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Introduction

C o m p u t e d  t o m o g r a p h y  ( C T )  h a s  b e e n  g a i n i n g 
widespread acceptance in clinical practice since its 
invention in the 1970s. However, cardiac imaging with 
the use of conventional CT has been limited due to the 
fact that cardiac motion interferes with conventional 
CT reconstruction algorithms and leads to loss of 
morphological details due to motion-related artefacts. 
Traditionally, cardiac imaging has been dominated by 
invasive coronary angiography. However, this has changed 
with the development of multislice CT scanners. The 
main applications of multislice CT in cardiac imaging are 
demonstrated in the detection and assessment of degree of 
coronary stenosis and prediction of disease outcomes (1-5).

In addition to the above applications, cardiac CT 
demonstrates the potential to characterize atherosclerotic 
plaques, visualize coronary artery wall morphology and 
identify non-stenotic plaques that may not be detected by 
invasive coronary angiography (6-8). The purpose of this 

paper is to provide an overview of cardiac CT imaging with 
a focus on the diagnostic and prognostic value in coronary 
artery disease. Radiation dose issues associated with cardiac 
CT imaging are discussed; limitations and future directions 
of cardiac CT are highlighted.

Characterization of coronary plaques

Coronary artery plaque was characterized into the following 
three types based on the CT attenuation: non-calcified 
plaques refer to plaques having lower density compared 
with the contrast-enhanced vessel lumen (Figure 1); calcified 
plaques indicate plaques with high density (Figure 2); mixed 
plaques refer to plaques with non-calcified and calcified 
elements within a single plaque or within a segment of the 
coronary artery (Figure 3). In addition, the calcified plaques 
can be further characterized into focal and extensive types 
according to the distribution of the plaques along the 
coronary artery (Figure 4).

Classification of plaques by cardiac CT based on 
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Figure 1 A non-calcified plaque (arrows in A) is shown at the proximal segment of right coronary artery on a 2D axial image. The plaque 
results in 40% lumen stenosis with regular intraluminal appearance as shown in the virtual endoscopic image (arrows in B) 

A B

Figure 2 A calcified plaque is detected at the left anterior descending (arrow in A) with more than 70% lumen stenosis on a 2D axial image. 
However, virtual endoscopic image confirms that the lumen stenosis is less than 50% (arrows in B). The overestimated stenosis on 2D image 
is due to blooming artefacts 
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composition has important clinical implications, with 
increasing numbers of mixed plaques associated with 
adverse major cardiac events (9-11). Emerging data suggests 
that mixed plaque burden is more likely associated with an 
increased risk of adverse cardiac events. Feuchtner et al. 
in their prospective study analysed 1,060 patients with an 
intermediate risk of coronary artery disease referred for 

64-slice CT coronary angiography and assessed whether 
there were differences in plaque composition and plaque 
burden in patients with coronary stenosis (12). Their results 
showed significant differences in plaque burden according 
to the severity of coronary stenosis, with mixed type of 
plaque being a significant indicator of adverse cardiac 
events due to its association with the high prevalence of 
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Figure 3 A mixed plaque is present at the proximal segment of right coronary artery (arrows in A) on a 2D axial image. Virtual endoscopy 
shows the irregular appearance of coronary wall due to remodelling that occurs in the coronary lumen (arrows in B) 
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obstructive coronary stenosis. This observation is supported 
by a recent multicentre study, ACCURACY trial, which was 
designed to determine the plaque composition in relation 
to the lumen stenosis (13). Min et al. in their multicentre 
trial showed patients with mixed plaque composition more 
often demonstrated obstructive coronary stenosis at both 
per-segment and per-patient assessments when compared 
to those with non-calcified and calcified plaques, while 
calcified plaques rarely resulted in obstructive stenosis. 
Therefore, plaque composition rather than the degree of 
luminal stenosis may be predictive of the patient’s risk for 
developing cardiac events.

Diagnostic value of cardiac CT in coronary 
artery disease

Diagnostic value of cardiac CT in coronary artery disease 
has been significantly increased with the developments 
of multislice CT scanners and electrocardiography-
gated (ECG) scanning and retrospectively reconstructed 
techniques. Early studies with use of 4- and 16-slice CT 
showed moderate diagnostic accuracy in the diagnosis of 
coronary artery disease due to technical limitations (1,14). 
Diagnostic accuracy was further increased with 64-slice 
CT due to improved spatial and temporal resolution, 

Figure 4 Extensive calcified plaques are observed on 2D axial and curved planar reformatted images (arrows in A and B) in the left anterior 
descending with significant luminal stenosis. Corresponding virtual endoscopy view demonstrates significant stenosis of the coronary lumen 
with an irregular intraluminal appearance (arrows in C). LAD-left anterior descending 
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thus leading to shorter examination times and better 
visualization of coronary arteries. Several systematic 
reviews and meta-analyses reported high sensitivities and 
specificities of 64-slice CT coronary angiography in the 
diagnosis of coronary artery disease (15-19). The main 
limitation of 64-slice CT angiography is that patient’s heart 
rate must be controlled to lower than 64 beats per minute 
(bpm) with use of beta-blockers to ensure optimal image 
quality for diagnostic purposes. This has been overcome to 
a greater extent with the development of dual-source CT 
as the temporal resolution has been significantly improved 
compared to single-source 64-slice CT (20,21).

Studies performed with dual-source CT coronary 
angiography have demonstrated high diagnostic accuracy 
for diagnosis of coronary artery disease, and most 
importantly the image quality is independent of heart 
rate (22-24). It has been reported that dual-source CT 
demonstrated the superior advantage in patients with high 
heart rates, and most importantly, high diagnostic image 
quality was achieved with lower doses in dual-source CT 
than that of single-source CT (25-27) (Figure 5).

Further technical developments and expansion of 
multislice CT systems from a 64-slice to 256- and 320-slice 
system have allowed for the accurate assessment of coronary 
stenosis and atherosclerotic plaque composition, or even 
the acquisition of whole-heart coverage in one gantry 
rotation (28-30) (Figure 6). Despite these advantages, the 
temporal resolution (135 and 175 ms) of 256- and 320-slice 
CT is inferior to that of dual-source CT (83 ms), thus, high 
radiation dose associated with 256- and 320-slice CT needs 
to be addressed in future technical developments.

Prognostic value of cardiac CT in coronary 
artery disease

In recent years, cardiac CT is increasingly used to provide 
the prognostic information about coronary artery disease. 
Studies based on a single centre experience reported that 
findings of cardiac CT have been closely associated with 
future cardiac events, with 0% or 1% cardiac events being 
reported in patients with normal cardiac CT or mild 
coronary artery disease, and up to 30% in patients with one 
or more vessel obstructive CAD (11,31,32). The extent of 
coronary atherosclerotic plaque as well as the presence of 
proximal atherosclerotic plaque was found to be associated 
with a significantly increased risk of a major adverse cardiac 
event (31). Prognostic value of cardiac CT can be further 
enhanced by determination of plaque composition (non-

calcified and mixed plaque burden), as reported in a recent 
study (33).

The CT-STAT trial, a prospective multi-center trial 
evaluating 700 patients presenting to the emergency 
department with acute chest pain symptoms further 
confirmed the prognostic value of cardiac CT (34). These 
findings demonstrated that the presence and severity of 
atherosclerotic plaque on cardiac CT were independent 
predictors of acute coronary syndrome. Despite these 
promising results, the prognostic value of cardiac CT in 
patients with suspected coronary artery disease needs to be 
further verified in cohorts with a large range of coronary 
artery calcium and inclusion of multi-centers (35,36).

Radiation dose related to cardiac CT

Radiation dose is becoming a major issue for cardiac CT, 
since CT is a high dose modality, and CT-related radiation 
risk is not negligible. The radiation risks associated with 
cardiac CT have become a hot topic of debate in the 
literature (37-40). The general view about radiation dose 
is that CT is associated with a risk of cancer development. 
Therefore, cardiac CT should be performed with dose-
saving strategies whenever possible to reduce the radiation 
exposure to patients.

A number of  techniques have been introduced 
to reduce the radiation dose in cardiac CT imaging 
without compromising image quality. These dose-
reduction techniques include ECG-controlled tube 
current modulation, lower x-ray tube voltage, high pitch, 
prospective ECG-triggered scanning and reconstruction 
algorithms (41,42). Of these dose-saving strategies, 
prospective ECG-triggering is the most effective approach 
in terms of dose reduction and high diagnostic accuracy 
when compared to conventional retrospective ECG-gated 
protocol (41-43). High pitch protocol is another strategy 
which is only achievable with the second generation of dual-
source CT scanners, Siemens Definition Flash. This dual-
source CT mode has high temporal resolution (75 ms) and 
it enables cardiac CT to be performed at high pitch value 
of up to 3.4, with dose lower than 1 mSv reported in some 
studies (44,45), thus, significantly reducing the radiation 
dose. There is no doubt that tremendous progress has been 
made to reduce the radiation dose associated with cardiac 
CT imaging, with a radiation dose of less than 10 mSv to 
as low as 1 mSv in some studies. It is important to note that 
the effective doses from current cardiac CT imaging are 
at the same level or even lower than those acquired from 
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invasive coronary angiography.

Limitations and future directions of cardiac CT

The main challenge in cardiac CT is that there is a strong 
demand on high temporal resolution which translates 
into the time required to acquire cardiac images in a very 

short period. A temporal resolution of 75 ms is achieved 
with the recent models of dual-source CT scanners, and 
this demonstrates a significant improvement in cardiac 
imaging. However, the temporal resolution of these 
models is still significantly inferior to that of invasive 
coronary angiography, which is 10 ms, therefore, aggressive 
approaches such as heart rate control with the use of beta-

Figure 5 Coronal maximum-intensity projection images acquired with a dual-source 64-slice CT angiography shows normal right (A) 
and left coronary artery branches (B). 3D volume rendering images (C and D) demonstrate right and left coronary arteries with excellent 
visualization of the main coronary and side branches 
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blockers still constitute an essential step in the current 
cardiac CT imaging. Further technical developments of 
multislice CT scanners in temporal resolution will benefit 
more patients, especially for those with higher or irregular 
heart rates.

The spatial resolution of current multislice CT scanners 
is excellent, which ranges from 0.4 to 0.5 mm, and this 
is close to the spatial resolution of invasive coronary 
angiography, which is between 0.1 and 0.2 mm. Thus, 
cardiac CT allows accurate assessment of main coronary 
arteries and side branches with high diagnostic accuracy. 
Despite this achievement, cardiac CT is unable to 
determine which plaques are ‘vulnerable’ or unstable versus 
those which are stable (46). Therefore, differentiation of 
lipid-rich content from fibrous content with cardiac CT 
remains challenging due to considerable overlap in the 
attenuation values of lipid and fibrous tissue (47).

Summary and conclusion

Cardiac CT represents the most rapidly developed 
imaging modality in cardiac imaging, with satisfactory 
results achieved in the diagnosis of coronary artery disease. 
Cardiac CT demonstrates high accuracy for detection and 
diagnosis of coronary artery disease, characterization of 
atherosclerotic plaques and prediction of disease outcome. 

Radiation dose associated with cardiac CT has increased 
significantly over the last decade due to widespread use 

of CT and this should draw attention to the clinicians 
responsible for referring patients for CT examinations. 
Accurate risk stratification for appropriate selection of 
cardiac CT is crucial, and both radiologists and referring 
cardiologists need to work together to develop better 
selection criteria for patients referred for cardiac CT.
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