had a hemispheric or retinal tran-
sient ischemic attack or a nondisabling stroke within the
120 days before entry and had stenosis of 70 to 99 percent
in the symptomatic carotid artery. All patients received
optimal medical care, including antiplatelet therapy. Those
assigned to surgical treatment underwent carotid endar-
terectomy performed by neurosurgeons or vascular sur-

AROTID endarterectomy was introduced in 1954
as a logical procedure for the prevention of ische-
mic stroke distal to carotid-artery stenosis. Although
the first randomized trials of its effectiveness had neg-
ative results,?* surgeons continued to perform carotid
endarterectomy and began to report lower rates of
perioperative complications.>®
The number of patients undergoing endarterec-
tomy in hospitals in the United States (other than
Veterans Affairs hospitals) rose from 15,000 in 1971 to
107,000 in 1985.” However, continuing uncertainty
about the efficacy of the operation was reflected in
marked geographic variation in the rates of endarter-
ectomy.? Adding to this uncertainty was the decline in
the number of first and fatal strokes,”!! the influence
of risk-factor management in reducing strokes,'?"*
and emerging recognition of the efficacy of antiplate-
let drugs in preventing stroke.'> When a randomized
trial demonstrated that extracranial-intracranial by-
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geons. All patients were examined by neurologists 1, 3, 6,
9, and 12 months after entry and then every 4 months. End
points were assessed by blinded, independent case re-
view. No patient was lost to follow-up.

Results. Life-table estimates of the cumulative risk of
any ipsilateral stroke at two years were 26 percent in the
331 medical patients and 9 percent in the 328 surgical
patients — an absolute risk reduction (=SE) of 17+3.5
percent (P<0.001). For a major or fatal ipsilateral stroke,
the corresponding estimates were 13.1 percent and 2.5
percent — an absolute risk reduction of 10.6+2.6 percent
(P<0.001). Carotid endarterectomy was still found to be
beneficial when all strokes and deaths were included in
the analysis (P<0.001).

Conclusions. Carotid endarterectomy is highly bene-
ficial to patients with recent hemispheric and retinal tran-
sient ischemic attacks or nondisabling strokes and ipsilat-
eral high-grade stenosis (70 to 99 percent) of the internal
carotid artery. (N Engl J Med 1991; 325:445-53.)

pass was ineffective in preventing stroke,'® this pre-
sented an opportunity to reexamine the current effica-
cy of carotid endarterectomy as performed in North
America, and several randomized trials were begun in
both symptomatic and asymptomatic patients,'’ com-
plementing the European Carotid Surgery Trial al-
ready under way.'® This report describes the first de-
finitive results of this new round of trials of carotid
endarterectomy.

METHODS

A full description of the methods of the study has been published
elsewhere.'® The key features of the conduct of the trial were as
follows.

Center Eligibility

The study was conducted at 50 centers in the United States and
Canada. Each center had a rate of less than 6 percent for stroke and
death occurring within 30 days of operation for at least 50 consecu-
tive carotid endarterectomies performed within the previous 24
months, and each had obtained approval of the research protocol
from its local institutional review board.

Patient Eligibility

To be eligible for the trial, patients had to give informed consent,
be less than 80 years old, and have had a hemispheric transient
ischemic attack (distinct focal neurologic dysfunction) or monocular
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blindness persisting less than 24 hours or a nondisabling stroke with
persistence of symptoms or signs for more than 24 hours within the
previous 120 days, in association with stenosis of 30 to 99 percent
in the ipsilateral internal carotid artery; the artery had to be techni-
cally suitable for endarterectomy, as assessed by selective carotid
angiography.

Using a jeweler’s eyepiece marked in tenths of a millimeter, the
principal neuroradiologist measured on the angiograms of each pa-
tient the luminal diameter (on two views) at the point of greatest
stenosis and at the normal part of the artery beyond the carotid
bulb. The percent stenosis was determined by calculating the ratio
of these two measurements, with use of the view showing the great-
est degree of narrowing. If review by the Data Management Center
(Robarts Institute) found the stenosis to be less than 30 percent, the
angiograms were submitted for independent external adjudication.
Patients were categorized at entry as being in one of two predeter-
mined strata: those with 30 to 69 percent stenosis and those with 70
to 99 percent stenosis. The reliability of this assignment was
checked in a blinded fashion by the principal neuroradiologist in
127 randomly selected patients; this check revealed a high degree of
consistency (kappa = 0.89).

Patients were excluded from the study if they (1) were mentally
incompetent or unwilling to give informed consent; (2) had no an-
giographic visualization of both carotid arteries and their intracra-
nial branches; (3) had an intracranial lesion that was more severe
than the surgically accessible lesion; (4) had organ failure of the
kidney, liver, or lung, or had cancer judged likely to cause death
within five years; (5) had a cerebral infarction on either side that
deprived the patient of all useful function in the affected territory;
(6) had symptoms that could be attributed to nonatherosclerotic
disease (e.g., fibromuscular dysplasia, aneurysm, or tumor); (7) had
a cardiac valvular or rhythm disorder likely to be associated with
cardioembolic symptoms; or (8) had previously undergone an ipsi-
lateral carotid endarterectomy.

Patients were temporarily ineligible if they had uncontrolled hy-
pertension, diabetes mellitus, or unstable angina pectoris; myocar-
dial infarction within the previous 6 months; signs of progressive
neurologic dysfunction; contralateral carotid endarterectomy with-
in the previous 4 months; or a major surgical procedure within the
previous 30 days. Such patients could become eligible if the disorder
causing their temporary ineligibility resolved within 120 days after
their qualifying cerebrovascular event. The data on all ineligible
patients and all who were eligible but did not undergo randomiza-
tion, including all patients undergoing carotid endarterectomy out-
side the trial, were reported to the Nonrandomized Data Center at
the Mayo Clinic.'®

Base-Line Investigations

Patients underwent standardized history taking, physical and
neurologic examinations, a 12-point assessment of functional status,
laboratory tests, 12-lead electrocardiography, computerized tomog-
raphy of the head, angiography and duplex ultrasonography of the
carotid arteries, and chest roentgenography.

Randomization

On transmission of base-line data to the Data Management Cen-
ter, patients were randomly assigned to receive either medical care
alone or medical care plus surgery, according to a computer-gener-
ated randomization schedule.

Treatment

Antiplatelet treatment (usually 1300 mg of aspirin per day or a
lower dose if necessitated by side effects) and, as indicated, antihy-
pertensive, antilipid, and antidiabetic therapy was prescribed for all
patients. Those assigned to surgery also underwent carotid endar-
terectomy. The surgical technique was left to the discretion of
the surgeon, and the procedures have been described elsewhere.!?
Simultaneous coronary-artery bypass grafting and simultaneous
bilateral carotid endarterectomy were proscribed. Patients with
bilateral stenosis who were assigned to surgery could undergo bi-
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lateral endarterectomy if the symptomatic side of the carotid was
operated on first.

Follow-up

Study surgeons completed postoperative assessments 30 days
after surgery or at the time of hospital discharge, whichever oc-
curred first. Study neurologists performed medical, neurologic, and
functional-status assessments of all patients one month after entry,
then every three months for the first year, and every four months
thereafter. The management of cardiovascular risk factors was
monitored centrally, and reminders were sent to neurologists if
necessary. Computed tomography of the head was performed if
cerebrovascular events were suspected. Duplex ultrasonography
was repeated one month after entry and after any cerebrovascular
event in the carotid distribution. Carotid angiography was repeated
after any cerebrovascular event when considered clinically appro-
priate.

Events

All deaths were assessed for their immediate, underlying, and
contributing causes. Strokes were assessed for location, type, later-
ality, severity, and duration, according to the definitions published
by the Committee on Classification of Cerebrovascular Disease of
the National Institute of Neurological Disorders and Stroke.?’ New
lesions identified on computed tomography were not considered
strokes unless appropriate signs or symptoms persisted beyond 24
hours.

Patient eligibility and events were assessed at three levels: by the
participating neurologist and surgeon at each center, by the steering
committee at the Data Management Center (where a staff neurolo-
gist tracked down missing or additional data as needed and then
presented each case without revealing treatment assignment), and
by a team of blinded external adjudicators who were not otherwise
involved in the trial.

Statistical Analysis

The original calculations of sample size allowed for independent
analyses in each of four angiographic subgroups defined by the
degree of stenosis and angiographic evidence of ulceration. How-
ever, the comparison of base-line angiograms and surgical speci-
mens confirmed the insensitivity of angiography in detecting ulcer-
ation.? Accordingly, this stratification was removed from the
primary analyses, leaving just the two strata of high-grade (severe)
stenosis (70 to 99 percent) and medium-grade (moderate) stenosis
(30 to 69 percent).

All analyses compared medical and surgical patients with respect
to the length of time before treatment failure by means of the Man-
tel-Haenszel chi-square test and Kaplan—Meier survival curves.
All reported P values are two-tailed. The primary analysis defined
treatment failure as any fatal or nonfatal stroke ipsilateral to the
carotid lesion. Other definitions included all strokes and all deaths
as well as consideration of the severity of stroke. Strokes producing
functional deficits persisting beyond 90 days were considered major.
Each of these analyses included all strokes (regardless of location)
and all deaths (regardless of cause) that occurred among surgical
patients during the 30-day postoperative period and among medical
patients during a comparable period after randomization.

Patients found to be ineligible because they did not have either an
appropriate carotid lesion or corresponding symptoms were ex-
cluded from the primary analysis. Patients who were crossed over to
the other treatment group were included in the primary analysis up
to the date of crossover, but not after that date.

As dictated in the protocol, monthly interim analyses were initiat-
ed in January 1990 (two years after the randomization of the first
patient). If the results of any of these monthly analyses, known only
to the principal biostatistical investigator and a clinical epidemiolo-
gist, showed a difference between the medical and surgical groups
that had reached a level of statistical significance of 0.1 percent
(P<<0.001), the chairman of the National Institutes of Health moni-
toring committee was to be notified. If this difference remained at
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the 0.1 percent level over a six-month period, and if the supporting
analyses indicated that the interpretation of these results was un-
ambiguous and clinically important, the full monitoring committee
was to be convened. The committee was also to be convened if
it became possible to rule out, with a high level of confidence,
a 10 percent reduction in relative risk as a result of carotid
endarterectomy.

Analyses were conducted to ascertain the importance of risk fac-
tors by dividing patients into three risk groups of approximately
equal size according to a simple count of the commonly recognized
risk factors with the use of arbitrary cutoff points: age (>70 years),
sex (male), systolic blood pressure (>160 mm Hg), diastolic blood
pressure (>90 mm Hg), recency (<31 days) and type of prior cere-
brovascular events (stroke, not transient ischemic attack), degree of
stenosis (>80 percent), presence of ulceration on the angiogram,
and a history of smoking, hypertension, myocardial infarction, con-
gestive heart failure, diabetes, intermittent claudication, or high
blood lipid levels. These risk factors and cutoff points were chosen
in advance and were not derived through analysis of the data.

RESULTS

Early Termination of the Study in Patients with High-Grade
Stenosis

On February 1, 1991, the trial’s preplanned rule for
stopping randomization was invoked because of evi-
dence of treatment efficacy among patients with
high-grade stenosis (70 to 99 percent) who under-
went carotid endarterectomy. On February 21, the
monitoring and executive committees agreed that
(1) randomization of patients with high-grade steno-
sis should be stopped, (2) a summary of the results
in the patients with high-grade stenosis should be
communicated immediately to the participating clini-
cians, along with a list of all patients given medical
treatment alone to whom the results might apply,
(3) reports of all strokes and deaths and all patient
assessments occurring before February 21 should be
collected as quickly as possible for inclusion in this
report, and (4) the parallel study dealing with sympto-
matic patients with medium-grade stenosis (30 to 69
percent) should be continued. The sponsoring agency,
the National Institute of Neurological Disorders and
Stroke, independently issued a peer-reviewed Clinical
Alert to convey immediately a summary of these inter-
im results to physicians across North America.

Patient Entry

Six hundred sixty-two patients with high-grade ca-
rotid stenosis (determined by central radiologic re-
view) were enrolled between January 1, 1988, and
February 21, 1991. Of these, three patients (0.5 per-
cent) were subsequently excluded from the primary
analysis by a blinded review panel because they did
not meet entry criteria: one (assigned to surgical treat-
ment) had symptoms due solely to glaucoma, one (as-
signed to medical therapy) had symptoms of a verte-
brobasilar transient ischemic attack only, and one
(assigned to surgical treatment) had occlusion of the
internal carotid artery. Randomization created bal-
anced treatment groups with respect to the qualifying
cerebrovascular events, underlying vascular lesions,
and important prognostic characteristics (Table 1).
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Table 1. Base-Line Characteristics of the Treatment

Groups.
MEDICAL SURGICAL
CHARACTERISTIC (N =331 (N = 328)
Median age (yr) 66 65
% of group

Sex

Male 69 68

Female 31 32
Transient ischemic attack at entry 69 67
Stroke at entry 31 33
Ipsilateral stenosis

70-79% 43 40

80-89% 33 38

90-99% 24 22
Contralateral stenosis, 70-99% 9 8
Race

White 89 93

Black 4 2

Other 7 5
Prior myocardial infarction 18 18
Stable angina pectoris 25 22
Hypertension 61 60
Diabetes 21 17
Hyperlipidemia 25 21
Intermittent claudication 16 15
Current cigarette smoking 33 37
Antithrombotic medications 85 85

The similarity between the patients included and
those excluded, reported elsewhere,'® confirmed that
no subgroup of eligible patients was systematically
excluded from the trial.

Patient Follow-up

No patient was lost to follow-up and none withdrew;
98 percent of the surviving patients had their last fol-
low-up examination within 4 months of the February
21 closing date, and the average duration of follow-up
was 18 months. Twenty-one medical patients (6.3 per-
cent) were crossed over and underwent carotid end-
arterectomy on the same side as the lesion for which
they were randomized (10 after transient ischemic at-
tacks, 6 after a stroke, 2 as a prelude to other required
surgery, 2 after refusing the random assignment, and
1 on the advice of a nonparticipating physician).
Of the 328 patients assigned to surgery, only 1 re-
fused the operation and received medical treatment
alone. All the others underwent carotid endarter-
ectomy, performed an average of two days after ran-
domization. Medical regimens to reduce the risk of
stroke were applied equally in both treatment groups.
At the last reported follow-up examination, antihy-
pertensive therapy was being given to 187 medi-
cal patients (57 percent) and 178 surgical patients
(54 percent); elevation of the diastolic blood pres-
sure (>95 mm Hg) was significantly more prevalent
among the surgical patients than the medical patients
(13 percent vs. 8 percent, P<0.05). Over 99 percent of
both medical and surgical patients were taking anti-
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thrombotic drugs at the last follow-up visit, most com-
monly aspirin, which was being used by 94 percent of
the medical patients and 98 percent of the surgical
patients.

Perioperative Morbidity and Mortality

The perioperative period was considered the time
from randomization to 30 days after surgery (which
was performed a median of 2 days after randomiza-
tion). None of the 328 surgical patients had a stroke or
died between randomization and surgery. In the peri-
operative period, 18 surgical patients (5.5 percent)
had cerebrovascular events; 12 events were minor,
5 were major (i.e., causing a functional deficit persist-
ing 290 days), and 1 was fatal. In addition, one pa-
tient died suddenly after surgery, for a rate of 5.8
percent for all perioperative stroke and death. Re-
stricting the analysis to the most serious events result-
ed in a rate of 2.1 percent for major stroke and death
and a fatality rate of 0.6 percent.

In the comparable 32-day period after randomiza-
tion among the 331 medical patients, 11 (3.3 percent)
had cerebrovascular events; 8 events were minor,
2 were major, and 1 was fatal. This resulted in a rate
of 3.3 percent for all stroke and death within 32 days of
randomization, which included a rate of 0.9 percent
for major stroke and death and a fatality rate of 0.3
percent.

Other surgical complications included cranial-
nerve injury (7.6 percent), wound hematoma (5.5 per-
cent), wound infection (3.4 percent), myocardial in-
farction (0.9 percent), congestive heart failure (0.6
percent), arrhythmia (1.2 percent), and other cardio-
vascular problems (1.2 percent). Of these complica-
tions, 81 percent were considered mild (of no lasting
consequence and not prolonging hospitalization) and
the rest were considered moderate (of no lasting con-
sequence but prolonging the hospital stay).

Events

As shown in the first row of Table 2, the life-table
estimate of the risk of any fatal or nonfatal ipsilateral
stroke by 24 months after randomization was 26 per-
cent for the medical patients and only 9 percent for the
surgical patients (including any stroke or death occur-
ring postoperatively or within 32 days of randomiza-
tion), resulting in an absolute risk reduction of 17
percent. Thus, for every 100 patients treated surgical-
ly, 17 were spared an ipsilateral stroke over the next
two years. This represents a relative-risk reduction of
65 percent and shows that six such patients are the
“number needed to be treated”? in order to prevent
one adverse event by 24 months. The second through
sixth rows of Table 2 show that carotid endarterec-
tomy remained beneficial with respect to each of the
five other definitions of outcome events.

The vast majority of first events were ipsilateral
strokes (61 in medical patients vs. 26 in surgical pa-
tients), and although the overall difference between
the treatment groups remained significant when other
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Table 2. First Adverse Events and Actuarial Failure Rates at Two
Years of Follow-up, According to the Event Defining
Treatment Failure.

MEebicaL SurcicaL ABSOLUTE
PATIENTS PATIENTS  DIFFERENCE  RELATIVE-RIsk
EVENT DEFINING FAILURE* (N =331) (N =328 +SE REDUCTION
events (event rate, %) % %
Any ipsilateral stroke 61 (26.0) 26 (9.0) 17.0+3.5% 65

15.0+3.8% 54
16.5£4.2% 51

Any stroke
Any stroke or death

64 (27.6) 34 (12.6)
73 (32.3) 41(15.8)

Major or fatal ipsilateral 29 (13.1) 8 (2.5) 10.6+2.6% 81
stroke

Any major or fatal 29 (13.1) 10 (3.7) 9.4+2.7% 72
stroke

Any major stroke or death 38 (18.1) 19 (8.0) 10.1+3.58 56

*“Death” refers to mortality from all causes. In addition to the events defining treatment
failure, each value includes all strokes (any severity and any site) and deaths from any cause: in
the surgical pati domization and the 30th day after surgery, and in the medical
patients, during the comparable 32-day period beginning with randomizati

TFailure rates were derived from Kaplan—Meier estimates of survival.

$P<0.001 for the comparison of the treatment groups.

§P<0.01 for the comparison of the treatment groups.

events were included, carotid endarterectomy proved
beneficial in that it reduced ipsilateral strokes. The
inclusion of stroke in the distribution of the contralat-
eral carotid and vertebral basilar arteries added only
three events to those in the medical group and eight to
those in the surgical group, and the further addition of
death from any cause added another nine and seven
events, respectively. The treatment groups did not dif-
fer significantly in total mortality (Table 3).

Survival curves for the values reflected in each of
the rows in Table 2 are shown in Figure 1. They reveal
two additional points of interest. First, the early disad-
vantage to the surgical patients (who faced a risk of
perioperative stroke and death) was rapidly overcome,
with the curves for the medical and the surgical pa-
tients crossing about three months after randomiza-
tion. Second, there was no evidence of convergence of
the two curves for as long as 30 months, indicating
that the beneficial effects of surgery persisted at least
this long.

Among the patients who did not die or have a major
stroke during the first month after randomization, the

Table 3. Total Mortality According to Treat-

ment Group.

MebicaL SURGICAL

CAuUSE OF DEATH (N =331) (N=328)
no. of patients
Stroke 5 2
Myocardial infarction 4 4
Other ischemic heart disease 3 1
Sudden death 1 3
Other cardiovascular disease 1 0
Cancer 2 2
Respiratory disease 1 1
Other cause 4 2

Total — no. (%) 21 (6.3) 15 (4.6)
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Figure 1. Survival Curves for the Treatment Groups.

These Kaplan—Meier survival curves show the probability of surviving six events indicating treatment failure after randomization. The

number of patients who remained event-free in each treatment group is shown at six-month intervals at the bottom of each graph; the

numbers at time zero are 328 in the surgical group and 331 in the medical group. The curves of the groups differed significantly (by
Mantel-Haenszel chi-square test, P<0.001 for all events except “any major stroke or death,” for which P<0.01).

risk of any major or fatal stroke within two years was risk reduction of 10.6 percent for major or fatal stroke
12.2 percent in the medical group and 1.6 percent in during the subsequent two years.

the surgical group (P<<0.00001). Thus, the immediate Analyzing our results according to the intention-to-
postoperative increase in the risk of major stroke treat principle produced essentially the same levels of

or death among the surgical patients, 1.2 percent significance and standard errors for between-group
(2.1 percent — 0.9 percent), was offset by an absolute differences. This analysis, which included the three
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incorrectly randomized ineligible patients and count-
ed events occurring in a patient after crossover accord-
ing to the group to which the patient had originally
been assigned, added just one event to those in the
medical group and two events to those in the surgical
group. The analyses reported in this paper include 30
patients found to be technically ineligible because of
inadequate angiography (17 patients), severe intra-
cranial stenosis (4), cerebral aneurysms (3), cardiac
disorders (3), and other medical problems (3). Ex-
cluding these patients from the analysis reduced by
five the events in the medical group and by three the
events in the surgical group and did not alter the inter-
pretation of the results. An analysis comparing results
at large centers with those at small centers, and results
at U.S. centers with those at Canadian centers,
revealed no significant differences in the benefit of
surgery according to the size or country of a study
center.

The proportion of medical patients who had an ipsi-
lateral stroke within two years was 17 percent in the
low-risk group (0 to 5 risk factors), 23 percent in the
moderate-risk group (6 risk factors), and 39 percent in
the high-risk group (=7 risk factors) (P<0.001). The
prognosis of the surgical patients did not vary signifi-
cantly among risk groups and averaged 9 percent at
two years.

A secondary analysis showed that finer divisions of
the degree of high-grade carotid stenosis (i.e., 70 to 79,
80 to 89, and 90 to 99 percent) correlated with the
degrees of risk reduction after surgery. The absolute
risk reduction (£SE) for all ipsilateral stroke at two
years was 26%+8.1 percent among patients with steno-
sis of 90 to 99 percent at entry, 18+6.2 percent among
those with stenosis of 80 to 89 percent, and 12+4.8
percent among those with stenosis of 70 to 79 percent.

DiscussioN

Among symptomatic patients with high-grade ste-
nosis (70 to 99 percent), those who underwent carotid
endarterectomy had an absolute reduction of 17 per-
cent in the risk of ipsilateral stroke at two years
(P<0.001). This benefit was not diminished when
strokes in other carotid and vertebral basilar territo-
ries and deaths from all causes were included in the
analysis. Furthermore, clinically important and statis-
tically significant beneficial effects persisted when
the analyses excluded minor and nondisabling strokes
and when they included patients with protocol viola-
tions.

Similar results have recently been reported from the
European Carotid Surgery Trial.'®* Among 778 symp-
tomatic patients with severe stenosis (70 to 99 percent)
who were randomly assigned to treatment with carot-
id endarterectomy or medical care alone, 7.5 percent
of the surgical patients had an ipsilateral stroke or
died within 30 days of surgery. Life-table estimates of
the risk of ipsilateral stroke during the next three years
yielded an additional risk of 2.8 percent for surgical
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patients, as compared with 16.8 percent for medical
patients (P<<0.0001). The European study also con-
cluded that the immediate risks of surgery outweighed
any potential long-term benefit in the 374 symptomat-
ic patients with mild stenosis (0 to 29 percent). Be-
cause definitive conclusions are not yet possible, both
the European and North American trials are being
continued in patients with moderate stenosis (30 to 69
percent).

After surgery, we observed no significant difference
in event rates among patients with different numbers
of base-line risk factors. Thus, the degree of benefit
that individual patients received from carotid endar-
terectomy was directly proportional to the risk they
faced without surgery, and those with the highest risk
at entry gained the most. Our original estimates of the
risk of stroke (4 to 7 percent per year), based on results
in placebo groups in trials of antithrombotic drugs,
substantially underestimated the risk of stroke among
symptomatic patients with high-grade stenosis. The
life-table estimates of the risk of stroke at two years
among our medical patients were 26 percent for ipsi-
lateral stroke, 28 percent for stroke in any territory,
and 32 percent for any stroke or death.

We caution readers not to apply our conclusions too
broadly. First, the study surgeons were selected only
after audits of their endarterectomy results by our sur-
gical committee confirmed a high level of expertise. If
comparable expertise and quality control are not
achieved in the widespread implementation of these
results and the perioperative risk of major stroke and
death exceeds the 2.1 percent reported here, the bene-
fit of endarterectomy will diminish. If the rate of ma-
jor complications approaches 10 percent, the benefit
will vanish entirely. Second, our method of measuring
stenosis was strict. The results reported here relate
only to patients in whom the ratio of the narrowest
diameter of the diseased artery (the numerator) to the
diameter of the artery beyond the bulb and beyond
recognizable disease involvement (the denominator)
indicated stenosis of 70 to 99 percent. Our results do
not apply if the diameter of the carotid bulb or a
segment with poststenotic dilatation is used as the de-
nominator of this ratio in the measurement of stenosis
(the severity of stenosis would be overestimated).
Third, we have no information about the efficacy of
endarterectomy in patients whose ischemic events oc-
cur more than 120 days before surgery or who either
have already had a devastating stroke or are in the
throes of a progressing stroke. Nor did our study in-
clude patients who had failure of other major organs
or heart disorders that might produce emboli. Also, as
indicated by the preponderance of ipsilateral stroke,
the patients included in this study did not have wide-
spread cerebrovascular disease.

Patients in both treatment groups underwent cervi-
cal and intracranial carotid arteriography before ran-
domization in order to rule out the presence of distal
disease more severe than that in the surgically accessi-
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ble cervical carotid artery. Because a major stroke
complicating arteriography would preclude admission
to the trial, the benefits reported here should be ad-
justed downward to include the risk of arteriography.
The risk of major stroke or death due to angiography
should be no more than 1 percent in patients studied
because of arteriosclerotic disease of the cerebral
arteries.®? If the decision to perform angiography
were based on the results of noninvasive ultrasound
examination, patients with lesser degrees of steno-
sis could be spared the risks of angiography. A rig-
orous comparison of ultrasound with angiography
in symptomatic patients would be required to give
a precise estimate of the effect of this diagnostic
strategy.

In our group of patients with high-grade stenosis,
those with less severe stenosis had a lower risk of
stroke, and their gains from surgery were smaller than
those of patients with more severe stenosis. This ob-
servation reinforces a continuing uncertainty about
the efficacy of carotid endarterectomy for stenosis in
the range of 30 to 69 percent. The investigators in
both the North American and the European trials are
continuing to study symptomatic patients with moder-
ate stenosis (30 to 69 percent). Together these trials
will determine whether patients with this degree of
stenosis will benefit from endarterectomy, and if so,
will identify the point at which the risks of surgery
outweigh its benefits.

The effects of publishing the results of both trials on
the future frequency of carotid endarterectomy will be
followed with considerable interest. Over the past few
years, many referring physicians have shown a declin-
ing interest in carotid endarterectomy and have acted
as if the absence of proof were the proof of absence.
In 1985, 107,000 carotid endarterectomies were per-
formed in hospitals (excluding Veterans Affairs hospi-
tals) in the United States. By 1989, the number had
diminished to 70,000 (Dyken ML, Pokras R: personal
communication). In the light of the results reported
here, this reduction in the number of carotid endarter-
ectomies may have deprived some patients with high-
grade stenosis of what is now confirmed to be a benefi-
cial operation.

On the basis of these results and those of the Euro-
pean trial, patients with transient ischemic attacks
or recent minor strokes without an obvious cardiac
cause, who are otherwise fit for surgery, should be
screened with noninvasive ultrasonographic tech-
niques. Those with minimal narrowing or none should
be treated with what is currently the best medical
care. Those with moderate or severe narrowing should
be seriously considered for arteriography. If those
shown by arteriography to have moderate stenosis (30
to 69 percent) are referred to one of the study centers
of the North American trial, the part of the trial focus-
ing on moderate stenosis will be concluded sooner.
Patients with high-grade stenosis (70 to 99 percent)
should be considered for referral to institutions and
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surgeons who practice vigorous quality control and
have the low rates of perioperative morbidity and
mortality that have characterized the centers and phy-
sicians in this trial.

These positive findings among symptomatic pa-
tients with high-grade stenosis provide no answers to
the question of the optimal treatment of patients with
asymptomatic carotid stenosis. It is essential that the
trials under way to study such patients be continued.

APPENDIX

The following persons and institutions participated in the North
American Symptomatic Carotid Endarterectomy Trial:

Steering and Writing Committee of the Executive Committee: Principal
Investigator — Henry J.M. Barnett, M.D. (John P. Robarts Re-
search Institute); Co-Principal Investigators — D.W. Taylor,
M.A. (biostatistics; Chairman, Writing Committee), R.B. Haynes,
M.D. (epidemiology), and D.L. Sackett, M.D. (epidemiology)
(McMaster University); S.J. Peerless, M.D. (surgery), G.G. Fergu-
son, M.D. (surgery), AJ. Fox, M.D. (neuroradiology), R.N.
Rankin, M.D. (neurosonography), and V.C. Hachinski, M.D. (neu-
rology) (University of Western Ontario); D.O. Wiebers, M.D.
(neurology) (Mayo Clinic); and M. Eliasziw, Ph.D. (biostatis-
tics) (John P. Robarts Research Institute). Additional Members of
Executive Committee (current and past): HW.K. Barr, M.D., G.P.
Clagett, M.D., ]J.D. Easton, M.D., J.W. Harbison, M.D., R.C.
Heros, M.D., A.R. Hudson, M.D., J.R. Marler, M.D., R.A. Ratche-
son, M.D., D. Sim, Ph.D., D. Simard, M.D., M.D. Walker, M.D.,
P.M. Walker, M.D., and P.A. Wolf, M.D. Surgical Committee: S.J.
Peerless, M.D. (Chairman), G.G. Ferguson, M.D. (Secretary), G.P.
Clagett, M.D., R.C. Heros, M.D., A.R. Hudson, M.D., R.H. Pat-
terson, M.D., M. Webster, M.D., R.A. Ratcheson, M.D., and P.M.
Walker, M.D.

The participating centers, in order of the number of eligible pa-
tients entered, were as follows: University of Western Ontario (University
Hospital and St. Joseph’s Health Centre), London, Ont.: V.C. Hachinski,
M.D. (Principal Investigator), C. Swan, R.N. (Coordinator),
C. White, R.N. (Coordinator), G.G. Ferguson, M.D., S J. Peerless,
M.D., and H. Reichman, M.D.; University of Toronto, Toronto: F.L.
Silver, M.D. (Principal Investigator), B. Huth (Coordinator),
S. Slattery (Coordinator), N.H. Bayer, M.D., D.S. Borrett, M.D.,
V.M. Campbell, M.D., J.F.R. Fleming, M.D., F. Gentili, M.D.,
M.A. Keller, M.D., R.J. Moulton, M.D., P.J. Muller, M.D., P.M.
Walker, M.D., and M.C. Wallace, M.D.; Virginia Commonwealth Uni-
versity, Richmond: J.W. Harbison, M.D. (Principal Investigator),
P. Rosenfeld, R.N. (Coordinator), W.L. Felton III, M.D., H.M.
Lee, M.D., J.P. Muizelaar, M.D., M. Sobel, M.D., W. Stringer,
M.D,, and J.R. Taylor, M.D.; University of British Columbia, Vancou-
ver: V.P. Sweeney, M.D. (Principal Investigator), J.L. Bloomer,
R.N. (Coordinator), D. Cameron, M.D., R. Nugent, M.D,, J. Reid,
M.D,, A]. Salvian, M.D., J.G. Sladen, M.D,, and P. Teal, M.D;
University of Western Ontario (Victoria Hospital), London, Ont.: J.D.
Spence, M.D. (Principal Investigator), L. Sykes, R.N. (Coordina-
tor), B. Tate, R.N. (Coordinator), H.W.K. Barr, M.D., K. Harris,
M.D., and W. Pexman, M.D.; Laval University (Hépital de I’Enfant-
Jesus), Quebec City, Que.: D. Simard, M.D. (Principal Investigator),
A. Lajeunesse, R.N. (Coordinator), J].M. Bouchard, M.D., J. Cote,
M.D., D. Marois, M.D., C. Roberge, M.D., and J.F. Turcotte,
M.D.; University of Ottawa, Ottawa, Ont.: B.G. Benoit, M.D. (Princi-
pal Investigator), I. Polis (Coordinator), T. Polis, M.D. (Coordina-
tor), E.A. Atack, M.D., D.M. Atack, M.D., A. Buchan, M.D.,
J.M.E.G. Belanger, M.D., G.H. Embree, M.D., D.N. Preston,
M.D., and N. Russell, M.D.; University of Oregon, Portland: B.M.
Coull, M.D. (Principal Investigator), P. de Garmo, A.N.P. (Coordi-
nator), P. Marshall (Coordinator), D. Briley, M.D., G. Moneta,
M.D,, S. Roman-Goldstein, M.D., and R. Yeager, M.D.; Marsh-
field Medical Research Foundation, Marshfield, Wis.: P. Karanjia,
M.D. (Principal Investigator), C. Matti, R.N. (Coordinator),
L. O’Rourke (Coordinator), B. Brink, M.D., R. Carlson, M.D.,
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B. Hiner, M.D., L. Kolts, M.D., M. Kuehner, M.D., K. Madden,
M.D., and M. Swanson, M.D.; University of Montreal, Montreal: L.H.
Lebrun, M.D. (Principal Investigator), M.P. Desrochers, R.N. (Co-
ordinator), A. Bellavance, M.D., L. Choimiere, M.D., P. Couillard,
M.D., N. Daneault, M.D., M. Duplessis, M.D., S. Fontaine, M.D.,
S. Lauzier, M.D., J. Raymond, M.D., G. Rowny, M.D., and
A. Sfier, M.D.; University of Iowa, lowa City: H. Adams, M.D. (Prin-
cipal Investigator), V. Mitchell, R.N. (Coordinator), J. Biller,
M.D,, S.H. Cornell, M.D., J.D. Corson, M.D., and C. Loftus,
M.D.; Dartmouth College, Hanover, N.H.: A.G. Reeves, M.D. (Princi-
pal Investigator), P. Orem, B.S., R.N. (Coordinator), L. Cromwell,
M.D,, R.E. Harbaugh, M.D., and R.E. Nordgren, M.D.; Laval Uni-
versity (Hopital St.-Sacrement), Quebec City, Que.: E. Daigle, M.D.
(Principal Investigator), L. Lessard, R.N. (Coordinator), Y. Dou-
ville, M.D.; R. Labbe, M.D., F. Laroche, M.D., and H.P.
Noel, M.D.; McGill University (Montreal General Hospital), Montreal:
R. Cote, M.D. (Principal Investigator), F. Bourque, R.N. (Coordi-
nator), S. Campion, R.N. (Coordinator), J.L. Caron, M.D., ]J.D.
Chan, M.D., R. Ford, M.D., and D.S. Mulder, M.D.; Sunnybrook
Medical Center, Toronto: J.W. Norris, M.D. (Principal Investigator),
B. Bowyer (Coordinator), J. Twiner (Coordinator), P.W. Cooper,
M.D., M. Fazl, M.D., M J. Gawel, M.D., R. Maggisano, M.D., and
D.W. Rowed, M.D.; University of Texas, Dallas: G.P. Clagett, M.D.
(Principal Investigator), J.A. Heller, R.N. (Coordinator), A. Pruitt,
R.N. (Coordinator), S. Myers, M.D., P. Purdy, M.D., and H. Un-
win, M.D.; Mississauga Hospital, Mississauga, Ont.: G. Sawa, M.D.
(Principal Investigator), G. Barnard (Coordinator), C. Kennedy,
R.N. (Coordinator), V. Ozolins, M.D., and H. Schutz, M.D.; Uni-
versity of Minnesota, Minneapolis: S. Haines, M.D. (Principal Investi-
gator), N. Olson, R.N. (Coordinator), J. Abel, R.N. (Coordinator),
J. Davenport, M.D., R.C. Heros, M.D.; M.J. Nelson, M.D., and
D.A. Turner, M.D.; University of Pittsburgh, Pittsburgh: O. Rein-
muth, M.D. (Principal Investigator), S. DeCesare (Coordinator),
M. Webster, M.D., and L. Wechsler, M.D.; University of Manitoba,
Winnipeg: B. Anderson, M.D. (Principal Investigator), D. Gladish,
R.N. (Coordinator), A. Auty, M.D., B. McClarty, M.D., G. Suther-
land, M.D., and M. West, M.D.; Brown University, Providence, R.1.:
J.D. Easton, M.D. (Principal Investigator), J.A. Sarafin, R.N. (Co-
ordinator), R.A. Haas, M.D., and N. Knuckey, M.D.; State Universi-
ty of New York, Syracuse: A. Culebras, M.D. (Principal Investigator),
J. Drucker, R.N. (Coordinator), C. Law, R.N. (Coordinator),
E. Cacayorin, M.D., and C. Hodge, M.D.; McMaster University,
Hamilton, Ont.: R. Duke, M.D. (Principal Investigator), P. Trevi-
sani, R.N. (Coordinator), M. Alesi, R.N. (Coordinator), M. Molot,
M.D,, and J.D. Wells, M.D.; Okio State University, Columbus: A.P.
Slivka, M.D. (Principal Investigator), T. Brink, R.N. (Coordina-
tor), J. Durham, M.D., W.L. Smead, M.D., A.E. Stockum, M.D.,
and J.G. Wright, M.D.; University of Texas, San Antonio: D.G. Sher-
man, M.D. (Principal Investigator), C. Sherman, R.N. (Coordina-
tor), C. Easton, R.N. (Coordinator), R.G. Hart, M.D., W. Rogers,
M.D., H.D. Root, M.D., and C. Tegeler, M.D.; University of Calgary,
Calgary, Alb.: K.M. Hoyte, M.D. (Principal Investigator), M. Rob-
ertson, R.N. (Coordinator), K.M. Hunter, M.D., S.T. Myles,
M.D., R. Ramsay, M.D., H.A. Swanson, M.D, and B.1. Tranmer,
M.D.; University of Missouri, Columbia: J. Byer, M.D. (Principal
Investigator), C. Kelley, R.N. (Coordinator), M.K. Gumerlock,
M.D., M. Nelson, M.D., and J. Oro, M.D.; University of Southern
California, Los Angeles: M. Fisher, M.D. (Principal Investigator),
J. Ahmadi, M.D., S. Ameriso, M.D. (Coordinator), F. Weaver,
M.D,, and A.E. Yellin, M.D.; Dalhousie University, Halifax, N.S.:
C.W. McCormick, M.D. (Principal Investigator), J. McCormick,
R.N. (Coordinator), R.O. Holness, M.D., W.]J. Howes, M.D.,
G. Llewellyn, M.D., D. Malloy, M.D., and S. Phillips, M.D.; Uni-
versily of Miami, Miami: R.E. Kelley, Jr., M.D. (Principal Investiga-
tor), L. Solari, R.N., B.S.N. (Coordinator), R. Safon, R.N. (Coordi-
nator), J. Kochan, M.D., and A.S. Livingstone, M.D.; University of
Texas, Houston: J. Grotta, M.D. (Principal Investigator), P. Bratina,
R.N. (Coordinator), G. Clifton, M.D., and J. Yeakley, M.D.; Albert
Einstein College of Medicine, Bronx, N.Y.: D. Rosenbaum, M.D. (Prin-
cipal Investigator), E. Klonowski, R.N. (Coordinator), R. de los
Reyes, M.D., S. Gupta, M.D., F. Moser, M.D., F. Veith, M.D., and
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K. Wengerter, M.D.; Boston University, Boston: P.A. Wolf, M.D.
(Principal Investigator), E. Licata-Gehr, R.N., M.S.N. (Coordi-
nator), N.C. Allen, RN., M.S.N. (Coordinator), V.L. Babiki-
an, M.D., N. Cantelmo, M.D., C.S. Kase, M.D., and J.O.
Menzoian, M.D.; St. Louis University, St. Louis: C. Gomez, M.D.
(Principal Investigator), M. Jedlicka, R.N. (Coordinator), Y. Yu-
sufaly, M.D. (Coordinator), E. Awwad, M.D., R. Bucholz, M.D.,
and K.R. Smith, Jr., M.D.; University of Alberta, Edmonton: M.G.
Elleker, M.D. (Principal Investigator), E. Hutchings, R.N. (Co-
ordinator), G. Andrew, M.D., R. Ashforth, M.D., B. Bharad-
waj, M.D., and J.M. Findlay, M.D.; University of Illinois, Chicago/
Peoria: C.M. Helgason, M.D. (Principal Investigator), S. Clemons,
R.N. (Coordinator), J. Arzbaecher, R.N. (Coordinator), M. Budi,
R.N. (Coordinator), R. Crowell, M.D., J. DeBord, M.D., and
J. Schuler, M.D.; University of Mississippi, Jackson: R.R. Smith,
M.D. (Principal Investigator), R.L. Brown, R.N. (Coordinator),
AF. Haerer, M.D., and W. Russell, M.D.; Beth Israel Hospital,
Boston: C. Mayman, M.D. (Principal Investigator), M. Tijerina,
R.N. (Coordinator), K.C. Kent, M.D,, J. Kleefield, M.D., and ] .J.
Skillman, M.D.; Temple University, Philadelphia: R.H. Rosenwasser,
M.D. (Principal Investigator), G. Larese-Ortiz (Coordinator),
B. Tournier (Coordinator), A.J. Comerota, M.D., D. Jamieson,
M.D,, and T. Liu, M.D.; McGill University (Jewish General Hospital/
Notre Dame Hospital), Montreal: G. Mohr, M.D. (Principal Investi-
gator), S. Entis, R.N. (Coordinator), P. LaPlante, R.N. (Coordi-
nator), S. Brem, M.D., J. Carlton, M.D., and M. Goldenberg,
M.D.; University of Tennessee, Memphis: J.T. Robertson, M.D.
(Principal Investigator), J. Riley, R.N. (Coordinator), J. Connell,
R.N. (Coordinator), F. Eggers, M.D., and S. Erkulwater, M.D.;
Barrow Neurological Institute, Phoenix, Ariz.: R. Spetzler, M.D. (Prin-
cipal Investigator), H. Jahnke, R.N. (Coordinator), J. Frey, M.D.,
and J. Hodak, M.D.; University of Saskatchewan, Saskatoon: A. Shuaib,
M.D. (Principal Investigator), C. Regier, R.N. (Coordinator),
and F.M. Denath, M.D.; Memorial University, St. John’s, Newf.:
A.E. Goodridge, M.D. (Principal Investigator), K. Murphy, R.N.
(Coordinator), A. Badejo, M.D., and M. Mangan, M.D.; Good
Samaritan Hospital, Cincinnati: R.E. Welling, M.D. (Principal In-
vestigator), D. Feldman, B.A. (Coordinator), R. Lukin, M.D.,
and R.L. Reed, M.D.; University of California, San Diego: ]J. Roth-
rock, M.D. (Principal Investigator), N. Kelly, R.N. (Coordi-
nator), K. Hogan, R.N. (Coordinator), R.J. Hye, M.D., and
J. Hesselink, M.D.; University of New Mexico, Albuquerque: L. Kes-
terson, M.D. (Principal Investigator), L. Rivera, R.N. (Coordi-
nator), K. Martinez, R.N. (Coordinator), A. Bruno, M.D., and
A. Champlin, M.D.; Wadsworth Veterans Affairs Hospital, Los An-
geles: SN. Cohen, M.D. (Principal Investigator), J. Kawafuchi,
R.N. (Coordinator), J.G. Frazee, M.D., J. Freischlag, M.D.,
N. Martin, M.D., G. Peters, M.D., and G. White, M.D.; Neuro-
logical Institute, New York: J.P. Mohr, M.D. (Principal Investi-
gator), A. Cruz, R.N. (Coordinator), S.K. Hilal, M.D., and
D. Quest, M.D.

Management Staff (Mayo Clinic, McMaster Universily, and the John
P. Robarts Research Institute): L. Bailey, P. Beattie, B. Bergman,
E. Bosch, R. Cook, M. Douglas, J. French, M.J. Gagnon, M J.
Livingstone, H. Meldrum, D. Pahl, D. Kaderabek, J. Richardson,
B. Sharpe, C. Swan, C. White, and M. Wright; Staff Neurologists
— O. Benavente, M.D., M. Brown, M.D., I. Meissner, M.D.,
T. Mirsen, M.D., and J. Streifler, M.D. Adjudicating Committee:
T. Brott, M.D. (neurologist), J. D’Alton, M.D. (neurologist),
R. Gunton, M.D. (cardiologist), I. Kricheff, M.D. (neuroradiolo-
gist), J. Litde, M.D. (neurosurgeon), T. Riles, M.D. (vascular
surgeon), J. Robertson, M.D. (neurosurgeon), and G. Wortz-
man, M.D. (neuroradiologist). Monitoring Committee: M.D. Walker,
M.D. (Chairman, National Institute of Neurological Disorders and
Stroke), B. Brown, Jr., Ph.D. (Stanford University), E.S. Flamm,
M.D. (New York University), A.M. Imparato, M.D. (New York
University), J.R. Marler, M.D. (National Institute of Neurologi-
cal Disorders and Stroke), R.G. Ojemann, M.D. (Massachusetts
General Hospital), W. Powers, M.D. (Washington University),
T. Price, M.D. (University of Maryland), and D.E. Strandness,
M.D. (University of Washington).
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