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ABSTRACT

Introduction. Carotid duplex, a non-Invasive, rapid, rela-
tively inexpensive, readily available, and fairly accurate
screening test is widely used in the evaluation of carotid
artery stenosis. Although expensive, and associated with
significant morbidity and mortality, angiography remains the
gold standard for the diagnosis of extracranial occlusive dis-
ease.

Objectives. To validate the accuracy of carotid duplex
scan in comparison to carotid angiography in detecting ca-
rotid artery stenosis (CAS) and to determine the cut-off value
for duplex ultrasound criteria that will accurately predict the
presence of significant CAS.

Methods. Cross-sectional study of 53 patients (106
carotids) who underwent carotid duplex scanning and an-
giography between January 1996 to September 2000 at the
Vascular and Catheterization Laboratories of St. Luke's Medi-
cal Center.

Rem/ts. Correlation between duplex scan and carotid
angiogram results is highly Significant. Exact correlation was
translated to 56 percent agreement and the overall test per-
formance showed excellent results with sensitivity of 91%,
specificity of 98%, and overall accuracy of 96%. The steno-
sis category that will accurately predict the presence of sig-
nificant carotid artery stenosis was assigned at 60% steno-
sis.

Conciusion. The accuracy of carotid duplex is very im-
pressive and is comparable with foreign studies. It is a prac-
tical screening test on which to base a physician's clinical
decision particularly in the severe and totally occluded
carotids. Patients with normal carotid duplex can be ex-
cluded to undergo further testing. In situations in which du-
plex scans reveal minimal and moderate stenosis, further
diagnostic tests such as carotid angiography may be indi-
cated depending on patient's clinical presentation and
physician's judgment.
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Non-invasive imaging of extracranial vessels is
widely used as initial diagnostic tool in the
evaluation of patients with suspected cere-
brovascular disease. There are several modali-

ties available but carotid duplex scan is presently the
one being considered the most reproducible and com-
plete technique, as it can provide information regarding
arterial luminal caliber, flow characteristics, and plaque
morphology. I It has become widely available and is
presently the principal non-invasive tool in the evalua-
tion of carotid artery disease." Currently, angiography
remains the most definitive technique for its diagnosis.'
However, this procedure is expensive, invasive, and
associated with significant morbidity and mortality such
as 4% risk of any neurological complication, < 1% risk
of permanent neurological deficit and < 0.1 % risk of
death."

The accuracy and precision of carotid duplex
in detecting carotid artery stenosis (CAS) was validated
in comparison with cerebral angiography based on our
local experience.

The relationship of carotid atherosclerosis to
cerebral ischemia has been the focus of many
studies."? Characteristics of CAS such as plaque mor-
phology and surface structure, echogenecity, absolute
size and the degree to which vessel lumen is narrowed
have been considered to be important pathogenic
mechanisms for cerebral ischemia." Transient ischemic
attack (TlA), if left untreated, carries with it approxi-
mately 30-50% chance of developing strokes.' Several
studies demonstrated a 40% incidence of isolated, sur-
gically accessible lesions of the extracranial carotid sys-
tem in patients with TlA and stroke. Early detection of
correctible carotid artery disease is therefore important
to decrease mortality and morbidity. The North Ameri-
can Symptomatic Carotid Endarterectomy Trial
(NASCET) investigators have demonstrated the
benefit of carotid endarterectomy for patients with> 70%
carotid artery stenosis and screening for detection of
significant carotid occlusive disease has relied on du-
plex imaging." More recently, the Asymptomatic Ca-
rotid Atherosclerosis Study (ACAS) demonstrated a
reduction in ipsilateral stroke rate among asymptomatic
patients with 60% or greater CAS.9

Cerebral angiography, although expensive, in-
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vasive, and associated with significant morbidity and
mortality still remains the most definitive technique for
the diagnosis of significant extracranial occlusive dis-
ease of the carotid artery system.' The invasive nature
and potential morbidity hazards of angiography have
been cited as justification for the use of duplex scan
alone in assessing carotid artery disease. 10 Carotid du-
plex scan is widely accepted as an accurate non-inva-
sive diagnostic tool in the diagnosis of extracranial oc-
clusive disease. A number of studies': ii, i2 has been
made comparing duplex ultrasonography and carotid
angiography in the assessment of carotid artery lesions
with sensitivity ranging from 86-97%, specificity of 81-
98% and accuracy of 80-97%. However, these are all
foreign studies. At a local level, there have been no
published studies yet that validated the accuracy of
carotid duplex scan and have compared it to the test
performance results of studies done abroad.

This study is aimed to evaluate the accuracy
of carotid duplex scan in the assessment of carotid ar-
tery stenosis using cerebral angiography as the gold
standard. Specifically, it is a) to determine the sensitiv-
ity, specificity, likelihood ratios, predictive values and
overall accuracy of carotid duplex scan in detecting ca-
rotid artery disease and b) to determine a cut-off value
for duplex ultrasound criteria that will accurately pre-
dict the presence of a significant carotid artery steno-
sis.

ME1HOOOUX;Y

Patients
This is a cross-sectional study of 53 subjects (106

carotids) representing both normal and asymptomatic patients
and those being evaluated for carotid artery atherosclerosis who
underwent carotid duplex scanning and angiography at SI. Luke's
Medical Center within 2 months interval between January 1996
and September 2000.

Duplex Doppler Ultrasound

Duplex ultrasound studies were performed using ei-
ther High Definition Imaging 5000 and Ultramark 9 with the
use of 7.4-MHz linear array transducer with 4-MHz Doppler
frequency. The cervical internal carotid artery (lCA), common
carotid artery (CCA), and external carotid arteries were exam-
ined. Velocity waveforms were obtained routinely from the
CCA at the base of the neck, just proximal to the carotid bifur-
cation, the proximal and distal lCA, and the external carotid
artery at 60° incident angle. In addition, velocity waveforms
were obtained from any location at which stenosis was sus-
pected by either B-mode appearance or color flow mapping.
The highest peak systolic velocity (PSV) and end diastolic ve-
locity (EDV) were recorded from each location. Interpretation
of the degree of stenosis was based on the standard criteria
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published by the University of Washington group and the re-
cent modification from the NASCET study as follows:

Normal - with flow separation in the carotid bulb as observed by
Doppler, absence of plaque formation and spectral broad-
ening and PSV of ICA of < 1.25 m/s.

Minimal (1-15%) - no flow separation, absence of plaque for-
mation and PSV of ICA of < 1.25 m/s but with spectral
broadening.

Low Moderate (16-49%) - moderate plaque appreciated on B
mode, presence of spectral broadening and PSV of lCA of
< 1.25 m/s.

High Moderate (50-59%) - PSV of ICA of> 1.25 m/s, EDV of
<140 and ICAICCA ratio <3.2.

Severe

60-69% - PSV of ICA of 2:2.6 cmls, EDV of <140 and lCAI
CCA ratio between 3.2-3.9%.

70-79% - PSV of lCA 2: 3.2 m/s and lCA/CCA ratio 2: 4 but
EDV <140.

80-99% - PSV of lCA 2: 3.2 m/s, ICAICCA ratio of 2:4 and EDV
of 2: 140.

Occluded - complete absence of Doppler signal or color flow.

Carotid Angiogram

Carotid angiogram was used as the gold standard to
determine the presence or absence of carotid artery stenosis.
Percutaneous catheter angiograms were obtained in all patients
with at least two-view or, in some cases, four view biplane
selective common carotid angiograms. They were performed
with the use of high-resolution digital subtraction imaging
(I 024x 1024 matrix).

The percent stenosis, determined by angiogram, was
calculated from direct measurements of the maximum stenosis
(minimal residual lumen diameter [MRLJ) in the carotid bifur-
cation region (distal CCA and proximal lCA). This was com-
pared with the diameter of the normal-appearing ICA either
proximal or distal to the stenosis with the technique described
for the NASCET study. The films were reviewed at the cath-
eterization laboratory by a single interventional radiologist who
is blinded to the duplex ultrasound results and the angiographic
carotid stenosis was calculated according to the formula: de-
gree of stenosis = 100 x (1- the diameter of the narrowest
lCA at the bifurcation divided by the diameter of the distal ICA
above the lesion).

DATA ANALYSIS

Descriptive data were analyzed using mean ± stan-
dard deviation. The following parameters were also analyzed:
Sensitivity - measures how well a test identifies truly ill people

Sensitivity = true positive -i- (true positive + false
negati ve)

Specificity - measures how well a test identifies truly well
people
Specificity = true negative -i- (true negative + false
positive)

Positive predictive value - is the probability that someone
with a positive test actually has the illness = true
positive » (true positive + false positive)
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Demography With Significant CAS

TABLE 1. DESCRIPTIVE DATA

P Value

Age 62.9 ± 11.01

Sex M/F 26/5

Hypertension 26/31 = 83%

Diabetes 14/31=45%

Smoking 20/31 = 65%

•• chi-square test• t-test

Negative predictive value - probability that a person with a
negative test is actually well = true negative «- (true
negative + false negative)

Likelihood ratio - probability for an abnormal or positive
test to occur in a patient with the disease as opposed
to a patient without the disease

Overall accuracy = (true positive + true negative) .,. sum of all
test results

False positive rate = false positive test.,. (false positive + true
negative)

For purposes of analysis, significant CAS is defined as
~ 60% by carotid angiogram as reported in the Executi ve Com-
mittee for the Asymptomatic Carotid Atherosclerosis Study
(ACAS)9 Therefore, any carotid angiogram report with ~ 60%
CAS is considered true positive.

Receiver Operating Characteristic (ROC) Curve was
used to determine a cut-off value for duplex ultrasound criteria
that will accurately predict the presence of significant carotid
artery stenosis.

Without Significant CAS

62.2 ± 12.01 0.S19'

13/9 0.043S"

12/22 = 54% 0.0195"

3/22= 13% 0.0154"

4/22 = IS% O.OOOS"

RESULTS AND DISCUSSION

A total of 53 patients (106 carotids) with a mean
age of 62 ± 11 who underwent both carotid duplex scan
and angiogram from January 1996 to September 2000
were included in the study. There were 39 (74%) males
and 14 (26%) females. Prevalence of hypertension, dia-
betes, incidence of smoking and male sex were found to
be significantly higher among patients with carotid ar-
tery stenosis (Table 1).

From the 106 carotids that were examined, 59
carotids were both measured accurately by carotid du-
plex and angiogram. The exact correlation was trans-
lated to a 56 percent agreement (Table 2.1). 71 (67%)
carotids fell between normal to 59% stenosis by angio-
gram and were considered to be insignificant CAS (true
negative) while 35 (33%) carotids were documented to

TABLE 2.1. OVER-ALL PERCENT AGREEMENT OF CAROTID DUPLEX SCAN
AND CAROTID ANGIOGRAM

Carotid Normal 1-15% 16-49% 50-59% 60-69% 70-79% 80-99% Occluded

Normal 12 3

1-15% 16 9 9

16-49% 7

50-59% TN 4 FN

60-69% 2

70-79% 2

SO-99% 16 2

occluded FP 7 TP

TP- True Positive TN-True Negative FP- False Negative FN- False Negative
Total exam= I06 Exact correlation=S9 Percent agreement=56%
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be significant CAS (true positive) based from the ACAS
criteria of > 60% stenosis. 3 (2.8%) carotids were under-
estimated (false negative) and only 1 (<1 %) carotid was
overestimated (false positive) by duplex scan. Based
on the receiver operating characteristic (ROC) curve,
the duplex scan category that will accurately predict the
presence of significant CAS was assigned at ~ 60%
(Table 2.2). Sensitivity, specificity, positive predictive
value and negative predictive value were 91 %, 98%,
97%, and 96% respectively with an overall accuracy of
96% (Table 2.3).

Table 3 shows that the carotid duplex scan cat-
egory of 60-69% is six times more likely (i.e. likelihood
ratio) to occur among those with significant CAS com-
pared to those without CAS. As duplex scan category
become more severe (i.e. ~ 70%), its likelihood ratio
that the disease is really present reaches infinite prob-
ability (100%) . Alternatively, a duplex scan category of
< 60% has very low likelihood ratio.

Carotid duplex scan is widely being used for
assessing the severity of disease in the carotid arteries
and for making decisions with regard to additional
angiographic investigations and/or carotid endarterec-
tomy although its accuracy in detecting significant
stenosis is still a subject of debate. However, since
previous studies have documented the usefulness of
ultrasound in detecting carotid artery disease with sen-
sitivity of 86-97% and specificity of 81-98%,3, II. 12 the
role of duplex scan as one of the premier non-invasive
screening tools cannot be denied.

The last three decades have shown that ca-
rotid endarterectomy has become the most frequently
performed vascular operation in the US in the manage-
ment of cerebral ischemic syndromes. \3 In the Asymp-
tomatic Carotid Atherosclerotic Study (ACAS), it was
shown that carotid endarterectomy reduces stroke risk
in asymptomatic patients with ~ 60% ICA stenosis."
The North American Symptomatic Carotid Endarterec-
tomy Trial ( ASCET), on the other hand, demonstrated
the benefit of carotid endarterectomy among symptom-

TABLE 2.2. RECEIVER OPERATING CHARACTERISTICS (ROC) CURVE OF CAROTID DUPLEX SCAN THAT
DETERMINES THE BEST CUT -OFF VALUE FOR SIGNIFICANT CAS (e60%)

Carotid Clinically Test Performance of Duplex Scan Result
Duplex Scan Significant

Stenosis

Present Absent Sensitivity Specificity PPV NPV FPR

Normal-31% 35 TP 56 FP 100% 21% 38% 100% 78%

<15%-316% 34 22 97% 69% 61% 98% 31%

<50%-350% 34 13 97% 82% 72% 98% 18%

<60%-'60% 32 91% 98% 97% 96% 1.4%

<70%-'70% 29 0 83% 100% 100% 92% 0

<80%-'80% 26 0 74% 100% 100% 89% 0

TABLE 2.3. OVER-ALL TEST PERFORMANCE OF CAROTID DUPLEX SCAN

TP 32 FP 1
Sensitivity 91%
Specificity 98%
Positive Predictive Value 97%

FN 3 TN70 Negative Predictive Value 96%
Overall Accuracy 96%
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TABLE 3. TEST PERFORMANCE OF CAROTID DUPLEX SCAN
IN DETECTING CLINICALLY SIGNIFICANT STENOSIS (e60%)

Duplex Scan Clinically Significant Stenosis Likelihood Ratio
Result

Present Absent

Number Proportion Number Proportion

normal 0 0/35=0 15 15171=0.211 0

1-15% 1/35=0.028 34 3417 1=0.4 78 0.058

16-49% 0 0/35=0 9 9171=0.126 0

50-59% 2 2/35=0.057 12 12171 =0.169 0.337

60-69% 3/35=0.085 1171=0.014 6.07

70-79% 3/35=0.085 0 0171 =0

80-99% 19 19/35=0.542 0 0171 =0 ±

occluded 7 7/35=0.2 0 0171 =0 ±

total 35 71 ± - infinity

atic patients with > 70% carotid stenosis."
The results of this study indicate that duplex

ultrasound at our institution is an excellent diagnostic
tool for detecting clinically significant stenosis. Cases
that were precisely correlated by both duplex and an-
giogram were 59 carotids or a 56% agreement.

A large proportion of the duplex scan inaccu-
racy noted in this study was traced to the true insignifi-
cant stenosis which only showed 45% agreement.
However, correlation of tests accurately interpreted by
duplex scan was high among subjects with significant
stenosis gaining 84% agreement.

In our study, there was only one carotid that
was overestimated based on our cut-off value, reflect-
ing the very high specificity of duplex scan in detecting
insignificant stenosis. On the other hand, three vessels
considered clinically significant were underestimated by
duplex ultrasound. In these three cases, the ultrasound
did grade two carotids as high moderate stenosis (50-
59%) that would likely lead to either a follow up ultra-
sound or angiogram. However, the remaining one was
inaccurately underestimated as having minimal steno-
sis when in fact it should have been interpreted as a
severe stenosis. This error would have resulted in the
medical treatment of a lesion that possibly needed sur-
gery.

Our study was 91 % sensitive, 98% specific,
and with 96% overall accuracy in detecting significant
CAS. These results can be compared to previous analy-
ses of non-invasive assessments of carotid artery dis-
ease done by various investigators. In 1985, Hames et

al. 14compared 96 vessels using> 50% stenosis as the
cut-off and it showed sensitivity of 93% and a specific-
ity of98%. Roussel et al. in 1988 reviewed 158 carotids
and it revealed sensitivity of 97%, specificity of 93%
and overall accuracy of 93%.15 The study done by
Martin et al. in 1990 who used 329 vessels disclosed a
sensitivity and specificity of 87% and 90%, respec-
tively." Using Receiver Operating Characteristic (ROC)
curve to determine the best cut-off value for duplex
scan that can accurately detect significant CAS, it was
found out that a duplex scan result of ;:0: 60% has the
best overall test performance (Figure 1). The clinical
usefulness of a diagnostic test is largely determined by
the accuracy with which it identifies its target disorder,
and the accuracy measure that will help us in clinical
decision making is the likelihood ratio (LR). The LR
indicated by how much duplex scan results will raise or
lower the pre-test probability of CAS. To illustrate, if
the patient has a duplex scan result of severe stenosis
(60-69%), it means that he is six times more likely to
have CAS as opposed to a patient without. If the pre-
test probability of this patient is placed at 50%, a likeli-
hood ratio of 6 will yield a post-test probability of about
90%. Pre-test probabilities can be conveniently con-
verted to post-test probabilities using the nomogram
(Figure 2).

Carotid duplex scan which offers various ad-
vantages over angiogram because of its safety, inex-
pensiveness, rapidity, and easy availability can there-
fore be considered the most practical screening test for
the detection of carotid artery disease. As proven by
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FIGURE 1. Receiver Operating Characteristic (ROC) Curve illustrating the accuracy with which Carotid Duplex
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Scan in the detection of significant Carotid Artery Stenosis.
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this study, duplex scan is a valid diagnostic tool on
which to base a physician's clinical decision particu-
larly in the severe and totally occluded vessels. Pa-
tients without carotid artery disease can be excluded to
undergo further testing. In situations in which duplex
scans reveal minimal and moderate carotid stenosis, fur-
ther diagnostic tests such as carotid angiography may
be indicated depending on patient's clinical presenta-
tion and physician's judgment.

RECOMMENDATIONS

In order to firmly establish the role of duplex
scan in the process of detecting carotid artery disease
based on our local experience, a larger and well-con-
trolled prospective study is suggested. We also recom-
mend and encourage other local centers which have
their own vascular and catheterization laboratories to
perform similar comparisons between the duplex scan
and angiographic results so that the accuracy of their
test performances can also be validated.
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