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No single procedure has been the focus of more
large randomized trials testing standard medical
treatment against surgical benefit than carotid en-

darterectomy (CE). Primary results and secondary analyses
have been published from 4 large trials, 2 involving patients
with focal symptoms related to carotid stenosis,1,2 and 2 in-
volving asymptomatic patients.3,4 More than 10 000 individ-
uals accepted random assignment to therapy, trusting that
randomization, careful follow-up and sophisticated analyses
would answer for them and for future patients how best to
use CE to achieve a stroke-free life. These 4 trials have
provided unambiguous clinical guidelines for the appropri-
ate use of carotid endarterectomy.5 Are the lessons from
these trials being properly applied by the right doctors to
the right patients?

The study by James Kennedy and colleagues6 published
in this issue provides disturbing evidence that, in many
Canadian centres, guidelines derived from 25 years of
meticulous research are not necessarily being put into prac-
tice. Using a previously refined “appropriateness scale,”
Kennedy and colleagues studied the records of 3167 CEs
done over 2 years in Canada’s 4 western provinces. Only
half (52.3%) met the criteria for appropriateness, and ad-
herence to these critera ranged widely, from 78.2% in
Saskatchewan to 46.0% in British Columbia. The remain-
ing procedures were done for “uncertain” or “inappropri-
ate” reasons, the “inappropriate” use varying from 5.8% in
Saskatchewan to 13.0% in British Columbia, with an over-
all rate of 10.3%. The fact that almost half of the CEs were
performed for uncertain or inappropriate indications means
that many patients are being exposed to nontrivial opera-
tive risks without a realistic expectation of benefit.

Kennedy and colleagues also found that the biennial rate
of CE performance in individual hospitals varied from 8 to
429, with a median of 135; interestingly, fewer CEs were
performed for inappropriate reasons in low-volume sites
than in high-volume sites. Although this better selection of
surgical candidates is admirable, one must also be aware
that previous studies have reported that low-volume sur-
geons in low-volume hospitals have more perioperative
complications of stroke and death than do high-volume
surgeons in institutions making extensive use of CE.7,8 Al-
though the current study does not provide details of hospi-
tal complication rates, one can expect that these rates will
be higher in low-volume centres. It is not sufficient for CE
to be done for appropriate reasons only. Surgeons must

have the necessary expertise to ensure low complication
rates. Low-volume hospitals with high complication rates
would be wise to refer appropriate patients for endarterec-
tomy to hospitals with more experienced surgeons.

The randomized trials of the past 25 years have given us
guidelines about who should and should not undergo CE
and have clarified the limits of allowable perioperative
complication rates. The indications, contraindications and
acceptable operative risk levels should be known by all re-
ferring doctors.5 Table 1 summarizes, for different patient
groups, the expected number needed to treat with CE to
prevent 1 stroke in 2 years. It assumes that the operating
surgeon’s complication rate will not exceed 6% for sympto-
matic patients and that patients with other life-threatening
illnesses will not undergo the procedure. Special caution
must be exercised for patients with only moderate (50%–
69%) stenosis who are women or who have had ocular
symptoms only. They will benefit only if they also have a
recognizably high vascular risk profile. No data exist to give
credence to the use of CE when the stenosis on the side of
the symptoms is below 50%. Unhappily, some of these
lowest-risk patients turned up in the Kennedy study.

Two large trials involving asymptomatic patients have
presented evidence that there is modest benefit favouring
CE in subjects with stenosis but no symptoms, provided
that highly skilled surgeons are involved and that compli-
cation rates are below 3%. Even with this low operative
complication rate, the number needed to treat to prevent
1 stroke in 2 years is 83.5 In the 2 large trials involving a
total of nearly 4500 patients, the annual stroke and death
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Table 1: Estimates of number needed to treat (NNT) with
carotid endarterectomy to prevent 1 stroke in 2 years by age
and degree of stenosis

Patient group NNT

Symptomatic*

≥ 70% stenosis, age < 75 yr   6

≥ 70% stenosis, age ≥ 75yr   3

50%–69% stenosis 15
< 50% stenosis No benefit

Asymptomatic†
> 60% stenosis‡ 83

*Allowable complication rate < 6%.
†Allowable complication rate > 3%.
‡Breakdown by decile of stenosis unknown.



rate after CE was 1%, versus 2% among those without
CE. What we do not know is whether this 2% could be re-
duced by a strictly supervised regimen of best modern
medical care, including control of blood pressure, diabetes
mellitus, lipids and cigarette smoking, along with appro-
priate ASA therapy. A trial of CE versus tightly controlled
(as opposed to standard) medical care is one of the last re-
maining major trials still required to complete our knowl-
edge of the role of CE in stroke prevention in asympto-
matic patients.

As the absolute benefit for any intervention decreases (as
is the case for asymptomatic compared with symptomatic
patients) and the complication risks increase, the hazards of
the intervention become more clinically relevant. One case
series of 1214 endarterectomies performed in asympto-
matic patients reported a perioperative complication rate of
4.4%. It was estimated that if these 1214 subjects had a
similar prognosis to the control group of the large random-
ized trials, then no benefit in favour of surgery would have
been detectable for 4 years, if at all. During that 4-year pe-
riod more strokes would have accumulated in the surgical
than in the medical group.9 Recent US Medicare and other
administrative reports underscore the fact that the allow-
able limits of surgical complication are being exceeded too
often for asymptomatic subjects.10 When allowable compli-
cation rates are exceeded, CE becomes a risk rather than a
benefit to asymptomatic subjects.

The evidence used to weigh the risk and benefit for re-
ducing the hazards of carotid stenosis may change over the
next few years as randomized trial data emerge on the
evolving technology of carotid stenting. So far, about 1500
symptomatic patients have been randomly assigned to ei-
ther stenting or CE in large trials now in progress in North
America, Europe and Australia.11,12 Until stenting has been
shown by evidence-based methodology to be as effective
and as safe as CE in preventing stroke, this potentially ex-
citing alternative remains unproven and experimental.

Meanwhile, how can we ensure that our patients are of-
fered CE at acceptable risk for appropriate indications?
First, physician and patients must have access to the results
of annually conducted, totally independent audits of the
30-day complication rates of the institutions and surgeons
performing CE. The evaluation of invasive coronary artery
therapies stimulated by Naylor and others13,14 ensured that
many audits of success and failure are available on institu-
tional Web sites, yet arms-length audits for results of CE
are rarely available. A reasonable portion of the health care
budget is expended on these public hospitals, and patients
and referring physicians deserve disclosure of these rates in
order to make evidence-based decisions. Second, candi-
dates for CE should know that they will be treated by a
team that includes a skilled surgeon and a medical stroke

expert who can provide the necessary medical and surgical
surveillance required before and after CE. This is equiva-
lent to the team approach that is the standard of care for
patients with coronary artery disease who are candidates for
surgical management.

Patients who were candidates for CE committed them-
selves to clinical trials to improve outcomes for themselves
and future patients. The results clearly delineate who
should undergo CE and under what circumstances. The
study by Kennedy and colleagues demonstrates that we are
not always practising the lessons we learn. Both referring
physicians and surgeons should evaluate their practices in
order to offer the most appropriate care, and institutions
must be forthright with their CE performance records.
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