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Abstract
Objective—Reliability of the most commonly used duplex ultrasound (DUS) velocity thresholds
for internal carotid artery (ICA) stenosis has been questioned since these thresholds were
developed using less precise methods to grade stenosis severity based on angiography. In this
study, maximum percent diameter carotid bulb ICA stenosis (European Carotid Surgery Trial
[ECST] method) was objectively measured using high resolution B-mode DUS validated with
computed tomography angiography (CTA) and used to determine optimum velocity thresholds for
≥50% and ≥80% bulb internal carotid artery stenosis (ICA).

Methods—B-mode DUS and CTA images of 74 bulb ICA stenoses were compared to validate
accuracy of the DUS measurements. In 337 mild, moderate, and severe bulb ICA stenoses (n =
232 patients), the minimal residual lumen and the maximum outer bulb/proximal ICA diameter
were determined on longitudinal and transverse images. This in contrast to the North American
Symptomatic Carotid Endarterectomy Trial (NASCET) method using normal distal ICA lumen
diameter as the denominator. Severe calcified carotid segments and patients with contralateral
occlusion were excluded. In each study, the highest peak systolic (PSV) and end-diastolic (EDV)
velocities as well as ICA/common carotid artery (CCA) ratio were recorded. Using receiver
operating characteristic (ROC) analysis, the optimum threshold for each hemodynamic parameter
was determined to predict ≥50% (n = 281) and ≥80% (n = 62) bulb ICA stenosis.

Results—Patients mean age was 74 ± 8 years; 49% females. Clinical risk factors for
atherosclerosis included coronary artery disease (40%), diabetes mellitus (32%), hypertension
(70%), smoking (34%), and hypercholesterolemia (49%). Thirty-three percent of carotid lesions (n
= 110) presented with ischemic cerebrovascular symptoms and 67% (n = 227) were asymptomatic.
There was an excellent agreement between B-mode DUS and CTA (r = 0.9, P = .002). The inter/
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intraobserver agreement (κ) for B-mode imaging measurements were 0.8 and 0.9, respectively,
and for CTA measurements 0.8 and 0.9, respectively. When both PSV of ≥155 cm/s and ICA/
CCA ratio of ≥2 were combined for the detection of ≥50% bulb ICA stenosis, a positive predictive
value (PPV) of 97% and an accuracy of 82% were obtained. For a ≥80% bulb ICA stenosis, an
EDV of ≥140 cm/s, a PSV of ≥370 cm/s and an ICA/CCA ratio of ≥6 had acceptable probability
values.

Conclusion—Compared with established velocity thresholds commonly applied in practice, a
substantially higher PSV (155 vs 125 cm/s) was more accurate for detecting ≥50% bulb/ICA
stenosis. In combination, a PSV of ≥155 cm/s and an ICA/CCA ratio of ≥2 have excellent
predictive value for this stenosis category. For ≥80% bulb ICA stenosis (NASCET 60% stenosis),
an EDV of 140 cm/s, a PSV of ≥370 cm/s, and an ICA/CCA ratio of ≥6 are equally reliable and do
not indicate any major change from the established criteria. Current DUS ≥50% bulb ICA stenosis
criteria appear to overestimate carotid bifurcation disease and may predispose patients with
asymptomatic carotid disease to untoward costly diagnostic imaging and intervention.

Over the last decade, a number of randomized clinical trials have established evidence in
support of carotid endarterectomy (CEA) for asymptomatic and symptomatic patients with
hemodynamically significant internal carotid artery stenosis (ICA) as determined by
arteriography.1,2,3 Biplane arteriography has been the gold standard for investigating and
grading the degree of carotid bifurcation disease for decades. The multicenter carotid trials
used angiography to grade stenosis severity in the proximal ICA using different criteria in
North America vs Europe (North American Symptomatic Carotid Endarterectomy Trial
[NASCET] and European Carotid Surgery Trial [ECST] methods, Fig. 1). With improved
resolution of current imaging modalities, including duplex ultrasound (DUS), computed
tomography angiography (CTA), and magnetic resonance angiography (MRA), it is now
possible to visualize the carotid bifurcation plaque burden as well as the outer wall
boundaries, and potentially obtain more accuracy than with bulb diameter estimates made
from arteriography using the ECST method.

In contemporary clinical practice, DUS is the primary noninvasive screening modality used
for the assessment of carotid stenosis in patients with possible carotid bifurcation disease.
Studies have shown accuracies in the range of 92% to 96% in predicting severe carotid
stenosis.4 Advances in image resolution have improved DUS to an extent that it is arguably
the most commonly used primary noninvasive tool prior to CEA and endovascular
interventions or for pursuing additional diagnostic testing with CTA or MRA.

Numerous duplex velocity criteria have been developed and widely adopted for grading
carotid bifurcation disease severity.5–10 The reliability of the most commonly used DUS
velocity thresholds for carotid stenosis has been questioned as these thresholds were
developed using less precise estimates, ie, wall calcification of the bulb stenosis outer wall
diameter on arteriography.2,11 B-mode imaging (BMI) holds potential as an accurate and
reliable predictor of carotid bifurcation disease. The ability of the gray-scale or BMI to
accurately measure the degree of carotid stenosis independent of velocity criteria has been
demonstrated.12–14 We have shown previously that BMI measurements are accurate among
experienced technologists and are useful adjunct to duplex-derived velocity parameters and
that BMI improves the accuracy and predictive values of DUS evaluation for different
thresholds of bulb/ICA stenosis.15

Current state of the art CTA, performed with multidetector helical high-speed CT hardware,
allows for three-dimensional (3D)-postprocessing of the extra- and intracranial carotid
systems.16–18 Both noncontrast and contrast-enhanced CT axial source images can be used
to visualize arterial lumen and surrounding tissues and to grade carotid stenosis with spatial
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resolution and anatomic detail superior to other imaging modalities.19 CTA has the potential
to replace or complement arteriography for the assessment of carotid bifurcation disease.

There is still an ongoing debate over the most accurate image modalities and grading criteria
for carotid lesions. The purpose of the present study was therefore to objectively measure
the maximum percent diameter carotid bulb/proximal ICA stenosis using high resolution B-
mode DUS validated with CTA and to use such measurements to determine optimal peak
systolic (PSV) and end-diastolic (EDV) velocities and PSV ICA/common carotid artery
(CCA) ratio thresholds for ≥50% and ≥80% carotid bulb ICA stenosis categories.

METHODS
Study population

In this retrospective case-controlled study, we reviewed the results of 1093 patients who
underwent duplex ultrasound imaging of 2186 carotid arteries in an Intersocietal
Commission for the Accreditation of Vascular Laboratories (ICAVL)-accredited
noninvasive vascular laboratory between January 2004 and December 2006. The indications
for duplex ultrasound carotid imaging included suspected symptomatic or asymptomatic
extracranial cerebrovascular disease. Patients with aneurysm, pseudoaneurysm, dissection,
carotid body tumor, or trauma were all excluded. Inclusion criteria for the present study
were patients who had abnormal carotid DUS findings (22% of total carotid studies; n =
481) with mild (<50%), moderate (50%–79%), or severe (80%–99%) bulb ICA stenosis.
Exclusion criteria from this cohort included: ipsilateral carotid occlusions (n = 22; 4.5%),
carotid stenoses with contralateral occlusion or contralateral carotid stenosis greater than
80% (n = 29; 6%), hemodynamically significant common carotid disease (n = 7; 1.5%),
prior carotid intervention including stent placement (n = 10; 2%), suboptimal B-mode
images (n = 10; 2%), and acoustic shadowing from plaque calcification which prohibited
accurate B-mode or Doppler velocity assessment at the tightest stenosis (n = 66; 14%).
Finally, a total number of 232 patients (105 bilateral and 127 unilateral lesions) with 337
carotid stenoses were included in the study. During the same time period, 37 of these
patients (74 carotids) underwent imaging of the extracranial carotid arteries with both DUS
and CTA within 6 months of each other, followed by comparison of B-mode DUS and CTA
images for validation of BMI measurements.

Carotid duplex ultrasound
All carotid duplex scans were performed with ATL HDI 3000 (Advanced Technology
Laboratories, Bothel, Wash), ATL HDI 5000, or Acuson Sequoia 512 (Acuson Corp,
Mountain View, Calif) ultrasound scanner with linear array 4–7 MHz or 5–10 MHz
transducers. In our institution, all DUS carotid studies were performed by registered
vascular technologists and were subsequently reviewed by board-certified vascular
surgeons. The carotid arteries were examined in supine position with the head slightly
elevated and turned towards the contralateral side. The standard protocol for carotid duplex
examination included examination of the CCA and the extracranial segments of ICA,
external carotid artery (ECA), and vertebral (VA) artery using spectral analysis and BMI
complemented with color flow mapping. All velocity and B-mode data were recorded in the
patient’s vascular laboratory chart with representative images of velocity measurements and
B-mode images that were produced on photographic film paper using a Sony UP 5600 color
printer (Sony Electronics Inc, Park Ridge, NJ).

Pulsed Doppler spectral analysis
An initial Doppler sweep of the CCA, ICA, and the proximal ECA was performed to
identify areas of increased velocity. While the Doppler beam angle was maintained as close
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as possible to 60 degrees at all times, representative values of peak systolic velocity (PSV)
and end-diastolic velocity (EDV) were recorded at specified locations of the CCA, ICA,
ECA, and vertebral arteries. The ratio of PSV between ICA and CCA was calculated and
recorded for each patient. The criteria used for diagnosing a hemodynamically significant
stenosis (≥50%) and for grading of carotid stenosis severity were based on previously
published criteria from the University of Washington (Strandness criteria)5,6 (Table I). In
each study, the highest PSV, EDV, and ICA/CCA ratio were recorded.

B-mode ultrasound imaging (BMI)
The carotid bifurcation was imaged with B-mode and color flow in the transverse and
longitudinal planes. B-mode US images were digitized using a scanner. Measurements were
done on the digitized images using commercially available software (Adobe Photoshop, San
Jose, Calif). The absolute measurements were calibrated to the B-mode depth scale present
on each image. The minimal residual lumen (measured at the point of tightest stenosis) and
the corresponding outer ICA or bulb diameters were determined on longitudinal and
transverse images. (Figs. 2 and 3) Measurements were taken perpendicular to the axis of the
vessel. The percent stenosis was calculated using the minimal residual lumen (A) and the
diameter of the corresponding ICA or bulb true lumen (B), unlike the NASCET method
measuring normal ICA distal to the stenosis, in the following formula:

Measurements were performed by two independent examiners (W. S. and C. W.), who were
blinded to the velocity parameters, and were reviewed by the principal investigator (H. B.).

Quantitative morphometry of ICA stenosis
B-mode carotid DUS measurements were validated against CTA studies. CTA examinations
were retrospectively collected from database using Stentor Picture Archiving and
Communications System (PACS) from January 2004 through December 2006. All CTA
examinations were performed using 16- or 64-slice Brilliance CT scanner (Philips,
Cleveland, Ohio). CTA axial source images at 1.25-mm interval, both contrast and
noncontrast, were utilized for measurements and were examined from C6 to vertex. Coronal
and sagittal MPRs (multiplanar reformats) were used to identify the carotid orientation to
ensure true cross-sectional measurements in all the evaluated arteries. These measurements
were verified with measures from reformats to ensure accuracy in obtaining the narrowest
diameter in a true cross-sectional plane. Center-line imaging was not used. Maximum
carotid stenosis was identified on the axial source images. Diameter and carotid stenosis
measurements were obtained by placing measurement calipers at the edges of the residual
carotid lumen (A) at the narrowest portion of the carotid bulb or the ICA and at the
corresponding outer wall (B) using submillimeter scale and magnification tools on the
PACS workstation. (Fig. 4) Special attention to calcified high-density regions of the plaque
was reinforced with extra-windowing and contrast modification. Carotid stenosis was
calculated using the same formula for BMI measurements.

All images were viewed using Stentor PACS system and were evaluated by two independent
examiners (W. S. and C. W.), who were blinded to the velocity parameters and BMI
measurements.

Statistical analysis
All duplex ultrasound velocity profiles, BMI and CTA diameter and stenosis measurements
were recorded on Excel spreadsheets. Specific parameters recorded included PSV, EDV,
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PSV ICA/CCA ratio, BMI diameter and stenosis measurements, CTA diameter and stenosis
measurement. The inter/intraobserver agreement for BMI and CTA diameter measurements
were determined with the Kappa (κ) statistics. B-mode DUS and CTA validation and
agreement were tested using Pearson regression analysis and correlation coefficient (r2).
Using receiver operating characteristic (ROC) analysis, with BMI measurements as the gold
standard, the optimum threshold for each hemodynamic parameter (PSV, EDV, and PSV
ICA/CCA ratio) was determined to predict ≥50% and ≥80% bulb ICA stenosis. BMI has
previously been validated to pathologic carotid specimen at our institution (unpublished
results). The sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy of the different velocity criteria for diagnosis of bulb ICA
stenosis ≥50% and ≥80% were calculated. Statistical significance was accepted if P <.05.
Medcalc statistical software (MedCalc Software, Mariakerke, Belgium) was used for
statistical calculations.

RESULTS
Patient mean (±SD) age was 74 ± 8 years and 49% of patients (n = 114) were females.
Forty-four percent (n = 102) and 56% (n = 130) of patients were Caucasians and African
Americans, respectively. Clinical risk factors for atherosclerosis were recorded for all
patients, which included coronary artery disease (n = 93; 40%), diabetes mellitus (n = 74;
32%), hypertension (n = 162; 70%), smoking (n = 79; 34%), and hypercholesterolemia (n =
114; 49%). There were 33% (n = 110) symptomatic and 67% (n = 227) asymptomatic
carotid lesions. Symptoms included: transient ischemic attacks (n = 37), stroke (n = 34),
amaurosis fugax (n = 14), and nonspecific (dizziness, syncope, n = 25).

Of the 337 carotid studies included in the study for BMI measurements and analysis there
were: 56 carotids <50% bulb ICA stenosis and 281 carotids ≥50% including 219 carotids
with 50% to 79% and 62 carotids with 80% to 99% bulb ICA stenosis. The inter/
intraobserver agreement (κ) for BMI measurements was 0.8 and 0.9, respectively.

BMI validation with CTA
For BMI validation with CTA, 74 carotid studies were available including: <50% (n = 29),
50% to 79% (n = 23), and 80% to 99% (n = 22) bulb ICA stenosis. The inter/intraobserver
agreement (κ) for CTA measurements was 0.8 and 0.9, respectively. In light of the low
interobserver variability, the measurements from the two examiners were averaged to obtain
a mean narrowest stenosis diameter by BMI and CTA for each carotid study. Using Pearson
regression analysis, there was a strong agreement between B-mode ultrasound and CTA
measurements (r = 0.9, P = .002). (Fig. 5).

ROC analysis
The ROC curve analysis of different PSV thresholds for detection of ≥50% bulb ICA
stenosis showed that a PSV ≥155 cm/s was the most accurate (Fig. 6). The sensitivity,
specificity, PPV, and NPV of different PSV thresholds for the diagnosis of ≥50% carotid
stenosis are shown in Table II. Table III shows the probability values of different ICA/CCA
ratio thresholds for the diagnosis of ≥50% carotid stenosis. When both PSV of ≥155 cm/s
and ICA/CCA ratio of ≥2 were combined for the detection of ≥50% bulb ICA stenosis, a
sensitivity of 77%, a specificity of 89%, a PPV of 97%, a NPV of 83%, and an accuracy of
82% were obtained. Using a PSV threshold of 125 cm/s and BMI as the gold standard, there
was 11% chance (31/281) of false positive diagnosis of ≥50% carotid stenosis. On the other
hand, there was only 3% chance (8/281) of false positive diagnosis of ≥50% bulb ICA
stenosis if PSV a threshold of 155 cm/s was used (P < .0001). The sensitivity, specificity,
PPV, and NPV of different hemodynamic thresholds (PSV, EDV, and ICA/CCA ratio) for
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the diagnosis of ≥80% carotid stenosis are shown in Tables IV, V, and VI, respectively. For
a ≥80% bulb ICA stenosis, an EDV of ≥140 cm/s, a PSV of ≥370 cm/s, and an ICA/CCA
ratio of ≥6 had acceptable probability values.

DISCUSSION
Multicenter randomized trials have shown that carotid endarterectomy (CEA) significantly
reduces the risk of ipsilateral stroke in patients with severe symptomatic or asymptomatic
carotid stenosis.1,2,3 These large randomized trials demonstrated that CEA is beneficial in
symptomatic patients with severe stenosis (70%–99%) and in subgroups of patients with
moderate stenosis (50%–69%). In asymptomatic patients with greater than or equal to 60%
stenosis, CEA reduces the risk of stroke by approximately 1% per annum overall. The
benefit is greatest for men and younger patients, and there may be no benefit for women or
for older patients. The indications for CEA in asymptomatic patients are less robust than in
symptomatic patients, however, it is customary to intervene on patients with ≥80% stenosis
who have a reasonable life expectancy and in whom a low morbidity and mortality
following intervention can be achieved.20

Although the natural history of asymptomatic carotid stenosis remains controversial, studies
using serial noninvasive testing have concluded that a 50% or greater carotid stenosis carries
a risk of subsequent stroke on the order of 4% per year.21 In addition, progression of a lesion
to more than 80% carries an even higher risk of stroke; up to 35% risk of ischemic
symptoms or ICA occlusion within 6 months.22 It is therefore recommended that patients
with asymptomatic stenosis ≥50% of the carotid artery should be serially imaged with DUS
at 6- to 12-month intervals.23,24

The degree of internal carotid stenosis is critical in considering if a patient should undergo
carotid intervention. There is still an ongoing debate over the most accurate image
modalities and grading criteria for carotid lesions. Duplex ultrasonography (DUS) is the
primary noninvasive imaging method for evaluation of bulb ICA stenosis and is widely used
in clinical practice.25 This imaging modality is increasingly becoming the only examination
performed before surgical intervention. Exclusion of 70% to 99% arteriographic stenosis can
be achieved by DUS with a sensitivity of up to 98%.26 Advantages of DUS, include
relatively low cost, noninvasiveness, mobility, availability of high image resolution, and
color flow. The technology is limited of poor image quality with calcified vessels as well as
poor visualization of high bifurcations and proximal arch vessel disease.27 To ensure
accuracy and reduced operator variability, serial accreditation (ICAVL) and validation of
DUS in individual laboratories is essential. Notwithstanding, there is wide variability in the
criteria used to estimate ECST bulb ICA and NASCET ICA stenosis.

Lumen stenosis measurements in large randomized carotid trials were based solely on digital
subtraction angiography. The ECST study used the estimated normal lumen diameter at the
site of the lesion and the NASCET trial used the diameter of a visible portion of normal ICA
distal to the stenosis.1,2 These two different measurement methods produce different values
for the same “stenosis”. A NASCET 50% to 69% stenosis is equivalent to an ECST 70% to
85%, while a NASCET 70% to 99% stenosis equates to an ECST 85% to 99%.27 The
limitations of angiography includes its invasiveness and a risk of complications ranging
from 1% to 4% as well as technical limitations such as the limited number of projections and
the lack of precise delineation of the outer vessel wall.28 Computed tomographic
angiography (CTA) is an accurate modality for detection of severe carotid artery disease.
The advantages of CTA are its fast and noninvasive nature, visualization of the arterial
lumen and the exact delineation of the outer vessel wall from the axial source images, and
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the possibility to reconstruct 3D images of the artery. The pooled sensitivity and specificity
for detection of a 70% to 99% carotid stenosis are 85% and 93%, respectively.18

We found that a substantially higher PSV (155 cm/s) is more accurate for detecting ≥50%
bulb ICA stenosis compared with previous reported velocity thresholds. When both PSV of
≥155 cm/s and ICA/CCA ratio of ≥2 were combined for the detection of ≥50% bulb ICA
stenosis, a PPV of 97% and an accuracy of 82% were obtained. For a ≥80% bulb ICA
stenosis, an EDV of 3140 cm/s, a PSV of ≥370 cm/s and an ICA/CCA ratio of ≥6 were
equally reliable and do not indicate any major change from previous reported criteria. The
Strandness criteria developed at the University of Washington used primarily bulb ICA
velocity criteria.6 They recommended a PSV velocity threshold for an ICA stenosis 50% to
79% of ≥125 cm/s and an EDV threshold <140 cm/s. For an ICA stenosis 80% to 99% an
EDV threshold of ≥140 cm/s was chosen. These criteria were based on the ECST method of
angiography measurements. The disadvantage of the ECST method is the subjective
estimate of the stenosis outer wall diameter as the outline of the bulb is not seen on
arteriography. A further disadvantage of the ECST method arises when the plaque does not
involve the bulb, where expressing the residual lumen as a percentage of the diameter of the
bulb gives erroneous impression of the size of the plaque. A recent study found the optimal
PSV and EDV, for diagnosing a ≥80% stenosis with the ECST grading method using
angiographic data, to be ≥215 cm/s and 90 cm/s, respectively.29 A national validation study
recommended a PSV cutpoint value of 260 cm/s for the diagnosis of bulb ICA stenosis
≥80% (ECST method).30 However, the optimal PSV differed substantially (210 cm/s and
320 cm/s) between the two Doppler angles used, 0° to 49° and 50° to 62°, respectively. The
ability to identify high-grade bulb ICA stenosis was significantly better at small Doppler
angles (0°–49°).

In general, the sensitivity decreases and the specificity increases with increasing velocity
thresholds for a given degree of stenosis. For intervention, a high positive predictive value is
of importance to avoid disease overestimation resulting in unnecessary procedures for
patients with lesser degree of stenosis. A further improvement in accuracy can be obtained
using ratios of ICA velocities to CCA velocities.31 Looking at the NASCET method, a
consensus report from the Society of Radiologists in Ultrasound recommended a PSV
threshold of 125 to 230 cm/s and sonographically visible plaque for a 50% to 69% ICA
stenosis.23 Additional criteria included ICA/CCA PSV ratio of 2.0 to 4.0 and ICA EDV of
40 to 100 cm/s. A ≥70% ICA stenosis but less than near occlusion of the ICA was diagnosed
when the ICA PSV is >230 cm/s and visible plaque and luminal narrowing were seen on
grayscale and color DUS. Additional criteria included ICA/CCA PSV ratio >4 and ICA
EDV >100 cm/s. A recent meta-analysis of the relation between the degree of ICA stenosis
by DUS criteria and degree of stenosis by arteriography, using the NASCET method,
showed optimal thresholds of PSV ≥130 cm/s and ≥200 cm/s in identification of
arteriographic stenosis of ≥50% and ’70%, respectively. 32 These criteria23,32 seem to
overdiagnose the NASCET stenosis corresponding to the findings for ≥80% bulb ICA
stenosis in the present study. The disadvantage of the NASCET method is that it
underestimates the size of the plaque in the carotid bulb. For example, a plaque that
uniformly fills the bulb will produce a lumen measurement equal to the distal ICA. In the
present study, we measured the minimal residual lumen (at the point of tightest stenosis in
the bulb or the proximal ICA) and the corresponding outer ICA or bulb diameters on
longitudinal and transverse images both for duplex and CTA.

Previous investigations utilizing angiography as a gold standard have concluded that CTA
may underestimate while MRA tends to overestimate the degree of carotid stenosis, and
DUS provides an intermediate estimate.33,34 A combination strategy of DUS and MRA has
previously yielded a high accuracy compared with digital subtraction angiography in
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diagnosis of carotid artery stenosis.35 Conventional arteriography compared with MRA and
CTA seems to underestimate carotid stenoses.36,37 We found a strong agreement between B-
mode ultrasound and CTA measurements with a low inter- and intraobserver variability for
the CTA measurements. Our group previously showed that B-mode imaging stenosis
measurements are accurate among experienced technologists and are a useful adjunct to
duplex-derived velocity parameters.15 A recent report evaluated CTA and published velocity
DUS criteria in the grading of ICA stenosis.38 Carotid lesions >70% resulted in clinically
relevant discrepancies, with higher grades of stenoses assessed by CTA according to the
NASCET criteria. The choice of applied DUS grading criteria was also of clinical
importance because all applied criteria revealed comparable results for the detection of
stenoses >50%, but significant differences in the detection of lesions >70%. It is our
contention that CTA provides a realistic representation of the carotid atherosclerotic burden
and allows for more precise quantitative morphometry of vessel lumen and outer wall
boundaries. CTA is invaluable in validating BMI and should be used more frequently as a
gold standard in developing DUS velocity thresholds for various degrees of carotid stenosis
as demonstrated in this study.

In conclusion, a substantially higher PSV (155 cm/s) was more accurate for detecting ≥50%
bulb ICA stenosis compared to established velocity thresholds commonly applied in
practice. In combination, a PSV of ≥155 cm/s and an ICA/CCA ratio of 2 have excellent
predictive value for this stenosis category. For ≥80% bulb ICA stenosis (roughly NASCET
60% stenosis), an EDV of 140 cm/s, a PSV of ≥370 cm/s, and an ICA/CCA ratio of ≥6 are
equally reliable. For measurement of the degree of carotid stenosis, the corresponding outer
wall of the carotid bulb or the proximal ICA were used as reference rather than a disease
free point in the ICA above the stenosis. Clinicians involved in the diagnosis and
management of carotid artery disease should view with caution hemodynamic criteria in
current use as patients with asymptomatic disease may be overdiagnosed and subjected to
unnecessary and costly diagnostics, intervention and its related morbidity.
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Fig. 1.
Schematic (A) and arteriographic (B) representations of NASCET (C-A/C) and ECST (B A/
B) methods of bulb internal carotid artery (ICA) stenosis severity measurement. The bulb
outer wall is subjectively estimated on arteriography. CCA, Common carotid artery; ECA,
external carotid artery; NASCET, North American Symptomatic Carotid Endarterectomy
Trial; ECST, European Carotid Surgery Trial.
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Fig. 2.
B-mode imaging (BMI) diameter measurement of bulb internal carotid artery (ICA) stenosis
in longitudinal (A) and transverse (B) views of a heterogeneous carotid plaque.
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Fig. 3.
B-mode imaging (BMI) diameter measurement of bulb internal carotid artery (ICA) stenosis
in longitudinal (A) and transverse (B) views of a homogeneous echolucent carotid plaque.

Shaalan et al. Page 13

J Vasc Surg. Author manuscript; available in PMC 2012 November 26.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Fig. 4.
Computed tomography angiography (CTA) axial source image of right internal carotid
artery (RT ICA) stenosis (A). Diameter and carotid stenosis measurements were obtained by
placing measurement calipers at the edges of the residual carotid lumen at the narrowest
portion of the carotid bulb and at the outer wall of the carotid bulb using submillimeter scale
and magnification tools (B) on the Picture Archiving and Communication System (PACS)
workstation.
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Fig. 5.
Regression analysis of B-mode and computed tomography angiography (CTA) diameter and
bulb internal carotid artery (ICA) stenosis measurements. (r = 0.9, P = .002).
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Fig. 6.
Receiver operating characteristic (ROC) curve analysis depicting the sensitivity and
specificity of peak systolic velocity (PSV) threshold of 155 cm/s for detection of ≥50% bulb
internal carotid artery (ICA) stenosis. The sensitivity and specificity were 82% and 88%,
respectively.
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Table I

University of Washington (Strandness) velocity criteria for the diagnosis of bulb internal carotid artery
stenosis

Grade Degree of stenosis PSV cm/s EDV cm/s Flow characteristics

A 0% <125 <140 No spectral broadening

B 1%–15% <125 <140 Minimal spectral broadening

C 16%–49% <125 <140 Marked spectral broadening

D 50%–79% ≥125 <140 Marked spectral broadening

D+ 80%–99% ≥125 ≥140 Marked spectral broadening

E Total occlusion N/A N/A No flow

PSV, Peak systolic velocity; EDV, end diastolic velocity.
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