
Once an atherosclerotic plaque has been identified and properly characterized
by means of coronary CT angiography (CTA), the next step is to define the ex-
tent of atherosclerotic involvement, i.e., significant reduction of the lumen by
stenosis or complete occlusion of the vessel. A reduction in the caliber of the
vessel lumen is associated with a reduction in blood flow and may have signif-
icant hemodynamic consequences; however, an important and clearly evident
parietal atherosclerotic plaque may be present without significantly reducing
lumen caliber. Thus, an exact definition of the extent of lumen reduction by
means of coronary CTA is very important from a clinical point of view. In
most cases, this diagnostic procedure is employed in not highly symptomatic
patients (in patients in whom there is strong clinical suspicion of coronary dis-
ease, catheter angiography is directly performed); then, depending on the re-
sults of the clinical examination, a decision is made as to whether a more inva-
sive approach (catheter angiography) is required. This decision depends at
least in part on the significance of the vessel stenosis. The aim and key role of
coronary CTA is to differentiate patients with normal coronary vessels from
those with limited atherosclerotic involvement without evidence of stenosis
(who may benefit from supportive drug therapy) and from those with signifi-
cant stenosis. In this latter group, catheter coronary angiography may confirm
the significance of the disease and define the therapeutic approach. 

The direct evidence of arterial stenosis provided by coronary CTA provides
access to additional information. For example, a stenosis > 70% causes a sig-
nificant hemodynamic reduction of vascular flow. Completely asymptomatic
patients, with negative treadmill tests, may present with important and signifi-
cant stenoses of one or more coronary arteries but with an overall reduction in
flow that is less than the 70% threshold.

In clinical practice, a stenosis is considered significant when the vessel cal-
iber is reduced by > 50%. Thus, the goal is to interpret coronary CTA images
such that the level of stenotic vascular involvement is precisely determined.
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Non-Significant Moderate Stenosis

As discussed in the previous chapter, marginal atherosclerotic plaques not
causing a significant reduction of the lumen caliber are frequently encoun-
tered in coronary CTA images. Once a plaque has been identified, it must be
properly analyzed. This requires that the vessel be evaluated in the orthogonal
and axial planes, with the aim of trying to define the influence of this margin-
al plaque on lumen caliber, using qualitative as well as semi-automated quan-
titative approaches (Figs. 9.1, 9.2). If the non-significance of the lumen re-
duction is established, no further procedure is necessary, as coronary CTA is
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Fig. 9.1 a, b. Marginal fibrolipidic plaque (arrow) of the middle third of the left anterior descending artery
(LAD), without significant caliber reduction. a Bi-dimensional image. b Three-dimensional volume-ren-
dered image

a b

Fig. 9.2 a, b. Mild stenosis of the LAD. a Three-dimensional image. b Bi-dimensional image showing mild
reduction in the caliber of the proximal segment of the LAD

a b



by itself diagnostic, allowing identification and characterization of the plaque
as well as definition of the extent of lumen reduction.

The semi-automated approach to analyzing lumen reduction is a fasci-
nating and important alternative to the qualitative, operator-dependent,
approach. Specific software analyzes the vessel in a bi-dimensional plani-
metric image and displays axial, transverse images simultaneous with the
longitudinal vascular exploration. The software is able to evaluate the cal-
iber of normal-sized vessels and the area of the lumen in the segment in-
volved by atherosclerotic plaque, providing an estimate of the degree of
stenosis. However, while definitely useful, the semi-automated approach
is usually combined with a more personalized approach; that is, qualita-
tive definition by the radiologist of the influence exerted by the parietal
plaque on the vessel lumen, thus differentiating significant from non-sig-
nificant stenosis. 

Calcified Plaques: Problems in Defining Vascular Stenosis

In a vessel with atherosclerotic calcified plaque involvement, the challenge to
the clinician is to define and properly specify the degree of vessel reduction.
However, densely calcified plaques create a “blooming” effect on CTA, i.e.,
in both three and bi-dimensional reconstructed images, the volume of the cal-
cified plaque appears much larger that it is in reality (Fig. 9.3). This CT arti-
fact is similar to that observed when metal objects are present in the area be-
ing imaged (for instance, the metallic wires of pacemakers). In the blooming
effect, there are large bright streaks and lines surrounding the object, both of
which limit the definition of its contours. Calcified plaques create a larger
volume, thereby impeding the radiologist’s efforts to understand the effective
influence of the plaque on the vessel lumen (Figs. 9.4, 9.5). It is then difficult
to clearly estimate (even with automated software) the significance of the
stenosis. Thus, in the evaluation of calcified plaques, care must be taken in
image analysis and reconstruction. Proper reconstruction protocols that limit
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Fig. 9.3. Short segmental isolated plaque of
the LAD. Blooming artifacts create a false exter-
nal expansion of the plaque out of the vessel lu-
men (arrow)

�



the blooming effect have to be employed. In the evaluation of stents, better re-
sults are obtained using reconstruction filters of intermediate value (usually a
value of 46 is indicated) (Fig. 9.6). Moreover, in bi-dimensional image recon-
struction and analysis, images of the vessels must be reviewed in the three 

88 Paolo Pavone, Roberto Leo

Fig. 9.4. Diffuse atherosclerotic involve-
ment with densely calcified plaques; an ar-
tifactual blooming effect is present

Fig. 9.5 a-c. Bi-dimensional images of densely calcified plaques with artifactual blooming effect. a, b Extensive plaques of the left de-
scending coronary artery. c Calcified plaque of the circumflex arteries

a cb

Fig. 9.6 a, b. Diffuse calcified plaques of the LAD. a A normal filter (value 30) shows the strong blooming
effect, with plaques appearing larger then they actually are. b The blooming effect is reduced with a 
46-value filter. Calcified parietal plaques with moderate stenosis are shown

a b



orthogonal planes; for images in the longitudinal axis, the plane located in the
most central position of the vessel has to be selected, while avoiding the so-
called partial volume effects (well-known to radiologists) that may further
lead to overestimation of the stenosis.

Despite these considerations, atherosclerotic calcified plaques remain dif-
ficult to evaluate. The real degree of stenosis is frequently overestimated in
current clinical practice, leading to the unnecessary use of catheter coronary
angiography. Experience with CTA and the development of newer software
(using image subtraction) will further improve our diagnostic confidence in
this field.

Significant Stenosis

Atherosclerotic plaques that cause significant stenosis may be eccentric, mar-
ginally located, or concentric. Coronary CTA images are able to define the in-
fluence of the plaque on lumen caliber and to identify patients with significant
stenotic involvement. Stenosing plaques may be calcific or fibrolipidic, and
proper characterization of the atherosclerotic plaques will result in a more ap-
propriate therapeutic approach (Figs. 9.7–9.9). In the evaluation of 3D images
acquired by CT, a complete analysis on three planes has to be performed, as
discussed previously, in order to better define the degree of stenosis. Manual
reconstruction methods provide qualitative measurement of the degree of
stenosis, whereas semi-automated procedures generate quantitative informa-
tion.
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Fig. 9.7 a, b. Significant stenosis caused by a mixed plaque with a central calcific core (arrow), as seen in
(a) bi-dimensional and (b) three-dimensional techniques

a b



The extension of the atherosclerotic burden on the coronary bed has to be
properly assessed and defined in CTA images, specifically, whether one, two,
or three coronary vessels are involved, since multi-vessel involvement influ-
ences clinical outcome and the course of coronary atherosclerotic disease
(Figs. 9.10–9.12). In addition, patient survival is directly related to the extent
of atherosclerotic involvement; being high for non-significant stenosis, low in
the presence of significant stenosis of a single vessel (Figs. 9.13–9.15), and
even lower when three-vessel disease is evident.

Stenosing atherosclerotic disease of the coronary arteries has to be corre-
lated with the anatomic configuration of the coronary bed. If congenital
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Fig. 9.8 a, b. Bi-dimensional images show (a) a marginal calcific plaque and a second, non-calcific fibroli-
pidic plaque, with 50% vessel stenosis (arrow). A third non-calcific plaque is also present (arrowhead) (b) 

a

b

Fig. 9.9 a, b. Severe stenosis caused by a concentric plaque of the proximal segment of the right coronary ar-
tery. a Axial image shows the plaque involvement and allows analysis of the reduced vessel lumen. b Bi-di-
mensional reconstructed image shows evidence of the stenosis, but with good distal vascular opacification

a

b

�



Chapter 9 Coronary CT Angiography: Evaluation of Stenosis and Occlusion 91

Fig. 9.10 a, b. Anomalous origin of three vessels from the same left coronary sinus. A stenosis of the mid-
dle segment of the circumflex artery is also present (arrow)

a b

Fig. 9.11 a, b. Significant stenosis of the right coronary artery just proximal to the crux (vascular bifurca-
tion). The stenosis is evident both in three-dimensional (a) and bi-dimensional (b) images

a b

Fig. 9.12 a-c. a, b Right coronary artery involved in multiple plaques, with focally significant reduction in the caliber of the arterial lu-
men. c Strong compensatory hypertrophy of the vessels of the left vascular anatomy are well evident in 3D volume-rendering images

a cb
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Fig. 9.13 a, b. Significant stenosis of the LAD due to a calcified plaque (arrow), as shown in (a) bi-dimen-
sional and (b) three-dimensional techniques

a b

Fig. 9.14 a, b. Significant stenosis of the LAD, evaluated by (a) volume-rendering and (b) curved multi-
planar reformatted (MPR) images

a

b

Fig. 9.15 a, b. Diffuse atherosclerotic involvement of the LAD, evaluated 
using (a) bi-dimensional and (b) three-dimensional images

a b



 hypertrophy of one coronary vessel is present (see chapter on coronary
 anatomy), stenosis of that single vessel will cause more significant pathologi-
cal findings, whereas stenosis of a congenitally hypoplastic vessel may have
less influence on myocardial perfusion. The same applies to coronary
 occlusion, which may be compatible with life only if a hypoplastic or non-
dominant vessel is involved.

Remodeling

The presence of an atherosclerotic plaque is not always paralleled by vessel
stenosis. Coronary arteries are rapidly pulsating vessels with consistent elastic-
ity; significant remodeling of the vessel lumen may reduce the effect of a pari-
etal plaque on vessel caliber and lumen. It is possible to have an important
marginal plaque, e.g., 2 mm thick, that does not significantly influence the ves-
sel lumen. This is exclusively found in coronary arteries and does not apply to
other vessels in the body. Progression of an atherosclerotic plaque of the
carotid arteries will be paralleled by a reduction of the lumen, with an increase
of the plaque volume. In the coronary arteries, however, if the vessels retain
their elasticity, the volume increase induced by a parietal, eccentric atheroscle-
rotic plaque will lead to distension of the contralateral vessel wall, with defor-
mity of the vessel course but also an increase in the vessel lumen and thus a
lack of stenosis. This phenomenon is called vascular remodeling and may be
well-evidenced in coronary CTA images (Fig. 9.16). In these cases, coronary
CTA may be even more accurate than catheter angiography. In case of remod-
eling, the caliber of the vessel, as shown by catheter angiography, may be com-
pletely normal. Only coronary CTA will correctly demonstrate and character-
ize the important, eccentric plaque. These findings have important prognostic
value; in fact, only CTA is able to show that such patients have coronary artery
disease and require treatment (mostly in the presence of fibrolipidic athero-
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Fig. 9.16 a, b. Vascular remodeling. a CT image shows evidence of a thick peripheral marginal and eccen-
tric coronary plaque (arrow) of the circumflex coronary artery. b Catheter coronary angiography does not
show any significant area of lumen reduction, due to vascular remodeling

a b



sclerotic plaque) to limit the possibility of atherosclerotic progress and to re-
duce the risks of complications of soft plaques (ulceration, hemorrhage), espe-
cially the development of acute coronary syndrome.

Occlusion of the Coronary Arteries and the Development 
of Collateral Circulation

Coronary artery occlusions can be easily evaluated with coronary CTA, due to
the fact that distal to an atherosclerotic plaque the lack of visualization of a
coronary vessel is diagnostic for coronary occlusion (Fig. 9.17). While com-
plete occlusion of the main left artery is never diagnosed, because it is a fatal
condition, it is not rare to find occlusions of the right coronary artery or of a
relatively hypoplastic left coronary branch, without concomitant significant
clinical findings. In fact, the anatomic configuration (dominant vessels, con-
genitally hyperplastic arteries) may greatly reduce the influence of vascular
occlusion, at least regarding the clinical aspect.

The coronary arterial bed is considered a “terminal” vascular bed in that
distal arteries, once occluded, cannot be revascularized by other, contiguous
vessels. This is true only for acute coronary occlusions; myocardial infarc-
tion will develop if an occlusion occurs acutely, such that contiguous ves-
sels are unable to compensate for the reduced perfusion. However, athero-
sclerosis is more frequently a slowly progressing chronic disease and there
is sufficient time for the development of coronary collateral circulation.
Collaterals are very thin, peripheral intramyocardial vessels with an invert-
ed vascular flow that allows revascularization distal to the vascular occlu-
sions (Figs. 9.18–9.20). They are usually too small for their proper and
 direct demonstration by coronary CTA and may be opacified only at
catheter angiography. CTA instead provides indirect evidence of their pres-
ence. In complete vascular occlusion, with distal re-filling of the involved
vessel, a diagnosis of collateral circulation can be made, thus also providing
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Fig. 9.17 a, b. Occlusion of the right coronary artery without distal re-vascularization and without collat-
eral vessels. a Three-dimensional image. b Bi-dimensional reconstructed image

a b
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Fig. 9.19 a, b. Occlusion of the right coronary artery, with evidence of collateral circulation providing flow
distal to the occluded segment (collateral circulation is not directly evident in acquired CT images). Bi-di-
mensional (a) and three-dimensional images (b)

a b

Fig. 9.18 a, b. Complete occlusion of the LAD. a Aneurismatica dilatation of the lateral part and the apex
of the left ventricle. b There is hypertrophy of the right coronary artery and the circumflex artery, supplying
vascularization to the remaining part of the left ventricular wall

a b

Fig. 9.20 a-c. Collateral circulation from the LAD shows revascularization distal to the occlusion of the
right coronary artery. a, b Three-dimensional images acquired with CT. c Catheter coronary CT angiography
shows small collateral vessels and revascularization of the distal right coronary vessel

b

ca
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information on the vessel that is contributing the inverted flow for revascu-
larization. Only in a few instances is it possible to directly evaluate collater-
al circulation, based on evidence of hypertrophic superficial epicardial ves-
sels or the “corkscrew” appearance of the vessels (Fig. 9.21). In addition,
collateral circulation may develop in the same coronary vessel (homo-coro-
nary collateral circulation) (Fig. 9.22).
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Fig. 9.21 a-c. Volume-rendering images obtained from a
patient who underwent a coronary artery bypass graft
(CABG) procedure. The LAD provides collateral circulation,
with large and tortuous vessels (arrow), to the occluded right
coronary artery

b

c

a

Fig. 9.22 a, b. Ipsilateral collateral circulation. The right coronary artery is occluded (stent occlusion). Both
CT (a) and catheter coronary angiography (b) show the small tortuous vessels providing revascularization
of the distal right coronary artery (arrow)

a b
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Evaluation of Coronary Artery Stenosis: A Review of the Literature

Coronary CTA exhibits a high sensitivity and specificity in the definition 
of coronary artery stenosis. The sensitivity in defining significant stenosis 
(> 50% caliber reduction) is 93% for the evaluation of single vessels and even
higher on a per patient basis, as shown in a recent meta-analysis of literature
data. Not surprisingly, the sensitivity with 64-slice systems is much higher
than that of 16-slice systems (83 vs. 93%), a difference that may also be relat-
ed to methodological improvements (more concentrated contrast agent, better
injection protocol) or to the faster rotational speed of the X-ray tube and ad-
vances in detector characteristics. Further improvements are expected with
technical advances, such as larger and more sensitive detectors arrays and
even faster rotation times, leading to reduced acquisition times of coronary
images.

As far as specificity is concerned, the current overall value is high, in the
range of 96%. Another important issue is related to the negative predictive
value, which is 97–98%. The significance of negative predictive value is very
important from a clinical point of view; in fact, it defines the ability of coro-
nary CTA to determine whether the vessels are normal, i.e., free of atheroscle-
rotic involvement. Accordingly, if the arteries are normal with respect to the
CTA findings, then there is a 98% certainty that the patient does not have
coronary atherosclerosis. This stresses the important role that CTA plays (in
symptomatic as well as in asymptomatic at-risk patients) in screening patients
without or with atherosclerotic involvement. The first group consists of pa-
tients with normal coronary arteries, in whom no further diagnostic evaluation
is needed. In the second group are patients with coronary artery disease,
which needs to be further characterize and staged by CTA, either alone or, in
the presence of clearly significant stenosis, by means of catheter angiography.
It is estimated that at least 30% of the catheter angiography examinations cur-
rently performed identify a normal coronary bed; thus, a large number of
these procedures could be avoided. At the same time, once significant coro-
nary disease has been diagnosed at CTA, it is not crucial whether the same
method is able to properly address the exact degree of stenosis; rather, further
defining and characterizing atherosclerotic vascular involvement are left to
catheter angiography.

Saving Lives

Radiologists, especially those who have only recently gained experience in
the field of cardiology, should be well aware of the fact that there are a num-
ber of truly asymptomatic patients who would have never undergone catheter
angiography, due to a lack of clinical indications. In this group, only the use
of coronary CTA is able to show the presence of important coronary disease.
These patients can thus be regarded as lives saved by CTA.

By being alert to such patients, we hope to overcome the indifference
with which some clinicians still regard coronary CTA. Several develop-
ments advocate the increased use of coronary CTA: (1) the problem of high
radiation exposure has been solved (80% reduction with newer equipment,

Chapter 9 Coronary CT Angiography: Evaluation of Stenosis and Occlusion 97



i.e., much less than the exposure that occurs in nuclear-medicine proce-
dures); (2) the technology is no longer primitive and the procedures have
become standard; and (3) the image quality is consistent, facilitating good
professional collaboration between cardiologists and radiologists and thus
better-informed clinical diagnoses. The frequency and ease with which
CTA can be used should reassure the properly informed patients that he or
she is undergoing a standard, routine clinical procedure, not a dangerous
examination. CTA is, in this aspect, no different than, e.g., a CT scan of the
kidneys for evaluation of kidney stones (which has made I.V.P. almost
completely obsolete) or magnetic resonance of the brain (which has totally
replaced the very invasive procedures used by neuroradiologists until the
1970s).

“Seeing” the coronary arteries, as is possible with CTA, is the best ap-
proach to directly determine whether a patient has coronary artery disease.
Every other diagnostic procedure provides only indirect information.

In the following, present three representative cases in which the patients
had highly significant CTA findings but either none or limited clinical find-
ings and a negative treadmill test.

Case 1: 40-year-old patient with mild symptoms, related to epigastric area.
Negative endoscopy, negative treadmill test. Stenting of the stenotic lesion
was performed (Figs. 9.23, 9.24).

Case 2: 70-year-old patient with no symptoms and a negative treadmill
test. The only indication for CTA was the fact that his son had died of an acute
cardiac arrest while playing football. The patient underwent stenting of a
stenotic lesion was performed (Fig. 9.25).

Case 3: 68-year-old asymptomatic patient with a negative treadmill test who
requested CTA after learning of the procedure in the media. A coronary artery
bypass graft was performed after coronary angiography (Figs. 9.26–9.28).
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Fig. 9.23 a-c. Case 1. Bi-dimensional MPR images
(a, b) and 3D images (c) show a severe stenosis of
the middle segment of the LAD due to a calcified
plaque

a

c

b

Fig. 9.24 a, b. Case 1. a 3D image of the stenosis.
Catheter coronary angiography (b) confirms the di-
agnosis and the absence of vascular flow distal to
the diseased segment b

a
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Fig. 9.25 a, b. Case 2. Severe stenosis of the LAD evaluated both in (a) bi-dimensional and (b) three-di-
mensional images

a b

Fig. 9.26 a-d. Case 3. Bi-dimensional images show occlusion of both the right coronary artery and 
the LAD. There is also a marginal plaque in the middle segment of the cirumflex artery, with significant
stenosis (arrow)

a

d

c

b
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Fig. 9.27 a, b. Case 3. Three-dimensional volume-rendering images show occlusion of (a) the middle
third of the right coronary artery and (b) the LAD. The circumflex artery is hypertrophic

a

b

Fig. 9.28 a-c. Case 3. Catheter coronary angiography shows
occlusion of the LAD and stenosis of the circumflex artery. a In
late angiographic phase, there is re-vascularization of the dis-
tal LAD through collateral circulation. b The right coronary ar-
tery is occluded (c) and the acute marginal artery is hyper-
trophic

a

c

b


