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Abstract Purpose: The purpose of this work was to evaluate the agreement between ultra-sound

echo-color Doppler (US-ECD) and multi-detector-row CT angiography (MDCTA) in the quanti-

fication of carotid artery stenosis as well as plaque characterization.

Materials and methods: From January 2012 to January 2013 forty-five patients who underwent

both MDCTA and US-ECD for the study of carotid arteries, were evaluated (33 males, 12 females;

age range 43–70 years; mean age of 59.6 years). For all subjects the following parameters were ana-

lyzed: stenosis degree by using the NASCET method, plaque morphology (regular versus irregular),

type of the plaque (fatty, mixed and calcified) and presence of ulcerations. Statistical analysis was

performed to calculate concordance between the two techniques employed.

Results: The agreement observed in the quantification of carotid artery stenosis was 94.4% with a

kappa value of 0.9306 (95% confidence interval of 0.8612–1.0). In the definition of the type of plaque,

the observed agreements were 91.1% and the kappa value was 0.8815 (95% confidence interval:

0.7920–0.9709). In the definition of plaque ulceration, the observed agreements were 88.4% but the
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kappa value was only 0.325 (95% confidence interval: 0.201–0.449). Agreement observed in the evalu-

ation of plaque morphology was 78.3% with a kappa value of 0.513 (95% confidence interval: 0.452–

0.574).

Conclusion: We observed a good agreement between US-ECD and MDCTA in the quantification of

carotid artery stenosis and the assessment of plaque type. There was, however, a poor agreement in

the evaluation of plaque ulceration. The use of US-ECD and MDCTA provides different results in

the evaluation of plaque. Our results suggest that information derived fromUS-ECD should be always

critically compared with other diagnostic techniques.

� 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear

Medicine. Open access under CC BY-NC-ND license.
1. Introduction

Atherosclerosis of extracranial carotid arteries is the most
important cause of stroke, the third leading cause of death in

the United States and in most other industrialized countries
in the world (1–5). Recently, three studies––NASCET (North
American Symptomatic Carotid Endarterectomy Trial), ECST

(European Carotid Surgery Trial) and ACAS (Asymptomatic
Carotid Atherosclerosis Group)––have provided cut-off values
for the degree of stenosis indicating possible benefits of carotid
endarterectomy (CEA) (6–8). In particular the NASCET (6)

proved the benefits of CEA in patients with symptomatic
high-grade (70–99%) stenosis.

Recent works, however, put in evidence the need of

assessing additional plaque morphologic parameters in order
to better define the most correct therapeutic treatment
(9–11), most important are: plaque ulceration, the presence

of a fissured fibrous cap, and the type of plaque (fatty, mixed
or calcified) (12–15).

The concept of a ‘‘vulnerable plaque’’ (13) has been postu-

lated for coronary arteries (16), but it may also be valid for
carotid arteries. The so-called ‘‘vulnerable plaque’’ is an ath-
erosclerotic plaque that contains a large necrotic lipid core
covered by a thin or disrupted fibrous cap that is characterized

by a high tendency to rupture, potentially resulting in emboli-
zation or thrombosis. Considering these characteristics we can
state that even low-grade stenosis can result in a cerebrovascu-

lar event, so it is important to look beyond the lumen (17) to
plaque morphology as well.

Many different studies demonstrated results and potential-

ities of MDCTA in the study of carotid plaque (18–23) and
thanks to the high spatial and temporal resolution, together
with the use of fast contrast material injection rate and the

post-processing tools (24,25) this technique is considered by
many authors as the reference standard in diagnosing pathol-
ogy of carotid artery.

MDCTA is generally used only after that an US-ECD anal-

ysis underlined a pathological condition; in fact US-ECD is an
accurate and cost effective screening examination for carotid
artery analysis (26) without the risk related to ionizing radia-

tion and contrast material nephrotoxicity. To employ
US-ECD as the unique diagnostic test for the patients’ selection
for carotid endarterectomy has been widely discussed (27)

because it has been reported that with the only US-ECD use,
errors can occur and performances vary across institutions (28).

The purpose of this study was to assess the agreement be-
tween US-ECD and MDCTA in the quantification of carotid

stenosis and evaluation of carotid vulnerable plaque.
2. Patients and methods

2.1. Patients

Forty-five patients (33 males and 12 females; age range
43–70 years; mean age of 59.6 years) were enrolled in the study

during the period from January 2012 till January 2013. They
were referred from the Neurology Departments in Ain Shams
University SpecializedHospital, for carotidDoppler ultrasound

(CD-US). The study was performed on 90 carotid bifurcations.
All were being evaluated for known or suspected atherosclerotic
disease. A complete medical history was taken on the basis of
risk factors (DM, HTN, hyperlipidemia and smoking) and cur-

rent symptoms (asymptomatic, TIAs or hemiplegia).
MDCTA was performed when the CD-US examination evi-

denced a stenosis >50% and/or a plaque alteration (irregular

plaque surface, ulcerated plaque). MDCTAwas also performed
when US-ECD could not provide adequate information about
stenosis degree and plaque morphology; i.e. in those patients

with hostile neck (obese patients, edema), large calcified plaques
with acoustic shadowing (type V plaque at CD-US), or high
carotid bifurcation. MDCTA examination was obtained within
1 month following CD-US (mean time interval 18 days).

Exclusion criteria for the study consisted in contraindications
to iodinated contrast media, such as a known allergy to iodin-
ated contrast material or elevated renal function tests.
2.2. CD-US technique

Bilateral carotid Doppler U/S studies were performed on all

the patients of the study by an expert radiologist using a Gen-
eral Electric (GE LOGIQ� 9) ultrasound machine using
10 MHz linear transducer.

In all patients, routine carotid US studies were performed,
which included gray-scale, pulsed Doppler, and color Doppler
flow US examinations of the CCA, ICA, ECA, and vertebral
arteries. Doppler spectral waveforms were obtained at

prescribed intervals in the CCA, carotid bulb, and ICA. All
measurements were made by using angle correction.

Sampling sites in the CCAwere defined as proximal (as close

to the aortic arch as possible), middle, or distal (immediately be-
fore the widening of the bulb). The ICAwas sampled proximally
just beyond the bulbwidening and distally in themost distal seg-

ment of ICA visible, as well as in areas of maximal stenosis. No
specific rules concerning gain controls setting were imposed on
the operator, who was allowed to regulate gain controls accord-

ing to his experience. The angle of insonation was less than or

http://creativecommons.org/licenses/by-nc-nd/4.0/
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equal to 60� for all measurements. The flow parameters were se-
lected depending on the Doppler shift. The wall filter was 100–
150 Hzon average, the pulse repetition frequency (PRF)was ad-

justed <1000 Hz (in most patients 500 Hz, depending on the
flow characteristics). The color gain was selected just as high
as it is necessary to avoid overwriting artifacts.

Pulsed-wave spectral Doppler US data were acquired bilat-
erally in the CCAs and ICAs. Maximum blood flow velocities
were measured in only the sagittal planes. The peak systolic

velocities (PSVs) and end-diastolic velocities (EDVs) in these
vessels were measured. When a stenosis was present, the max-
imal velocities within the narrowed area of the segment were
recorded. The lesion was categorized into soft, mixed and cal-

cified by the B-mode duplex US. Plaques were characterized as
homogeneous or heterogeneous and whether with a smooth
surface contour, or with ulcerated surface.

2.3. MDCTA technique

All patients underwent MDCTA of the supra-aortic vessels by

using a Flash MDCT 256 Siemens system. Written consent to
perform MDCTA was obtained from the patients after discus-
sion about the associated risks with contrast, and the potential

benefits deriving from this examination. Patients were placed
in the supine position, with the head tilted back in order to pre-
vent dental artifacts on the images. Patients were also instructed
not to breathe and not to swallow. 110 mLof a contrast medium

(Iopromide) 300 mg of iodine/mL; Bayer Health Care were in-
jected into a cubital vein, by using a power injector at a flow rate
of 4–6 mL/s andan 18gauge intravenous catheter. The test bolus

technique was used for the assessment of the optimal time delay
for CT scanning, to optimize contrast material enhancement in
carotid arteries; the region-of-interest (ROI) indicator was

placed on a reference image obtained from the aorta. Scanning
started 5 s after enhancement in the aorta reached 70 HU. CT
technical parameters included: matrix 512 · 512, field of view

(FOV) 11–19 cm; 180–200 mA; 120–140 kV; section thickness
3.2 mm, increment 1.6 mm. Subsequently, obtained data were
processedwith aworkstation; to createmulti-planar reconstruc-
tion (MPR), maximum intensity projection (MIP) and volume

rendered post-processed images. Axial images were analyzed
with a varying zoom from 70% to 150% in comparison to the
acquisition. Thewindow level was preset at 200 HUwith awidth

of 750 in case of fatty and mixed plaques whereas window level
was preset at 300 HUwith a width of 850 in case of calcified pla-
ques. Angiographic acquisition included carotid siphon.

None of the patients included in the study had a medical
history of cardiac output failure, any contraindications to
iodinated contrast media, such as a known allergy to iodinated
contrast media or elevated renal function tests.

2.4. Measurement methods

A single experienced radiologist, blinded to the clinical infor-

mation, performed all measurements of luminal stenosis by
using the NASCET criteria. With the NASCET criteria the
ratio between the residual luminal surface at the stenosis and

the surface of the distal normal lumen where there is no
stenosis, was calculated. The stenosis of each carotid artery
was graded according to the following classification based on

the North American Symptomatic Carotid Endarterectomy
Trial criteria: I (normal), II (1–29% stenosis), III (30–49%
stenosis), IV (50–69% stenosis), V-a (70–84% stenosis), V-b
(85–99% stenosis), VI (near occlusion) and VII (occluded).

To quantify stenosis degree by using MDCTA, oblique axial
images normal to ICA lumen centerline were elaborated by
using MPR and the value was calculated by comparing the

diameter of the stenosed segment with the most distal normal
one, where no stenosis was present according to the NASCET
criteria.

2.5. Statistical analysis

Statistical analysis of data was performed, by stata version 12,

to calculate concordance between the two techniques em-
ployed through an agreement analysis (Prevalence and Bias
Adjusted Kappa – Ordinal Scale). Statistical significance was
set at a probability (P value) that was considered significant

when P < 0.05 and non significant when P > 0.05.

3. Results

We studied 90 arteries in 45 consecutive patients’ age ranges
from 43 years old up to 70 years old with mean age of
59.6 years old.

Thirty-three patients (73.3%) were males, 12 were females
(26.7%). The cardiovascular risk factors were smoking in 29
patients (64.4%), hyperlipidemia in 42 patients (93.3%), arte-

rial hypertension in 40 patients (88.9%), and diabetes mellitus
in 31 patients (68.9%). Patients had a history of cerebrovascu-
lar ischemia (i.e. transient ischemic attack or minor or major
stroke).

Among the examined 90 carotid arteries by color Doppler
US, 33 were normal, 3 arteries were mildly stenosed
(<50%), 23 arteries show moderate stenosis (50–69%), 14

arteries show severe stenosis (70–99%), and 17 arteries were
occluded. By MDCTA, 33 arteries were normal, 5 were mildly
stenosed, 20 arteries show moderate stenosis, and 16 arteries

with severe stenosis and 16 arteries were occluded (Table 1).
Among the 54 carotid arteries that showed >50% stenosis

by color Doppler US, only 48 arteries (88.88%) show the same

degree of stenosis by CTA.
When color Doppler US showed moderately stenosed (50–

69%) arteries (23 carotid arteries), 19 carotid arteries were
confirmed by CT angiography with a concordance rate of

82.6%. The concordance rate in cases where color Doppler
US showed severe stenosis (70–99%) was 92.8% (13/14), and
in cases when color Doppler US showed occlusion it was

94.1% (16/17).
In the mismatch group (6 arteries), grading of stenoses by

using CT angiography was one category higher in 2 internal

carotid arteries (33.3% of non concordant scans). The stenosis
category at CT angiography was one category less severe than
at Doppler in 4 arteries (66.7% of non concordant scans). Mis-

matched scans were mainly seen when color Doppler US
showed moderate degrees of stenosis (66.7% of all non concor-
dant scans) (Table 2).

The agreement observed in the quantification of carotid ar-

tery stenosis was 94.4% with a kappa value of 0.9306 (95%
confidence interval of 0.8612–1.0). Z-score was 17.6561 and
P value <0.001 (indicate high statistical significance). The ob-

tained values indicate a good agreement (Fig. 1).



Table 4 Agreement between methods in the definition of

ulceration.

MDCTA US-ECD Total

No ulcer Yes ulcer

No ulcer 48 3 51

Yes ulcer 5 1 6

Total 53 4 57

Table 5 Agreement between methods in the definition of

regular versus irregular plaque surface.

MDCTA US-ECD Total

Regular Irregular

Regular 32 6 38

Irregular 6 13 19

Total 38 19 57

Table 1 Comparison of the degree of ICA stenosis with CT angiography and color Doppler US.

Stenosis by CTA

Normal 1–49% 50–69% 70–99% 100% Total

Stenosis by CD-US Normal 33 0 0 0 0 33

1–49% 0 3 0 0 0 3

50–69% 0 2 19 2 0 23

70–99% 0 0 1 13 0 14

100% 0 0 0 1 16 17

Total 33 5 20 16 16 90

Table 2 Correlation of results of CT angiography and Doppler in grading degree of stenosis in mismatch group.

Color Doppler

US (%)

CT angiography

Direct

correlation

Overestimated by

one category

Overestimated by

two categories

Underestimated by

one category

Overestimated by

two categories

50–69 23 2 0 2 0

70–99 14 0 0 1 0

100 17 0 0 1 0
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From the examined 90 carotid arteries, only 57 arteries
(63.3%) showed atheromatous plaques by both CTA and

CD-US. The remainder 33 carotid arteries (36.7%) showed
no atherosclerotic disease by both modalities (Table 3).

CD-US showed soft atheromatous plaques in 33 carotid

arteries, and from them only 28 were confirmed by CTA with
a concordance rate of 84.8%. The concordance rate in cases
where color Doppler US showed mixed atheromatous plaques

was 93.3% (14/15), and in cases when color Doppler US
showed calcified atheromatous plaques, it was 66.7% (6/9).

The agreement observed in the evaluation of plaque mor-
phology was 91.1% with a kappa value of 0.8815 (95% confi-

dence interval of 0.7920–0.9709). Z-score was 14.4842 and
P value <0.001 (indicates high statistical significance). The ob-
tained values indicate a good agreement (Fig. 2).

Agreement in the ulcer identification was 88.4% (Fig. 3).
The resulting kappa value was 0.325 (95% confidence inter-
vals: 0.201–0.449); obtained values indicated a poor agreement

(Table 4).
Agreement in the identification of irregular plaque surface

was 78.3%. The resulting kappa value was 0.513 (std.
error = 0.031) (95% confidence intervals: 0.452–0.574); ob-

tained values indicated an average agreement (Table 5).
4. Discussion

Stroke is a dramatic medical problem, in fact, when considered
separately from other cardiovascular diseases, stroke ranks
Table 3 Comparison of the atheromatous plaque morphology with

Plaque

Soft

Plaque type by CD-US Soft 28

Mixed 1

Calcified 0

Total 29
third among all causes of severe disability and death after heart
disease and cancer creating an enormous economic burden on

society (29). Ischemic cerebrovascular events are often due to
atherosclerotic narrowing at the carotid bifurcation (30). Im-
proved methods of diagnosis, treatment, and prevention of
CT angiography and color Doppler US.

type by CTA

Mixed Calcified Total

5 0 33

14 0 15

3 6 9

22 6 57
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these diseases would result in a significant improvement in
quality of life and decrease in healthcare costs (31).

The results of two large randomized trials – the North

American Symptomatic Carotid Endarterectomy Trial
(NASCET) and the European Carotid Surgery Trial (ECST)
– have shown carotid artery endarterectomy to yield a consid-

erable benefit in patients with 70–99% stenosis and a small
benefit in patients with 50–69% stenosis. In these studies, angi-
ography was the gold standard technique used to quantify the

carotid artery stenosis degree (32).
But angiography is also associated with an increased risk of

thromboembolic events and a marked financial cost. Conse-
quently, non-invasive techniques, such as US-ECD, magnetic

resonance (MR) and MDCTA are now employed to quantify
carotid artery stenosis (32). The importance of a reliable, non-
invasive imaging modality is also related to the recent develop-

ment of less invasive means than carotid endarterectomy to
treat carotid artery occlusive disease with angioplasty and
stenting (30).

Sonography and MRA have shown promising results, but
each has some limitations: operator dependency for ultrasound
and flow dependence for MRA, especially when performed

without contrast (32).
Color Doppler ultrasound techniques are safe and relatively

easy to perform, but when compared with digital subtraction
angiography, they demonstrate lower sensitivity (65–87%)

and specificity (71–91%) for detection of carotid artery stenos-
es that would be appropriate for surgery. Power Doppler and
contrast enhancement are improvements, but ultrasound still

may not be able to reliably differentiate high-grade carotid ar-
tery stenosis from occlusion, a critical factor in surgical and
also non-surgical decision-making (33).

The presence of heavy calcifications may constitute a limi-
tation in the assessment of the true degree of stenosis with col-
or Doppler ultrasound. Color Doppler ultrasound may also

present difficulties in the evaluation of the carotid bifurcation
when it is located higher than normal. Furthermore, with color
Doppler ultrasound, it is in most of the cases impossible to ex-
clude the presence of lesions involving either the origin of the

supra-aortic vessels or the intracranial circulation (34).
Lumen stenosis (the degree to which the vessel is narrowed

as a result of plaque growth) is an indirect measure of the

severity of atherosclerosis and is not the only indicator of
A

Fig. 1 A 67-year-old man presented with cerebrovascular stroke. (

plaque plaque with about 51% diameter reduction. (B) CTA axial im

diameter reduction. In this case findings of US-ECD are concordant.
overall plaque burden. Even low-grade stenosis can result in
a cerebrovascular event, so it is important to look beyond
the lumen to plaque morphology as well (35). Several recent

studies, however, have provided evidence of the need to assess
additional morphological parameters in order to better define
the most correct therapeutic treatment. Most important are:

plaque ulceration, the presence of a fissured fibrous cap, and
the type of plaque (fatty, mixed or calcified) (30).

Doppler ultrasound is widely used clinically to measure

lumen stenosis in carotid arteries and also tomeasure or identify
atherosclerotic plaque site, size of the fibrous cap,wall thickness,
and plaque compositions or ulceration Ultrasound has been
used to differentiate ‘‘stable’’ from ‘‘unstable’’ plaque. But over-

all the results for identifying unstable plaques have been largely
unsuccessful (36). Also, this technique suffers from inter-obser-
ver and intra-observer variability determined by several param-

eters (e.g. sonographer experience and type of sonographic
scanner) (37).

However, because of its relative insensitivity in detecting

some plaque characteristics of risk and relative insensitivity
in stenosis quantification, it would be unwise to rely on the
US-ECD exam alone. It would be appropriate to undertake

a MDCTA exam in those patients who are candidates for car-
otid endarterectomy (37).

Nowadays MDCTA sensitivity in the evaluation of stenosis
degree, may be compared with angiography but with less risks

and in particular, MDCTA sensitivity for stenosis between
70% and 99% reaches excellent results (38).

In this work, our purpose was to grade carotid stenosis and

study some conditions that identify a vulnerable plaque by using
MDCTA and US-ECD in order to evaluate the agreement be-
tween these techniques. The first result we observed was the

agreement between the techniques in grading of stenosis.
MDCTA agreed with that at Doppler in 88.9% of stenosed car-
otid arteries. In the mismatch group (11.1%), grading of stenos-

es byMDCTAwas higher in 3.7%. The stenosis category at CT
angiography was one category less severe than at Doppler in
7.4%. The agreement observed in the quantification of carotid
artery stenosis was 94.4% with a kappa value of 0.9306.

These data indicated an optimal concordance between
methods about this topic. The distinction of near occlusion
versus total occlusion is, from a clinical point of view, extre-

mely important. Patients with near occlusion maybe surgical
A) US-ECD image that demonstrates predominantly soft tissue

age clearly soft tissue plaque (HU = 73) plaque with the same



Fig. 2 A 60-year-old female patient presented with stroke. (A) US-ECD image demonstrates reflecting calcified plaque with acoustic

shadowing. (B) In CTA axial image is clearly visible a big calcified plaque starting at the right common carotid artery and extending to the

bifurcation and right internal carotid artery. In this case findings of US-ECD are concordant. A note is made of previous left sided carotid

endartrectomy.
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candidates, while patients with total occlusion are not.

MDCTA produces optimal results to distinguish between total
and near occlusions (39–41). Using US-ECD some false-posi-
tive interpretations can occur because blood flow speed may

be slower than the usual color velocity scale range thresholds,
resulting in a false-positive appearance of an occlusion. Even
when examiners decide to use a very low color velocity setting

(<15 cm/s versus the normal 30–40 cm/s) to enhance detec-
tion, some cases cannot be identified.

Regarding the type of atheromatous plaques, CT angiogra-
phy agreed with US-ECD in 84.2% of the examined atheroma-

tous plaques. The agreement observed in the evaluation of
plaque morphology was 91.1% with a kappa value of 0.8815
(95% confidence interval of 0.7920–0.9709). The Z-score was

14.4842 and P value <0.001 (highly significant).
Fig. 3 A 56-year-old man with TIA. Ulcerated plaque of the rig

demonstrates the presence of an ulcer in a fatty plaque (white arrow). T

after its origin. This ulcer was not detected by US-ECD.
Our results were in agreement with: Brennan et al. com-

pared CT and duplex scanning of the carotid arteries in 30 pa-
tients. Significant correlations were found between CT and
duplex in confirming stenosis of the common and internal car-

otid arteries (P < 0.001). The sensitivity and specificity of CT
compared to duplex were 77% and 94%, respectively.

In a study by Saba et al. (37), 52 patients were retrospec-

tively studied by using four-detector row CT and ultrasound.
Each patient was assessed for stenosis degree by using the
NASCET method when studied by using MDCT and by using
PSV when studied by using US. Statistic analysis was per-

formed to assess the level of inter-technique agreement. It
showed a good correlation between MDCTA-NASCET per-
centage stenosis and PSV. The sensitivity, specificity, positive

predictive value (PPV) and negative predictive value (NPV)
ht ICA. CTA axial scan (A) and volume rendered image (B)

he atheromatous plaque involved the internal carotid artery shortly
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were 75%, 88.6%, 90.7% and 70.5%, respectively, which also
agrees with the results of the current study.

Stefanini et al. (42), showed a good linear correlation be-

tween MDCTA percentage stenosis and US-PSV. The sensitiv-
ity, specificity, positive predictive value (PPV), negative
predictive value (NPV) of this analysis were 93%, 82%,

97%, 75%, respectively. MDCTA software is a reliable, repro-
ducible, and objective method to accurately evaluate the de-
gree of stenosis.

On the other hand, Saba et al. (38), evaluated the agreement
between ultra-sound echo-color Doppler (US-ECD) and multi-
detector-row CT angiography (MDCTA) in the characteriza-
tion of vulnerable plaque. For all subjects the following param-

eters were analyzed: plaque morphology (regular versus
irregular), type of the plaque (fatty, mixed and calcified) and
presence of ulcerations. Statistical analysis was performed to

calculate concordance between the two techniques employed.
They observed a good agreement between US-ECD and
MDCTA in the evaluation of plaque type but on the other hand,

a poor agreement in the evaluation of plaque ulceration. The use
of US-ECD and MDCTA provided different results in the pla-
que assessment. Their results suggest that information derived

fromUS-ECD for the study of carotid arteries should be always
critically compared with other diagnostic techniques.

5. Conclusion

US-ECD should be used as a first line investigation; however,
because of its relative insensitivity in some important plaque
risk determinants, as for example ulcers or irregular plaque

surface, a second line exam by using MDCTA, should be per-
formed in order to obtain a detailed and reproducible plaque
characterization and stenosis degree assessment.
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