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Clinical and angiographic predictors of stroke and death
from carotid endarterectomy: systematic review
P M Rothwell, J Slattery, C P Warlow

Abstract
Objective: To identify risk factors for operative stroke
and death from carotid endarterectomy.
Design: Systematic review of all studies published
since 1980 which related risk of stroke and death to
various preoperative clinical and angiographic
characteristics, including unpublished data on 1729
patients from the European carotid surgery trial.
Main outcome measure: Operative risk of stroke and
death.
Results: Thirty six published studies fulfilled our
criteria. The effect of 14 potential risk factors was
examined. The odds of stroke and death were
decreased in patients with ocular ischaemia alone
(amaurosis fugax or retinal artery occlusion)
compared with those with cerebral transient
ischaemic attack or stroke (seven studies; odds ratio
0.49; 95% confidence interval 0.37 to 0.66;

P < 0.00001). The odds were increased in women
(seven studies; 1.44; 1.14 to 1.83; P < 0.005), subjects
aged >75 years (10 studies; 1.36; 1.09 to 1.71;
P < 0.01), and with systolic blood pressure
> 180 mm Hg (four studies; 1.82; 1.37 to 2.41;
P < 0.0001), peripheral vascular disease (one study;
2.19; 1.40 to 3.60; P < 0.0005), occlusion of the
contralateral internal carotid artery (14 studies; 1.91;
1.35 to 2.69; P < 0.0001), stenosis of the ipsilateral
internal carotid siphon (five studies; 1.56; 1.03 to 2.36;
P = 0.02), and stenosis of the ipsilateral external
carotid artery (one study; 1.61; 1.05 to 2.47; P = 0.03).
Operative risk was not significantly related to
presentation with cerebral transient ischaemic attack
versus stroke, diabetes, angina, recent myocardial
infarction, current cigarette smoking, or plaque
surface irregularity at angiography. Multiple
regression analysis of data from the European carotid
surgery trial identified cerebral versus ocular events at
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presentation, female sex, systolic hypertension, and
peripheral vascular disease as independent risk
factors.
Conclusions: The risk of stroke and death from
carotid endarterectomy is related to several clinical
and angiographic characteristics. These observations
may help clinicians to estimate operative risks for
individual patients and will also facilitate more
meaningful comparison of the operative risks of
different surgeons or at different institutions by
allowing some adjustment for differences in case mix.

Introduction
The absolute benefit derived from carotid endarterec-
tomy is limited by the morbidity and mortality caused
by the operation itself. The balance of risk and benefit
is particularly fine in patients in whom the risk of
stroke while they are receiving medical treatment is
very low to begin with, such as those with
asymptomatic stenosis.1–3 To maximise the cost
effectiveness of endarterectomy we need to identify
subgroups of patients who are at high risk of stroke
without surgery but who have a relatively low operative
risk of stroke and death.4 Much work has gone into
prediction of the risk of major stroke on medical treat-
ment alone,5 6 but there has been less research into the
factors which predict operative risk. Although there
have been at least 126 reports of the morbidity and
mortality of carotid endarterectomy published over the
past 15 years,7 many of which have made some attempt
to identify possible risk factors, there has been no sys-
tematic review of risk factors for operative stroke and
death. Such a review is required both to target
endarterectomy more effectively and to help to correct
for case mix in clinical research and audit. We
performed a systematic review of all studies published
since 1980 which related the risk of stroke and death
from carotid endarterectomy to preoperative clinical
and angiographic characteristics. The review also
includes unpublished data from the European carotid
surgery trial.8 9 In addition, we performed a multiple

regression analysis of the data from the European
carotid surgery trial to identify which of the potential
risk factors identified in the systematic review were
independent predictors of operative outcome.

Methods
The methods of the systematic review have been pub-
lished previously.7 Briefly, studies were identified by a
single observer from CD ROM (Cambridge Medline,
1980-6) by using the search strategies carotid
endarterectomy and carotid surgery. The Cochrane
Collaboration’s stroke database was also searched,10 but
there was no systematic hand searching of journals.
The reference lists of all papers identified electronically
were searched.

Articles were included in this review if they fulfilled
the following criteria: (a) prospective or retrospective
(case note review) study; (b) reported numbers of
strokes and deaths occurring within 30 days of carotid
endarterectomy (or similar time period); (c) endarterec-
tomy performed for symptomatic stenosis, asympto-
matic stenosis, or a combination of the two, but not
explicitly for acute stroke; (d) operative risks defined
per operation rather than per patient in studies in
which some patients underwent bilateral endarterec-
tomy; (e) operative risk stratified according to one or
more clinical or angiographic characteristics assessed
before surgery; and (f) no evidence of a systematic
policy for patients with different characteristics to be
operated on by different surgeons or at different insti-
tutions. Unpublished data on the 1729 patients who
underwent carotid endarterectomy as part of the Euro-
pean carotid surgery trial8 9 were included. The North
American symptomatic carotid endarterectomy trial
continues to randomise patients and no data on surgi-
cal morbidity were available.11

The risk of stroke and death was defined per
operation. The overall relative odds of stroke and death
for one preoperative characteristic versus another were
calculated by using the Mantel-Haenszel method.12 Dif-
ferences between studies in the relation between each

Table 1 Odds of stroke and deaths due to endarterectomy according to presence or absence of various preoperative clinical and angiographic
characteristics

Characteristic
No of

studies

Strokes and deaths/No of operations Relative odds of stroke and death* Heterogeneity

Cases Controls O-E Variance Odds ratio (95% CI) P value ÷2 P value

Clinical

Presenting symptoms:

Monocular v cerebral transient ischaemic attack 7 32/1262 304/4838 −34.6 49.3 0.49 (0.37 to 0.66) < 0.00001 1.4 0.96

Cerebral transient ischaemic attack v stroke 7 115/1519 118/2718 0.5 59.1 1.01 (0.78 to 1.30) 0.70 14.0 0.04

Female v male sex 7 132/2520 195/4775 24.6 67.0 1.44 (1.14 to 1.83) < 0.005 9.6 0.45

Age (>74 v <75) 10 125/2573 463/11453 23.2 75.0 1.36 (1.09 to 1.71) < 0.01 13.9 0.15

Hypertension† 4 110/1842 141/2972 28.6 47.8 1.82 (1.37 to 2.41) < 0.0001 0.6 0.9

Diabetes 2 32/647 156/3424 5.4 21.4 1.29 (0.84 to 1.97) 0.21 0.6 0.4

Angina 2 46/534 135/1892 5.1 28.4 1.20 (0.83 to 1.73) 0.16 0.1 0.7

Recent myocardial infarction 2 8/64 173/2362 3.3 4.3 2.14 (0.83 to 5.53) 0.15 0.6 0.4

Peripheral vascular disease 1 35/284 87/1445 N/A N/A 2.19 (1.40 to 3.60) 0.0005 N/A N/A

Current smoking 2 96/1818 87/2068 6.2 42.7 1.16 (0.86 to 1.56) 0.30 0.6 0.4

Angiographic

Occlusion of contralateral internal carotid artery 14 60/935 347/7690 20.9 32.5 1.91 (1.35 to 2.69) < 0.0001 21.6 0.08

Ipsilateral plaque surface irregularity 2 102/1273 79/1163 10.0 38.7 1.29 (0.95 to 1.77) 0.08 0 0.9

Stenosis of distal ipsilateral internal carotid artery 5 39/592 152/2906 9.8 22.1 1.56 (1.03 to 2.36) 0.02 4.6 0.3

Stenosis of ipsilateral external carotid artery 1 31/309 89/1373 N/A N/A 1.61 (1.05 to 2.47) 0.03 N/A N/A

O-E = observed minus expected. NA = not applicable.
*As overall odds ratios were calculated by combining individual study data with Mantel-Haenszel method they differ from odds which would be obtained simply by using totals shown in table.
†Systolic blood pressure >180 mm Hg.
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clinical characteristic and operative risk were assessed
by using the ÷2 test for heterogeneity. We used data on
the 1729 patients in the European carotid surgery trial
to perform multiple regression analysis to identify
which of the potential risk factors identified in the
review were independent predictors of operative
stroke and death. A forward conditional stepwise logis-
tic regression analysis (spss for windows, version 6.1)
was used. Variables were entered at a significance level
of P = 0.05 and removed at a level of P = 0.1.

Results
A total of 126 studies reporting the risk of stroke and
death associated with carotid endarterectomy were
identified from our literature search. Six studies
contained no useful data and 84 did not stratify opera-
tive risk of stroke and death by baseline characteristics.
In addition to the unpublished data from the
European trial a total of 36 studies fulfilled our
inclusion criteria.3–47 One study47 was excluded because
the data reported overlapped with those of a
subsequent study.23 There were 122 major strokes or
deaths within 30 days of endarterectomy in the 1729
patients in the European carotid surgery trial.

The clinical and angiographic characteristics for
which the relation with operative risk was reported are
summarised in table 1. Five clinical characteristics were
associated with a significantly increased operative risk
of stroke and death: surgery for cerebral symptoms
(stroke or transient ischaemic attack) compared with
monocular ischaemia (amaurosis fugax or retinal
artery occlusion) (fig 1); female versus male sex (fig 2);
age above or below 75 years (fig 3); and systolic blood
pressure > 180 mm Hg and peripheral vascular
disease (fig 4). There was no significant heterogeneity
between studies in the odds of stroke or death for any
of these risk factors (table 1).

Three angiographic characteristics were associated
with an increased risk of operative stroke or death:
contralateral internal carotid artery occlusion (fig 5);
stenosis of the intracranial portion of the ipsilateral
internal carotid artery and of the ipsilateral external
carotid artery (fig 6). None of these analyses showed
significant heterogeneity between studies (table 1).
There was no significant relation between operative
risk and the presence of diabetes, angina, recent myo-
cardial infarction, plaque surface irregularity, or a cur-
rent history of smoking (table 1). There was no overall
difference between the operative risk associated with
cerebral transient ischaemic attack versus stroke (fig 7),
although there was significant heterogeneity (÷2 14.0;
df = 6; P = 0.04; table 1). Meta-analysis of the six
published studies suggested that stroke was associated
with an increased risk (odds ratio 1.46; 95% confidence
interval 1.04 to 2.04), whereas the data from the Euro-
pean carotid surgery trial suggested a significantly
lower risk (0.62; 0.42 to 0.91).

Of the 14 risk factors in table 1 which were entered
into a multiple logistic regression analysis of the data
from the European carotid surgery trial, four were
found to be significant independent predictors of
operative stroke or death (table 2).

Discussion
This is the first systematic review of the clinical and
angiographic factors associated with an increased risk
of stroke and death from carotid endarterectomy. The
analysis was restricted to defining the overall relative
odds of stroke and death according to the presence or
absence of each potential risk factor in those studies in
which the information was available. In view of the
clear variation between different studies in the
reported risks7 we did not determine absolute risks.
Restriction of the analysis to relative odds allowed us to
include, when appropriate, data from reports of
surgery for asymptomatic stenosis as well as sympto-
matic stenosis. Even though the reported absolute risks
of surgery for asymptomatic stenosis are consistently
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Fig 1 Odds of stroke and death from endarterectomy for monocular ischaemia (amaurosis
fugax and retinal artery occlusion) compared with cerebral ischaemia (transient ischaemic
attack or completed stroke). Odds ratio for each study represented by a square, the area of
which is proportional to statistical power of estimate. Line represents 95% confidence interval
of odds ratio. Diamond represents overall pooled estimate

Friedmann et al (1988)18

Maxwell et al (1990)22

Goldstein et al (1993)23

Magnan et al (1993)24

Riles et al (1994)25

Asymptomatic carotid
  atherosclerosis study (1995)3

European carotid surgery trial

All studies

11/280
8/289
21/256
5/90
27/844

10/281
50/480

132/2520

19/408
4/345
38/441
14/300
39/1488

9/544
72/1249

195/4775

Female Male

0 1 2 3 4 5
Odds ratioFig 2 Odds of stroke and death from carotid endarterectomy in women compared with men

Haffner (1984)26

Plecha et al (1985)27

Ouriel et al (1986)28

Schultz et al (1988)29

Fisher et al (1989)30

Pinkerton et al (1990)31

Maxwell et al (1990)22

Meyer et al (1991)22

Goldstein et al (1993)23

European carotid surgery trial

All studies

0/152
35/782
3/77
3/90
38/685
1/125
11/170
13/265
17/137
4/90

125/2573

8/418
171/5220
14/393
2/95
50/1444
17/560
23/640
18/484
42/560
118/1639

463/11453

>75 <75

0 1 2 3 4 5
Odds ratio

Fig 3 Odds of stroke and death from endarterectomy in patients aged 75 years and older
compared with patients aged less than 75 years
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lower than in patients with symptomatic stenosis,48

there is no evidence that the relative effect of clinical
characteristics such as age or sex on the operative risk
of stroke and death will differ. This is supported by the
lack of significant heterogeneity between studies for
any of the risk factors for which data from studies of

symptomatic patients were combined with data from
studies of asymptomatic patients.

Clinical presentation and operative risk
We have shown that the risk of stroke and death from
carotid endarterectomy depends on the type of
presenting symptoms. The odds of stroke and death in
patients with only ocular symptoms (amaurosis fugax
or retinal artery occlusion) are less than half those in
patients with cerebral transient ischaemic attacks.
Although not strictly comparable, the 2.5% (95% con-
fidence interval 1.8 to 3.5) risk of stroke and death in
the eight reports of endarterectomy for ocular
symptoms alone is similar to the 3.4% (2.4 to 4.3) over-
all risk derived from 25 studies of endarterectomy for
asymptomatic stenosis.48 It is interesting to note that
the risk of stroke on medical treatment is also lower in
patients with amaurosis fugax than in patients with
cerebral transient ischaemic attack.4 5 49

Contrary to expert guidelines on carotid endarter-
ectomy50 51 we found no overall difference in the opera-
tive risk of stroke and death in patients operated on for
stroke compared with those operated on for transient
cerebral ischaemia, although there was significant het-
erogeneity between studies. We suspect that the
increased risk in patients operated on for stroke in the
published studies may well have been due to the inclu-
sion in some of these studies of patients with stroke in
evolution or very recently completed stroke. In the
European carotid surgery trial, in which patients oper-
ated on for stroke had a significantly lower operative
risk than patients operated on for transient cerebral
ischaemia, surgeons were advised not to operate until
at least one month after the occurrence of a stroke. The
suggestion that surgery for transient ischaemic attacks
has a lower operative risk than surgery for stroke may
also be due to a failure to distinguish between ocular
and cerebral transient ischaemic attacks. The real
dichotomy is not between transient ischaemic attack
and stroke but between ocular and cerebral ischaemia.
This should be reflected in future guidelines. The
expected operative risks for endarterectomy for
asymptomatic stenosis and ocular ischaemia are in the
region of 2-4%, whereas the risk of endarterectomy for
cerebral ischaemia is about double this.

Sex and operative risk
Operative morbidity and mortality in coronary artery
surgery is higher in women than in men.52 We
therefore examined the effect of sex on the risk of
stroke and death from carotid endarterectomy. In the
seven studies which reported data, the overall odds of
stroke and death were increased by 44% in women. A
significantly increased operative risk in women was
mentioned in two further studies, but insufficient data
were given to allow inclusion in the review.53 54 The
increased risk reported in women might be due to
publication bias—authors reporting data only if there is
an interesting trend. No studies, however, reported a
significantly increased operative risk in men. The
higher operative risk observed in women compared
with men might be accounted for by differences in
other factors, such as age, presenting symptoms, or
coexisting illness. Multiple regression analysis of the
data from the European carotid surgery trial, with cor-
rection for the other variables listed in table 1, however,
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Fig 4 Odds of stroke and death from carotid endarterectomy associated with presence of
hypertension (systolic blood pressure >180 mm Hg), diabetes mellitus, angina, recent
myocardial infarction (within previous year), peripheral vascular disease, and current cigarette
smoking
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Fig 5 Odds of stroke and death from carotid endarterectomy in patients with occlusion of
contralateral carotid artery compared with those with patent artery
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failed to reduce the association between female sex and
operative risk (table 2). It is unclear why women should
be at greater operative risk than men. Possibly the fact
that the carotid arteries in women are, on average,
about 40% smaller than in men makes the operation
technically more difficult.

Other clinical and angiographic characteristics and
operative risk
The risk of stroke and death due to endarterectomy
was increased in patients aged 75 and over, those with
systolic hypertension, and those with peripheral vascu-
lar disease. The association of peripheral vascular
disease with increased operative risk was reported in
another study,55 but no data were given. With regard to
hypertension, it is unclear whether treatment before
surgery would be beneficial. The increased risk of sur-
gery in patients aged 75 years and over is not large, and
age should not be regarded as a contraindication to
surgery. There was no evidence that angina, recent
myocardial infarction, diabetes, or smoking are associ-
ated with an increased risk of stroke or death due to
endarterectomy, although more data are required
before any useful conclusions can be drawn. They may,
of course, be associated with other postoperative mor-
bidity, such as myocardial infarction or chest infection.

Given that patients with irregular stenoses are at
increased risk of ipsilateral ischaemic stroke on
medical treatment,56 57 the observation that angio-
graphic irregularity of the plaque surface is not clearly
associated with an increased risk of stroke with surgical
treatment is important. Patients with irregular or ulcer-
ated plaques are probably, therefore, particularly likely
to benefit from endarterectomy, although more data
on the relation between plaque surface morphology
and operative risk are required.

There was a trend towards an increased operative
risk with occlusion of the contralateral internal carotid
artery in 12 of the 14 studies (see fig 5). Because of the
relatively low prevalence of contralateral occlusion in
the studies reviewed (407/8626; 4.7%), however, this
reached significance in only two. This is also likely to
account for the lack of a significant association between
contralateral occlusion and operative risk in the multi-
ple regression analysis of the data from the European
carotid surgery trial.

Limitations of this study
The studies included in the systematic review were of
varying methodological quality. Some were retrospec-
tive and only a minority of the remainder had
independent assessment of outcome by a neurologist.
Although this may have led to an underestimation of
the absolute operative risk in some studies,58 we have
assumed that this will not bias the relative odds of
stroke and death due to surgery with respect to
particular risk factors. We have also assumed that the
“effect” of the risk factor on operative risk is relatively
independent of other treatments—such as anticoagula-
tion, patching, or shunting—the use of which may have
varied between studies. Our previous experience of
similar analyses suggests that these assumptions are
reasonable. In a systematic comparison of the
operative risk of carotid endarterectomy for asympto-
matic compared with symptomatic stenosis we
identified 25 studies in which the operations had been

carried out by the same surgeon or in the same institu-
tion.48 Even though there were major differences
between the studies in terms of methodology and
other treatments given, a trend towards a reduced
operative risk associated with asymptomatic stenosis
was found in 24 (96%) of the studies, and there was vir-
tually no quantitive heterogeneity of effect between
studies (÷2 13.6; df = 24; P = 0.96). In the present study,
one of the meta-analyses showed borderline significant
heterogeneity (see table 1). Given that this study
includes 12 meta-analyses, however, one significantly
heterogeneous result would reasonably be expected by
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Fig 6 Odds of stroke and death from carotid endarterectomy associated with following
angiographic characteristics: ipsilateral plaque surface irregularity; stenosis of the ipsilateral
carotid syphon; >50% stenosis of ipsilateral external carotid artery
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Fig 7 Odds of stroke and death from endarterectomy for cerebral transient ischaemic attack
compared with completed stroke

Table 2 Multiple regression analysis of operative risk of stroke and death in 1729
patients who underwent carotid endarterectomy in European carotid surgery trial in
relation to potential clinical and angiographic risk factors identified in systematic review

Risk factor* Hazard ratio (95% CI) P value

Ocular v cerebral symptoms 0.46 (0.24 to 0.91) 0.02

Female sex 1.41 (1.16 to 1.70) 0.0005

Systolic hypertension (>180 mm Hg) 1.93 (1.22 to 3.04) 0.005

Peripheral vascular disease 1.44 (1.17 to 1.79) 0.0007

*Variables not included in model: age >75 years (P=0.36); angina (P=0.99); recent myocardial infarction
(P=0.30); diabetes mellitus (P=0.84); current smoking (P=0.86); occlusion of contralateral internal carotid
artery (P=0.82); 50-100% stenosis of ipsilateral external carotid artery (P=0.23); ipsilateral carotid plaque
surface irregularity (P=0.12); stenosis of distal ipsilateral internal carotid artery (P=0.62).
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chance. The remainder of the analyses showed
relatively little heterogeneity, suggesting that our
assumptions were reasonable.

As discussed above with reference to the increased
operative risk reported in women, publication bias is a
further potential problem with the study. It is quite
possible that some of the studies we included looked at
the interaction of several risk factors with operative risk
but published only those which were “interesting” or
significant. This should, however, introduce bias in
both directions—that is, analyses are probably equally
likely to be published whether or not a particular risk
factor indicates an abnormally high or an abnormally
low operative risk. Funnel plots of the analyses
reported in our paper do not show any obvious skew-
ing suggestive of publication bias.

The associations between clinical and angiographic
characteristics and the risk of stroke and death from
endarterectomy in the systematic review cannot, of
course, be corrected for the possible confounding effect
of other variables. The risk factors identified in the mul-
tiple regression analysis of the European data, however,
are independent to the extent that the association with
operative risk has been corrected for the other potential
risk factors in table 1. This does not, of course, mean that
the associations are necessarily causal. For example, the
association between peripheral vascular disease and an
increased operative risk is probably due to some
confounding factor which has not been measured in this
study. In terms of identifying patients at high risk of
operative stroke and death, however, it is association
rather than causation that is important.

To improve the cost effectiveness of carotid endar-
terectomy patients should be selected on the basis of
their likely risk of stroke without surgery as well as their
risk of stroke and death from endarterectomy.
Although we have identified risk factors for increased
surgical risk, it does not follow that the presence of
these risk factors will necessarily reduce the possible
absolute benefit of endarterectomy. Certain character-
istics may be associated with an increased risk of stroke
on medical treatment as well as surgical treatment and

will not therefore be associated with reduced absolute
benefit from surgery. Other characteristics, such as
female sex, seem to indicate an increased surgical risk
but are not related to the risk of stroke on medical
treatment alone and may therefore be useful in identi-
fying patients with less to gain from endarterectomy.

Conclusions
We have defined several clinical and angiographic
characteristics that are associated with an increased
risk of stroke and death from carotid endarterectomy.
These observations may help clinicians to estimate the
possible operative risks for individual patients and will
also facilitate more meaningful comparison of the
operative risks of different surgeons or different
institutions by allowing some adjustment for differ-
ences in case mix. The risk factors derived from the
systematic review and those derived from analysis of
the data from the European carotid surgery trial,
however, need to be validated on a large independent
dataset before they can be used routinely in clinical
practice.
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The West of Scotland coronary prevention study:
economic benefit analysis of primary prevention with
pravastatin
J Caro, W Klittich, A McGuire, I Ford, J Norrie, D Pettitt, J McMurray, J Shepherd for the West of
Scotland Coronary Prevention Study Group

Abstract
Objective: To estimate the economic efficiency of
using pravastatin to prevent the transition from health
to cardiovascular disease in men with
hypercholesterolaemia.
Design: Economic benefit analysis based on data from
the West of Scotland coronary prevention study.
Treatment specific hazards of developing
cardiovascular disease according to various definitions
were estimated. Scottish record linkage data provided
disease specific survival. Cost estimates were based on
extracontractual tariffs and event specific average

lengths of stay calculated from the West of Scotland
coronary prevention study.
Subjects: Men with hypercholesterolaemia similar to
the subjects in the West of Scotland coronary
prevention study.
Main outcome: Cost consequences, the number of
transitions from health to cardiovascular disease
prevented, the number needed to start treatment, and
cost per life year gained.
Results: If 10 000 of these men started taking
pravastatin, 318 of them would not make the
transition from health to cardiovascular disease
(number needed to treat, 31.4), at a net discounted
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