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Coronary Artery Calcium Scoring (CAC) is a non-invasive quantitation of coronary artery calcification
using computed tomography (CT). It is a marker of atherosclerotic plaque burden and an independent
predictor of future myocardial infarction and mortality.
CAC provides incremental risk information beyond traditional risk calculators (eg. Framingham Risk
Score). Its use for risk stratification is confined to primary prevention of cardiovascular events, and can be
considered as “individualized coronary risk scoring” for those not considered to be of high or low risk.
Medical practitioners should carefully counsel patients prior to CAC. CAC should only be undertaken if
an alteration in therapy including embarking on pharmacotherapy is being considered based on the test
result.

Patient groups to consider Coronary Calcium Scoring
1.

CAC is of most value in intermediate risk patients (absolute 10-year cardiovascular risk of 10-20%)
who are asymptomatic, do not have known coronary artery disease and aged 45 – 75 years, where it
has the ability to reclassify patients into lower or higher risk groups.

2.

It may also be considered for lower risk patients (absolute 10-year cardiovascular risk 6-10%)
particularly in those where traditionally risk scores under estimate risk e.g. especially in context of
family history of premature CVD and possibly in patients with diabetes aged 40 to 60 years old.

Patient groups in whom Coronary Calcium Scoring should not be
considered
CAC is not recommended for patients who are:
1.

At very low risk (<5% absolute 10 year risk); or,

2.

High risk (>20% absolute 10 year risk) - as testing is unlikely to alter the recommended
management. This includes some patients who are automatically considered to be high risk (eg.
diabetics over 60 years old or diabetics with albuminuria, chronic kidney disease (eGFR < 45
mL/min), BP > 180/110, familial hypercholesterolaemia and cholesterol > 7.5 mmol/L) and
therefore should be managed aggressively with optimal medical therapy; or

3.

Symptomatic or previously documented coronary artery disease.
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Interpretation of CAC
CAC = 0.
CAC = 1-100.
CAC = 101-400.
CAC = 101-400 & >75th centile.
CAC > 400.

A zero score confers a very low risk of death, <1% at 10 years.
Low risk, <10%
Intermediate risk, 10-20%
Moderately high risk, 15-20%
High risk, >20%

Management recommendations based on CAC
Optimal diet and lifestyle measures are encouraged in all risk groups and form the basis of primary
prevention strategies. Patients with moderately-high or high risk based on CAC score are recommended to
receive preventative medical therapy such as aspirin and statins. The evidence for pharmacotherapy is less
robust in patients at intermediate levels of CAC 100-400, with modest benefit for aspirin use; though
statins maybe reasonable if they are above 75th centile. Aspirin and statins are generally not
recommended in patients with CAC < 100.

Repeat CAC testing
In patients with a CAC of 0, a repeat CAC may be considered in 5 years but not sooner.
In patients with positive calcium score, routine re-scanning is not currently recommended. However, an
annual increase in CAC of >15% or annual increase of CAC >100 units are predictive of future
myocardial infarction and mortality.

Cost effectiveness of CAC based primary prevention recommendations
There is currently no data in Australia & New Zealand that CAC is cost-effective in informing primary
prevention decisions. Given the cost of testing is currently borne entirely by the patient, discussion
regarding the implications of CAC results should occur before CAC is recommended and undertaken.
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INTRODUCTION
Coronary Artery Calcium Scoring (CAC) is a technique of measuring the amount of calcium in the
coronary arteries using ECG-gated non-contrast computed tomography (CT) scan of the heart. Its main
clinical application is to predict the risk of a future cardiac event in an asymptomatic individual in the
setting of primary prevention. The scan acquisition is relatively quick (less than 10 seconds), has low
radiation exposure (~ 1mSv) and does not require intravenous contrast or special preparation.
The development of atherosclerotic plaque has been well studied. As atheroma develops, it may form lipid
pools, fibrous tissue and calcium at later stages.[1] Calcification does not occur in normal vessel wall; it
often represents the ‘tip of the iceberg’ in atherosclerosis with a component of non-calcified plaque which
is not visible on non-contrast CT scan. CAC is a surrogate measure of total atherosclerotic plaque burden
but it is not specific for luminal obstruction. As CAC and plaque burden increase, there is proportionate
rise in the risk of cardiovascular disease (CVD) events.
Currently in Australia, Medicare does not regulate or reimburse for CAC testing. Furthermore, there has
not been guidance from national bodies on indications, patient population, scanning techniques and
reporting standards. The literature continues to evolve and is not conclusive with respect to certain aspects
of CAC interpretation and subsequent clinical management. This document will attempt to provide some
background information, rationale and guidance on these matters so that the test is used appropriately and
a high standard maintained for practice in Australia & New Zealand.

DEVELOPMENT OF CAC
The ability to image calcification within coronary arteries was recognised from the earliest days of x-ray
technology in the 1920s.[2] Coronary calcification was linked to atherosclerosis before the end of the
1950s and calcium seen on fluoroscopy carried prognostic significance.[3, 4] In the late 1980s it was
shown that early CT scanners were more sensitive than fluoroscopy for detecting calcium (62% versus
35%) but the images were affected by motion artefact.[5]
A new era in cardiac imaging arrived in 1990s with the development of ultrafast computed tomography,
later known as electron beam computed tomography (EBCT). These scanners were developed primarily
for cardiac applications but were never commercially available in Australia. They could generate 3mm
thick slices with a scan time (temporal resolution) of 100 milliseconds, gated to the diastolic phase of the
cardiac cycle. This allowed the heart to be examined in a single breath hold with minimal movement
artefact.
Arthur Agatston (cardiologist), Warren Janowitz (radiologist) and David King (Engineer - Imatron,
manufacturer of EBCT), devised a scoring system which later became known as the Agatston score.[6]
Calcium appears bright on a CT image, meaning that it has a high CT number, or Hounsfield unit (HU). It
was decided that the cut-off should be 130HU for lesions to be considered calcified. The area of all
coronary lesions with HU above this number would be calculated and summed. Lesions with dense
calcification would be brighter and a weighting factor between 1 and 4 was applied based upon the peak
density (as assessed in HU) of the lesion.[7] The Agatston score was the product of the calcified area by
the weighting factor.
Other methods for both imaging and quantifying coronary calcium have been proposed, including thicker
slices and scores based upon the number, mass or volume of the lesions.[8-10] However it is still the
original Agatston score that is most commonly used both in trials and clinical practice.
Improvements in multi-detector CT (MDCT) technology (predominantly temporal resolution and z-axis
coverage) have made it possible to perform CAC reliably in the last decade. Early MDCT scanners
showed significant variability in the calcium score depending upon the image reconstruction and scoring
algorithm and were not equivalent to EBCT.[11] However agreement between calcium scores obtained on
MDCT and EBCT has since been established.[12, 13]
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Following acquisition of the CT images, calcium scores are calculated using commercially available
software packages. The software usually highlights areas with HU>130 and the trained reader manually
identifies coronary lesions. The software calculates HU and area which provides the Agatston score.
Calcification of the mitral annulus, aortic root, pericardium and streak or beam hardening artefact near the
inferior wall of the heart can make interpretation of the images more challenging. Therefore, care must be
taken by the reader to identify coronary calcification correctly.
EBCT routinely delivered very low doses during calcium scoring between 0.7 and 1.3 milliSieverts
(mSv). Radiation from MDCT was initially higher with some early studies reporting doses between 3 and
4 mSv.[14, 15] Guidelines for minimizing radiation exposure during calcium scoring with MDCT have
been published and the dose should now average between 0.5 and 1.5 mSv on most modern scanners
using prospective ECG-gated technique.[16] This is similar to 2 breast mammograms.
The HU of any tissue will vary depending upon the energy of the X-Ray used to obtain the image ie.
kiloVolt (kV) setting. A study comparing 100kV to 120kV for CAC found the threshold in defining
calcified lesions had to be set higher at 147 HU for 100kV rather than traditional 130 HU.[17] Although
CT coronary angiogram studies are now routinely performed at low radiation doses using 100kV or even
80kV protocols, calcium scoring should be performed at 120kV and reconstructed at 3mm slice thickness
in order to derive a conventional Agatston score. Radiation can be minimized by adjusting other scanner
settings, particularly scan length and tube current.
Estimates of coronary calcium scores can be obtained from standard non-ECG gated CT chest scans, from
contrast enhanced CT coronary angiograms and from gated calcium scans acquired at different kV
protocols.[18-20] The equivalence of these techniques with an Agatston score is still being studied and
their utility remains controversial.

Recommendations: Technique
•
•
•
•

Multi-detector CT (preferably 16 detectors or greater)
Prospective ECG-gated non-contrast scan; single breath hold.
Use of 120kV and reconstructed at 3mm slice thickness
Limit scan length to region of interest

CLINICAL RISK PREDICTION
A comprehensive review of clinical risk prediction strategies and biomarkers is beyond the scope of this
document. The Heart Foundation as part of the National Vascular Disease Prevention Alliance (NVDPA)
has published guidelines on absolute CVD risk
(http://www.heartfoundation.org.au/SiteCollectionDocuments/guidelines-Absolute-risk.pdf). However,
we will cover key concepts and describe the role of CAC in context.
Prevention of cardiovascular disease is important in maintaining a healthy productive population and
reducing the cost of healthcare in the long term. The intensity of any intervention should be
commensurate to the degree of baseline risk of an individual or population. This principle should achieve
the best balance between clinical outcomes, cost and safety. The challenge has always been to identify
individuals at higher risk who may derive greater benefit from early detection and treatment. As a
consequence, various tools or calculators have been developed from large studies (Framingham,
PROCAM, SCORE) to estimate an individual’s absolute risk in a 5 or 10-year period.[21]
In Australia, the NVDPA has developed a tool based on Framingham Risk Score
(www.cvdcheck.org.au). Clinicians in New Zealand should refer to the New Zealand Guidelines Group,
New Zealand Primary Care Handbook 2012 (updated 2013).[22] The recommendation is that all patients
from 45-75 years old be actively assessed in general practice. We acknowledge that every tool has its
short-comings and therefore of varying accuracy. There are small differences between the NVDPA tool
and Framingham Risk Score (FRS). Traditional FRS has cutoffs on 10-year risk at <10%, 10-20% and
>20% in classifying low, intermediate and high risk groups respectively
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(http://cvdrisk.nhlbi.nih.gov/calculator.asp). However the NVDPA uses 5-year risk of <10%, 10-15%
and >15% for the same groups. Although it may not translate to 10-year risk of <20%, 20-30% and >30%
precisely, an individual deemed to be at intermediate risk (10-20%) according to FRS may be low risk
when calculated using NVDPA tool. We are unable to provide in-depth analysis or reconciliation between
these two tools and acknowledge that NVDPA has been developed in the Australian context. However,
the vast majority of research trials involving CAC have used FRS as the default risk prediction tool. There
are no studies to date using NVDPA and CAC with outcomes data. This document will use the traditional
FRS as the basis for our discussion involving CAC.
There are certain populations which are automatically deemed to be high-risk for development of CVD
(see NVPDA website). They include diabetics over 60 years old or diabetics with albuminuria, chronic
kidney disease (eGFR < 45 mL/min), BP > 180/110, familial hypercholesterolaemia and cholesterol > 7.5
mmol/L. Therefore, no further risk assessment is required and they should be treated aggressively with
optimal medical management. Age and gender remain the most important factors when determining risks.
It is also important to note that most risk calculators including FRS and NVDPA do not account for
family history.
The FRS was developed in context of predominantly Caucasian population of north-eastern USA and its
accuracy in risk prediction may be different when applied to other populations and ethnicities across the
world. It is reassuring that the landmark ‘Multi-Ethnic Study of Atherosclerosis’ (MESA) study found no
variation in risk prediction of CAC when applied to gender and to four broad racial groups of Caucasian,
African-American, Hispanic and Chinese.[23] In Australia, we acknowledge that certain sub-groups of
Aboriginals and Torres Straits Islanders have poorer health outcomes and remain at higher risk.[24]
A key concept is that CAC provides direct visual evidence of coronary atherosclerosis that is present in an
individual patient whereas risk calculators are reliant on antecedent risk factors. Local studies have
demonstrated that patients at “low-intermediate risk” by the NZ Framingham equation can have markedly
increased calcium scores at increased risk of CV events[25], and in this scenario the FRS risk may be
falsely reassuring compared to risk as demonstrated on CAC scoring.

PREDICTION OF CVD EVENTS AND MORTALITY
There have been a number of large scale prospective studies published in the literature that have proven
the prognostic value of CAC in asymptomatic patients, especially in the subgroup at intermediate
cardiovascular risk profile.[23, 26-28] The relationship between calcium score and major adverse
cardiovascular events including all-cause mortality, cardiovascular events and non-fatal myocardial
infarction, has been established in a number of studies. A large prospective study involving 25,253
patients in USA with a mean follow-up of 6.8 years showed the calcium score was associated with
survival (Figure 1).[27]
A large study of 9715 patients in Tennessee, USA with the longest follow-up period of 15 years has
recently been published.[29] The all-cause mortality rate at 15 years according to CAC results are as
follows: CAC 0: 3%, CAC 1-100: 6-9%, CAC 101-399: 14%, CAC 400-999: 21%, CAC ≥ 1000: 28%.
The 2007 ACC/AHA consensus document on CAC provided a pooled analysis of studies and found a
commensurate rise in annual myocardial infarction or cardiac death rate. [30] This approximates the event
rate of traditional FRS 10-year risk groups of low, intermediate and high. Table 1 outlines the annual
event rate and relative risk according to CAC result.
The usefulness of a new risk marker is assessed by its ability to provide new information, which improves
upon current risk calculators or markers. One measure is improving the accuracy of predicting
cardiovascular events or mortality, which is often expressed as the area under a receiver operating
characteristic curve (AUC) where 1.0 indicates perfect prediction.
Many studies have reported the improvement in AUC for predicting CVD events when CAC is added to
traditional risk factors from approximately 0.6 to > 0.7.[26, 31, 32] Yeboah et al, in a MESA study of
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6814 patients, compared the ability of different risk markers (CAC, high-sensitivity CRP, ankle-brachial
index, brachial FMD, carotid IMT, family history) in improving the ability to predict CVD events when
added to FRS.[33] They found CAC resulted in the highest improvement of AUC from 0.62 to 0.78.
Family history was the next best marker at AUC 0.67 with the other markers resulting in only modest
improvements over FRS or not at all.

RECLASSIFICATION OF PATIENT RISK
A relatively new concept is Net Reclassification Improvement (NRI) where individuals with and without
clinical events are correctly reclassified to higher or lower risk groups.[34]
The Heinz Nixdorf Recall study was a prospective cohort study of 4,129 patients aged 45-75 without
known CVD undergoing CAC with a median follow-up of 5 years.[35] Addition of CAC to FRS
improved the AUC from 0.68 to 0.75. In FRS intermediate risk group, CAC was able to reclassify 24% of
patients into higher risk and 19% into lower risk groups.
In the MESA study, the AUC for prediction of cardiac events improved from 0.76 to 0.81 when CAC was
added to risk factors.[32] More importantly it was able to reclassify more than half of intermediate risk
patients into higher risk (16%) and lower risk (39%). Similarly in the Rotterdam Study, just over 50% of
intermediate risk patients were correctly reclassified based on CAC results with follow-up of 9 years.[36]

Absence of coronary calcification – “the power of zero”
There have been multiple studies examining the low event rates in patients with CAC of zero.[37-39] In a
study of 44,052 patients, 45% had a zero score and cardiovascular mortality at 10 years was just under
1%.[38] Risk factors did influence mortality rate amongst those with CAC = 0, with 10-year mortality in
diabetics of 3.7%, smokers 3.3% and hyperlipidaemia 1.7%. Patients with a family history of IHD also
had a slightly higher mortality of 1.6%. However, a MESA sub-study found CAC was the overriding
factor in predicting outcomes.[40] Patients with CAC > 300 but no risk factors had an event rate 3.5 times
higher than patients with CAC = 0 with 3 or more risk factors.
In a large study of 4864 patients with follow-up of 15 years, a CAC = 0 conferred an annual mortality rate
of < 0.5%.[41] The overall mortality at 15 years was 4.7% but was non-linear with most events occurring
after 12th year. It provided incremental value beyond FRS and was able to reclassify nearly 60% of
patients into either lower or higher risk groups. However, in high-risk patients as determined by FRS, the
warranty period for CAC of zero was shorter at 6 years.

Normal CAC distribution for age and gender
Reference values of CAC for specific age groups and gender have been derived from previously large
observational studies which contain self-referred patients or heterogeneous risk factors.[42, 43] Hoffmann
et al. set out to define normal distributions of CAC using 1586 Framingham Heart Study patients without
known CVD and no cardiac risk factors.[44] Table 2 outlines the distribution of calcium according to age
and gender. They also used the 90th percentile of CAC as the cut-off value for disease and applied it to a
larger Framingham cohort with cardiac risk factors. This resulted in 14% more patients in the larger
Framingham cohort as having significantly increased CAC.
Table 3 demonstrates the distribution of the larger Framingham cohort with risk factors according FRS
risk-groups and CAC groups.[44] No results shown for women with high FRS due to small sample size.
In the FRS intermediate-risk group, 32% of men and 24% of women had CAC > 100 who may potentially
benefit from therapy.

INDICATIONS AND PATIENT POPULATION
The main use of CAC is to predict future cardiovascular risk in asymptomatic patients. In essence, it is a
targeted screening tool and we would take into consideration some principles of population health
screening. The target population needs to be identified, the tool should be affordable / cost-effective and
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widely available, relatively safe, able to detect pathology in an early stage and intervention with treatment
should lead to an improved outcome.
The 2010 American guidelines on cardiac risk assessment have recommended CAC in asymptomatic
patients deemed to be at intermediate risk of 10-20% (Class IIa, Level B evidence).[21] They have also
suggest that CAC may be reasonable for those who have a 6-10% 10-year risk (Class IIb, Level B) but not
in individuals with <6% risk (Class III, Level B).
Although some cohorts from which risk calculators (FRS, SCORE, PROCAM) are derived have patients
as young as 30 years-old, the majority of the evidence is in patients aged 40-75 years old.[21] However, in
large trials of CAC, there are a wide range of age groups. The MESA study enrolled patients between 4584 years.[23] The Cooper Clinic study had patients between 22-96 years.[28] Current recommendation
from NVDPA is to assess absolute risk of adults starting at the age of 45 in Australia. Therefore,
individuals aged 45-75 years are probably the most appropriate to undergo CAC as the majority of
evidence is derived from that group.
In a large observational study, Raggi et al. found patients with diabetes have a higher mortality compared
to non-diabetics across all categories of CAC with the exception of CAC of zero.[31] Addition of CAC to
FRS improved the accuracy of predicting CVD events from AUC of 0.72 to 0.79. Patients with diabetes
have a higher risk for CVD which develops earlier compared with nondiabetic patients.[45] CAC could be
considered in diabetic patients without known CVD aged 40 to 60 years. Diabetics over 60 years are
considered to be high risk and should receive optimal medical therapy.
Women have traditionally lower risk than men given the same age and risk factors.[21] However, in a
study of 2447 women undergoing CAC, FRS frequently underestimates their risk even in presence of
CAC > 100 or CAC > 75th percentile.[46] A MESA sub-study of FRS ‘low risk’ women found 6% had
CAC >100 and 4% had CAC > 300.[47] High CAC was predictive of CVD events even in this ‘low risk’
group of women with an adjusted hazard ratio of 8.3. As most women under 60 years would be classified
as ‘low risk’ by FRS, perhaps CAC is appropriate for those with 6-10% 10-year risk.
Recommendation: Asymptomatic patients suitable for CAC
• Aged 45-75 years with intermediate cardiovascular risk (10-20%)
• There is a possible role for CAC in those aged 45-75 years with lower cardiovascular risk (610%) as defined by FRS in:
o Those with a strong family history of premature CHD
o Diabetics aged 40 – 60 years old.
o Indigenous patients (Aboriginals, Maori and Pacific Island patients) >40 years old.

CAC in Symptomatic Patients
Performance of CAC was popular as an adjunct just prior to coronary CTA in symptomatic patients. It
provided an estimate of plaque burden and in some cases with very high CAC > 800, it was predictive of
non-diagnostic CCTA studies due to blooming artefact.[48, 49] The additional radiation of 1-2 mSv was
consider innocuous compared to traditional retrospective techniques of CCTA which resulted in 7-12
mSv.[50] However, with prospective scanning techniques, iterative reconstructions and wide volume
scanners, CCTA can often be performed with < 2mSv.[51] Therefore, adding CAC to CCTA can
sometimes double the radiation dose. The argument for not proceeding with CCTA when CAC is high for
fear of non-diagnostic scan is less convincing now when the radiation involved is similar to that of a CAC
in the first place.
Although high CAC has been predictive perfusion defects on functional studies, by itself is not sufficient
to exclude severe stenosis in a patient with chest pain.[52] In a large study of 2115 patients undergoing
CAC and coronary angiography, a positive CAC had overall sensitivity of 99% but specificity of only
28% for obstructive disease.[53] Using CAC > 100, sensitivity was 87% and specificity of 79%. In
symptomatic patients, a CAC = 0 does not mean an absence of plaque. Approximately 0.6% had
obstructive lesions due to non-calcified plaque but all most all were in young patients <45 years-old.[53]
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A study of 4338 patients followed for 2.3 years found routine CAC in addition to coronary CTA did not
add value in prediction of CVD events.[54] Recently, a sub-study of ROMICAT II trial of using coronary
CTA in emergency department found CAC does not provide incremental value over CCTA nor can it
exclude acute coronary syndrome.[55]
In the assessment of symptomatic patients, CAC should not be the sole test used. We recommend
coronary CTA, functional testing or invasive coronary angiography where appropriate.

INTERPRETATION & MANAGEMENT BASED ON CAC
Table 4 summarizes the 10-year mortality risk and our suggested management strategy according to CAC
results. It is important to advocate a healthy diet and lifestyle for all risk groups and discuss the risk and
benefits of any pharmacotherapy.
The ability of CAC to provide incremental risk predictive information beyond FRS and to appropriately
re-classify individuals into higher or lower risk groups has been discussed in this document. It is also
apparent that with increasing CAC, there is increased risk of future CVD events. Our recommendation for
management in any given category of CAC results lies with the 10-year risk group which it represents.
Currently, there are no large scale prospective randomized trials comparing outcomes based on treatments
guided by CAC to traditional risk assessment tools alone. Most studies have estimated the impact of
treatment strategies from relative risk reductions observed from clinical trials and applied to risk
associated with CAC result.

CAC AND STATIN THERAPY
High CAC > 400
The St Francis Heart study was a prospective double-blinded randomized control trial of atorvastatin
20mg/day, vitamin C and vitamin E against placebo in 1005 patients with elevated CAC followed-up for
4 years.[56] It was an underpowered study with a substantial population at low risk. It failed in its primary
endpoint of reducing composite CVD events (6.9% v 9.9%; p=0.08). However, in a sub-population of
patients with CAC > 400, there was a significant reduction in CVD events (8.7% v 15%; p = 0.046).
In patients with CAC>400, some studies have raised the concept of whether further functional assessment
should be done as the risk of obstructive disease may be higher.[57, 58] Indeed the 2008 American
guidelines on stress echocardiography deemed it ‘appropriate’ with a score of 7 out of 9 in patients with
CAC > 400.[59] However, it is uncertain if further functional testing results in an overall benefit or
influences revascularization in an otherwise asymptomatic individual. Functional testing should therefore
be considered on an individual basis.

Intermediate CAC 101 - 400
The estimated 10-year risk for intermediate CAC group is approximately 10%-20% with previous pooled
analysis observing an annual event rate of 1.3%.[30] The new American lipid guidelines (2013
ACC/AHA) have expanded indication for treatment with statins to include individuals (40-75 years old)
with LDL > 1.8 mmol/L and a calculated 10-year risk of >7.5% for primary prevention (Class I
indication, Level A evidence).[60] Furthermore they have recommended that statins be considered when
CAC > 300 or above 75th percentile (Class IIb indication, Level C evidence). They have also advised on
moderate to intensive dose statins achieving >30-50% reduction of LDL rather than traditional treat to
LDL target strategy. However, there have been criticisms about possible over-estimation of CVD risk
using the new algorithm by as much as 100% and subjecting a significant population to statin therapy
which may be unnecessary.[61]
In Australia & New Zealand, we are yet to adopt these measures and the most recent NVDPA guidelines
from 2012 suggests a target LDL < 2.0 mmol/L for all risk groups from consensus based
recommendations (http://www.cvdcheck.org.au/pdf/Absolute_CVD_Risk_Full_Guidelines.pdf). It is

CSANZ Position Statement – Coronary Artery Calcium Scoring

Page 9

important to note that both 2013 ACC/AHA and NVDPA guidelines are different to Australian
Pharmaceutical Benefit Schemes criteria for subsidized lipid therapies which were formulated in 2006 and
have much higher thresholds (http://www.pbs.gov.au/info/healthpro/explanatory-notes/gs-lipidlowering-drugs).
Blaha et al. investigated the ability of CAC to further risk stratify a cohort of MESA patients who would
otherwise derive benefit from statins based on results of the JUPITER trial.[62] Raised high-sensitivity
CRP was used as a marker for treatment in patients with LDL < 3.4 mmol/L in the JUPITER trial.[63]
Blaha et al found nearly half of MESA JUPITER population to have CAC = 0 and calculated a 5-year
NNT of 549 for statin therapy. Conversely about 25% of the population had CAC > 100 and estimated the
5-year NNT was only 24 for statin therapy.[62]
In patients with CAC < 400 but >75th percentile, there is less evidence about risk re-stratification. In
this scenario other contextual factors could be taken into consideration. For example consideration maybe
given to whether the patient is from a sub-group that Framingham-based risk scores generally underestimates risk e.g. younger, female or has a family history of premature CHD. Age is a main driver of
vascular risk, a younger person with a CAC >75th percentile is likely to have a 5 or 10 year absolute risk
which may not be raised in absolute terms, their lifetime risk of a CV event or their potential life-years
lost however is likely to be high.[64] Therefore, these patients may be reclassified as “high risk”, and
more aggressive therapies considered.

Low CAC 1-100
Although they have a relative risk of approximately 2-fold in comparison to patients with no CAC, the
evidence for pharmacotherapy is weak. We would advocate a healthy diet and lifestyle in for maintaining
a low 10-year risk, unless other clinical factors are present (eg strong family history of premature
infarction <50 years of age in a first degree relative).

COST-EFFECTIVENESS
The EISNER study was a prospective randomized trial of 2137 volunteers without previous CVD to
undergo CAC or no scan before risk factor counselling.[65] They were followed-up at 4 years and the
primary endpoint was change in risk profiles / FRS and secondary endpoints were costs, downstream
testing and adverse events. The CAC group had better risk factor control (BP, lipid profiles, weight) and
FRS without increase in downstream cost. Medications and downstream testing increased proportionately
with increasing CAC. However, as 50% of patients have a CAC = 0 and only 8% of patients have CAC >
400, there was a significant reduction in medication and procedural cost in patients with CAC = 0
compared to the no scan group which also incurred increased interventions. Hence, performing CAC was
able to appropriately utilize resources where required. It should be noted that cost-effectiveness studies
have not been conducted in an Australian setting.

Calcium Score, Dyslipidaemia and Statin Therapy
There is emerging evidence that statins stabilizes plaque, slows plaque progression and improve outcomes
in patients with non-obstructive coronary plaques. Intravascular ultrasound studies have demonstrated
plaque stabilization and even regression with statin therapy.[66, 67] A recent study utilizing coronary
CTA found the presence and extent of non-obstructive plaque (stenosis < 50%) predicted mortality and
treatment with statins reduced mortality with a hazard ratio of 0.39.[68] However, the CONFIRM
registry (over 27,000 patients) did not find coronary CTA to provide additional predictive value over CAC
in asymptomatic patients.[69] Therefore, coronary CTA is generally not recommended in asymptomatic
individuals.
In a study of 5534 patients examining the relationship between dyslipidaemia and CAC, Martin et al.
found CAC had a greater predictive value of events than any combination of lipid abnormalities eg. LDL
> 3.3 mmol/L, cholesterol to HDL ratio > 4.8.[70] Patients with zero CAC but multiple lipid
abnormalities had 5.9 events per 1000 person-years compared with 22.7 events in patients with CAC >
100 but no lipid abnormalities. The 5-year number needed to treat (NNT5) was 30 for patients with CAC
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> 100 but without dyslipidaemia compared with a NNT5 of 154 in those with CAC = 0 with
dyslipidaemia. Therefore, CAC could potentially guide statin therapy in the future.
A recent study of Framingham patients, found a very low cardiac event rate of 1.6% at 9 years in patients
who qualify for statin therapy based on 2013 ACC/AHA guidelines but have CAC of zero.[71] They
found using CAC = 0 as an ineligible criterion for statin did not result in an increase in cardiac events.
Hence, there may be a potential cost savings in with-holding statin therapy for these very low risk patients
identified by CAC who would otherwise have been treated according to guidelines.
The MESA study group conducted a cost-effectiveness analysis of utilizing CAC in FRS intermediate risk
patients to guide statin therapy.[72] They compared treatment based on CAC results with that based on
ATP III guidelines, assuming the modelling of annual statin cost of USD$1000 and a threshold of
$100,000 to prevent one event. Treating patients with CAC > 100 was more cost-effective than ATP III
strategies provided CAC costs less than USD$235 per test.
Another study of 2608 patients reported improved compliance with statin therapy and increased weight
loss with increasing CAC over a 4-year period.[73]

CAC and Aspirin
Routine use of aspirin in general population for primary prevention is not recommended based on trials
showing a decreased rate of CVD events but a similar increased rate of bleeding.[74-76] As the majority
of the population in these trials is low-risk, the challenge is to identify individuals at higher risk where
potentially the benefit of aspirin may outweigh the risk. The 2009 US Preventative Services Task Force
(USPSTF) guidelines recommend that aspirin be considered for men 45-79 and women 55-79 according
to baseline risk.[77] The 10-year baseline risk where benefits outweigh the risks for aspirin is >4% in men
45-59 years and >9% in men 60-69 years; >3% in women 55-59 years and >8% in women 60-69 years.
Therefore, aspirin could be considered in FRS intermediate and high-risk individuals for primary
prevention.
Miedema et al, used data from the large MESA study to estimate the benefit vs. risk of aspirin according
to CAC result.[78] The authors calculated the 5-year number needed to harm from aspirin 442 for major
bleeding, and the number needed to treat (NNT) was in favour of Aspirin when the CAC score was above
100 Agatston units. Thus, patients with CAC > 100 derive net benefit from aspirin regardless of their
traditional risk factors: FRS <10% risk, NNT was 173; FRS > 10%, NNT was 92. Conversely, patients
with CAC = 0, the NNT was 808 for patients with FRS >10%. Results for patients with CAC 1-99 were
mixed and aspirin could not be routinely recommended. Therefore, this study showed the potential of
CAC results guiding aspirin therapy in patients who are low to intermediate risk by FRS, and
recommends that patients with CAC>100 will benefit from aspirin

Serial or Follow-up CAC
One of the most common questions faced by clinicians and patients after an initial CAC is if or when
another is needed. Currently there are no studies which show a regression of calcium scores on subsequent
scans. Therefore, the result can either remain the same or more likely worsen with time. There are several
definitions of CAC progression and evaluation may be in continuous or categorical fashion.[79]
Min et al, studied the determinants of calcium conversion from a normal scan (CAC = 0) to a positive one
(CAC > 0).[80] They followed 422 patients with CAC = 0 who had yearly calcium scans for 5 years and
found that 25% became positive; mean time to conversion was 4.1 ± 0.9 years. This was touted as the
‘warranty period’ of a normal calcium score. They found the rate of conversion was non-linear with the
highest rate occurring in the fifth year. Therefore, there was little value in performing another scan for at
least 4-5 years. Significant factors which influenced conversion included age, diabetes and smoking.
However, no individual risk factor accelerated the conversion from normal to abnormal. Hence, one could
not advocate a sub-group eg. diabetic patients in undergoing more frequent CAC.
In a larger study from the MESA cohort, approximately 36% of 3112 patients who were initially normal
returned a positive scan in 6.1 years.[81] The median CAC was 7.1 when first positive with 52% patients
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in CAC 1-10, 44% in CAC 11-99 and 4% in CAC > 100. Appearance of calcium tends to be in a single
vessel (72%), with left anterior descending artery the most common site.
The rate of change has also been studied in patients with baseline CAC > 0. In a study of 495 patients by
Raggi et al, an annual increase in CAC by >15% was an independent predictor of myocardial infarction
and carried a 17-fold increased risk compared to patients who did not progress.[82] Budoff et al, studied
4609 patients and found an annual increase of CAC > 15% independently predicted mortality with a
hazard ratio of 2.98.[83] In the MESA cohort of 6778 patients followed for 7.6 years, the mean time to a
second scan was 2.5 years.[84] In patients with baseline CAC > 0, an adjusted absolute change in CAC
per year carried a hazard ratio of 1.3 per 100 unit change for myocardial infarction and mortality. They
showed CAC progression predicted cardiac events even after adjusting for risk factors and baseline score.
Currently, factors which cause an acceleration of CAC progression have not been determined
conclusively. One small study found insulin resistance to be an independent predictor.[85] It is apparent
from studies of CAC progression, the baseline calcium score is an important predictor.[85, 86] A 15%
increase in CAC for someone with a score of 10 probably carries a lower risk than the same increase in
someone with a score of 300.[84] Whilst a high baseline CAC itself may be a confounder, it represents
patients with higher plaque burden, some of which is non-calcified plaque which will calcify in future.
Furthermore, the cost-effectiveness of repeated CAC, at what intervals and determinants on clinical
outcomes are uncertain.
There are many questions that remain about CAC progression and further research is needed. Patients
with high CAC > 400 should already be treated aggressively and repeat scans may not alter management.
Patients with low CAC 1-100 may derive some benefit from repeat CAC, assuming a significant
progression warrants some change in therapy even if their CAC remains < 100 at follow-up. It would be
reasonable for patients with diabetes or those with CAC 101-400 to undergo repeat CAC at 3 years based
upon our discussion above.[84, 85] However, we currently do not have good evidence that we can halt
CAC progression with some trials finding statin therapy did not make a difference to progression.[56, 86,
87] One theory is the conversion of non-calcified plaque to calcium by statins, but the role of calcium in
vulnerable plaques is beyond our scope.[88] It remains to be seen if longer duration or more intensive
statin therapy along with vigorous control of diabetes, hypertension and other risks may slow CAC
progression. Therefore, we are unable to provide firm recommendations on which sub-populations should
undergo serial CAC and at what intervals. Annual CAC would seem excessive and unwarranted by
current literature.

REPORTING STANDARDS
It is preferable that specialists reporting CAC should hold appropriate credentialing (Level A or B) from
the Australian New Zealand Conjoint Committee for the Recognition of Training in CT Coronary
Angiography.
We recommend the following minimum information to be included in a CAC report:
• Patient name, age / date of birth, gender
• Indication
• Date of scan, technique (eg. Prospective, 120kV, 3mm slice reconstructions) and equipment
• Radiation exposure eg. DLP and effective dose mSv
• Total Agatston score
• Distribution of calcium according to each of major coronary arteries eg. Total CAC is 120;
Left anterior descending 60, Left circumflex 10, Right coronary artery 50.
• Centile: based on patient age and gender – this is derived from vendor specific software or
manually obtained from MESA website (http://mesa-nhlbi.org/Calcium/input.aspx.)
• Other non-coronary findings eg. Pericardial thickness, hiatus hernia, lung mass, etc.
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Optional information which may be included in a report:
• Calculated vascular age based on CAC from MESA website. (http://www.mesanhlbi.org/calcium/arterialage.aspx)
• Reference range for CAC and indication of 10-year risk of a cardiovascular event (table 4).
It is not appropriate to comment upon the likelihood of coronary artery stenosis based on CAC alone.
A non-contrast CT scan does not provide such anatomical information (as opposed to Coronary CT
Angiography) and the presence of dense calcification on 3mm slice reconstructions does not equate to
severe stenosis at that site.

CONCLUSION
Coronary Artery Calcium Scoring is a robust and reproducible way of detecting coronary
atherosclerosis and to estimate future risk of cardiac events. It has incremental benefit beyond
traditional risk prediction tools and biomarkers. It can be easily performed using current multi-detector
CT with very low radiation. It is of greatest benefit when applied to asymptomatic individuals between
ages 45 to 75 years old who are at intermediate risk as determined by Framingham Risk Score or
similar calculators. It has the ability of re-classify many into either lower risk, with potential costsavings in minimizing therapy or into higher risk group where appropriate therapies may improve
outcomes.
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members of the Imaging Council of the Cardiac Society of Australia & New Zealand. Included are
members with population health expertise and non-imaging backgrounds to provide a balanced view.
The document was then reviewed by the Imaging Council of CSANZ, the Clinical and Preventative
Cardiology Council, and the Quality and Standards Committee before being ratified by the Board of
CSANZ.
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APPENDIX B:
Figure 1

Fig 1. Increasing CAC predicts mortality (Budoff et al, JACC 2007).
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Figure 2

Fig 2. Suggested algorithm for use of CAC scoring.
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Table 1: Annual rate of myocardial infarct or death, and relative risk according to CAC. (Adapted
from Greenland, JACC 2007).
Annual event rate
Relative Risk (cf. CAC = 0)
CAC 1-99
0.4%
1.9
CAC 100-399
1.3%
4.3
CAC ≥ 400
2.4%
7.2

Table 2: Normal CAC distribution in healthy cohort without risk factors (Adapted from Hoffmann,
AJC 2008)
Men
Women
Age
<45
45-54
55-64
65-74
<45
45-54
55-64
65-74
Percentile
25th
0
0
0
40
0
0
0
0
50th
0
0
30
173
0
0
0
4
75th
0
21
162
585
0
0
17
43
90th
8
108
315
1230
0
1
91
212

Table 3: General Framingham patients stratified by FRS risk groups and CAC. (Adapted from
Hoffmann, AJC 2008)
Men (n = 1652)
Women (n = 1576)
FRS
Low (<6%)
Intermediate
High (>20%)
Low (<6%)
Intermediate
10-year risk
(6-20%)
(6-20%)
Patients n (%)
741 (44.9%)
798 (48.3%)
113 (6.8%)
1197 (76%)
379 (24%)
CAC = 0
68%
33%
10%
77%
42%
CAC 1-100
25%
35%
22%
17%
34%
CAC 101-400
5%
18%
21%
4%
17%
CAC >400
2%
14%
47%
2%
7%

Table 4: Suggested management based on CAC results for asymptomatic patients
CAC
10-year risk
Guidance
0
1-100
101 - 400
101 – 400 &
>75th centile
>400

Very Low
(< 1%)
Low
(<10%)
Moderate
(10-20%)
Moderately High
(15-20%)
High
(>20%)

Reassure; maintenance of healthy diet and lifestyle.
Maintenance of healthy diet and lifestyle
Aspirin recommended
Statins considered reasonable
Reclassify as high risk;
Aspirin recommended
Statins considered reasonable
Aspirin recommended
Statin recommended, to achieve target LDL < 2.0 mmol/L
Consider functional assessment.

