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Non-invasive cardiac imaging: 
current and emerging roles for 
multi-detector row computed 
tomography. Part 2

The demand for non-invasive diagnostic 
imaging in cardiology increases with 

the advancing age of the population. 
Whilst exercise testing and myocardial 
perfusion scintigraphy have provided 
non-invasive functional assessment of 
coronary artery disease there has been 
little alternative to invasive coronary 
angiography for anatomical assessment  
of the coronary tree.

In recent years technological advances 
have enabled improvements in both 
temporal and spatial resolution such that 
multi-detector computed tomography 
(MDCT) is now able to reproducibly 
evaluate cardiac disease. The combination 
of this improved resolution with more 
advanced post-processing techniques 
now means that MDCT has the ability to 
perform both anatomical and functional 
assessment from the single study. This 
technique therefore not only provides a 
non-invasive alternative to conventional 
angiography but the same data-set allows 
concurrent assessment of cardiac function, 
assessment of aberrant vessels, graft 
patency studies and assessment of the 
coronary artery wall. 

Cardiac computed tomography (CT) has 
the potential to provide a much more 
complete assessment than conventional 
coronary angiography. It is likely to 
become the non-invasive imaging modality 
of choice to exclude significant coronary 

artery disease in those with intermediate 
risk of coronary artery disease.

This second part of a two-part article 
considers the clinical applications and 
clinical future developments for cardiac 
CT. The first part considered ECG-gated 
image reconstruction, image resolution, 
radiation dose, and post-processing 
protocols and limitations.

Clinical applications of cardiac CT
Recent advances in computed tomography (CT) 
processing technology have focused mainly on 
multi-detector computed tomography (MDCT) 
coronary angiography and there has been a rapid 
evolution from the research setting into clinical 
practice. The quality and quantity of the ‘raw’ 
dataset acquired for each scan allows assessment 
of anatomy, cardiac function, ventricular mass 
and volume,2 valvular stenosis assessment3 and 
identification of areas of fixed hypoperfusion.4 It 
can therefore offer information above and beyond 
that of alternative techniques such as the pure 
lumenography and ventriculography of invasive 
coronary angiography (ICA). Whilst cardiac 
magnetic resonance imaging (CMR) remains the 
cardiac modality of choice for the assessment of 
many of these functional parameters, it still lacks 
the ability to routinely assess the coronary tree. CT 
can provide clear delineation of the entire coronary 
tree including assessment of the vessel wall. 
With functional assessment it offers a one-test 
assessment e.g. prior to a valve replacement in a 
60-year-old patient who has a low to intermediate 
risk of coronary artery disease or, alternatively, in a 
patient with congenital valvular stenosis who may 
also have aberrant coronary arteries.
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Coronary calcium scoring
MDCT, like electron beam computed 
tomography (EBCT), accurately identifies 
coronary calcium and allows for direct 
quantification of the overall burden of disease. 
EBCT assessment utilises the Agatston 
calcium score, which is the sum of all calcium 
clusters within all coronary arteries, adjusted 
for peak density, giving an overall figure.5 The 
prevalence and extent of coronary calcium 
varies widely and increases with age in both 
men and women6 but even small quantities 
of coronary calcium have a significant impact 
on prognosis and mortality.7 It has been 
shown that the presence of coronary calcium 
almost always represents atherosclerosis8 
and screening is particularly beneficial in 
reclassifying individuals of intermediate 
clinical risk on standard criteria to a higher 
or lower risk group by the addition of their 
coronary calcium assessment.9 MDCT utilises 
a modified version of this score; the Agatston 
score equivalent,10 but can additionally 
provide volumetric and mass quantification.11 

Coronary calcium scoring is unproven as a 
population screening tool.12 It requires less 
than 1 mSv of radiation and usually forms part 
of MDCT coronary angiographic protocols prior 
to contrast injection. It should be noted that 
high levels of coronary calcium prevent full 
assessment via MDCT coronary angiography 
due to over projection of high density plaque 
into the lumen. This makes a known high 
calcium score a relative contraindication to 
MDCT coronary angiography.13,14

Contrast enhancement
There are two common methods of optimising 
the timing of image acquisition following 
contrast injection to achieve maximal coronary 
artery opacification. In our unit, to acquire 
optimally opacified images of the coronary 
arteries, a test bolus of contrast is first 
injected via the antecubital vein to assess 
the optimal timing for the MDCT coronary 
angiogram. This is based on the time density 
curve in the ascending aorta. This technique is 
referred to as the test bolus method. A delay 
of three to five seconds is then added to allow 
for filling of the distal coronary arteries and the 
study is then acquired at this pre-determined 
delay following the start of the contrast delivery. 

CARDIAC IMAGING

The second technique, referred to as bolus 
tracking, automatically triggers the acquisition 
when a low dose monitoring scan detects the 
arrival of contrast in the ascending aorta.15 

Contrast flow is dependant not only on the size 
and position of the intravenous cannula but 
also on the underlying cardiac output. During 
the actual angiogram the patient receives 
breath hold instructions followed by 70 ml of 
contrast injected at 4–5 ml per second through 
a 20-gauge venflon in the antecubital fossa. 
To achieve adequate contrast delivery speed a 
double-headed power injector is employed. This 
initial contrast bolus is immediately followed 
by a smaller (40–50 ml) pure saline chaser or 
50:50 contrast and saline mix to optimise image 
quality and contrast enhancement throughout 
the entire coronary tree, push contrast out of 
the arm veins and to minimise beam attenuation 
from the excessively dense contrast in the 
right heart and superior vena cava.16 After the 
necessary time delay the scan commences 
and covers the 12–14 cm cranio-caudal scan 
in a single breath hold of 8–12 seconds on a 
64-channel system. Older four- and 16-channel 
CT systems require significantly longer patient 
breath holds.

As previously outlined, there are several other 
factors that must also be optimised prior to 
scanning for the best chance of clear and 
diagnostic images. These include a suitable 
heart rate (50–70 bpm) which may require 
the use of negative chronotropes as necessary; 

a regular cardiac rhythm (although anecdotal 
evidence would suggest that rate-controlled 
atrial fibrillation does allow for reasonable image 
quality); no or low coronary calcium burden and 
no respiratory or patient movement. Very large 
patients also cause significant degradation of 
image quality.

Clinical performance
MDCT angiography has been compared with 
ICA at each stage of development. Four-slice 
MDCT images were not of suitable quality 
to elucidate stenoses in smaller vessels and 
had a reported sensitivity of 92–95% and 
specificity of 86–93%.17,18 These values 
improved with 16-detector machines19 and 
the most recent 64-detector data suggest 
a sensitivity of 99% and specificity of 
95% with a negative predictive value of 
99% and positive predictive value of 76% 
in technically adequate studies.20 MDCT 
coronary angiography has therefore improved 
significantly with advances in technology but 
still has a tendency to overestimate coronary 
artery stenoses (particularly if calcified). It is 
clear that the major strength of CT coronary 
angiography (CTCA) lies in its ability to 
exclude significant coronary artery disease, 
reflected in the high negative predictive values 
reported in the majority of studies.21 It is 
now an accepted alternative in the diagnostic 
assessment of coronary artery disease.  
Table 1 gives the indications and  
contra-indications for this technique.

Table 1.  Clinical indications and contra-indications to CT coronary angiography

Clinical indications	

•	Patients with low to moderate risk of significant  
	 coronary stenosis

•	Patients who do not wish to undergo invasive  
	 coronary angiography

• Patients in whom coronary angiography may be problematic  
	 (e.g. coronary artery bypass grafts, adult congenital heart 
	 disease, severe peripheral vascular disease)

• Patients in whom invasive coronary angiography may be  
	 particularly high (e.g. severe aortic stenosis)

Clinical contra-indications

• Patients with high risk of  
	 significant coronary stenosis

• Previous severe  
	 contrast reaction

• Persistent tachycardia  
	 despite pharmacological  
	 intervention



Copyright Medinews (Cardiology) Limited Reproduction Prohibited

Copyright Medinews 
(Cardiology) Limited 
Reproduction Prohibited

Copyright Medinews 
(Cardiology) Limited 
Reproduction Prohibited

Copyright Medinews (Cardiology) Limited Reproduction Prohibited

Co
py

rig
ht

 M
ed

in
ew

s 
(C

ar
di

ol
og

y)
 L

im
ite

d 
R

ep
ro

du
ct

io
n 

Pr
oh

ib
ite

d

Volume 14 Issue 4 | September/October 2007 | The British Journal of Cardiology | 239 

CARDIAC IMAGING

Several patient groups should all be 
considered for CTCA:

l those patients who do not wish to have an ICA

l those in whom an ICA is likely to be problematic 

(e.g severe peripheral vascular disease)

l patients in whom there is a high likelihood 

of aberrant coronary vessels (e.g in adult 

congenital heart disease)

l those where the risk of ICA is particularly high 

(e.g severe aortic stenosis)

l those in whom an alternative to myocardial 

perfusion scintigraphy (MPS) is sought. 

MDCT should not be carried out on patients 
with a high risk of coronary artery disease 
since ICA can and should lead seamlessly into 
immediate intervention in this group. 

Stent and graft assessment
Coronary stents are easily visualised on 
both contrast-enhanced and non-enhanced 
CT images due to their high density (figure 
1).12 Unfortunately due to their high density, 
stents produce similar problems to heavily 
calcified vessels with over projection of high 
density into the lumen of the vessel making 
assessment of in-stent restenosis from neo-
intimal proliferation problematic even with the 
64-detector scanners.22 Some manufacturers 
have provided dedicated reconstruction 
algorithms in an attempt to surmount this 
difficulty. Total occlusion or severe stenosis is 
generally detectable by MDCT angiography. 
Stents with thinner struts are more assessable 
due to their lower overall density23 but MDCT 
angiography remains of limited usefulness in 
quantitative assessment of non-significant 

in-stent restenosis imaging and is only reliable 
in stents with a diameter in excess of 4 mm.12 
Currently MDCT angiography is of benefit in 
assessment and follow up of left main stem 
stents but has only moderate sensitivity in 
other, smaller vessels.24 As with diagnostic 
MDCT angiography, there is a high negative 
predictive value and MDCT may be best 
employed as a gatekeeper to further invasive 
angiographic investigation.

In contrast to the technical difficulties of 
stent assessment, graft patency assessment 
lends itself well to MDCT angiography due 
to the large diameter, limited calcification 
and relative immobility of grafts (figure 2). 
Limitations include artefacts secondary to 
metallic clips, sutures, surgical markers 
and the proximity of grafts to sternal wires. 
Up to 10% of vein grafts may become 
occluded within the peri-operative period25 
rising to 25% at five years and 59% at 10 
years. Arterial graft occlusion rises to 17% 

in the same 10-year period.26 MDCT has 
been shown to be both highly sensitive and 
specific in assessment of coronary artery 
grafts with sensitivities between 95% and 
100% and specificity of 94 and 100%.27,28  
Given the technical difficulty of graft location 
during ICA, MDCT has been validated as a 
robust clinical alternative. A full assessment, 
however, must also look at the native vessels 
and this can be more problematic due to the 
likelihood of severe and diffuse disease with 
the inherent likelihood of severe calcification. 

Atherosclerotic plaque 
burden: assessment  
and characterisation
One of the major potential advantages 
of MDCT coronary angiography over 
conventional ICA is the ability to identify not 
only calcified lesions but also the various 
other components that make up so-called 
‘soft’ plaques. There is a difference in 

Figure 1. Multi-planar reformatted 
image to assess stent patency in the 
proximal right coronary artery

Figure 2. Volume-rendered image of left internal mammary artery graft to distal left 
anterior descending coronary artery
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attenuation between lipid, fibrous and 
calcified material and this allows not only 
differentiation of soft plaque from calcified 
plaques but allows some assessment of 
plaque composition.29 There has been 
considerable interest in soft plaques as these 
may represent high-risk plaques with a higher 
tendency to rupture.30 It has been shown that 
in patients presenting with acute coronary 
syndrome there is a higher prevalence of soft 
plaque and vascular remodelling identified on 
MDCT compared to a similar population with 
stable angina pectoris.31 Soft plaques can 
also be assessed via intravascular ultrasound 
(IVUS) but this is expensive and invasive. 
MDCT has been shown to correlate well with 
IVUS.32 It is not possible to give absolute 
figures for these composites of plaques since 
data suggest that the higher the intra-luminal 
density of the contrast, the higher the soft 
plaque density surrounding it33 and further 
research is required on the interaction 
of these two factors before these subtle 
distinctions can be reliably incorporated into 
clinical practice.

Ventriculography: volumes, 
mass and function
Data obtained during the MDCT coronary 
scan can also be used to derive left and 
right ventricular function. Reconstruction 
of the datasets at multiple phases of the 
cardiac cycle (usually every 5% or 10%) 
allows calculation of both end-diastolic and 
end-systolic volumes of the left ventricle and 
therefore stroke volume, cardiac output and 
ejection fraction. Left ventricular volumes 
can be reconstructed at these phases using 
dedicated software. With some interaction, 
left ventricular wall motion, thickening and 
thickness can also be derived.34 There is good 
correlation between MDCT, CMR1 and trans-
thoracic echocardiography (TTE)34 for ejection 
fraction. Regional wall abnormality assessment 
is less favourable when compared to TTE 
due the lower temporal resolution of MDCT. 
There is a good correlation between the two 
techniques for akinetic, dyskinetic and normal 
segments but only a moderate correlation in 
the assessment of hypokinetic segments.34 
The fact that many patients are also treated 
with negatively chronotropic agents to facilitate 
their MDCT angiogram may also impact on 

their overall cardiac function. Right ventricular 
function is more difficult to assess due to its 
complex geometry, but initial preliminary data 
suggest a good correlation with CMR.35 This 
functional information comes for ‘free’ with the 
MDCT angiographic dataset.

Future developments
It can be seen that recent advances in 
MDCT technology have facilitated a rapid 
emergence of cardiac MDCT into mainstream 
cardiological practice. It is likely that MDCT 
angiography will become an increasingly 
utilised tool in the diagnosis of coronary  
artery disease, relieving the burden on  
nuclear medicine and reducing the number 
of day-case diagnostic angiograms. It has 
already been utilised in Emergency Rooms 
both in the USA36 and Israel37 to exclude 
significant coronary disease and/or  
pulmonary embolus and dissection (triple 
rule-out) in patients presenting with acute 
chest pain. This trend is likely to continue. 

Functional analysis is likely to become 
routinely incorporated into MDCT angiographic 
reports and will continue to be utilised in 
patients with contraindications to CMR. Valve 
assessment by MDCT has been validated in 
research with good correlation of aortic valve 
stenosis with TTE3 and transoesophageal 
echocardiography38 although MDCT data 
are likely to remain inferior to CMR for the 
foreseeable future due to the limited temporal 
resolution of MDCT and the benefit of 
additional flow data available on CMR. MDCT 
perfusion imaging is currently under intense 
investigation and whilst fixed hypoperfusion 
following acute myocardial infarction has 
been demonstrated and correlates well with 
CMR,4 its clinical usefulness remains to be 
seen. Dynamic perfusion protocols similar 
to those used in MPS scanning have also 
been developed and show a good correlation 
with MPS.39 This involves two scans, one 
at rest and one during stress, both involving 
a significant radiation dose and until this 
dose issue is resolved, MDCT is unlikely to 
challenge MPS in clinical cardiology. Efforts 
continue to minimise radiation.40 Many of the 
technological hindrances that currently limit 
the clinical utilisation of cardiac MDCT are 
also likely to be overcome in the forseeable 
future.

Key messages
•	Multi-detector computed tomography 

(MDCT) coronary angiography  
has the ability to assess the vessel 
wall and can reliably distinguish 
between calcified and soft plaque. 
Soft plaque may be more likely to 
rupture causing myocardial infarction 
and may be missed by conventional 
invasive angiography

•	Cardiac MDCT has the future 
potential to offer a ‘one stop shop’ 
providing lumenography, vessel wall 
assessment, myocardial perfusion 
and cardiac function. It is already 
being utilised in some emergency 
departments to triage patients with 
acute chest pain

Conclusion
Cardiac CT provides a much more complete 
cardiac assessment than pure coronary 
imaging. It provides morphological data 
comparable with CMR, functional data 
comparable with echocardiography and the 
potential for perfusion data comparable with 
MPS, which all highlight the versatility of 
cardiac MDCT. Optimal patient selection 
and preparation is currently the key to high 
quality imaging. The radiation dose, whilst 
not irrelevant, must be put in the context of 
overall lifetime cancer risk and also of the 
dose from alternative imaging techniques. It 
is important to acknowledge the reduction 
in morbidity and mortality from MDCT as 
compared with ICA when comparing the 
overall risk between techniques. Patient 
choice will influence the speed of uptake of 
cardiac MDCT, but the technique has come 
of age. The idea of a ‘one-stop shop’ for 
cardiac assessment is attractive and these 
are exciting times in the world of non-invasive 
cardiac imaging •
Conflict of interest 
None declared.

Editors’ note 
The first part of this article which considered  
ECG-gated image reconstruction, image resolution, 
radiation dose, and post-processing protocols and 
limitations was covered in the last issue of the journal  
(Br J Cardiol 2007:14:143–50).
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