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Case 1. An asymptomatic patient with 
CVD risk factors
A 50-year-old businessman presents to your clinic. He is a smoker,
with high–normal blood pressure and cholesterol levels, and taking
no medical therapy. His father died at a similar age.

‘What is my risk of a heart attack, doc?’ he asks.
You check his history, risk factors and fasting lipid levels, and

using the Australian cardiovascular risk charts estimate he has an
‘intermediate’ five-year CVD risk of 10 to 15%.1

Can we do better at estimating his risk?

Coronary calcium scan
Absolute risk charts have significant limitations when applied to the
individual patient. A meta-analysis of 27 trials found underpredic-
tion by 57% in high-risk groups and overprediction by 287% in
low-risk groups.2 A coronary calcium scan (CCS) provides one solu-
tion to this problem. It is superior to standard risk algorithms for
assessing risk in asymptomatic patients,3-6 and outperforms the
Framingham risk score, carotid intima-media thickness (CIMT)
and high sensitivity C-reactive protein (hs-CRP)7 level as methods
to determine risk.

A CCS is a noncontrast cardiac CT for measurement of calci-
fied coronary plaque. A score is generated (usually the ‘Agatston
score’, which takes into account both the volume and distribution of
calcified plaque, named after Dr Agatston), which allows a specific
centile of risk to be allocated, and calculation of a hazard ratio based
on multicentre data.
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Management of cardiovascular risk factors is an
important part of routine general practice. New advances
in noninvasive imaging have improved our ability to
pinpoint risk for the individual patient. Two such
imaging techniques are a coronary calcium scan (CCS)
and coronary CT angiography (CCTA). When should
each be used in clinical practice?  

Key points
• A coronary calcium scan (CCS) is used to answer the related

questions: What is the CCS score-adjusted cardiovascular risk

of this asymptomatic patient? Is modification of lipid-lowering 

or other therapy required, and if so what is the target LDL-

cholesterol level?

• Its application is in the primary prevention setting in the

asymptomatic patient, and it is a tool for estimation of 

CVD risk.

• Coronary CT angiography (CCTA) is a different test, and

addresses the question: Does this symptomatic patient have 

a coronary stenosis or anomaly that explains the presenting

symptoms?

• Its application (as is the case for routine invasive angiography)

applies to diagnosis in the secondary prevention setting, and it

is a tool for defining the anatomy of native coronary arteries or

of coronary bypass grafts in symptomatic patients.

• Both a CCS and CCTA have the potential to change diagnosis

and management in selected patients, when used appropriately.
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Case 1 continued
You refer the patient for a CCS. His CCS score is 367, which is at the
97th centile for age, gender and race/ethnicity (Figures 1a and b).

What is the significance of the CCS score?
A CCS score of zero is associated with a very good prognosis and low
event rates (about 0.06% major cardiovascular events annually).
The detection of any coronary calcium (i.e. a score of 1 or greater)
indicates the presence of atherosclerosis and is associated with
increased coronary event rates proportional to the degree of calci-
fication (see Table 1).

The rule is the higher the CCS score, the higher the risk. Therapy
such as aspirin and statin medications can be commenced, or doses
increased, to modify this risk and achieve therapeutic targets.

Importantly, a high CCS score does not indicate coronary artery
stenosis, and does not mean that the patient should have an
angiogram or functional test, unless he or she develops symptoms.
The role of a CCS is as a risk-prediction tool to guide clinical deci-
sion making. Recent studies have shown that the CCS score may
improve adherence to lifestyle modification and medication by
identifying the presence of atherosclerosis.8

This patient’s CCS score of 367 means that he has established
atherosclerosis. This implies a significantly increased risk of future
cardiovascular events, and changes his risk profile from inter-
mediate, according the Australian cardiovascular risk chart, to 
high risk of future events. He now qualifies for aspirin and lipid-
lowering (statin) therapy. To put this in context, the estimated
probability of any positive calcium score (1 or above) for a white
male 50 years  of age is 41%, according to the Multi-Ethnic Study
of Atheroscler osis (MESA) data.3

Case 1 continued
The patient is referred to a cardiologist who discusses the prog-
nostic meaning of this test for the patient. The cardiologist also
reassures the patient that he does not require a stress test or angio-
graphy at this stage, and commences him on aspirin and statin
therapy with a target LDL cholesterol level of less than 2.0 mmol/L.

CCS and plaque detection
A CCS can see the ‘chalk’ – i.e. calcified plaque (as shown in Figure
1) – but not the ‘cheese’ (noncalcified plaque). Therefore, it should
be considered an extension of risk assessment, and not a ‘diagnos-
tic’ test. It should not be performed in patients under the age of 
45 years who may have noncalcified plaque. In addition, it is not
appropriate for patients who have: established coronary disease, had
previous heart attack, undergone revascularisation (stent or bypass),
or any symptoms consistent with ischaemia.

What is the cost of a CCS?
A CCS is quick, noninvasive and inexpensive. The out-of-pocket
cost for a CCS ranges from $100 to $250, depending on the
provider. Importantly, there is no Medicare or DVA reimburse-
ment for a CCS when performed alone. Often a CCS is performed

Figures 1a and b. Coronary calcium
scans (CCS). Noncontrast ECG-gated
acquisition in a 50-year-old man,
showing established calcified
atherosclerosis in the left anterior
descending (LAD) artery (a, left;
arrow), but no disease in the right
coronary artery (b, right). The CCS
score was 367, at the 97th centile for
subjects of the same age, gender, and
race/ethnicity who are free of clinical
cardiovascular disease (MESA data).
The probability of a positive (1 or
greater) calcium score for a white
male 50 years of age is 41%.3

Table 1. Risk of coronary events associated with an
increasing CCS score in the MESA trial*5

CCS score Hazard Number of MACE %
(number of ratio individuals  events
subjects) with hard  per annum

MACE events†

0–(3409) 1.0 8 0.06 

1–100 (1728) 3.89 25 0.38 

101–300 (752) 7.08 24 0.84 

>301 (833) 6.84 32 1.10 

* Coronary events were adjusted for risk factors. The MESA trial involved 6722 patients
followed for a mean period of 3.8 years.
† Hard major cardiovascular events include myocardial infarction, unstable angina,
sudden cardiac death and revascularisation (coronary bypass surgery or coronary
balloon angioplasty +/- stent).
ABBREVIATIONS: CCS = coronary calcium scan; MACE = major adverse cardiovascular
event; MESA = Multi-Ethnic Study of Atherosclerosis. 
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as a preliminary stage as part of a coronary CT angiogram (see
below).

Case 2. A patient presents with undifferentiated
chest pain
A 63-year-old woman presents with atypical central chest discom-
fort, occurring both at rest and on exertion. The ECG is normal, and
serum troponin and d-dimer tests are both negative. She wants to
know if she has a ‘blockage’ of her arteries, as a friend of hers died sud-
denly from a heart attack. Does she require any other investigation?

Coronary CT angiography
Coronary CT angiography (CCTA) is a noninvasive coronary
angiogram, developed to detect significant coronary artery stenosis
and evaluate the coronary anatomy. The early multislice CT scan-
ners were 4-slice systems; the standard-of-care is now a minimum
of 64 slices (Figure 2).9

Accuracy of CCTA
Three, large multicentre trials have established the accuracy and
predictive values of CCTA compared with invasive catheter angiog-
raphy.10-12 A negative CCTA reliably rules out significant coronary
disease, with a negative predictive value approaching 100%. Stenosis
and plaque are also accurately detected by CCTA, with high sensi-
tivity, specificity and positive predictive values up to 90%, depend-
ing on patient selection.10-12

Medicare reimbursement for CCTA
CCTA is reimbursed by Medicare, as of 1 July 2011. A specialist
must refer a patient for CCTA, and the test must be performed and
reported by an accredited cardiologist, radiologist or nuclear physi-
cian (www.anzctca.org). The test must be performed on a mini-
mum of a 64-slice scanner.

Indications for CCTA
The three main indications for CCTA are:
• assessment of patients with symptomatic, undifferentiated

(stable) chest symptoms consistent with ischaemia
• assessment of coronary anomalies, and 
• evaluation of patients prior to noncoronary cardiac surgery

(e.g. valve replacement surgery).
CCTA is highly accurate and appropriate for ruling out signif-

icant coronary disease in patients presenting with undifferentiated
chest pain, a normal ECG and a negative troponin test.13-15

It answers the question: ‘Does this patient have coronary artery 
disease or a significant stenosis?’ with high accuracy, rapidly and
noninvasively.

CCTA may be also useful in patients with ongoing stable 
chest symptoms despite a ‘normal’ or ‘equivocal’ stress test result
(nuclear, stress echocardiography or stress ECG), as all of these
tests have false-negative rates.8,16 It may also be useful as a first-line 
investigation in patients with newly diagnosed heart failure, to
exclude significant coronary disease requiring revascularisation.17 

Importantly, CCTA is not a functional test; to evaluate the
functional significance of an intermediate-grade lesion found 
on CCTA, a stress echocardiography or stress nuclear test, or
invasive measurement of fractional flow reserve may sometimes
be required.

How is CCTA performed?
CCTA involves a venous injection of iodine-based contrast, much
like a CT-pulmonary angiogram. However the scan is ‘gated’ in sync
with the patient’s ECG. For the best results it therefore requires a low
and stable heart rate. Premedication to control heart rate (such as
with oral beta-blockade) is often given before the scan.18

In many centres a CCS will be performed before CCTA to provide
quantitative risk assessment and allow better planning of the CCTA.
Patients with very high calcium scores (e.g. greater than 1000) pose
a challenge to accurate assessment of stenosis by CCTA, and may
be better served with another test. Importantly, image quality is

Figures 2a to f. Coronary CT angiogram (CCTA) in a 63-year-old woman 
who presented with atypical central chest discomfort with a normal ECG
and negative troponin test. A 64-slice dual-source CCTA was performed
using prospective gating, with effective dose of only 2.2 mSv. Three-
dimensional reconstructions of the heart (a, top left) and coronary tree 
(b, top right). No significant disease was present the left anterior descending
(c, middle left) or right coronary artery (d, middle right). However, a high-
grade (>70%) noncalcified stenosis was present in the first diagonal vessel
(e, bottom left). This was confirmed on invasive coronary angiography 
(f, bottom right), and the lesion was treated with a percutaneous stent. 
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inversely proportional to heart rate, and in most cases patients with
irregular rhythms (such as atrial fibrillation) may be best investi-
gated with an alternative test.

Coronary stenosis and plaque detection
CCTA is able to detect both the ‘chalk’ and the ‘cheese’ – i.e. the
amount of calcified plaque, partially-calcified plaque (‘mixed
plaque’) and noncalcified plaque (‘soft plaque’).19 This is a major
strength and allows assessment of ‘plaque burden’ as well as steno-
sis, which may have additional prognostic implications to calcium
scoring alone.20,21 However, CCTA should not be performed in
asymptomatic patients, in whom simple risk-assessment with a CCS
is all that is required.

What is the radiation dose of CCTA?
Radiation doses for cardiac CT have fallen dramatically in recent
years. To set the scene, background annual radiation exposure from
normal living in Australia is 2 to 3 mSv/year.22 Most medical radia-
tion exposure comes from nuclear myocardial perfusion imaging
(22.1% of the total annual exposure in the USA, with an average dose
16 mSv).23

When first introduced, CCTA involved the use of radiation doses
similar to that of nuclear perfusion imaging.  Recently, however, sig-
nificant reductions in the radiation dose used for CCTA have been
achieved, due to increased public and physician awareness, coupled
with major improvements in the technology. In a large multi-
national registry in 2008, the average dose was 12 mSv,24 but in

Table 2. Cardiac imaging: choosing the right test for coronary artery disease evaluation*

Test Ischaemia Plaque Stenosis LV function Limitation of Radiation† Cost (approximate
detection detection severity test out-of-pocket)

Echocardiography N/A N/A N/A ++++ Also Observer 0 $0–100 
RV, valve variability (rebate ± gap)
and diastolic 
function

Stress +++ N/A Approximated ++++ Observer 0 $0–250 
echocardiography by degree of variability (rebate ± gap)

wall motion 
abnormality

Nuclear SPECT +++ N/A Approximated ++ Poor spatial  12–25 mSv $0–250 
myocardial by degree of  resolution, misses (rebate ± gap)
perfusion tracer uptake ‘balanced 
scanning ischaemia’

Coronary calcium N/A ++ Only N/A N/A Asymptomatic 1–3 mSv $100–250 
scan  detects risk assessment (no rebate if
(asymptomatic calcified only performed 
risk assessment plaque alone)
– see Table 1)

Coronary CT   Implied by +++  +++ + Radiation dose 1–10 mSv $0–250  
angiography  severity of Visualises and accuracy (rebate ± gap)

stenosis stenosis, depends on  
calcified operator
plaque and experience 
noncalcified and patient 
plaque factors

Invasive coronary   If fractional +++  ++++ (gold + If LV gram Invasive  2–6 mSv $0–2000 
angiography  flow available‡ standard) performed complications (rebate ± gap)

* Information is a guide only, based on expert opinion.

† Radiation doses are indicative, based on current dose-length-product and evidence in 2011. Background global average atmospheric radiation is 2.4 mSv/year.

‡ Fractional flow reserve by intra-coronary pressure wire available in some centres.

ABBREVIATIONS: LV = left ventricular; RV = right ventricular; SPECT = single-photon emission computed tomography.
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some centres it was much lower (about 4 mSv) and in others, much
higher (about 30 mSv). The radiation dose received by the patient
is directly proportional to patient size and heart rate and scanner
settings, and dose reduction requires appropriate patient prepara-
tion and due diligence on behalf of the operators.25 A recent
Australian study showed that using prospective gating, a scan mode
which takes single pictures each beat and ‘stitches’ them together,
results in an 85.7% reduction in radiation dose compared with the
standard ‘helical’ acquisition.26 Most 64-slice scanners are capable
of prospective gating, if the software is installed.

The latest generation of scanners, available in a number of sites
around Australia, can perform an entire CT angiogram with a dose
of less than 1 mSV in selected patients. Importantly, it is not the dose
but the image quality that is most important – a scan is only as 
useful as the information it provides. Remember, it’s not just the
scanner, it’s how it is used.

Appropriate selection and preparation of patients, for the appro-
priate indication, makes CCTA a safe and effective technology when
performed by experienced operators.

Case 2 continued
The patient is referred to a cardiologist, who arranges CCTA with a
64-slice scanner using prospective gating, at a dose of 2.2 mSv. The
calcium score is 3, indicating minimal coronary calcium. There is a
noncalcified plaque causing severe stenosis of a large diagonal branch
(Figure 2e).

After a trial of medical therapy, the patient continues to experi-
ence angina and undergoes invasive coronary angiography and suc-
cessful percutaneous stenting of the lesion. She remains on lifelong
aspirin and statin therapy, with clopidogrel treatment for 12 months.

Summary
A diagnosis of coronary artery disease in an individual patient pro-
vides an opportunity for therapeutic intervention, whether lifestyle,
pharmacological or procedural, depending on the context.
• In asymptomatic patients, a CCS is appropriate for risk

assessment. 
• For symptomatic patients with stable, undifferentiated chest

pain or ongoing symptoms despite a ‘normal’ or ‘equivocal’
stress test result (nuclear, stress echo or stress ECG), CCTA
may be appropriate for defining the coronary anatomy.
Clinicians have a range of choices to investigate possible coro-

nary artery disease (Table 2). The choice depends on the indication
and the clinical question being asked. A CCS, CCTA, or both, 
may help in guiding treatment decisions for patients with possible
coronary artery disease. CT

References
1. National Heart Foundation - absolute risk. 2011 Available online at: www.heart
foundation.org.au/information-for-professionals/Clinical-Information/Pages/absolute-
risk.aspx (accessed August 2011).
2. Brindle P, Beswick A, Fahey T, Ebrahim S. Accuracy and impact of risk assessment in
the primary prevention of cardiovascular disease: a systematic review. Heart 2006; 92:
1752-1759.
3. McClelland RL, Chung H, Detrano R, Post W, Kronmal RA. Distribution of coronary artery

calcium by race, gender, and age: results from the Multi-Ethnic Study of Atherosclerosis
(MESA). Circulation 2006; 113: 30-37.
4. Folsom AR, Kronmal RA, Detrano RC, et al. Coronary artery calcification compared with
carotid intima-media thickness in the prediction of cardiovascular disease incidence: the
Multi-Ethnic Study of Atherosclerosis (MESA). Arch Intern Med 2008; 168: 1333-1339.
5. Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a predictor of coronary events
in four racial or ethnic groups. N Engl J Med 2008; 358: 1336-1345.
6. Blankstein R, Budoff MJ, Shaw LJ, et al. Predictors of coronary heart disease events
among asymptomatic persons with low low-density lipoprotein cholesterol MESA (Multi-Ethnic
Study of Atherosclerosis). J Am Coll Cardiol 2011; 58: 364-374.
7. Erbel R, Mohlenkamp S, Moebus S, et al. Coronary risk stratification, discrimination, and
reclassification improvement based on quantification of subclinical coronary atherosclerosis:
the Heinz Nixdorf Recall Study. J Am Coll Cardiol 2010; 56: 1397-1406.
8. Taylor AJ, Cerqueira M, Hodgson JM, et al. ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/
SCAI/SCMR 2010 appropriate use criteria for cardiac computed tomography. A report of the
American College of Cardiology Foundation Appropriate Use Criteria Task Force, the Society of
Cardiovascular Computed Tomography, the American College of Radiology, the American
Heart Association, the American Society of Echocardiography, the American Society of
Nuclear Cardiology, the North American Society for Cardiovascular Imaging, the Society for
Cardiovascular Angiography and Interventions, and the Society for Cardiovascular Magnetic
Resonance. J Cardiovasc Comput Tomogr 2010; 4: 407 e401-433.
9. Abbara S, Arbab-Zadeh A, Callister TQ, et al. SCCT guidelines for performance of
coronary computed tomographic angiography: a report of the Society of Cardiovascular
Computed Tomography Guidelines Committee. J Cardiovasc Comput Tomogr 2009; 3: 
190-204.
10. Meijboom WB, Meijs MFL, Schuijf JD, et al. Diagnostic accuracy of 64-slice computed
tomography coronary angiography: a prospective, multicenter, multivendor study. J Am Coll
Cardiol 2008; 52: 2135-2144.
11. Miller JM, Dewey M, Vavere AL, et al. Coronary CT angiography using 64 detector rows:
methods and design of the multi-centre trial core-64. Eur Radiol 2009; 19: 816-828.
12. Budoff MJ, Dowe D, Jollis JG, et al. Diagnostic performance of 64-multidetector row
coronary computed tomographic angiography for evaluation of coronary artery stenosis in
individuals without known coronary artery disease: results from the prospective Multicenter
Accuracy (Assessment By Coronary Computed Tomographic Angiography Of Individuals
Undergoing Invasive Coronary Angiography) Trial. J Am Coll Cardiol 2008; 52: 1724-1732.
13. Hoffmann U, Bamberg F, Chae CU, et al. Coronary computed tomography angiography 
for early triage of patients with acute chest pain: The Romicat (Rule Out Myocardial Infarction
Using Computer Assisted Tomography) Trial. J Am Coll Cardiol 2009; 53: 1642-1650.
14. Gallagher MJ, Ross MA, Raff GL, Goldstein JA, O'Neill WW, O'Neil B. The diagnostic
accuracy of 64-slice computed tomography coronary angiography compared with stress
nuclear imaging in emergency department low-risk chest pain patients. Ann Emerg Med 2007;
49: 125-136.
15. Hansen M, Ginns J, Seneviratne S, et al. The value of dual-source 64-slice CT coronary
angiography in the assessment of patients presenting to an acute chest pain service. Heart
Lung Circ 2010; 19: 213-218.
16. Liew GY, Feneley M, Worthley SG. Noninvasive coronary artery imaging: current clinical
applications: Cardiac Society of Australia and New Zealand guidelines. Heart Lung Circ 2011;
20: 425-437.
17. Hamilton-Craig C, Strugnell W, Raffel OC, Porto I, Walters D, Slaughter R. CT angiography
with cardiac MRI: non-invasive functional and anatomical assessment for the etiology in newly
diagnosed heart failure. Int J Cardiovasc Imaging 2011; Jul 26 [epub ahead of print].
18. Earls JP. How to use a prospective gated technique for cardiac CT. J Cardiovasc Comput
Tomogr 2009; 3: 45-51.
19. Weigold WG, Abbara S, Achenbach S, et al. Standardized medical terminology for cardiac
computed tomography: a report of the Society of Cardiovascular Computed Tomography. 
J Cardiovasc Comput Tomogr 2011; 5: 136-144.
20. Min JK, Edwardes M, Lin FY, et al. Relationship of coronary artery plaque composition to
coronary artery stenosis severity: results from the Prospective Multicenter Accuracy Trial.
2011; May 31 [epub ahead of print].
21. Min JK, Shaw LJ, Devereux RB, et al. Prognostic value of multidetector coronary
computed tomographic angiography for prediction of all-cause mortality J Am Coll Cardiol
2007; 50: 1171-1170.
22. Report of the United Nations Scientific Committee on the Effects of Atomic Radiation
2010. Vienna: United Nations; 2011. Available online at: www.unscear.org/
docs/reports/2010/UNSCEAR_2010_Report_M.pdf (accessed August 2011).
23. Einstein AJ, Weiner SD, Bernheim A, et al. Multiple testing, cumulative radiation dose,
and clinical indications in patients undergoing myocardial perfusion imaging. JAMA 2010;
304: 2127-2144.
24. Hausleiter J, Meyer T, Hermann F, et al. Estimated radiation dose associated with
cardiac CT angiography. JAMA 2009; 301: 500-507.
25. Vanhecke TE, Madder RD, Weber JE, Bielak LF, Peyser PA, Chinnaiyan KM. Development
and validation of a predictive screening tool for uninterpretable coronary CT angiography
results Circ Cardiovasc Imaging 2011; Jul 20 [epub ahead of print].
26. Freeman A, Learner R, Eggleton S, Lambros J, Friedman D. Marked reduction of effective
radiation dose in patients undergoing CT coronary angiography using prospective ECG gating.
Heart Lung Circ 2011; 20: 512-516.

COMPETING INTERESTS:  Dr Christian Hamilton-Craig is supported by grants from

the National Heart Foundation of Australia, the Queensland International Fellowship

and the University of Washington Trans-Pacific Fellowship. He is the regional 

Co-Chair of the International Society of Cardiovascular Computed Tomography. 

The authors report no conflicts of interest with regard to this manuscript.

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 1 1 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 1 0 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 9 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 8 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 7 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 6 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 5 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 4 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 3 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 2 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 1 .

D ownloaded for personal use only. No other uses permitted without permission. © M e d i c i n eTo d ay 2 0 0 0 .


