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Multislice CT angiography in cardiac 
imaging. Part II: clinical applications in 
coronary artery disease 
Sun Z, Ng K H 

ABSTRACT 
Multislice computed tomography (CT) 
angiography represents a technological evolution 
in cardiac imaging due to improved spatial and 

temporal resolution. Rapid improvements in 

multislice CT scanners over the last decade 

have allowed this technique to become a viable 
and effective alternative to invasive coronary 
angiography in selected patients. Multislice CT 
angiography has demonstrated high sensitivity 
and specificity, and in particular, a very high 

negative predictive value, which makes it a 

valuable imaging modality for screening patients 
suspected of coronary artery disease. In addition, 
multislice CT angiography demonstrates accuracy 

in the detection and characterisation of coronary 
plaques, and it has been reported to play an 

important role in predicting disease progression 
and cardiac events. The aim of this review was 

to present an overview of the clinical applications 
of multislice CT angiography in coronary artery 
disease, with regard to its diagnostic accuracy 
and predictive value in coronary artery disease. 

Emerging areas of multislice CT, including dual - 

energy CT and CT myocardial perfusion, are 
also discussed. Limitations of multislice CT 
angiography and future directions of cardiac 
multislice CT are highlighted. 
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INTRODUCTION 
Coronary artery disease (CAD) is the leading cause of death 

in Western countries. Invasive coronary angiography is 

the gold standard technique for diagnostic and therapeutic 

purposes in CAD, owing to its superior spatial and temporal 

resolution. Recently, invasive coronary angiography has 

been challenged by the emergence and fast-growing 

technique of multislice computed tomography (MSCT) 

angiography, which is less invasive.("' The diagnostic 

accuracy of MSCT angiography in CAD has been 

significantly improved with the increased performance of 

MSCT from the early generation of 4 -slice CT scanners to 

later models such as 16-, 64-, dual -source, 256- and 320 - 

slice CT scanners.(2' In particular, MSCT angiography 

has been reported to demonstrate a very high negative 

predictive value (more than 95%), indicating that it can 

be used as a reliable technique for excluding patients 

suspected of CAD, thereby reducing the need for invasive 

coronary angiography. MSCT angiography is also able 

to provide independent prognostic information for 

predicting disease progression and cardiac events. (9' This 

is of clinical significance because a normal cardiac CT 

angiography suggests that patients have normal coronary 

arteries and can be safely reassured without further testing 

or invasive examinations such as coronary angiography. 

Another advantage of MSCT angiography over 

coronary angiography lies in the fact that MSCT allows 

for the characterisation of atherosclerotic plaques and 

the identification of plaque components:101' Coronary 

angiography is restricted to visualising the luminal 

stenosis, but fails to provide information about the type of 

plaques or identify vulnerable plaques that could lead to 

thrombosis or myocardial infarction. 14) Therefore, MSCT 

angiography, a less invasive imaging modality, has been 

increasingly used for the detection of coronary stenosis, 

the evaluation of coronary plaques and the prediction 

of disease progression. In this review, we introduce the 

technological developments of MSCT in cardiac imaging, 

with a focus on the diagnostic and prognostic value of 

MSCT angiography in CAD. Emerging areas of MSCT, 

including dual -energy CT and CT myocardial perfusion, 

are also discussed, and future directions, including 

justification of the use of CT in cardiac imaging, are 

highlighted. 

MSCT ANGIOGRAPHY IN CAD: CURRENT 

STATUS 

MSCT angiography has been widely used in cardiac 

imaging, and its applications are mainly demonstrated 

in the following areas: calcium detection and scoring, 
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Fig. I Curved planar reformatted image acquired with a 64 -slice 
CT angiography shows a non -calcified plaque at the mid -segment 
of the right coronary artery in a 57 -year -old man suspected of 
coronary artery disease. 

the detection and characterisation of coronary plaques, 

the detection and diagnosis of coronary artery stenosis, 

as well as the prognostic value of CAD progression. In 

the following sections, applications of MSCT in CAD are 

discussed corresponding to each particular area. 

Coronary calcium scoring 

Coronary calcium scoring (CS) using MSCT has been 

validated as a useful imaging tool for risk stratification 

and reclassification of the risk of CAD."5' Coronary 

atherosclerotic lesions often contain calcified components 

which used to be accurately measured using electron 

beam CT, but are currently being replaced with MSCT 

by the Agatston scoring method."6 7' Recent guidelines 

from the American Heart Association reviewed the 

scientific data for cardiac MSCT imaging of CAD and 

atherosclerosis in symptomatic and asymptomatic 

patients, and approved screening using CS as a method to 

reclassify risk in patients with an intermediate risk based 

on traditional scores such as the Framingham and Procam 

algorithms.'' 
CS is usually performed as a screening method with 

the use of low radiation dose scanning techniques. The 

purpose of the scan is to detect and calculate the calcium 

density, volume or mass. The total coronary calcium is 

used as a way of prognosticating and stratifying the risk 

of CAD. The rationale behind it is that coronary artery 

calcification is part of the atherosclerotic degeneration 

of the arterial vessel wall, and coronary atherosclerosis is 

the only disease associated with calcium in the coronary 

arteries. Thus, measurement of the amount of calcium 

allows for an accurate estimation of the amount of 

coronary atherosclerosis and therefore, the risk of CAD. 

The total CS is calculated by adding up the volume of 
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Fig. 2 Curved planar reformatted image acquired with a dual - 

source CT angiography shows calcified plaques at the proximal 
and distal segments of the left anterior descending artery in a 

58 -year -old man presenting with symptoms of chest pain. 

calcium in all coronary arteries by a weighting factor, 

dependent on the density of each calcified plaque. 

CS is regarded as a good predictor of cardiac events 

and adds incremental prognostic value to risk factors in 

intermediate risk populations. Patients with a normal or 

zero CS fall into the lowest risk category, and are thus 

associated with a low risk of cardiac events, or considered 

to be clinically absent of any major atherosclerosis. 

The predictive value of CS is further supported by a 

recent study with the aim of identifying the incidence 

and predictors of conversion for a normal to abnormal 

coronary artery calcium over a period of five years."' In 

a prospective study, Min et al provided insight into the 

"warranty period" relative to a normal CS scan over time. 

They concluded that the rate of conversion to an abnormal 

CS scan was non-linear and occurred at a low frequency 

before four years of follow-up. Their data suggests that 

repeat CS should not be performed for a minimum of four 

years in individuals with a normal CS of zero.' '9) 

Characterisation of atherosclerotic plaques 

Atherosclerotic plaque size and geometry play an 

important role in the natural progression of the disease and 

may have important clinical predictive value. It is widely 

accepted that plaque composition, rather than the degree 

of luminal narrowing, may be predictive of a patient's 

risk for cardiac events. Extensively calcified lesions 

most likely represent atherosclerosis at the later stages 

of remodelling and may reflect more stable lesions.'20) 

However, earlier stages of atherosclerosis that do not 

contain calcium deposits may be more prone to rupture 

with the subsequent occurrence of acute events:21' Non- 

invasive imaging holds promise to not only identify flow- 
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Fig. 3 Curved planar reformatted image acquired with a dual - 

source CT angiography shows a mixed type of calcified plaque 
at the mid -segment of the right coronary artery (arrows) in a 

73 -year -old man with significant coronary stenosis. 

limiting coronary stenosis,(22) but also to detect plaque 

components, measure the atherosclerotic plaque burden 

and its response to treatment, as well as to differentiate 

stable plaques from those that are prone to rupture. (14,23) 

MSCT allows for the non-invasive detection of plaque 

morphology and composition (calcified vs. non -calcified 

atherosclerotic plaques) as well as the assessment of the 

extent of remodelling. (24) 

Coronary plaques can be characterised into the 

following three types based on the CT attenuation: (25) 

(1) Non -calcified plaques are defined as lesions with a 

radiodensity greater than the neighbouring soft tissue but 

lower than the contrast -enhanced coronary lumen (Fig. 1); 

(2) Calcified plaques indicate lesions with a density higher 

than the contrast -enhanced coronary lumen (Fig. 2); (3) 

Mixed plaques are lesions with non -calcified and calcified 

components (calcium component between 20% and 80%) 

within a single lesion or within a segment of the coronary 

artery (Fig. 3). Calcified plaques can also be further 

classified into focal (Fig. 4a) and extensive types (Fig. 4b), 

depending on the distribution of plaques along the coronary 

artery. 

Intravascular ultrasonography (IVUS), an invasive 

catheter -based imaging technique, is regarded as the 

reference method for studying coronary atherosclerotic 

plaques because it allows for reliable quantitative and 

qualitative characterisation of plaque components.(26) 

Previous studies have shown that MSCT is able to 

analyse coronary plaques quantitatively and qualitatively, 

especially by assessing the intra-plaque density.(12,27,28) 

However, a direct comparison of IVUS and MSCT has 

revealed general overestimation on MSCT for quantitative 

measurements of all areas and thickness.(29,30) Chopard et 

al recently reported that the 64 -slice CT failed to analyse 

plaque morphology and components accurately. (30) 
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Fig. 4 (a) Focally calcified plaque and (b) extensively calcified 
plaque are visualised at the right coronary and left anterior 
descending arteries, respectively, in two patients suspected of 
coronary artery disease. 

In a recent large, cohort study involving more than 

1,000 patients, Motoyama et al evaluated the role of MSCT 

plaque characterisation in predicting acute coronary events. 

Their study showed that the composition of plaques on 

MSCT was closely associated with the risk of developing 

acute coronary syndrome. (31) Technological improvements 

in CT scanning, such as the development of 256- and 320 - 

slice CT scanners, further enhance the ability of MSCT 

in the quantitative analysis of coronary plaques.(6-8) 

Korosoglou et al concluded that 256 -slice CT is able to 

identify and characterise atherosclerotic plaques with 

high reproducibility for the assessment of plaque size and 

subtype categorisation of the observed lesions. (32) Despite 

these promising results, MSCT is, unfortunately, unable 

to detect unstable plaques;(33) thus, the differentiation of 

lipid -rich content from fibrous content with CT remains 

challenging due to considerable overlap in the attenuation 

values of lipid and fibrous tissues. (3) 

Diagnostic value of MSCT angiography in CAD 

Over the last decade, there has been a great deal of interest 

in the imaging and diagnosis of CAD using MSCT due 
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to its less invasive nature and fast scanning technique 

with extended z-axis coverage when compared to single - 

slice CT. Earlier studies with 4 -slice and 16 -slice CT 

showed moderate diagnostic accuracy, with the pooled 

sensitivity and specificity being 78% and 93%, and 82% 

and 95%, respectively, due to limited spatial and temporal 

resolution. (34) 

MSCT examination times are shortened and the 

acquisition of isotropic volume data is made available 

with further improvements in scanning techniques using 

64 -slice CT compared with 16 -slice and 4 -slice CT, owing 

to improved spatial and temporal resolution. Several meta - 

analyses of 64 -slice CT studies have reported a range of 

results in sensitivity and specificity: sensitivities of 93% 

and specificities of 96% in six studies,(35)97% and 88% in 

15 studies, 36) 86% and 96% in 19 studies,(37) as well as 99% 

and 89% in 28 studies.(38) These studies have indicated 

that MSCT, especially with 64 -slice or more CT, has high 

diagnostic accuracy for the detection of CAD and could 

be used as an effective alternative to invasive coronary 

angiography in selected patients. 

The introduction of dual -source CT in 2006 marked 

another technological improvement to MSCT in cardiac 

imaging, as the temporal resolution was shortened 

from 165 ms to 83 ms, and heart rate dependence was 

eliminated. (39) Studies performed with dual source CT have 

shown promising results with high diagnostic accuracy for 

the detection of CAD, and most importantly, the image 

quality is independent of heart rate. (40-42) 

The race for improved technology in multislice CT 

scanning is continues. The development of wide -area 

detector CT enables greater coverage per gantry rotation. 

The expansion of MSCT systems from a prototype 256 - 

slice to a 320 -slice system has allowed for the acquisition 

of whole -heart coverage in one gantry rotation with a 

slice thickness of 0.5 mm.(6-8) With 320 -slice CT, a 16 cm 

craniocaudal coverage can be obtained in a single heartbeat, 

with excellent image quality and demonstration of the 

entire coronary arteries. It has been reported in a recent 

study that high diagnostic value, in particular, a negative 

predictive value of 100% (including non -diagnostic 

images) and a diagnostic accuracy of 95%, were achieved 

with 320 -slice CT angiography for the detection of more 

than 50% coronary stenosis on a patient -based analysis. (43) 

This indicates that 320 -slice CT angiography is a highly 

sensitive modality for the detection of significant CAD, 

although more data is required to confirm its diagnostic 

accuracy. 

Prognostic value of MSCT angiography in CAD 

Patient risk stratification and assessment of the prognosis 

are important to decide on the appropriate management 

of patients with suspected CAD, to determine whether 

aggressive therapy is required and to select patients for 

catheterisation. It has been reported that patients with 

three -vessel disease on coronary angiography have 

approximately a two -fold higher 12 -year mortality rate 

than patients with one -vessel disease, and the presence 

of left main coronary disease is an important negative 

predictor.'44) Since MSCT is not only able to assess 

coronary luminal changes, but also has the potential to 

visualise coronary artery wall morphology, characterise 

atherosclerotic plaques and identify non-stenotic plaques 

that may be undetected by conventional coronary 

angiography, it could be used as a non-invasive technique 

to provide prognostic information in patients with 

suspected CAD. 

MSCT angiography has been proposed in place of 

stress -testing for risk stratification in intermediate -risk 

patients with suspected CAD.'45' Preliminary reports 

have shown that MSCT angiography is able to provide 

independent prognostic information for predicting 

cardiac events and mortality in patients with known or 

suspected CAD based on short- to mid-term follow-up.'") 

Findings of MSCT angiography have been closely related 

to future cardiac events, with 0% or 1% cardiac events 

being reported in patients with normal cardiac CT or 

mild CAD, and up to 30% in patients with one or more 

vessel obstructive CAD:4748' The extent of coronary 

atherosclerotic plaque as well as the presence of proximal 

atherosclerotic plaque was found to be associated with 

a significantly higher risk of a major adverse cardiac 

event. (48) 

Functional evaluation of MSCT angiography in CAD 

Single photon emission computed tomography 

(SPECT) and positron emission tomography (PET) 

are well -accepted and widely established methods for 

the functional evaluation of CAD because they reveal 

perfusion defects caused by obstructive coronary 

stenosis. The most important applications of SPECT 

and PET are in the diagnosis of CAD, the prediction of 

disease prognosis, selection for revascularisation and the 

assessment of acute coronary syndromes. Conventional 

MSCT imaging only enables the acquisition of anatomic 

details concerning the degree of coronary stenosis; 

however, with the emergence of dual -source and dual - 

energy CT, the acquisition of both anatomic and functional 

information is possible.(49) With the introduction of the 

two -tube, two -detector configuration, it is now possible to 

acquire simultaneous images of high and low radiography 

energy spectra with a single scan. Previous studies have 
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demonstrated the potential usefulness of cardiac dual - 

energy CT for the comprehensive diagnosis of CAD 

and myocardial ischaemia, based on a single, contrast - 

enhanced electrocardiogram (ECG) -gated CT. (50,51) Dual - 

energy CT has been reported to have 92% sensitivity and 

93% specificity, with 93% accuracy for the detection of 

any type of myocardial perfusion defect confirmed on 

SPECT.(50,") 

Rocha-Filho et al recently reported the incremental 

value of adenosine -mediated stress CT perfusion 

imaging to coronary CT angiography for the detection 

of haemodynamically significant CAD with the aid 

of dual -source CT. The study demonstrated that a 

combined dual -source CT protocol for evaluating 

stress myocardial perfusion and coronary anatomy is 

feasible with an acceptable contrast medium load and a 

reasonable radiation dose. Moreover, the study increases 

our understanding of how stress CT perfusion can play 

a role in a clinical scenario, particularly in patients with 

a high pretest probability for CAD.'52' Despite promising 

results, large patient cohorts are required to confirm the 

potential application of a single protocol for the anatomic 

and functional assessment of CAD. 

LIMITATIONS OF MSCT ANGIOGRAPHY IN 

CAD 
It has been well established that MSCT angiography in 

highly calcified coronary arteries is difficult because of 

artifacts caused by high -density calcification. Accordingly, 

patients with high Agatston calcium scores were generally 

excluded from previous studies of MSCT, including 64 - 

slice CT. The majority of the studies indicate that a highly 

negative predictive value of MSCT angiography can 

reliably rule out obstructive CAD.(3653'54) However, the 

sensitivity, especially the positive predictive value of MSCT 

angiography in CAD, was reported to be variable according 

to several meta-analyses.(35-38) Specifically, CS > 400 were 

found to significantly reduce diagnostic specificity. 

In the ACCURACY prospective multicentre study 

of patients with chest pain without known CAD and 

intermediate disease prevalence, 64 -slice CT angiography 

had a patient -based sensitivity of 94% and specificity of 

83% in detecting coronary stenosis z 70% (patients with 

high calcium scores were included in the study).(") In the 

CORE prospective multicentre study of patients with 

suspected symptomatic CAD, 64 -slice CT angiography 

had a patient -based sensitivity of 85% and specificity of 

90% (patients with a CS of more than 600 were excluded 

from the study) for detecting coronary stenosis z 50%.(55) 

However, the negative predictive value of 83% for MSCT 

angiography in this study is much lower than the 99% 

value reported in the Budoff's study.'") These conflicting 

findings represent the limitations of the current studies due 

to the use of different study designs in each single centre 

and the different degree of rigour applied in controlling 

bias in a small study. It has been shown that significant 

statistical heterogeneity exists among published studies, 

with smaller studies reporting a higher diagnostic accuracy 

of MSCT angiography in CAD.1561 Therefore, results of the 

diagnostic value of MSCT angiography in CAD reported 

in the literature must be interpreted with caution. 

LIMITATIONS OF MSCT IN CALCIUM 
SCORING 

Although zero CS are associated with a low risk for 

developing cardiovascular events in the following two 

to five years,(57) even zero CS may not exclude luminal 

obstructive disease. Rubinshtein et al concluded that 7% 

of patients with acute or long-term chest pain who had 

zero CS were found to have significant CAD.(")It has been 

reported that a negative CS cannot be reliably used for 

ruling out obstructive CAD, especially in patients who are 

young and presenting with acute coronary syndrome.(59,60) 

Most of the studies reported that the cumulative incidence 

of a zero or low CS was associated with a risk of 0.1% and 

0.7% of cardiac events with a follow-up period of three 

to five years.(61) One study showed a higher cumulative 

incidence of 4.4% cardiac events during more than six 

years of follow-up.(62) This is due to the use of 6.0 -mm 

slice reconstruction instead of 3.0 -mm for CS in that study, 

which resulted in missing calcified lesions. This was also 

confirmed by a recent study using 320 -slice CT for CS. (63) 

21% of patients with coronary calcium who were detected 

on the 0.5 -mm slice reconstruction were missed on the 

3.0 -mm slice reconstruction. It was concluded in that 

study that prospective ECG -triggering at 0.5 -mm slice 

reconstruction led to an increased sensitivity for calcium 

detection compared to 3.0 -mm slice reconstruction. 

SUMMARY AND CONCLUSION 
Multislice CT has been recognised as the most valuable 

and potentially effective alternative to invasive coronary 

angiography for the detection and diagnosis of CAD due 

to its rapid technological development and improved 

diagnostic accuracy. Multislice CT demonstrates a 

high level of accuracy for the detection of coronary 

calcium, the characterisation of atherosclerotic plaques 

and the prediction of disease progression. Currently, 

with a moderate to high diagnostic value, multislice CT 

angiography cannot be recommended as an effective 

alternative to invasive coronary angiography in patients 

suspected of CAD. However, with a very high negative 
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predictive value, it is generally agreed that multislice CT 12. 

angiography can be used as a reliable technique for patient 

screening, thus reducing the number of unnecessary 

invasive coronary angiography examinations. 

Multislice CT angiography also serves as an 13. 

independent predictor for predicting disease progress and 

cardiac events. This is of clinical significance because a 

normal cardiac CT angiography suggests that patients 

have normal coronary arteries and can be safely reassured 14. 

without further testing or invasive examinations such as 

coronary angiography. Future directions of MSCT should 

focus on the continued improvement of temporal resolution 

and the development of advanced image reconstruction 15. 

algorithms to minimise the effects of severe coronary 

calcification. Another important aspect to be emphasised 

is the radiation dose associated with cardiac multislice CT 

angiography, which will be discussed in Part III of this 

series. 
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