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Abstract
Objectives—Carotid endarterectomy re-
duces the risk of stroke in symptomatic
patients with severe ipsilateral carotid
stenosis. Symptomatic patients should
therefore undergo carotid Doppler imag-
ing, but in some centres access to imaging
is limited. It was therefore investigated
whether simple clinical features alone or
in combination could be used to identify
patients with severe carotid stenosis, so
that they could be referred preferentially
for carotid imaging.
Methods—1041 patients with acute stroke,
cerebral or retinal transient ischaemic
attacks, and retinal strokes admitted to
Western General Hospital or seen in neu-
rovascular clinics were assessed by a
stroke physician. Their carotid arteries
were investigated using colour Doppler
imaging by a consultant neuroradiologist.
Patients with primary intracerebral
haemorrhage, total anterior circulation
strokes, posterior circulation strokes, or
posterior circulation transient ischaemic
attacks were excluded because carotid
surgery would be inappropriate.
Results—726 patients were used in the
analysis. Stepwise logistic regression
showed that there were significant positive
associations between severe carotid steno-
sis and an ipsilateral bruit, diabetes melli-
tus, and previous transient ischaemic
attacks; and a negative association with
lacunar events. The strategy with the
highest specificity (97%) was “any three of
these four features” but sensitivity was
only 17%. The strategy with the highest
sensitivity (99%) was to use one or more of
the four features, but specificity was only
22%.
Conclusion—None of the strategies identi-
fied all patients with severe carotid steno-
sis with a reasonable specificity. When
access to carotid imaging is severely
limited, simple clinical features are of
some use in prioritising patients for imag-
ing, but access to carotid imaging should
be improved.
(J Neurol Neurosurg Psychiatry 1999;66:16–19)
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Carotid endarterectomy reduces the risk of
stroke in patients with a recent transient

ischaemic attack or minor ischaemic stroke and
severe ipsilateral carotid stenosis.1 2 Therefore,
many patients with stroke or transient ischae-
mic attack should have to have carotid imaging
using Doppler ultrasound to select those
suitable for surgery, with or without any inter-
vening conventional angiography. However,
most patients do not have severe carotid steno-
sis, so many will undergo carotid imaging to
identify relatively few patients who would ben-
efit from carotid endarterectomy. In some hos-
pitals, access to Doppler imaging is limited. In
a recent survey of all consultant physicians,
geriatricians, and neurologists in the United
Kingdom, 20% did not have access to carotid
imaging.3 In other hospitals, patients may
require referral to regional centres, where wait-
ing lists may be long. Carotid endarterectomy
is almost certainly more eVective in stroke pre-
vention if it is performed soon after the ischae-
mic event. Therefore, a simple method to iden-
tify which patients are most likely to have
severe stenosis would be useful, so that these
patients could be referred preferentially for
early duplex imaging.

Patients with carotid bruits are about twice
as likely as those without bruits to have severe
carotid stenosis, but about a third of patients
with significant stenosis do not have carotid
bruits, and many patients with bruits do not
have carotid stenosis.4 5 Therefore, the pres-
ence or absence of a carotid bruit alone is a
poor predictor of the presence of carotid steno-
sis. The Oxfordshire Community Stroke
Project (OCSP) classification is a simple clini-
cal classification for acute stroke which is of
value in predicting recovery and patterns of
recurrent stroke.6 Severe carotid stenosis or
occlusion is more common in patients with
partial anterior circulation infarcts than those
with lacunar, posterior circulation, or total
anterior circulation infarcts.7−9 However, in one
study, the sensitivity of using the partial
anterior circulation infarct category to detect
severe ipsilateral carotid stenosis was only 76%
and specificity was 70%, with wide confidence
intervals.7 Other factors may also be of value in
predicting the presence of severe carotid steno-
sis and several possible risk factors may be
present in an individual patient. For example,
severe carotid stenosis may be more common
in patients with symptoms suggestive of
atheroma at other sites—for example, ischae-
mic heart disease or peripheral vascular
disease, than those without such disease.
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The aim of this study was to investigate the
value of carotid bruits, the OCSP subtype, risk
factors for the development of carotid
atheroma (for example, smoking), and the
presence of atheroma at other sites (for exam-
ple, peripheral vascular disease), separately and
together, in predicting the presence of severe
carotid stenosis in patients with acute stroke,
cerebral or retinal transient ischaemic attacks,
and retinal strokes to see whether we could
develop a simple strategy to select which
patients should be referred early for duplex
imaging—that is, to identify which patients are
most likely to have severe carotid stenosis.

Methods
PATIENT IDENTIFICATION

Patients with acute stroke, transient ischaemic
attack, or retinal stroke admitted to our hospi-
tal or referred to neurovascular clinics from
November 1994 to April 1997 were identified
by a stroke physician (either a consultant or
research registrar), who assessed each patient.
A detailed history was taken, including a
history of ischaemic heart disease, diabetes
mellitus, peripheral vascular disease, drugs,
family history, a transient ischaemic attack at
any time before the current event, and a history
of smoking. Each patient was carefully exam-
ined for the presence or absence of carotid
bruits. Patients with acute stroke were classi-
fied according to the OCSP into total or partial
anterior circulation syndromes, lacunar syn-
dromes, posterior circulation syndromes, or
uncertain stroke types.6 Patients with transient
ischaemic attacks were classified as lacunar,
cortical, posterior circulation or retinal accord-
ing to symptoms.

CAROTID IMAGING

The carotid arteries were assessed using colour
Doppler ultrasound (Acuson 128XP 10 V)
within 3 months of presentation by one of two
consultant neuroradiologists or one of two
experienced neuroradiographers. Ongoing
audit has shown that the results of their

ultrasound examinations are valid compared
with angiography: in 120 patients who had
both ultrasound and angiography during the
course of this study, ê for 70–99% stenosis was
0.7 to 0.8, indicating good to excellent
agreement, even though some patients under-
went ultrasound and angiography at diVerent
times, which means that a few tight stenoses
may have progressed to occlusion by the time
angiography was performed. The ultrasonog-
rapher was deliberately blinded to the clinical
details to ensure that their interpretation of the
ultrasound findings was unbiased. The degree
of stenosis was assessed using standard velocity
criteria and the lesion appearance.10 Although
angiography is the gold standard investigation
to assess the severity of carotid disease, patients
in our hospital undergo angiography only when
the ultrasonographer thinks that the artery is
poorly visualised and then only if the patient is
suitable for endarterectomy. Therefore, we
used the ultrasound assessment of stenosis for
this study. Brain CT was performed whenever
possible in patients with acute stroke, and only
when clinically indicated in transient ischaemic
attacks and retinal strokes.

DATA ANALYSES

Clinical and imaging data were prospectivly
entered onto a local stroke registry (Lothian
Stroke Register) for subsequent analysis. We
did not use any data retrospectively extracted
from case notes. For the purpose of this study,
we excluded stroke patients with primary
intracerebral haemorrhage because carotid
endarterectomy would be inappropriate even if
severe stenosis was found. Patients with total
anterior circulation syndromes were also ex-
cluded because most do not make a good
enough recovery for carotid surgery to be
worthwhile.6 Uncertain OCSP stroke types
with midline lesions on CT and all patients
with posterior circulation events were also
excluded.

The prevalence of severe ipsilateral carotid
stenosis (70%–99%) in patients both with and

Table 1 Univariate relation between the presence of possible explanatory factors and the severity of carotid disease

Variable

Severity of stenosis (n (%))

Total OR (p Value)<70% 70-99% 100%

Ipsilateral carotid bruit 54 (9) 54 (56) 11 (23) 119 (16) 11.2 (<0.001)
Contralateral carotid bruit 51 (9) 37 (39) 11 (23) 99 (14) 5.7 (<0.001)
Cortical event 307 (53) 55 (57) 31 (66) 393 (54) 1.2 (0.5)
Lacunar event 195 (33) 15 (16) 5 (11) 215 (30) 0.4 (<0.001)
Previous TIA 70 (12) 24 (25) 9 (19) 103 (14) 2.3 (0.001)
*Peripheral vascular disease 83 (14) 27 (28) 20 (43) 130 (18) 2.0 (0.005)
†Ischaemic heart disease 136 (23) 33 (34) 20 (43) 189 (26) 1.6 (0.05)
‡Hypertension 226 (39) 47 (49) 25 (53) 298 (41) 1.4 (0.09)
Diabetes mellitus 52 (9) 15 (16) 6 (13) 73 (10) 1.8 (0.05)
Current smoker (cigarette or other) 209 (36) 48 (50) 21 (45) 278 (38) 1.7 (0.01)
Male sex 321 (55) 56 (58) 31 (66) 408 (56) 1.1 (0.7)
Age>65 336 (58) 65 (68) 28 (60) 429 (59) 1.5 (0.07)
Total 583 96 47 726

The row totals are the number of patients who have each of the possible factors, and the column totals are the number of patients
with each of the categories of stenosis. Some patients had more than one risk factor, so the number of risk factors in each column
do not add up to the column total. The % are of column totals. TIA=transient ischaemic attack.
p Values are from ÷2 tests comparing those with 70-99% stenosis to all other patients (<70% stenosis and 100% stenosis combined)
for patients with and without each possible explanatory factor.
*Peripheral vascular disease was defined as the absence of both foot pulses or femoral bruits, a history of intermittent claudication,
or a history of peripheral vascular surgery.
†Ischaemic heart disease included either angina pectoris or previous myocardial infarction.
‡Hypertension included a history of hypertension or treatment at any time.
Diabetes mellitus was defined as history of diabetes mellitus at the time of assessment, on diet, oral hypoglycaemic drugs or insulin.
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without each of several potential clinical
predictors of carotid stenosis were compared
using ÷2 tests. Logistic regression with a
stepwise selection procedure (SAS statistical
package) was then used to investigate which
individual features independently predicted the
presence of severe (70%–99%) carotid steno-
sis. Odds ratios (ORs) for the important
clinical features were calculated to develop a
clinically useful strategy that would identify
patients with severe carotid stenosis. The logis-
tic regression was then repeated, with complete
occlusion included in the severe stenosis group,
because occasionally carotid occlusion de-
tected on ultrasound is due to very tight carotid
stenosis.

Results
A total of 1041 patients were registered with
the Lothian Stroke Register during the study
period. Of these, 12 patients with primary
intracerebral haemorrhages, 53 with total ante-
rior circulation syndromes, 34 with uncertain
stroke types with midline lesions, and 216 with
a posterior circulation event were excluded.
The remaining 726 patients were used in the
analysis. Of these patients, 96 (13%) had severe
carotid stenosis. Table 1 shows the number of
patients with complete occlusion, 70%–99% or
<70% ipsilateral carotid stenosis and the
strength of association with the various possi-
ble explanatory variables. Stepwise logistic
regression showed independent significant
positive associations between the presence of
70%–99% stenosis and an ipsilateral bruit,
diabetes mellitus, and a previous transient
ischaemic attack, and a significant negative
association with a lacunar event. The ORs for
each of these clinical characteristics are shown
in table 2. When complete occlusion was
included in the severe stenosis group, logistic
regression showed independent positive asso-
ciations with an ipsilateral bruit (OR 6.9,
p<0.001), a previous transient ischaemic attack
(OR 2.3, p=0.002), and peripheral vascular
disease (OR 1.9, p<0.01), and an independent
negative association with a lacunar event (OR
0.3, p<0.001). The weak relation between
diabetes mellitus and 70%–99% stenosis was
no longer significant when complete occlusion
was included in the logistic regression model.

Table 3 shows the sensitivity, specificity, the
number of patients that would need to be
scanned by duplex to detect one severe
stenosis, and the number of severe stenoses
missed for each of the strategies.

We then built a model using the ORs to cal-
culate the probability (predicted risk) of an
individual patient having severe carotid steno-

sis, based on the clinical features (table 4). We
compared this with the observed risk of having
severe carotid stenosis for patients who had
various combinations of clinical features. For
example, our model predicted that a patient
with an ipsilateral bruit would have a risk of
43%, and the observed risk in this data set is
44%. When there were relatively large numbers
of patients, the predicted and observed risks
were similar, but when there were very few
patients, there were larger diVerences between
the observed and predicted values.

Discussion
Previous studies have shown that severe carotid
stenosis is more common in patients with an
ipsilateral carotid bruit, and in patients with a
partial anterior circulation infarct.7 8 This study
is the first to our knowledge to systematically
investigate other possible clinical predictors of
severe carotid stenosis, and to quantify the
relation between severe carotid stenosis and
these clinical variables.

We have shown that an ipsilateral carotid
bruit, a history of diabetes, or any transient
ischaemic attack before the current event, are
significant predictors of the presence of severe
carotid stenosis. We found a negative associ-
ation between a lacunar event (either stroke or
transient ischaemic attack) and severe carotid
stenosis, which is in accord with the findings of
previous studies.7–9 The lower 95% confidence
interval (95% CI) of the ORs for diabetes, pre-
vious transient ischaemic attacks, and “not a
lacunar event” were close to one; whereas, for
the OR for an ipsilateral bruit, the lower 95%
CI was 7.0, suggesting that an ipsilateral bruit
is a much better predictor of the presence of
severe carotid stenosis than the other clinical
features.

If all patients with an ischaemic stroke or
transient ischaemic attack who might be
suitable for surgery were referred for imaging
in centres where resources for imaging were
limited, this would overload the system and
lead to long waiting lists. This delay in imaging
and any surgical intervention would reduce the
eVectiveness of surgery as some patients may
have a stroke while awaiting surgery. Alterna-
tively, selecting patients for duplex imaging
who for clinical reasons are more likely to have
severe stenosis and would be eligible for
surgery might reduce the waiting time for
imaging and enhance the eVectiveness of
surgery. However, unless the clinical criteria
are sensitive, too many patients with potentially
correctable carotid lesions would be missed
and the eYcacy of the stroke prevention
programme would be reduced.

Table 3 shows that as sensitivity rises,
specificity tends to fall. Other than scanning all
patients, the strategy with the highest sensitiv-
ity (99%) was to refer patients with any one of
the above clinical features (ipsilateral bruit,
previous transient ischaemic attack, diabetes
mellitus, and “not a lacunar event”). This
strategy would mean referring 80% of patients,
which is at least better than referring all
patients, and only 1% of stenoses would be
missed. However, seven patients would still

Table 2 Odds ratios (ORs) and 95% confidence intervals
(95% CIs) for predicting the presence of severe (70-99%)
carotid stenosis in a multivariate analysis; with p values
from the logistic regression obtained from the likelihood ratio
÷2 test

Term OR 95% CI p Value

Ipsilateral bruit 11.2 7.0-18.8 <0.001
Diabetes 2.3 1.1-4.7 0.02
Previous TIA 2.4 1.2-4.0 0.005
Lacunar event 0.4 0.2-0.8 0.01

TIA=transient ischaemic attack.
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need to be scanned to detect one stenosis, and
in centres where access is limited, this may still
overload the system. If access to duplex
imaging is severely restricted, then a strategy
with a higher specificity would reduce the
number of patients without significant stenosis
who would need to be scanned. Four individual
strategies each have specificities of around
90%: having an ipsilateral bruit, having
diabetes, a history of a previous transient
ischaemic attack, and having any three of the
four features; and the sensitivities of each of
these strategies are 57%, 16%, 24%, and 17%
respectively. Therefore, if a high specificity is
required, referring patients with ipsilateral
bruits is better than the other strategies. How-
ever, only referring patients with ipsilateral
bruits would miss almost half of those with the
severe stenoses. Assuming that 10 carotid
endarterectomies for severe carotid stenosis
need to be done to prevent one stroke, then in
our group of 726 patients, about 50 patients
with severe carotid stenosis would be missed,
and five patients might have a recurrent stroke
that would have been preventable by surgery.

We also calculated the probability that an
individual patient with diVerent combinations
of risk factors would have severe carotid steno-
sis (table 4). If access to duplex imaging is lim-
ited, then these data may be of practical use
when identifying which patients should be
preferentially referred for imaging.

These strategies were developed using our
particular data set, which means that the
results may not be generalisable. For example,
our patients were examined by a stroke
physician or research registrar who was experi-
enced in the detection of carotid bruits. Less
experienced clinicians may miss typical bruits
and report bruits when the findings are not
typical of a carotid stenotic bruit. Furthermore,
our case mix may diVer from other centres. We
probably see a larger proportion of patients
with minor strokes or transient ischaemic
attacks than other hospitals because we have a
specialised neurovascular outpatient clinic,
although we admit patients with acute stroke
directly from their general practitioners. We
found severe carotid stenosis in 13% of our
patients. The proportion of patients with severe
carotid stenosis may be diVerent in other cen-
tres, which may alter the predictive value of
clinical features in the detection of severe
stenosis.

Although our clinical strategies are better
than nothing when attempting to prioritise
patients for carotid imaging, none of them reli-
ably identified most of the patients with severe
carotid stenosis and also had a high specificity.
Therefore, access to Doppler imaging should
be improved so that all patients with acute
stroke who make a reasonable recovery, and all
those with transient ischaemic attacks, should
have access to early carotid imaging, providing
that carotid surgery would be a clinically
suitable option acceptable to the individual
patient concerned.

This study would not have been possible without the hard work
of all involved in collecting data for the Lothian Stroke Register.
The Stroke Association funded the Lothian Stroke Register
from 1990–1. The register is now funded by the Medical
Research Council and the Scottish OYce Home and Health
Department. JMW and SCL are funded by the Medical
Research Council. We are grateful to Professor CP Warlow for
his helpful comments on the manuscript.
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Table 3 Sensitivity, specificity, and number of patients that would need to be scanned to
detect one severe stenosis

Strategy
Sensitivity
(%)

Specificity
(%)

% of stenoses
missed

Number to screen to
detect one severe stenosis

Test all patients 100 0 0 8
Test those with:

Ipsilateral bruit 57 90 43 3
Diabetes 16 91 84 5
Previous TIA 24 87 76 5
Not lacunar event 84 32 16 7
Any one of above 99 22 1 7
Any two of above 65 80 35 3
Any three of above 17 97 83 3

TIA=transient ischaemic attack.

Table 4 Predicted and observed risk of having severe carotid stenosis

Clinical risk factor Predicted risk Observed risk
Number of patients
in risk group

None 6% 6% 335
*Bruit only 43% 44% 70
Diabetes mellitus only 13% 19% 32
Previous TIA only 13% 15% 39
Lacunar event only 3% 1% 142
Bruit + diabetes 64% 38% 8
Bruit + previous TIA 63% 75% 16
Bruit + lacunar event 26% 39% 18
Diabetes + previous TIA 25% 10% 10
Diabetes + lacunar event 7% 18% 17
Previous TIA + lacunar event 6% 4% 28
Bruit + diabetes + previous TIA 80% 0% 1
Bruit + diabetes + lacunar event 45% 0% 1
Bruit + previous TIA + lacunar event 43% 20% 5
Diabetes + previous TIA + lacunar event 13% 50% 4
All four factors 64% - 0

TIA=transient ischaemic attack.The predicted risk for the group with no clinical risk factors was
assumed to be equivalent to the observed risk. Using this risk, the predicted risks for all the other
groups were calculated using the ORs in table 2. The observed risk is the percentage of patients
with clinical risk factors who have severe carotid stenosis in our data set. * Bruit refers to ipsilat-
eral bruit.
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