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Abstract Pathologies of the carotid arteries, and in
particular atherosclerosis, are now an important medical
problem. Stroke is the third leading cause of severe
disability in the Western World leading to millions of
deaths every year. Extracranial carotid atherosclerotic
disease is the major risk factor for stroke. In years, with
the advent of multidetector-row CT (MDCT) scanners and
the use of specific angiographic protocols (MDCTA), CT
imaging of the carotid arteries has become increasingly
effective. In addition, the volume data obtained can be
further rendered to generate high-quality two-dimensional
and three-dimensional images. The purpose of this study
was to review the atherosclerotic carotid arteries, their

complications and how MDCTA depicts them, underlining
the benefits and pitfalls of this diagnostic technique.

Keywords MDCTA . Carotid arteries

Background

Several types of pathologies may affect carotid arteries and
among these atherosclerosis is a widespread medical
problem. From the first study of Savory [1] in 1856 it has
been known how atherosclerosis and stenosis of the carotid
arteries may produce stroke. Currently this pathology is the
third leading cause of severe disability in the Western
World causing millions of deaths every year [2–4]. The
pathogenesis of stroke is not yet completely understood
although it may be briefly ascribed to two major process:
(1) hypoperfusion from high degree of stenosis/occlusion of
the vessel [5, 6], an (2) distal embolization [7, 8]. However,
while it is likely that some strokes associated with carotid
artery disease result from hypoperfusion, the majority of
such events appear be the consequence of embolization of
an atherosclerotic plaque or acute occlusion of the carotid
artery with distal propagation of the thrombus.

In order to plan the best medical treatment it is important to
identify all pathological signs in the carotid artery. In recent
years, three studies—NASCET (North American Symptom-
atic Carotid Endarterectomy Trial), ECST (European Carotid
Surgery Trial) and ACAS (Asymptomatic Carotid Athero-
Sclerosis Group)—have provided cut-off values for the degree
of stenosis indicating possible benefits of carotid endarterec-
tomy (CEA) [9–11]. In particular the NASCET [9] proved
the benefits of CEA in patients with symptomatic high-grade
(70–99%) stenosis. Several recent studies, however, have
provided evidence of the need to assess additional morpho-
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logical 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) [12–15].

The concept of a “vulnerable plaque” [13] has been
postulated for coronary arteries [16], but it may also be
valid for carotid arteries. The so-called “vulnerable plaque”
is an atherosclerotic plaque that contains a large necrotic
lipid core covered by a thin or disrupted fibrous cap which
is characterized by a high tendency to rupture, potentially
resulting in embolization or thrombosis. Considering these
characteristics we can state that even low-grade stenosis can
result in a cerebrovascular event, so it is important to look
beyond the lumen [17] to plaque morphology as well.

Isotropic voxels, high spatial and temporal resolution
(not remotely comparable with conventional DSA for
temporal resolution), the use of fast rate of injection of
contrast material and postprocessing tools have improved
the sensitivity and specificity of multidetector-row CT
(MDCT) angiography (MDCTA) [18, 19]. Moreover,
besides the degree of stenosis, MDCT clearly depicts the
several layers which constitute the arterial wall. As a
consequence, with the recent discovery of the importance of
plaque vulnerability in the development of ischemic
symptoms, considerable attention has been devoted to
determining noninvasively plaque morphology. The aim
of this paper is to review and to analyze the benefits and
pitfalls of the use of MDCTA in the study of atherosclerotic
carotid arteries and how MDCTA can assess them.

General technical parameters

MDCTA acquisition parameters including section thickness,
increment, pitch, kVand mAs can markedly change according
to the CT scanner employed and to the detector number. For
this reason these aspects will be not specifically described in
this work (Table 1). Usually, the first step in studying carotid
arteries by MDCTA is the acquisition of a lateral scout image
in order to define the correct field of view (FOV). The use of
a reduced field of view results in an adequate spatial

resolution to detect even small alterations and limits the
postprocessing procedures during the reformation phase. The
FOV varies according to the neck morphology, but usually
its range is between 12 an 18 cm. Patients have to lie supine,
with the head tilted back to prevent dental artifacts on the
images. They must also be instructed not to breathe and not
to swallow. Some authors suggest performing a basal
acquisition [20]. Detection of the exact position of the
carotid bifurcation allows better definition of where acqui-
sitions should be made. The angiographic phase then begins.
Arterial enhancement is provided by the intravenous injec-
tion into an antecubital vein of 80–120 ml of nonionic
iodinated contrast material [21, 22] at a variable rate from 3
to 6 ml/s. On the basis of hemodynamic and vascular
anatomic data, in order to obtain an optimal image quality,
injection of contrast material should be made into the right
arm during deep inspiration [23]. This is because the right
brachiocephalic vein runs parallel to the ascending aorta
while the left brachiocephalic vein differs in course and
length so that it could be compressed by the aortic arch
posteriorly and sternum anteriorly.

The volume of contrast material depends upon the scan
time which itself depends upon the number of detector rows
of the scanner (4-s scan time in a 64-row scanner to cover
25 cm; Table 1). The acquisition delay time is individually
determined for each patient using a bolus tracking system
(Sure Start, Smart Prep, CARE bolus) or even using
personal observation to empirically calculate the delay that
usually ranges from 11 to 16 s. The contrast material bolus
may be followed by a saline bolus in order to reduce streak
artifacts due to beam hardening.

An antecubital vein is usually chosen, but other sites may
be used, and if another site is used the delay time, which is
the delay in seconds between the start of injection of contrast
material and MDCTA acquisition, should be calculated
again. Window level and window center are generally set
at 700 HU and 200 HU respectively. Clave et al. [24], in a
study using phantoms, found that a luminal attenuation of
150 HU is optimal for accurate assessment of carotid
stenosis. A luminal attenuation <100 HU or >250 HU may
reduce the accuracy. Usually optimal luminal attenuation of
150 HU is obtained using a flow rate of 3 ml/s. However, in
our institute, high flow rates are routinely employed (3–
6 ml/s) and we have observed optimal results even with
300–400 HU of luminal opacification.

General abilities and limitations of MDCT scanners

In this section we discuss the general abilities and
limitations of modern MDCT, in particular the speed of
the examination, the quality of the images, and the ability
to view the data in two-dimensional (2-D) and three-

Table 1 MDCTA acquisition parameters

No. of
detectors

Volume of
contrast
material (ml)

Flow
rate
(ml/s)

Section
thickness
(mm)

Pitch Rotation
time (s)

Scan
time
(s)a

4 120 6 1 1.5 0.5 21
16 100 5 0.75 1.5 0.5 7
64 80 5 0.6 1.3 0.33 4

a For a 25-cm length
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dimensional (3-D) modes. The latest generation of MDCT
scanners have a variety of benefits and new applications.
MDCT scanners are markedly faster than spiral or
sequential CT scanners.

CT angiography (CTA) has been significantly improved
with the introduction of 64-section spiral CT scanners
which enable rapid acquisitions of an isotropic dataset [25].
Since the introduction of 16-detector row scanners, the
routine acquisition of volumes with isotropic submillimeter
spatial resolution has been possible with scan times of less
than 10 s for a coverage of 300 mm [26]; for example, CTA
of the carotid arteries and the circle of Willis with
16 sections at 0.75 mm collimation, a rotation time of
0.5 s and a pitch of 1.5 requires only 9 s for a scan range of
250 mm (with a table feed of 36 mm/s). Scanners with 64
or more detector rows offer even better performances:
gantry rotation times are decreased to 0.33 s, and section
widths of 0.5 mm are available. So, examination of the
whole length of the carotid arteries from the aortic arch to
the circle of Willis (a scan range of approximately 250 mm)
requires only 4 s with a 64-detector row CT scanner
(64×0.6 mm, pitch 1.33, rotation time 0.33 s).

Faster acquisitions provide a better image quality since
artifacts (respiration, swallowing, pulsation of the aorta,
short arteriovenous circulation) are reduced. MDCT can
provide a lower level of artifacts than single-row helical CT
with a faster table speed. In this way it is possible to acquire
true arterial phase imaging of the entire carotid artery with
high spatial resolution [27] in less time. Axial spatial
resolution may reach 0.3 mm; this value is determined by
detector geometry and convolution kernel . An increased
detectors number does not provide better in-plane spatial
resolution, whereas z resolution is dramatically improved
by increasing the number of detectors.

Image visualization and analysis tool

In the evaluation of carotid arteries the first-line study is the
analysis of axial images, where it is extremely important to
use both a correct window level and a correct window
width. Values in several previous studies vary markedly
[28–30], but typical set values are 700 HU and 200 HU for
the window width and window level, respectively: these
values commonly allow the lumen with contrast material
from the arterial wall (in particular in the presence of
calcified plaque [31]) to be separated. However, there are a
range of values and the choice of values depends on the
situation. Choosing the wrong values may significantly
alter the visualization of the lumen and consequently affect
the estimate of stenosis percentage.

The attenuation in Hounsfield units may be measured
using a circular or elliptical region of interest cursor in the
predominant plaque area at each level.

Several reformatting techniques are available for assess-
ing the carotid arteries: maximum intensity projection
(MIP), multiplanar reconstruction (MPR), curved planar
reconstruction (CPR) and volume rendering (VR). All these
techniques show strengths and pitfalls since they are based
upon different procedures for postprocessing the CT data.

In MIP, only the voxel with highest CT number is
displayed depending on the voxel position along the
projecting ray [32]. MIP may generate high-quality DSA-
like images (Fig. 1) providing an overview of the target
vessel. On the other hand, it shows a lower sensitivity in the
presence of dense calcification or indwelling stents since it
may obscure contrast material in the lumen. Generally, MIP
is preferred to MPR because MIP reformations project only
pixels with the highest attenuation, whereas MPR averages
the attenuation of the pixels along the axis of projection.

Fig. 1 A 63-year-old man. MIP reconstructed image (a) and DSA image (b). Stenosis of the left internal carotid artery (blue arrows). The lumen
filled with contrast material is visible in both images (red arrows)
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Often, it is relevant to use (thin or thick) slab MIP [33] to
limit the over-projection phenomenon, in order to avoid
time consuming editing to exclude ebony structures.

MPR is perhaps the simplest and most commonly
applied reformatting method [33]. MPR creates views in
an arbitrary plane without loss of information [34, 35].
MPR involves the retrospective reconstruction of axial
images and the image obtained may be oriented in any
spatial direction (Fig. 2). Moreover, using a 32–64 slice
scanner producing isotropic voxels, the spatial resolution is
similar to that of the original source images. MPR images
show great utility in quantitative lumen analysis and in
axial image plane definition because they depict the shape
of the lumen.

CPR is a 2-D image that shows the cross-sectional
profile of a vessel along its length (Fig. 3) preserving the
relative x-ray attenuation [36–38]. An important issue
concerning the use of the CPR is that the vascular images
depend on the course of the selected curved plane. If the
operator selects an inexact plane, it will generate an
erroneous morphology and degree of stenosis. We think
that CPR is not accurate in stenosis measurement and
should not be used at all for this purpose.

VR is an advanced computer rendering algorithm [39]. It
incorporates all the raw CT data to produce a high-quality
3-D image (Fig. 4). Since the layout of the lumen can
change according to the threshold value, this reconstruction
technique may produce errors in the dimensional evaluation

of the degree of stenosis. Advanced VR algorithms enable
mural calcifications to be distinguished from the residual
lumen [28], and this algorithm is very useful for detecting
ulcerated carotid plaques [18].

How to define the degree of stenosis and the problem
of near-occlusion

The degree of stenosis is currently the leading parameter in
choosing the therapeutic option. NASCET and ECTS
investigators evaluated the degree of stenosis as the
percentage reduction in the linear diameter of the artery.
Differences exist in the evaluation of the degree of stenosis
between NASCET and ECST (Table 2 and Fig. 5) and
values derived from these two classification methods for the
same carotid stenosis are not equal, so it is always
important to specify the classification used. In both
NASCET and ECST, to quantify the degree of stenosis
[40], measurements have to be performed strictly perpen-
dicular to the carotid axis. Moreover, for almost a decade
workstations available have been capable of producing
high-quality 2-D and 3-D postprocessed images [34]. We
can state that the sensitivity of MDCTA in evaluating the
degree of stenosis may be comparable to that of angiogra-
phy but with a lower level of risk [20, 41–51]. In particular,
CTA, with sensitivities between 70% and 99% for stenoses
of the internal carotid artery (ICA) , with angiography as
the reference standard, can provide excellent results [43–
50].

Using axial images for the estimation of the degree of
stenosis (Fig. 6) allows exact differentiation of the residual
lumen from pathological plaque. Sometimes it may be
difficult to adequately evaluate the degree of stenosis using
axial images, in particular when carotid artery has acquired
anomalies in its course. If kinking or coiling is present, it
becomes mandatory to use reformatting tools in order to

Fig. 2 A 79-year-old man with a transient ischemic attack. MPR
image. Severe stenosis of the right carotid bulb is clearly visible (red
arrow) (blue arrow internal carotid artery, yellow arrow external
carotid artery)

Fig. 3 A 79-year-old man with a transient ischemic attack. CPR image,
the same patient as in Fig. 2. Severe stenosis of the right carotid bulb is
clearly visible (red arrow) (blue arrow internal carotid artery)
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assess the spatial course of the carotid artery and to
correctly identify and measure the stenosis. In these
situations the use of reformatting procedures is very
important to exactly define the plane of the axial images
and to ensure that all axial measurements are in a true
perpendicular cross-sectional plane [52].

Large calcified plaques preclude MIP evaluation because
of superimposition between the calcification and the
contrast enhanced lumen. Moreover, heavy calcifications
on both sides of the lumen can lead to overestimation of the
stenosis in CT images because of the so-called “blooming”
artifact [53]. The VR algorithm provides better results
because of its capacity to distinguish calcifications from the
contrast-enhanced residual lumen (Fig. 7).

In the evaluation of the carotid arteries, besides selecting
a correct spatial position (strictly perpendicular to the
carotid axis), the radiologist has to use both a correct
window level and a correct window width. Choosing wrong
values may significantly alter the visualization of the lumen
and consequently modify the estimated stenosis percentage.

MDCTA may also be an adequate alternative to catheter
angiography in the diagnosis of internal carotid near-
occlusion versus total occlusion [54, 55]. Near-occlusion
stenosis indicates a severe carotid bulb stenosis with a
subsequent subtle decrease in size of the distal ICA lumen.
Detection and precise interpretation of near-occlusion are
important in arriving at a proper diagnosis and planning

treatment. Actually this circumstance cannot be considered
as a surgical emergency because of the lower risk correlated
with ipsilateral stroke. It has been also demonstrated that
CEA/revascularization are less effective in these patients [6,
56–58]. The presence of near-occlusion affects the thera-
peutic approach to the pathological carotid artery. Fox et al.
[6], using angiography, determined the following criteria to
define the presence of near-occlusion: (1) the presence of
notable stenosis of the ICA bulb, and (2) a reduction in the
caliber of the distal ICA in comparison to (a) its expected
lumen size, (b) the lumen size of the contralateral ICA, and
(c) the lumen size of the ipsilateral external carotid artery
(ECA). When the lumen of the distal ICA has partially
collapsed it is possible to recognize the so-called “string
sign”. Bartlett et al. [54] have suggested, following the use

Fig. 4 A 74-year-old man with stroke. VR image (a) and CTA axial source image (b). Severe stenosis of the right carotid bulb is clearly visible
(red arrow) (blue arrow internal carotid artery, yellow arrow CCA). The high-grade stenosis is correctly depicted on the VR image (a) and is
confirmed on the axial image (b)

Fig. 5 Schematic drawing showing how to determine the percentage
stenosis using NASCET and ECST criteria. With the NASCET criteria
the ratio between the residual luminal diameter at the stenosis and the
diameter of the distal normal lumen where there is no stenosis is
calculated. With the ECST criteria the ratio between the residual
luminal diameter at the stenosis and the total diameter is calculated

NASCET (%) ECST (%)

30 to 69 50 to 82
52 to 99 70 to 99
70 to 99 82 to 99
50 75
60 80
70 85
80 91
90 97

Table 2 Degrees of stenosis of
the carotid artery as determined
by the NASCET and ECST
criteria
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of MDCTA, other methods to correctly identify near-
occlusion including, in particular, a comparison of the
distal ICA with the contralateral distal ICA. The authors
suggest that the distal ICA ratio threshold value that best
predicts near-occlusion stenosis with the greatest sensitivity
and specificity is 0.87. This is a very effective criterion
(sensitivity 97.3% and negative predictive value 99.4%),
although it is important to remember that this method is not
valid in the presence of disease of the contralateral ICA.
The sensitivity of CTA in detecting near-occlusion stenosis
is very high and is comparable to that of DSA, as reported
by Chen et al. [59].

In the evaluation of carotid artery stenosis MR angiog-
raphy (MRA) and duplex ultrasound (DUS), as well as
CTA, are widely used. DUS is commonly performed to
screen patients with possible carotid artery disease, but the
accuracy of sonography is moderate in assessing the degree
of stenosis [60]. The use of DUS as the only diagnostic test

for selection of patients for CEA has been widely discussed
[61–64]. If only DUS is used several critical errors can
occur [60], and the number of false-negative findings of
>70% stenosis can be very high [60]. Eliasziw et al. [60]
and Collins et al. [65] have suggested that sonography
should be used only as a screening tool to exclude patients
with no carotid artery disease from further testing. In fact
this technique has several limitations such as the variability
in optimal thresholds and the limited amount of morpho-
logical information obtained [66], and moreover, the
performance of DUS is highly variable. The use of color-
flow Doppler US can increase accuracy, in particular, in
differentiating near-occlusion from occlusion. In a study
comparing CTA and DUS with conventional angiography
as the reference [45], CTA was found to yield higher
sensitivity, specificity and predictive values than DUS in
assessing high-grade stenosis and distinguishing it from
complete occlusion.

MRA is quite good at determining the degree of stenosis
degree. In a wide series of studies that took carotid
angiography as the gold standard, the median sensitivity
for a high-grade lesion was 93%, whereas the median
specificity was 88% [67]. MRA of the carotid artery may be
accomplished by several different MRI techniques includ-
ing 2-D TOF, 3-D TOF and contrast-enhanced MR
angiography [68–71]. 2-D TOF provides a strong vascular
signal, even when the rate of arterial blood flow is low. This
technique allows correct differentiation of near and
complete ICA occlusion. 3-D TOF provides superior
resolution, but its sensitivity in measuring flow is lower
than that of 2-D TOF. Contrast-enhanced MR angiography
is a very promising technique that is not impaired by slow-
flow situations. An important problem with MRA is the
high variability between observers [72]. Lumen measure-
ment can be inaccurate on source images and even in MRA
as in CTA, the postprocessing of the images can influence
the assessment [73].

Some authors [66, 74] have reported that both DUS and
MRA tend to overestimate the degree of stenosis whereas
CTA underestimates it. In a study by Marks et al. [43]
comparing CTA and MRA, standard conventional CTAwas
found to be superior to MRA in the estimation of severe
carotid stenosis and occlusion, although good results have
recently been reported with MRI at 3 T [75].

Plaque morphology

Direct visualization and definition of plaques may lead to a
better understanding of the natural history of atherosclerotic
plaque [76], which has relevance in determining the most
appropriate therapeutic plan. The definition of a plaque’s
composition and morphology is important because it is a

Fig. 7 A 77-year-old man with a transient ischemic accident (same
patient as in Fig. 10). VR image. A large calcification (red arrows) is
clearly visible in the bifurcation (blue arrow internal carotid artery,
yellow arrow external carotid artery)

Fig. 6 A 65-year-old woman. Axial CTA source image. Stenosis of
the left internal carotid artery. The residual lumen is visible (red
arrow) together with an eccentric calcified plaque (yellow arrow)
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fundamental predictor of plaque stability. In addition the
risk of plaque rupture may be correlated more with specific
plaque composition than plaque volume [77, 78].

Using MDCTA it is possible to divide atherosclerotic
plaques into three major types, determining plaque density
in Hounsfield units: soft plaques, intermediate plaques, and
calcified plaques. As we have previously reported, the
attenuation in Hounsfield units may be measured using a
circular or elliptical region of interest cursor in the
predominant plaque area at each level. In recent studies
[79, 80] using MDCTA, plaque has been characterized as
fibrous tissue, lipid and calcifications, and these studies
also provided a comparison with histology. The authors
demonstrated that MDCT is able to quantify the total
plaque area, calcifications, and fibrous tissue in good
correlation with histology.

Soft plaques have density values <50 HU [81] (Fig. 8).
Most ruptures occur in fatty plaques, which contain a

soft, lipid-rich core covered by a thin and inflamed cap of
fibrous tissue. The concept of the “vulnerable plaque” that
was first adopted to describe coronary arteries [13, 16], may
be also used for carotid arteries. The term “vulnerable
plaque” refers to an atherosclerotic plaque that contains a
large necrotic lipid core covered by a thin or disrupted
fibrous cap characterized by a higher tendency to rupture
resulting in embolization or thrombosis. It has been
demonstrated that the presence of a fatty plaque with a
lipid core is significantly associated with the presence of
cerebral infarction on MR brain imaging (P=0.03 [14]). It is
also important to consider that even low-grade stenosis can
result in cerebrovascular events so that it becomes of
fundamental importance to look beyond the lumen [82],
assessing both plaque type and morphology.

The attenuation of a selected area of a plaque can be
readily quantified in Hounsfield units using CTA allowing
classification as fatty or not. However, so far the fibrous
cap and its potential rupture has been better visualized
using MRI [83–86].

An extensive literature describes the potential of MRI in
assessing carotid artery plaque morphology [87–91]. MRI
is particularly attractive because it is noninvasive and it
provides a rich array of information on vascular disease. In
particular, the percentage of lipid-rich necrotic core can be
quantified using high-R [87] and contrast-enhanced MRA
[88]. Moreover, MR methods have been demonstrated to
provide information on important features of vascular
disease, such as the composition of atheroma.

More recently these tools have been used to detect the
presence and activity of specific molecules that are
fundamental participants in the inflammatory processes that
are thought to influence the differentiation of stable plaque
from vulnerable plaque.

On CTA, intermediate plaques show a density ranging
from 50 to 119 HU (Fig. 9). Lesions with a density of
>120 HU correlate with calcified plaque (Fig. 10). It has
been suggested [15, 92] that calcified carotid atherosclerotic
plaques causing stenosis are less likely to be symptomatic
than noncalcified plaques, suggesting that calcifications
confer stability. Calcium provides stability to the plaque,
producing a protection against biomechanical stress and
subsequent disruption.

Referring to reconstruction modalities, currently the
most efficient visualization technique to study plaque
components is the axial scan, which allows visualization
of all the components showing their exact quantification.

Fig. 8 A 72-year-old woman with dysarthria. Axial CT image. In the
left internal carotid artery (blue arrow) is visible fatty plaque (red
arrow) that has produced type IV NASCET stenosis (yellow arrow
external carotid artery). The mean density value in the fatty plaque
was 38 HU (SD 14 HU)

Fig. 9 A 65-year-old woman. Axial CT image. In the left internal
carotid artery (blue arrow) a mixed plaque (red arrow) is visible that
has produced type III NASCET stenosis (yellow arrow external
carotid artery). Mean density value in the mixed plaque was 68 HU
(SD 23 HU)
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The use of MIP cannot be recommended for the evaluation
of plaque morphology because this algorithm only visual-
izes voxels with the highest number along a projection axis,
losing all other components and providing partial and
incomplete information. MPR, VR and CPR may be
adequate (Fig. 7). In the assessment of calcified plaques,
it is possible to use nonenhanced images because calcified
components are highly visible and easily distinguishable
from other carotid components without superimposition or
artifacts derived from contrast medium. The use of
precontrast scans is debatable, since calcifications are most
often quite visible even with injection of iodine into the
vessels. In the evaluation of plaque type and morphology,
MDCTA shows benefits compared to angiography, that
cannot provide adequate and exhaustive information in this
application.

Ulcers, fissured fibrous cap, intraplaque hemorrhage
and thrombosis

The presence of ulcers, a fissured fibrous cap, intraplaque
hemorrhage and thrombosis may represent an increased risk
of stroke [9], and their presence could affect the choice of
treatment which could move from medical treatment to
CEA or interventional therapy.

Some authors have noted that a ruptured or thin fibrous
cap is an important feature in a vulnerable coronary artery.
We have recently confirmed that a fibrous cap is an
important indicator of vulnerability in the carotid artery as
well [93, 94]. A fissured fibrous cap (Fig. 11) is the first
predictive sign of fibrous cap rupture with consequent
exposure of the thrombogenic component of the lipid
nucleus. This is very difficult to detect using MDCT

because of its spatial resolution (a thin cap is about
65 µm thick). Concerning contrast resolution, moreover,
to our knowledge there is only one report in the literature
on this subject using MDCTA [94]. Studies have shown
that MRI can sufficiently characterize a fibrous cap [93,
95–97].

Intraplaque hemorrhage is commonly observed in ath-
erosclerotic plaques, and some authors believe that it may
be due to rupture of the plaque neovasculature [98].
Intraplaque hemorrhages (Fig. 12) may be a marker of
plaque instability which is a contributing factor to a more
rapid progression of atherosclerosis. Hemorrhages are more
common when a stenosis with a diameter reduction
exceeding 70% is present [99]. In MDCTA images it is
possible to visualize intraplaque hemorrhage as a region
showing evidence of reduced contrast material passage.

Fig. 11 A 71-year-old woman. Axial CT image. In the left internal
carotid artery a complex mixed plaque with peripheral wall calcifica-
tion (red open arrow) is visible (red arrow fissured fibrous cap, blue
arrow internal carotid artery, yellow arrow external carotid artery)

Fig. 10 A 77-year-old man with TIA (same patient as in Fig. 7).
Axial CTA source image. In the bifurcation site complex calcified
plaque (red arrows) is visible (blue arrow internal carotid artery,
yellow arrow external carotid artery). Mean density value in the
calcified plaque was 785 HU (SD 93 HU)

Fig. 12 A 73-year-old man. Axial CT image. In the right internal
carotid artery a complex mixed plaque with peripheral wall calcifica-
tion (red open arrow) is visible (red arrow intraplaque hemorrhage,
blue arrow internal carotid artery, yellow arrow external carotid
artery)
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In axial images intraplaque hemorrhage is easily visible,
and when its dimensions exceed 1 mm it is possible to
visualize it using the various image reformatting techniques.
However, on the basis of current data and indications in the
literature, we believe that it is not possible to correctly detect
intraplaque hemorrhage with CT [100, 101]. It is possible to
distinguish a region with hypodensity (as described by
Oliver et al. [100]) but there is no method by which the
lipid necrotic and hemorrhagic components can be confi-
dently differentiated. Moreover the association between
symptoms and hemorrhage remains a controversial subject.
Saam et al. [93] reported that 91% of patients with
symptomatic plaques and 83% of patients of asymptomatic
plaques had intraplaque hemorrhage (P=0.5). The authors
suggested that the key point is not the presence or absence
of hemorrhage, but whether the hemorrhage is acute (fresh/
acute hemorrhages were significantly more likely to be
found in patients with symptomatic plaques than in patients
with asymptomatic plaques, P=0.021). This is an advantage
of MRI because it can easily depict intraplaque hemorrhage
and it offers the possibility of distinguishing between acute
and nonacute hemorrhage.

Carotid ulceration is the third type of complication that
we discuss here. The importance of plaque ulceration has
been underlined in NASCET [9], where it was seen that
ulcerated carotid plaques were responsible for 30% of
ischemic cerebral events after 2 years in the group receiving
medical therapy in comparison to 17% of events in subjects
with no ulcerated plaques. So the presence of ulceration is
an important risk factor for the stroke. We can define
ulceration as a zone where some tissue is lost and contrast
medium will appear in the axial scans as an “in plus” image
(Fig. 13). In the study of ulcerated plaque angiography is
not sufficiently reliable [102, 103] whereas MDCTA
appears to offer good results in detecting ulcers in carotid
artery plaques [104]. In particular with the use of
postprocessing procedures it is possible to correctly identify
and define the ulcer [18] (Fig. 14). Detecting ulcers can be
difficult occur if plaques are calcified. In this situation
correct characterization may be difficult. Some authors state
that the presence of calcified plaques could limit the use of
CTA [41, 42].

In our experience, the presence of an ulcerated carotid
plaque may lead to difficulties in the differential diagnosis
with carotid wall dissection on axial scans. This is because
on axial images ulcer morphology may appear similar to
dissection morphology. To solve this differential diagnostic
issue, in most cases the use of VR may be sufficient,
because it precisely depicts the spatial morphology of
vessels allowing the communication between the ulcer and
the carotid lumen to be visualized [18]. CTA is considered
to be far superior to echo-color Doppler US in detecting
ulcerations. Saba et al. [104] have reported the sensitivity of

echo-color Doppler US in detecting ulcers to be only
37.5%. This value is similar to values reported by other
authors [105–107]. MRI is effective in detecting plaque
ulcerations [108].

Dissection of the carotid arteries is an important cause of
stroke, accounting for up to 20% of ischemic strokes in
young adults [109]. CTA has been found to provide results
that closely agree with those obtained with angiography
[110]. Criteria for diagnosis are considered to be the
presence of a narrowed eccentric lumen in association with
mural thickening and enlargement of the overall diameter of
the ICA.

Surface thrombus was visible in nearly 30% of patients
with ulcerated plaque reported by Rothwell et al. [111] in
their angiographic/pathologic analysis of 1,671 patients.
Thrombus may be found in complicated plaques and
unstable plaques, and may lead to distal embolization. It
is easily detected by CTA.

Fig. 13 A 71-year-old woman with persistent monocular visual loss.
Axial CT source image. In the bifurcation (blue arrow) a mixed plaque
(red open arrow) and an ulceration (red arrow) are visible. Ulceration
was confirmed surgically

Fig. 14 VR image in the same patient as in Fig. 13. The ulceration
(red arrow) is clearly visible in the bifurcation (blue open arrow
internal carotid artery, yellow open arrow external carotid artery, green
arrow common carotid artery)
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Position of the plaque

A genetic predisposition is frequently seen in those with
atherosclerosis and there are multiple risk factors such as
hyperlipidemia, hypertension, smoking, diabetes mellitus,
social stress, sedentary lifestyle and viral infection. How-
ever, despite its systemic nature it is a geometrically focal
disease that has a propensity to involve the outer edges of
blood vessel bifurcations [112]. An atherosclerotic plaque
typically develops around the region of the internal and
common carotid artery (Figs. 1, 6 and 10) and the internal
carotid artery bulb is a predilection site for atheroma [10,
113, 114]. This led to wide acceptance of the hypothesis
that hemodynamic forces play an important role in the
development and progression of atherosclerosis.

The anatomic configuration of the carotid bifurcation,
including the angle of the origin of the ICA, may be an
important risk factor for carotid atherosclerosis [115].
Previous studies have shown that there is a sex difference
in the distribution of carotid plaque [116]. Men are more
likely to have the point of maximum stenosis distal to the
bulb of the ICA, whereas women are more likely to develop
disease of the ECA. These differences may be a conse-
quence of the difference in bifurcation anatomy. A problem
about the plaque position is whether atherosclerosis of the
human carotid arteries is a bilaterally symmetrical disease
or not. Adams et al. [117] have suggested that atheroscle-
rosis is a bilaterally symmetrical disease, but other authors
have suggested that the plaques in the same subject do not
involve both carotid arteries to the same extent [118].
MDCTA, by integrating axial CT scans and reformatting
procedures, is able to clearly depict both carotid arteries
allowing correct evaluation of the position and geometry of
the plaque. In particular, MIP and VR provide images with
high spatial quality with information about the type,
relationship and position of the plaques.

Tandem lesions

We speak of “tandem lesions” when there are two
pathological stenoses in the same carotid space (Fig. 15):
one is located in the carotid bifurcation and the other is
located generally whether in the common carotid artery or
in the arterial siphon. The incidence is nearly 10%. The
presence of tandem carotid stenoses is thought by some
authors to be a relative contraindication to CEA. Tandem
stenoses have been viewed as a source of thrombus
formation at the endarterectomy site because of the
persistent slow flow through the stenosed segment. So it
is important to detect and to characterize tandem lesions
because the presence of this particular kind of stenosis may
alter patients management [119]. Detection of tandem

lesions is important because it allows the overall burden
of disease within the carotid vessel to be defined prior to
potential intervention (CEA, carotid stenting, medical
treatment). Axial CTA may define disease, even very small
plaques which may be missed on DSA or on reformatted
CTA images. We have to add that sometimes the evaluation
of the petrous segment of the carotid artery can be difficult
because of the artifacts produced by bone structures [120].

Notes on radiation dose and reaction to contrast
material

An important point that has to be considered is the risk of
the MDCTA examinations. In particular, two distinct types
of potential risk are possible: reaction to contrast material
and radiation risk. Contrast material injection has a slight
risk of causing an intolerance [121–125]. Reactions usually
occur immediately and include flushing, itching or difficul-
ty breathing or swallowing, but also nephropathy may be a
serious consequence [126, 127]. An anaphylactic reaction
requiring treatment can be expected in 1 to 500–5,000
injections. The risk is increased to 1 to 100–1,000 in
patients with asthma, in patients with food and drug
allergies, and in patients with a previous reaction to contrast
material. The risk of death is 1 in 50,000 to 1 in 500,000
[122]. Overall iodine is safe and has been used for many
years in millions of CT examinations. Iodine contrast
increases the sensitivity of MDCTA examinations and it is

Fig. 15 A 59-year-old woman. VR image. There are two calcified
plaques, one in the bifurcation with continuation in the ICA (red
arrows) and the second in the common carotid artery (open red
arrows)
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accepted worldwide that the benefits of using iodine
contrast typically outweigh the risks. Moreover DSA,
considered in recent years as the gold standard technique
to study the carotid artery, shows a not negligible risk (2%)
of complications after the procedure and the use of
radiation is necessary [100, 128] (without considering the
high cost).

Another important issue to be considered in performing
a CT examination is the radiation dose. Exposure of the
patient to radiation during CT examination and the
consequent potential radiation hazard have recently re-
ceived attention in both the scientific and general literature
[129]. It is important to reduce radiation exposure. To
obtain a reduction it is necessary to adjust the dose to the
patient’s weight and size [27]: a general rule for the
radiologist is that the dose necessary to maintain constant
image noise has to be doubled if the diameter of the patient
increases by 4 cm, and obviously half the dose is sufficient
for a patient with a diameter 4 cm smaller. So in a thick
neck it is necessary to use a high kV, but in a thin neck
using a reduced kV produces images of adequate quality in
spite of the reduced dose. In a study by Ertl-Wagner et al.
[130], with a tube current of 100 mAs and variable kV (80,
120 and 140), the mean effective doses were estimated to
be 0.35, 0.99 and 1.37 mSv, respectively. The authors did
not recommend the use 80 kV because of degradation of
image quality, an increase in the photoelectric effect, and a
decrease in Compton scattering.

In a study of the craniocervical vascular system [131], the
mean effective radiation dose was found to be 2.31±
0.57 mSv . Using a 64-detector-row scanner the volume CT
dose index should be less than 14 mGy/cm [132]. It is
important to remember that additionally, the current 64-
channel CT systems are equipped with an automatic exposure
control system that continuously modulates the X-ray tube
current based on patient size and tissue density [133, 134],
and usually a reduction in radiation dose can be achieved. A
dose reduction can also be achieved by omitting the basal
scan and performing the CTA examination directly with
contrast medium. In our experience a precontrast scans does
not provide additional useful information and can be avoided.
It is important to bear in mind that the radiation dose from
DSA is higher than that from CTA: the dose from a 3-D DSA
rotational acquisition is near 1,100 cGy cm2 per acquisition.

Conclusion

MDCTA is a well-known important technique in the
evaluation of atherosclerotic plaque and it may produce
correct, precise and high-quality images. In our opinion,
every patient in whom DUS has detected pathology should
be evaluated with CTA, because the use of sonography

alone does not produce acceptable results to inform the
choice of therapeutic approach [60, 132]. The wide use of
CT provides, in our opinion, optimal results and its
sensitivity in the evaluation of the degree of stenosis is
similar to that of DSA, without the latter’s risks.

Recent studies, moreover, have indicated that CTA gives
good results in the evaluation of other important plaque
characteristics such as, for example, the presence of ulcer-
ations and in the definition of plaque composition (fatty,
mixed and calcified components). In particular, CTA, besides
its ability to determine the degree of stenosis, correctly
characterizes plaque morphology and plaque position. MRI
noninvasively provides good results in the study of the carotid
artery, and is probably the correct choice if the clinician seeks
to characterize plaque composition, and determine whether
intraplaque hemorrhage [93] or a fissured fibrous cap is
present. However, MRI has several drawbacks compared to
CTA, including longer examination times with resultant
motion artifacts, pulsation artifacts, turbulent flow and in-
plane flow, leading to exaggeration of the stenosis and poor
demonstration of calcium.

Expected developments in the study of the carotid artery
using CTA are about its capacity in the characterization of
the plaque and some determinants of vulnerability such as
the presence of a thin/thick fibrous cap, the presence of a
fissured fibrous cap and correct identification of intraplaque
hemorrhage.

An important potential drawback of this technique is the
radiation dose. This is the major disadvantage in the use of
CT. The radiologist has to understand the technical aspects
in order to use it to obtain adequate diagnostic images while
at the same time administering the lowest radiation dose
possible.
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