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Abstract
Coronary computed tomography angiography (CCTA) has become a well-
established diagnostic tool for the assessment of coronary artery stenosis. In
particular, the high negative predictive value of almost a 100 % in patients with
an intermediate likelihood of coronary artery disease permits reliable exclusion of
coronary artery stenosis in patients with normal CCTA. Despite of the high
diagnostic accuracy, CCTA is able to visualize not only the coronary artery
stenosis but the coronary artery plaque. Differentiation of the coronary plaque
composition is crucial to identify plaque conditions being prone to rupture. CCTA
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provides a high accuracy for plaque detection and yields important diagnostic
information on the characterization of coronary artery plaques and the quantifi-
cation of coronary artery stenosis.

Keywords
Coronary computed tomography angiography • Coronary artery disease • Plaque
imaging • Plaque characterization • Coronary artery stenosis • Histopathology

Abbreviations
CCTA Coronary computed tomography angiography
CT Computed tomography
HU Hounsfield units
IVUS Intravascular ultrasound

Key Facts of Coronary Computed Tomography Angiography

• Coronary computed tomography angiography has a high diagnostic accuracy for
the assessment of coronary artery stenosis particularly to exclude substantial
stenosis in patients with atypical chest pain and an intermediate likelihood of
coronary artery disease.

• Coronary computed tomography angiography reliable depicts all kinds of coro-
nary artery plaques.

• The depiction rate of coronary computed tomography angiography depends on
the observer’s experience, the stage of plaque progression, and the presence of
calcifications.

• Characterization of coronary artery plaques is feasible by coronary computed
tomography angiography and permits identification of vulnerable plaques.

• The quantification of coronary artery stenosis by coronary computed tomography
angiography correlates with that from quantitative catheter angiography, but
grading systems for the degree of coronary artery stenosis are recommendable
for practical reasons.

Definitions

Cardiac computed tomography Cardiac computed tomography is a diagnostic
tool in which data acquisition of a computed tomography system is synchronized to
the heartbeat by the ECG signal in order to suppress motion artifacts by the beating
heart.

Catheter coronary angiography Catheter coronary angiography is a cardiology
diagnostic test and procedure in which a catheter is placed in the coronary artery and
the heart chambers to visualize the coronary artery lumen and the blood flow.
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Dual-energy computed tomography Dual-energy imaging is a special computed
tomography imaging method which is supplied by systems from different vendors.
The cornerstone of dual-energy imaging is to perform computed tomography at two
different energy levels. As a result, materials can be differentiated by differences in
Compton scattering and photoeffect at both energy levels, and therefore dual-energy
imaging adds to the diagnostic information from computed tomography imaging.

Dual-source computed tomography Dual-source computed tomography is a spe-
cial system, in which in opposition to the traditional single-source computed tomog-
raphy, the scanner is composed of two X-ray tubes and two detectors are arranged in
a 90� angular offset. The benefit of this special arrangement is a substantial increase
in temporal resolution and the ability to perform dual-energy imaging.

Intravascular ultrasound Intravascular ultrasound is an invasive cardiological
method in which a special catheter with an ultrasound probe attached to the end of
the catheter is placed in the coronary artery in order to visualize diseases in the
coronary artery wall and visualization of coronary artery plaques.

Stary classification scheme The Stary classification scheme is a histopathological
grading system for atheromatous plaques, which has been proposed by an American
Heart Association consensus group headed by Herbert Stary. This scheme divides
the coronary artery plaques by the different plaque components into eight different
types and differentiates early from advanced-stage plaques.

Atherosclerotic cardiovascular disease is one of the leading causes of morbidity and
mortality in developed countries. Coronary artery disease is characterized by the
development of plaques due to the accumulation of lipid or calcified deposits in the
coronary artery wall (Enrico et al. 2009; Olgac et al. 2009). Acute myocardial
infarction is most frequently the result of rupture of coronary atherosclerotic plaque
with subsequent formation of an intraluminal thrombus (Arbustini et al. 1999; Thim
et al. 2010; Henzler et al. 2011; Precht 2013). Procedures that can improve the
detection, the determination of the plaque composition, and the plaque quantification
are essential. Traditionally, imaging of coronary artery disease was based on catheter
coronary angiography. Unfortunately, this method is limited by the luminographic
visualization of the coronary arteries and the inability to visualize coronary athero-
sclerotic plaques (Fig. 1) (Raggi et al. 2005). Therefore, intravascular ultrasound
(IVUS) is considered as the clinical reference modality for most accurate character-
ization and detection of coronary atherosclerotic plaques, regarding plaque mor-
phology and quantification of arterial stenosis (Raggi et al. 2005). Despite its
advantages compared with catheter coronary angiography, the application of IVUS
for risk stratification in larger patient populations is limited due to its invasive nature.
Hence a noninvasive, widely available technique for the detection and characteriza-
tion of the content of coronary atherosclerotic plaques is desired. Today, computed
tomography (CT) is the preferred cross-sectional imaging modality for detection,
characterization and quantification of coronary artery stenosis.
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Coronary Plaque Detection with CT

Technical Requirements

Coronary computed tomographic angiography (CCTA) is nowadays a clinically
accepted technique for noninvasive and accurate assessment of coronary artery
stenosis and coronary plaques (Dettmer et al. 2013; Alkadhi et al. 2008; Leber
et al. 2006; Leschka et al. 2005). CCTA not only permits noninvasive detection
and quantification of coronary artery stenosis but also enables the visualization and
characterization of the atherosclerotic plaque (Fig. 1) (Feuchtner et al. 2012; Dey
et al. 2010)

Initial CT studies using conventional single-energy CT systems with 4-slice and
16-slice technology have been limited by the relatively low spatial and temporal
resolution (Becker et al. 2003; Halliburton et al. 2006). In 2004, 64-slice CT systems
have become available for the first time and proofed to be robust enough for cardiac
CT imaging in daily clinical practice (Fig. 2). These CT systems allow for an
examination of the entire heart within a short breath-hold time of less than 10 s.
Due to improvements in spatial resolution, 64-slice CT systems yield a detailed

Fig. 1 Catheter angiography and CCTA in a 46-year-old male with atypical chest pain. Catheter
angiography (a) demonstrates the substantial coronary artery stenosis in the left ascending artery.
CCTA (b) is able to visualize the coronary artery stenosis and its cause, the atherosclerotic plaque
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evaluation of small-sized branches of less than 1 mm in diameter (Leber et al. 2005a;
Leschka et al. 2005; Mollet et al. 2005; Raff et al. 2005; Ehara et al. 2006; Nikolaou
et al. 2006; Ong et al. 2006; Pugliese et al. 2006; Ropers et al. 2006). However,
despite the improved temporal resolution, 64-slice CT systems still need a low and
stable heart rate for optimal image quality (Leschka et al. 2006), rendering a heart
rate control by the means of beta-blockers prior to CCTA frequently required. The
remaining challenges of temporal resolution and a resulting high detector coverage
speed have led to the development of the latest CT systems: 256-/320-slice CT and
dual-source CT. These CT systems are capable of covering the entire heart within a
single heartbeat. While the 256-/320-slice CT systems mainly focus on a large
detector coverage, the dual-source CT system mainly focuses on a high temporal
resolution: it is composed of two X-ray tubes, and two corresponding detectors are
mounted onto the rotating gantry with an angular offset of 90� (Flohr et al. 2006)
thus reducing the rotation angle needed to acquire the required projection data for
image reconstruction from half a rotation in a single-source CT to a quarter of a
rotation in a dual-source CT and thereby almost doubling the temporal resolution
(Flohr et al. 2006; Leschka et al. 2007; Matt et al. 2007).

A more detailed chronology on the technical development of CT for cardiac
imaging could be found in a recent review article (Leschka et al. 2009).

Depiction Rate of Coronary Artery Plaques with CT

A huge number of studies investigated the diagnostic performance of CCTA in the
detection of coronary artery stenosis in comparison to catheter angiography (Table 1)
(Leschka et al. 2009). All of the studies, irrespective of the CT scanner type used,
demonstrated a high negative predictive value of CT approaching 100 %, but the rate
of not-evaluative coronary artery segments highly depends on the CT system used
with up to 32 % of coronary artery segments being not-evaluative when using 4-slice
CT (Morgan-Hughes et al. 2003) and as low as 0 % being not-evaluative on 64-slice

Fig. 2 Histological sections of a Stary type V (a) and a Stary type VIII (b) coronary atherosclerotic
plaque
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CT (Leschka et al. 2005) and dual-source CT (Tsiflikas et al. 2009). In general, the
average specificity for patients with significant coronary artery stenosis has
increased, while the number of not-evaluative segments decreased with modern
CT technology. In addition, coronary artery plaques in proximal and mid-segments
are depicted with a higher sensitivity than in distal segments (Leschka et al. 2009).

Despite of these encouraging results on the high diagnostic performance of
CCTA, one must consider that those clinical studies commonly center on the
detection of substantial coronary artery stenosis (i.e., luminal diameter narrowing
of more than 50 %), while the CT detection rate of early stage coronary plaques
causing a non-substantial coronary artery stenosis which may represent precursors of
future coronary artery stenosis is less frequently investigated.

In a phantom study using a 64-slice dual-source CT, the detection rate for
coronary plaques of any histopathologic subtype was 79 %, while the detection of
advanced-stage plaques was 100 %. Nevertheless, although the CT system used in
the mentioned study (Leschka et al. 2010) had a spatial resolution of 0.4 � 0.4
� 0.4 mm3, the size of early stage atherosclerotic plaques still was below the
resolution of the CT scanner, so none of the very early stage plaques (i.e., Stary I)
and only 17 % of Stary II plaques could be identified by CT.

Influence of Observer Experience on Plaque Detection with CT

An important factor affecting the reliability and accuracy of coronary artery plaque
detection with CCTA is the observer’s experience in cardiac imaging. Saur
et al. (2010) conducted a study involving three readers with different levels of
expertise in cardiac CT imaging. All three readers evaluated 50 CCTA data sets
twice regarding the presence or absence of coronary artery plaques. Afterward, a
consensus reading was performed in which all three readers jointly determined the
presence of coronary artery plaques, which was then defined as the reference
standard of the study. The observer’s variability for plaque depiction varied between
κ = 0.582 for the least experienced reader and κ = 0.892 for the observer with the

Table 1 Diagnostic performance of CCTA the detection of coronary artery plaques in different
16-slice and 64-slice CT studies

CT system studies Patients (n)

Calcified plaque Non-calcified plaque

Sens. (%) Spec. (%) Sens. (%) Spec. (%)

16-slice CT

Achenbach et al. (2004) 22 94 94 53 87

Leber et al. (2005) 37 95 92 78 92

Caussin et al. (2005) 22 100 93 81 80

64-slice CT

Leber et al. (2005) 19 95 94 83 94

Sun et al. (2008) 26 93 90 97 –

Petranovic (2009) 11 86 89 90 –
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highest experience in cardiac imaging. Furthermore, with an increasing level of
experience, intraobserver variability for coronary plaque detection and the time
required for interpreting the cardiac CT study significantly decreased.

The accuracy of coronary artery plaque detection depends on the observer’s
experience, and the intraobserver variability and evaluation time decrease with
increasing observer experience (Saur et al. 2010).

Coronary Plaque Characterization with CT

Data from patients with acute coronary syndrome have shown that two-thirds of
culprit plaques were angiographically non-obstructive (i.e., less than 50 % lumi-
nal stenosis) (Ambrose et al. 1985). As such, the composition of the atheroscle-
rotic lesion rather than the degree of stenosis is currently considered to be the
most important determinant for the biomechanical stability of coronary athero-
sclerotic lesions and for acute clinical events (Pasterkamp et al. 2000). Albeit
coronary calcification is associated with worse cardiovascular prognosis, the
presence of calcification does not decrease the biomechanical stability of the
plaque (Huang et al. 2001). In contrast, a thin fibrous cap and a large lipid pool
are important determinants of increased risk for plaque rupture (Huang
et al. 2001). The ability to recognize such plaques vulnerable to rupture is
important for the detection of this risk and the possible prevention of acute
coronary events.

In CCTA, plaque elements can be characterized by their CT attenuation pro-
files, which are determined by the physical properties of the contained elements
(atomic number and density) and by the delivered tube voltage and tube current. A
CT classification of coronary plaque structures has been performed according to
the presence or absence of calcifications (Achenbach et al. 2004), by density
measurements of the plaque (Nikolaou et al. 2003), or by both methods combined
(Kopp et al. 2001; Becker et al. 2003; Schroeder et al. 2004a; Halliburton
et al. 2006).

Histopathological Classification

Atherosclerotic lesions are often classified according to Stary (grades I–VIII) in
histopathology (Stary 2000). An atherosclerotic plaque is classified as type I when
containing small isolated groups of macrophages with intracellular fat accumulation;
as type II when multiple foam cell layers are formed; as type III when isolated
extracellular lipid pools are present; as type IV when the predominant tissue in the
plaque is fat (histologically known as lipid core) and there is no detectable fibrotic
component located toward the lumen; as type V when the predominant tissue in the
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plaque is fat with a fibrotic plaque component located toward the lumen (histolog-
ically known as fibrous cap) (Fig. 4); as type VI when the lumen adjacent to the
plaque contains thrombotic material or the plaque surface is interrupted, indicating a
complicated plaque; as type VII when the predominant tissue of the plaque is
calcified; and as type VIII when the non-calcified tissue component is predominantly
fibrotic (Leschka et al. 2010).

The plaque composition determines the risk of acute coronary events
(Motoyama et al. 2007).

CT Classification of Coronary Plaques According to Calcified
Components

The qualitative approaches classify coronary plaques as non-calcified, mixed, or
calcified (Becker et al. 2003; Achenbach et al. 2004) (Fig. 3) or as predominantly
lipid rich, intermediate, or predominantly calcified (Schroeder et al. 2004a). Becker

Fig. 3 Qualitative classification of coronary artery plaques in CCTA as non-calcified (a), mixed
(b), and calcified plaques (c)
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et al. (2003) reported a moderate correlation of this descriptive classification scheme
compared to the histopathological Stary classification. In particular, calcified plaques
were found even in early stage Stary type III plaques. Moreover, plaques were
classified as being non-calcified by CT, although being predominantly calcified
type VII plaques. In contrast, Leschka et al. (2010) reported that none of the Stary
type VII plaques were classified as non-calcified. Mixed plaque composition was
found in Stary type IV–VIII and in 15 % of type VII plaques, whereas purely calcified
plaques were not only present in type VII but also in type V and type VI plaques.
Non-calcified plaques were found in all Stary types with the exception of type VII
plaques. Thus, a qualitative CT classification as non-calcified might be useful to
identify early stage plaques, whereas CT classification as mixed or calcified is highly
predictive of advanced plaque stage. Nevertheless, a descriptive classification that is
based on the presence of calcified components oversimplifies the histologic structure
of coronary artery plaques and does not permit the identification of vulnerable
plaques such as the fibrous cap atheroma (Huang et al. 2001; Leschka et al. 2010).

Classification of Coronary Plaques According to Density

The quantitative CT classification scheme for characterization of plaques is based on
density measurements for distinguishing lipid, fibrotic, and calcified components
(Kopp et al. 2001; Becker et al. 2003; Nikolaou et al. 2003; Schroeder et al. 2004b;
Halliburton et al. 2006). A CT density threshold of 60 HU for distinguishing
between predominantly lipid-rich and intermediate plaques and of 120 HU for
distinguishing between fibrotic and calcified components has been proposed
(Schroeder et al. 2004b).

Areas of plaque with density values <60 HU as measured by coronary
computed tomography angiography are associated with an increased likeli-
hood of lipid-core plaque in histology (Puchner et al. 2014).

Unfortunately, the measurement of plaque attenuation can be affected by several
factors. Plaque density measurements can also be compromised by the presence of
iodinated contrast agent in the arterial lumen (Cademartiri et al. 2005; Halliburton
et al. 2006; Pohle et al. 2007). Image noise can compromise the mean HU values
particularly of non-calcified plaque components, preventing accurate discrimination
of lipid and fibrotic tissues on the basis of density measurements (Barreto
et al. 2008). As a consequence, there is a large overlap of CT density values of
lipid-rich and fibrous coronary artery plaques in CT, and discrimination of both
plaque types by CT density is – if at all – only valid when considering a lipid-rich
plaque at a CT density of less than 30 HU (Fig. 4).

In a recent study using dual-source CT (Leschka et al. 2010), only the predom-
inantly calcified plaques of Stary type VII could be clearly distinguished from other
plaque types due to the high atomic number of calcium. The average CT density of
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early stage Stary type II–III plaques was significantly lower than that of advanced-
stage Stary IV–VIII plaques due to the increase of calcified components in
advanced-stage plaques with a corresponding increase in the average CT density.
However, a differentiation of Stary plaques except the calcified Stary VII plaques by
the CT density value is not feasible.

A qualitative CT classification of plaque composition differentiating
non-calcified, mixed, and calcified components as well as a quantitative
classification that is based on the CT density measurements distinguishes
between early and advanced-stage plaques (Leschka et al. 2010).

CT classification of coronary artery plaques on the basis of the presence of
calcification and average CT density allows for the identification of Stary type
VII plaques with a high diagnostic accuracy (Leschka et al. 2010).

Identification of Vulnerable Plaques by CT

The accurate assessment of plaque composition is of utmost importance, because
atherosclerotic plaques that are prone to rupture typically have a lipid-rich necrotic
core and a thin fibrous cap (Mann and Davies 1996; Virmani et al. 2000, 2002, 2003,

Fig. 4 Different studies on CT density measurements of lipid-rich, fibrous, and calcified coronary
artery plaques. There is a substantial overlap of attenuation ranges of lipid-rich and fibrous plaques
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2006). Studies using single-source CT scanners found a significant overlap of the
attenuation ranges of necrotic cores of rupture-prone plaques and of fibrous plaques,
which limited the results (Sun et al. 2008; Hur et al. 2009).

Studies have described a napkin-ringlike attenuation pattern of atherosclerotic
plaques on coronary CT images in patients with acute coronary syndrome, poten-
tially representing a culprit lesion. The pattern is characterized by a core with low CT
attenuation surrounded by a rim-like area of higher CT attenuation (Tanaka
et al. 2008; Goldstein et al. 2009; Kashiwagi et al. 2009; Narula and Achenbach
2009; Maurovich-Horvat et al. 2010). Histopathologically, the lesion is characterized
by a necrotic core, which is consistent with the low attenuation core of the plaque,
and a significant amount of fibrous plaque tissue, which is consistent with the high
attenuation rim on CT images (Fig. 5).

The napkin-ring sign is considered a CT signature of high-risk coronary
atherosclerotic plaque (Maurovich-Horvat et al. 2010).

CT images have been reconstructed using filtered back projection algorithms
since the inception of the modality. In recent years, iterative reconstruction algo-
rithms have become popular and have been implemented in CCTA. Iterative recon-
struction is based on multiple iteration steps taking into account the scanner
geometry and noise statistics, and it provides improved image reconstruction with
reduced scatter noise at the cost of higher computation time or it may be used to
reduce the radiation exposure of CCTA. Several studies have shown that iterative
reconstruction algorithms can improve image quality and reduce the radiation dose
without increasing the image noise level (Moscariello et al. 2011; Scheffel
et al. 2012; Schuhbaeck et al. 2013). It could be demonstrated that iterative recon-
struction algorithms may improve the feasibility and accuracy of plaque and stenosis
quantification (Moscariello et al. 2011; Scheffel et al. 2012; Fuchs et al. 2013;

Fig. 5 Cross-sectional CT
image of a coronary
atherosclerotic plaque with
napkin-ring sign. The plaque
contains a lipid-rich necrotic
core (asterisk), while the outer
portion of the plaque (line)
contains a significant amount
of fibrous tissue. L vessel
lumen
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Morsbach et al. 2013; Schuhbaeck et al. 2013). In 2014 Puchner et al. (2014)
investigated the effect of different iterative reconstruction algorithms on the assess-
ment of atherosclerotic plaque composition, using the histopathologic plaque clas-
sification as reference standard. They could demonstrate an improved diagnostic
accuracy of iterative reconstruction algorithms for the detection of vulnerable
atherosclerotic plaques with a lipid-rich core (Puchner et al. 2014).

Iterative reconstruction improves detection of high-risk lipid-core plaques and
thus may lead to improved management and risk stratification of patients with
coronary artery disease (Puchner et al. 2014).

One future approach for coronary plaque characterization might be the use of
dual-energy CT (Obaid et al. 2014). In dual-energy CT, both tubes of the dual-source
CT system are operated with different tube voltage thereby allowing a material
differentiation by the means of differences in photo effect and Compton scattering
(Johnson 2012). Obaid et al. (2014) demonstrated that the lipid-rich necrotic core has
a lower atomic number than calcium in the plaque and a lower density than fibrous
tissue and results in both the lowest attenuation values and the smallest change in
attenuation at different energies (Obaid et al. 2014). Using the attenuation at two
different energies, it turned out that the dual-energy index of a necrotic core is
significantly lower than that of fibrous plaques and calcified plaques, and, impor-
tantly, there is no significant overlap in the dual-energy indices of the necrotic core
and the fibrous plaque (Obaid et al. 2014). There is a significant change in attenu-
ation of the fibrous plaque at different X-ray energies but not of the lipid-rich
necrotic core (Fig. 6) (Obaid et al. 2014).

Dual-energy coronary CT angiography imaging may improve differentiation
of necrotic core and fibrous plaque (Obaid et al. 2014).

Coronary Plaque Quantification with CT

Quantification of coronary artery stenosis by CTcan be performed as diameter stenosis
or as area stenosis (Fig. 7). In our experience, diameter stenosis in CCTA correlates
better with the invasive quantitative coronary angiography, whereas area stenosis in
CCTA correlates better with intravascular ultrasound and histopathology. Some stud-
ies have tried to use a quantitative approach for determining percent stenosis and
comparing these absolute values to quantitative coronary angiography (Cury
et al. 2005, 2006; Hoffmann et al. 2005; Dragu et al. 2006; Busch et al. 2007;
Achenbach 2008). Although the degree of stenosis detected by CCTA and conven-
tional invasive angiography correlated, the relationship showed substantial scatter and
limits of agreement typically ranged from 20 % to 40 % (Cury et al. 2005, 2006;

1016 S. Leschka et al.



Fig. 7 Schematic drawing of stenosis measurement by CT. (a) Diameter stenosis is quantified by
measuring the minimal luminal diameter in the stenosis and comparison with the average diameter
of normal-appearing coronary segments proximal and distal to the stenosis. (b) Area stenosis is
quantified by measuring the luminal area in the stenosis and comparison with the average luminal
area of normal-appearing coronary segments proximal and distal to the stenosis

Fig. 6 The CT density of a
Stary type VIII plaque
(fibrotic, dotted region) at
different tube voltages
(80–140 kVp) substantially
decreases at higher X-ray
energies
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Hoffmann et al. 2005; Dragu et al. 2006; Busch et al. 2007; Achenbach 2008).
Therefore, applying a grading system for coronary artery stenosis is recommendable
for practical reasons (Table 2). Cheng et al. (2008) proposed the use of a categorical
5-point score to grade the stenosis in CCTA and could demonstrate a significant
agreement with quantitative conventional invasive coronary angiography. Cury
et al. (2006) used a 3-point score system with a wide category of moderate stenosis,
ranging from 41 % to 70 %. In daily clinical practice, we prefer the classification
proposed by Goldstein et al. (2007) who included a separate category for total
coronary occlusion, which can be an important distinction from high-grade stenosis.

Quantitative catheter angiography is the gold standard for coronary artery steno-
sis quantification. Early reports on stenosis grading in CCTA using 64-slice CT in
comparison to catheter angiography demonstrated only a minor correlation between
both modalities (Leber et al. 2006). Modern CT systems such as dual-source CT
provide accurate correlation of stenosis degree using angiography as reference and
are more reliable in the prediction of high-grade lesions reaching >70 % stenosis
(Dragu et al. 2008).

Dettmer et al. (2013) investigated the influence of the histopathological plaque
type on the stenosis degree grading in CCTA. They found that the overall stenosis
degree measurement significantly correlated between CT and histology and that the
luminal narrowing of non-calcified plaques is underestimated while the stenosis
caused by calcified plaques is overestimated by CCTA.

CT systematically overestimates the degree of stenosis in calcified plaques and
underestimates the degree of stenosis in non-calcified plaques, while quanti-
fication is accurate in mixed plaques (Dettmer et al. 2013).

Schroeder et al. (2004a) correlated the histopathological Stary classification
of atherosclerotic plaques with 16-slice CT, but a classification beyond the
three-tier system non-calcified, mixed, and calcified was not possible and the
degree of stenosis was not assessed. Dettmer et al. (2013) using a 64-slice
dual-source CT found no differences in stenosis degree measurements between

Table 2 Different grading systems for luminal diameter stenosis in CCTA

Cheng et al. (2008) Cury et al. (2006) Goldstein et al. (2007)

Grade
Luminal diameter
stenosis (%) Grade

Luminal diameter
stenosis (%) Grade

Luminal diameter
stenosis (%)

1 <25 Mild 0–40 1 1–25

2 25–49 Moderate 41–70 2 26–50

3 50–69 Severe 71–100 3 51–70

4 70–89 4 71–99

5 �90 5 100
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CT and histopathology for the Stary type III–VI and type VIII plaques, while
they found a significant difference between the two modalities for the early
non-calcified lesion Stary type II and the heavy calcified lesion Stary type VII.
The stenosis degree measured by CT was significantly overestimated for Stary
type VII plaques (mean difference �9 % � 10 %) and significantly
underestimated for Stary type II plaques (mean difference �14 % � 9 %).
The underestimation of early lesions is due to the limited spatial resolution,
while it is known that calcifications lead to an overestimation of a stenosis.
Both histopathology and CT found a significantly higher stenosis degree in
advanced-stage plaques (Stary type IV–VIII) compared to early stage plaques
(Stary II and III).

Modern CT reliably depicts advanced-stage coronary artery plaques with an
overall good correlation of stenosis degree compared to histopathology. How-
ever, the degree of stenosis is systematically overestimated in calcified plaques
and underestimated in non-calcified plaques.

Quantification of stenosis degree by CT is only accurate for mixed plaques
(Dettmer et al. 2013).

Conclusion

Owing to technical developments in the past years, CCTA has advanced from a
research tool to that of an increasingly used diagnostic modality in clinical practice.
Modern CT systems not only permit accurate detection and quantification of coro-
nary artery plaques but visualize the underlying coronary artery plaque and provide
information on the plaque composition. From the clinical point of view, CCTA may
be particularly useful for depiction of vulnerable plaques. Novel developments such
as dual-energy CT may improve the detection of rupture-prone plaques.

Potential Applications to Prognosis, Other Diseases, or
Conditions

The noninvasive identification of coronary atherosclerotic plaques and the determi-
nation of the plaque composition are some of the ultimate goals of coronary imaging.
Improvements in cardiac CT imaging have rendered this imaging modality to a
fundamental diagnostic tool in cardiology and can significantly improve the risk
stratification of patients with suspected coronary artery disease and may improve the
prognosis of coronary artery disease by early and focused therapy (Mowatt
et al. 2008; Gao et al. 2011).
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