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The efficacy of carotid endarterectomy (CE) to pre-
vent stroke is well established.1–4 Clinical trials have
shown that CE reduces the 5-year risk of stroke by

16.0% when performed because of symptomatic lesions
causing more than 70% stenosis.5 The risk reduction is
more modest (4.6% and 5.9%, respectively) in cases of
symptomatic moderate (50% to 69%) stenosis or asympto-
matic stenosis (> 60%).4,5 However, concerns remain re-
garding the effectiveness of the procedure outside of clini-
cal trials, when the potential benefit may be reduced.6,7

Although national societies have issued guidelines on indi-
cations for CE,8,9 in some cases CE is performed on pa-
tients who do not meet these guidelines.

The RAND/UCLA (University of California at Los
Angeles) Appropriateness Method,10,11 developed in re-
sponse to concerns about possible unnecessary use of pro-
cedures, is perhaps the most respected approach to defin-
ing appropriate care, combining best evidence and expert
opinion.12 The first study of the appropriateness of CE,
published in 1988, showed that only one-third of pro-
cedures were appropriate.13 A Canadian study in 1997
showed similar results.14 The role of health system factors
in choosing patients appropriately for CE is not well ex-
plored. Administrative databases allow only limited appre-
ciation of the decision-making process that leads to the
operating room.

Our objectives were to describe the variation in appro-
priateness of CE in 4 Canadian provinces, to document
rates of appropriate CE in the provinces and to explore po-
tential explanatory factors, such as hospital type, surgeon
specialty and number of CEs performed each year per sur-
geon and per hospital.

Methods

This study used the RAND/UCLA Appropriateness Meth-
od.10,11 We developed a comprehensive set of 203 clinical scenarios
in which CE might be considered. The scenarios incorporated a
host of relevant factors, including the type of symptoms (or lack
thereof), the degree of carotid stenosis and the presence of other
conditions. An example of a scenario is a recent history of a right-
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Abstract

Background: Carotid endarterectomy (CE), when performed on
appropriate patients, reduces the incidence of stroke, yet
there are marked variations in rates of this procedure. We
sought to determine reasons for the variation in CE rates in 4
Canadian provinces.

Methods: We identified all CEs performed in 4 Canadian
provinces between January 2000 and December 2001, in-
clusive. From chart review and expert assessment, we deter-
mined the proportion of these procedures that were appro-
priate, inappropriate or of uncertain appropriateness, using
the RAND/UCLA Appropriateness Method. We sought to
determine the variation in rates by province and whether
the variation was due to differences in type of hospital, sur-
gical specialty or surgical volume.

Results: Overall, 1656 (52.3%) of the 3167 CEs studied were
performed for appropriate indications. The proportions of
appropriate procedures were 78.2% (176/225) in Saskatche-
wan, 58.7% (481/819) in Alberta, 49.1% (350/713) in Mani-
toba and 46.0% (649/1410) in British Columbia (p < 0.001
across provinces). Rates of appropriate procedures per
100 000 population ranged from 44.3 in Manitoba to 16.2
in Saskatchewan (p < 0.001 across provinces). CEs were
more likely to be appropriate when performed by a neuro-
surgeon compared with all other surgeons (74.4% v. 49.4%
were appropriate; p < 0.001), when performed by surgeons
doing fewer than 31 procedures over 2 years compared
with surgeons doing more than 31 (70.1% v. 49.5% were
appropriate; p < 0.001) and when performed in hospitals
doing fewer than 135 procedures per year compared with
hospitals doing more than 135 (63.4% v. 49.1% were ap-
propriate; p < 0.001). Overall, 10.3% of procedures were
done for inappropriate reasons.

Interpretation: Our findings suggest some overuse (for inap-
propriate or uncertain indications) but also some underuse
(low population rates in some regions). High rates of CE are
associated with lower rates of appropriateness for both sur-
geons and hospitals. That 1 in 10 CEs is done inappropri-
ately suggests the need for preoperative assessment of ap-
propriateness.
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hemisphere transient ischemic attack (TIA) in a patient with more
than 70% stenosis of the right carotid artery and atrial fibrillation.

We provided a Canadian expert panel (2 vascular surgeons, 2
neurosurgeons, 2 stroke neurologists, a neuroradiologist, a gen-
eral internist and a family physician, all nominated by their spe-
cialty societies) with a summary of the relevant evidence for the
efficacy of CE. The panellists independently rated each scenario
on a 9-point scale on which a score of 1 to 3 indicated an inappro-
priate indication, 4 to 6 an uncertain indication and 7 to 9 an ap-
propriate indication for CE. Inappropriate indications were de-
fined as those for which the expected negative consequences for
the patient (pain, disability, risk of death) exceed the expected
benefit (in health status, quality of life or longevity) and may indi-
cate overuse. Uncertain indications were those for which the net
result of expected negative consequences and benefits is equivocal
and highlight the need for further work to clarify the evidence.
Appropriate indications were defined as those for which the ex-
pected benefit exceeds the expected negative consequences.

The panel was then convened and the participants provided
with their initial rating and the median rating of the group for
each scenario. Guided by a chair, the group discussed each sce-
nario with the relevant evidence and individually rated each sce-
nario again. The median of the final ratings for each scenario was
used to determine the appropriateness of CE in that scenario.

Using administrative databases, we identified all CE proce-
dures performed in Manitoba, Saskatchewan, Alberta and British
Columbia (BC) between January 2000 and December 2001, inclu-
sive. We then sought permission from each institutional review
board to review the hospital charts for all cases. All hospitals per-
forming CE in the 4 provinces agreed to take part in the study.

Two chart reviewers, trained in extracting data from a sample
set of charts, performed chart reviews at each institution. Using
50 charts reviewed by each reviewer and the kappa statistic,15 we
found substantial agreement between the reviewers (kappa = 0.66;
95% confidence interval 0.49–0.84) on the global rating of appro-
priateness.

Adults were defined as people 20 years of age or older. The
numbers of adults in each province was determined from 2001
Canadian Census information.16 Teaching hospitals were defined
as hospitals affiliated with a university medical school. Case vol-
umes of hospitals and surgeons were classified as high or low ac-
cording to the median number of operations performed in the

study period. A descriptive analysis of the inappropriate opera-
tions was performed. The χ2 test was used to compare the propor-
tions of appropriate, uncertain and inappropriate CEs across the 4
provinces, as well as across categories of other factors: hospital
teaching status, hospital volume, surgical specialty and surgeon
case volume.

Results

There were 3360 CEs performed in Manitoba, Sas-
katchewan, Alberta and BC in the 2-year period 2000–
2001; 3309 charts (98.5%) were available for review. We
excluded 142 charts from analysis: 18 had missing demo-
graphic data, 78 had no description of the imaging of either
carotid artery, 32 had no description of the contralateral
carotid artery in cases of moderate symptomatic stenosis,
and 14 could not be matched to 1 of the prespecified clini-
cal scenarios. Thus, data for 3167 (94.2%) of the 3360 CEs
were analyzed.

Charts were reviewed from 22 institutions, 13 of which
were teaching hospitals. Of the 79 surgeons performing the
operations, 19 were neurosurgeons, 47 vascular surgeons
and 13 “other” (general and cardiothoracic) surgeons. Vas-
cular surgeons performed most of the operations (2508
[79.2%]) compared with neurosurgeons (371 [11.7%]) and
other surgeons (288 [9.1%]). Of the 3167 CEs, 1905
(60.2%) were performed because of symptomatic carotid
artery disease. Table 1 shows the general characteristics of
the patients undergoing CE across the 4 provinces.

Overall, 1656 cases (52.3%) were determined to have
an appropriate indication, 1185 (37.4%) to have an uncer-
tain indication and 326 (10.3%) to have an inappropriate
indication. The inappropriate indications for CE in 94
cases of symptomatic carotid disease (4.9% of the 1905
cases of symptomatic disease) included mild stenosis
(< 50%), chronic occlusion of the internal carotid artery, a
single TIA in the distant past plus moderate stenosis
(50%–69%) and atrial fibrillation, and either dementia or
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Table 1: Characteristics of patients who underwent carotid endarterectomy in 2000 and 2001, by province

No. (and %) of patients*

Characteristic
Manitoba
n = 713

Saskatchewan
n = 225

Alberta
n = 819

British Columbia
n = 1410

Overall
n = 3167

Age, mean (and SD), yr 71.1 (8.7)  69.5 (8.8)  70.0 (9.0)  71.3 (8.4)   70.9 (8.7)
Male 421 (59.0) 153 (68.0) 555 (67.8) 963 (68.3) 2092 (66.0)
Symptomatic carotid disease 420 (58.9) 194 (86.2) 544 (66.4) 747 (53.0) 1905 (60.2)
Left-sided carotid endarterecomy 387 (54.3) 123 (54.7) 442 (54.0) 715 (50.7) 1667 (52.6)
Appropriateness of carotid
endarterectomy

Appropriate† 350 (49.1) 176 (78.2) 481 (58.7) 649 (46.0) 1656 (52.3)

Uncertain† 313 (43.9)   36 (16.0) 259 (31.6) 577 (40.9) 1185 (37.4)

Inappropriate†   50   (7.0)   13   (5.8)   79   (9.6) 184 (13.0)   326 (10.3)

Note: SD = standard deviation.
*Unless stated otherwise.
†p < 0.001 across provinces.



recent myocardial infarction. The inappropriate indica-
tions for CE in 232 cases of asymptomatic carotid disease
(18.4% of the 1262 cases of asymptomatic disease) includ-
ed moderate stenosis with no evidence of brain infarction
and mild stenosis.

The annual rate of CE per 100 000 adults (hereafter
called the population rate of CE) was 44.3 in Manitoba
(713 operations over 2 years), 16.2 in Saskatchewan (225
operations), 19.3 in Alberta (819 operations) and 24.1 in
BC (1410 operations). Table 1 shows
the proportions of appropriate, uncer-
tain or inappropriate CE, which dif-
fered significantly across the 4 prov-
inces, ranging from 46.0% in BC to
78.2% in Saskatchewan for appropriate,
16.0% in Saskatchewan to 43.9% in
Manitoba for uncertain and 5.8% in
Saskatchewan to 13.0% in BC for inap-
propriate.

Fig. 1 shows the provincial popula-
tion rate of CE by appropriateness.
The rate for an appropriate indication
ranged from 11.1 in BC to 21.7 in
Manitoba. Perhaps most notable is the
contrast in results for Saskatchewan and
Manitoba shown in Table 1 and Fig. 1.
Saskatchewan had the highest percent-
age of appropriate CE (Table 1) but a
low population rate of CE for appropri-
ate indications (Fig. 1), a finding that
hints at underuse. Meanwhile, Mani-
toba had a lower percentage of appro-
priate CE (Table 1), which suggests
overuse, but in absolute terms had a
higher population rate of CE for ap-
propriate indications than the other
provinces (Fig. 1).

The number of operations per-
formed per hospital over the 2 years
ranged from 8 to 429, with a median of
135. The proportion of operations by
hospital with an appropriate indication
ranged from 20.3% to 89.7%, with an
uncertain indication 6.9% to 55.6%
and with an inappropriate indication
0% to 25.7%. Teaching hospital status
did not influence the rate at which ap-
propriate CE was performed. Hospitals
with a high volume were less likely to
perform appropriate CE (p < 0.001)
(Table 2).

The number of operations per-
formed per surgeon over the 2 years
ranged from 1 to 337, with a median
of 31. Neurosurgeons were more like-
ly to perform appropriate operations

(276/371 operations [74.4%]) than were vascular surgeons
(1270/2508 [50.6%]) or other surgeons (110/288 [38.2%])
(p < 0.001) (Table 2). High-volume surgeons were less
likely to perform appropriate operations (p < 0.001)
(Table 2). The combination of high-volume surgeons in
high-volume hospitals yielded the lowest rate of appropri-
ateness (47.8%), and the combination of low-volume sur-
geons in low-volume hospitals yielded the highest rate
(73.3%). High-volume surgeons in low-volume hospitals
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Fig. 1: Annual rates of appropriate, uncertain and inappropriate carotid en-
darterectomy per 100 000 adults in 2000 and 2001, by province. Man = Mani-
toba, Sask = Saskatchewan, Alta = Alberta, BC = British Columbia.
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Table 2: Appropriateness of carotid endarterectomy, by hospital and surgeon
characteristics

Appropriateness; no. (and %) of procedures

Characteristic Appropriate Uncertain Inappropriate p value

Teaching hospital

Yes 1179 (51.4)   882 (38.5) 232 (10.1)

No   477 (54.6)   303 (34.7)   94 (10.8) 0.14

Type of surgeon

Neurosurgeon   276 (74.4)     72 (19.4)   23   (6.2)

Vascular surgeon 1270 (50.6)   980 (39.1) 258 (10.3)

Other   110 (38.2)   133 (46.2)   45 (15.6)
< 0.001

Hospital volume*

High 1209 (49.1)   983 (39.9) 270 (11.0)

Low   447 (63.4)   202 (28.6)   56   (7.9)
< 0.001

Surgeon’s case volume†
High 1352 (49.5) 1090 (39.9) 291 (10.6)

Low   304 (70.0)     95 (21.9)   35   (8.1) < 0.001

*Higher or lower than the median for carotid endarterectomy over the 2 years (135 operations).
†Higher or lower than the median for carotid endarterectomy over the 2 years (31 operations).



had an appropriateness rate of 65.4%. Low-volume sur-
geons in high-volume hospitals had an appropriateness
rate of 57.8%.

The number of operations performed by each specialty
of surgeon differed significantly across the provinces. Neu-
rosurgeons performed 39.8% of the CEs (326 operations)
in Alberta but only 0.9% (13), 1.1% (8) and 10.7% (24) of
the CEs in BC, Manitoba and Saskatchewan, respectively.

Interpretation

The appropriateness ratings developed for this study can
be seen as an accurate reflection of the contemporary
Canadian interpretation of the evidence for the use of CE.
This is an important point because the Canadian medical
community is more conservative than the US community
in interpreting the evidence for the efficacy of CE for
asymptomatic carotid disease,17,18 as is well illustrated by the
37.4% rate of CEs performed for uncertain indications in
this study (mostly asymptomatic cases), as compared with
4.5% in a recent US study.17

Our finding that 1 in 10 CEs was performed inappropri-
ately indicates overuse. In fact, in one hospital more than
25% of CEs were inappropriate. Physicians are still per-
forming CE contrary to well-established evidence. Two
large randomized controlled trials have unequivocally
shown that CE performed for symptomatic mild carotid
stenosis is harmful. Inappropriate surgery could be cur-
tailed by applying appropriateness ratings before surgery19

or by consistently educating surgeons with feedback of
their own results.20 In addition to the patient factors used to
determine appropriateness, surgical skill is of critical im-
portance, and its assessment requires outcome measure-
ments in all cases.20

This study allows a deeper understanding of the factors
contributing to marked practice variation across western
Canada than was previously described with the use of an
administrative database.21 CE volume had a clear inverse re-
lation with the rate of appropriate CE, both high-volume
surgeons and high-volume hospitals having lower CE ap-
propriateness rates. This finding was especially marked for
high-volume surgeons in high-volume hospitals.

The relation between uncertainty, overuse and underuse
in practice variation is complex. This study points to each of
these phenomena as contributors to the differences demon-
strated. Saskatchewan had the highest proportion of appro-
priate CEs (78.2%) and the lowest rate of overuse (only 0.9
inappropriate CEs per 100 000 population) but the lowest
overall population rate of CE (16.2). BC had perhaps the
least favourable combined profile, with both the lowest pop-
ulation rate of CE for appropriate cases (11.1) and a low
proportion of appropriate CEs (46.0%). The BC profile si-
multaneously suggests overuse of CE overall and underuse
for individuals who need the procedure.

Manitoba had the highest population rates of appropri-
ate (21.7), uncertain (19.4), inappropriate (3.2) and total CE

(44.3), indicating possible overuse. However, although Man-
itoba had the second-lowest proportion of appropriate CEs
(49.1%), surgeons performed appropriate CE at almost
twice the population rate of other provinces. This suggests
underuse of CE in the other 3 provinces. These figures are
most likely explained by Manitoba’s having the lowest
threshold for referral of all patients with carotid artery dis-
ease for surgical opinion.

Neurosurgeons had a higher appropriateness rate than
their surgical colleagues, which may help explain why Al-
berta had the second-highest proportion of appropriate
CEs. Either neurosurgeons have a better appreciation of
the current evidence and therefore choose patients more
carefully for CE or the patients in the different surgical
groups have different pathways to operation, a sympto-
matic patient being more likely to see a neurologist and be
referred to a neurosurgeon.

Procedures should be performed only on those who
have the chance to benefit. The appropriate use of CE ap-
pears to be influenced by where a patient lives, the hospital
attended and the physicians seen. Our findings point to a
complex interplay between overuse for inappropriate indi-
cations and underuse in those with appropriate indications.
More discussion is required to reduce the disconnection
between clinical practice guidelines and clinical practice,
thus ensuring the translation of evidence into practice.
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