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ABSTRACT

Clinicians often use risk factor-based calculators to estimate an individual’s risk of developing cardiovascular disease.
Non-invasive cardiovascular imaging, particularly coronary artery calcium (CAC) scoring and coronary CT angiography
(CTA), allows for direct visualization of coronary atherosclerosis. Among patients without prior coronary artery disease,
studies examining CAC and coronary CTA have consistently shown that the presence, extent and severity of coronary
atherosclerosis provide additional prognostic information for patients beyond risk factor-based scores alone. This review
will highlight the basics of CAC scoring and coronary CTA and discuss their role in impacting patient prognosis and

management.

Coronary artery disease (CAD) is the leading cause of
morbidity and mortality in most industrialized nations
throughout the world." Given the burden of coronary heart
disease (CHD) to patients and society as a whole, much
work has been carried out to determine patients’ risk of
adverse cardiovascular events. Such risk estimations are
important as they often inform the need for preventive
therapies such as lipid-lowering medications and aspirin.
For instance, the Framingham risk score (FRS) uses age,
gender, total cholesterol, high-density lipoprotein choles-
terol, smoking status, systolic blood pressure and blood
pressure treatment status to estimate 10-year risk of a myo-
cardial infarction in patients without heart disease or diabetes.”
More recently, the 2013 American College of Cardiology/
American Heart Association (ACC/AHA) guidelines on
treatment of blood cholesterol identified four groups of indi-
viduals who may potentially benefit from statin therapy:
patients with known atherosclerotic cardiovascular disease
(ASCVD), low-density lipoprotein cholesterol =190 mg d
diabetes and a =7.5% estimated 10-year risk of developing
ASCVD determined by a risk calculator.” However, these

guidelines also suggest that in selected individuals not in
the aforementioned groups, and for whom a decision to
initiate statin therapy is otherwise unclear, additional
risk factors such as a coronary artery calcium (CAC)
score of =300 Agatsiton units or =75th percentile for
age, sex and ethnicity can be considered.” The European
Society of Cardiology also included CAC in its 2012
European Guidelines on cardiovascular disease (CVD)
prevention by stating that CAC should be considered for
cardiovascular risk assessment in asymptomatic adults at
moderate risk (Table 1).°7°

The use of imaging to directly measure the burden of
atherosclerosis can provide a more personalized risk as-
sessment than using risk factor-based calculators. CAC
scoring can be used to determine the actual presence and
extent of calcified coronary artery plaque, whereas coro-
nary CT angiography (CTA) visualizes calcified and non-
calcified plaque, as well as the severity of luminal stenosis.
While CAC testing is most commonly performed for risk
assessment in asymptomatic individuals, coronary CTA is
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Table 1. Recommendations for coronary artery calcium testing according to recent guidelines

Guideline

Recommendations for CAC testing

2013 American College of Cardiology/American Heart Association
Guidelines™*

IIb indication; level of evidence B “if, after quantitative risk assessment,
a risk-based treatment decision is uncertain, assessment (of CAC) may be
considered to inform treatment decision making.”*

2012 European Society of Cardiology Guidelines®

ITa indication; level of evidence B “(CAC) should be considered for
cardiovascular risk assessment in asymptomatic adults at moderate risk”

2010 Appropriate Use Criteria for Cardiac CT®

Appropriate Intermediate risk OR low risk and family history of premature CAD®
Inappropriate Low risk AND no family history of premature CAD®
Uncertain High risk

CAD, coronary artery disease; ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol.

?After discussion with patient when decision to initiate statin therapy is unclear among selected individuals who are not in one of the four statin benefit
groups, defined as those with (i) clinical atherosclerotic cardiovascular disease, (ii) primary elevation of LDL-C =190 mgd| ™, (iii) age of 40-75 years
with diabetes and LDL-C of 70-189 mgdl™" or (iv) age of 40-75 years without clinical ASCVD or diabetes and LDL-C of 70-189 mgdl~" and estimated

10-year ASCVD risk =7.5%.

PFirst-degree relative male <55 years of age or female <65 years of age.

commonly performed in patients who have symptoms sugges-
tive of underlying CHD. This review will discuss these two
imaging modalities and how to use the results of these tests in
patient management.

CORONARY ARTERY CALCIUM SCORING

Image acquisition

CAC scoring offers an inexpensive and reproducible technique
to determine the actual presence and extent of calcified coronary
artery plaque.” It does not require contrast and can be per-
formed on any patient who can hold their breath for 5-10s.

Image acquisition guidelines for CAC testing have been pre-
viously published.8 No intravenous (i.v.) access is needed, and
patients do not require any special preparation aside from
practising how to hold their breath and remain still during the
examination. While most centres do not administer any medi-
cations prior to CAC scanning, the use of beta blockers is op-
tional and may have a small benefit in patients who have an
elevated heart rate. Scans should be acquired using an axial
mode with prospective electrocardiogram triggering during di-
astole. The scan settings include a tube voltage of 120 kV, while
the tube current should be modified according to patient size in
order to achieve a sufficient balance between radiation dose and
image noise.

The amount of calcium is quantified using the Agatston score,
which is based on multiplying each area of calcified plaque by
the corresponding CT density.”

Prognostic data

CAC scoring has been shown to independently predict cardio-
vascular events as well as improve traditional risk prediction
models.”'” In particular, measurement of CAC improves both
risk discrimination, as measured by the c-statistic, and reclas-
sification of individuals into more accurate risk categories, as
measured by net reclassification improvement.''™" Several large
observational studies have demonstrated that when added to

standard risk prediction models, CAC has a significantly greater
improvement in risk prediction than do other novel biomarkers
or a combined biomarker panel.''™"? Importantly, the superior
predictive capabilities of CAC scoring are owing to its ability to
correctly reclassify patients into both high- and low-risk cate-
gories. In particular, individuals who do not have any coronary
artery calcifications (CAC = 0) have an extremely low risk of
cvD."

Much attention has been focused on the utility of CAC
scoring to enhance risk prediction for individuals at in-
termediate risk. However, it is important to note that CAC
has significant prognostic value across a wide spectrum of age
and risk factor profiles.'>'® Among individuals traditionally
classified as low risk, either based on risk factor burden or
calculated risk score, a high CAC score (=100) is associated
with an estimated 10-year all-CHD event rate of nearly 10%.
By contrast, among individuals traditionally identified as high
risk by risk factor burden or by the FRS, a CAC score of zero
is associated with a remarkably low 10-year all-CHD event
rate of roughly 3%. In fact, individuals with no risk factors
and an elevated CAC score have nearly three times the event
rate of those individuals with multiple risk factors and a CAC
score of zero.'” Based on data from several large observational
cohorts, CAC offers the potential for a refined and person-
alized risk estimate to help guide treatment decisions for
primary prevention of CVD.'” Studies have also shown that
patients with elevated CAC scores were more likely to be
prescribed and adhere to lipid- and blood pressure-lowering
therapies and aspirin, as well as improve their diets and level
of physical activity.'¥>°

Limitations

Limitations and potential downsides of CAC include radiation
exposure (although low, roughly 1 mSv, which is comparable to
a mammogram) and incidental findings, such as pulmonary
nodules, that may result in downstream tests, increased costs
and patient anxiety.
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CORONARY CT ANGIOGRAPHY

Image acquisition

Coronary CTA requires the administration of i.v. contrast to
visualize non-calcified plaque and estimate the severity of lu-
minal stenoses. It allows for high-resolution assessment of the
presence, extent and severity of coronary plaque.””** Before
performing a coronary CTA, contraindications, such as known
iodine contrast allergy, inability to follow breath-hold instruc-
tions, pregnancy and renal insufficiency, should be reviewed.
Additionally, potential patient-related technical issues that may
interfere with the image quality, such as obesity and active
cardiac arrhythmias, should be reviewed. To improve image
quality, a slow and regular heart rate is preferred, usually
<60 beats per minute. For individuals with faster heart rates,
beta blockers can be prescribed. Nitrates may also be used to
dilate the coronary arteries and improve image quality.>* Finally,
electrocardiography leads should be positioned away from the
field of view of the heart.

Current guidelines recommend the use of 64-detector or newer
generation CT scanners.”* Since image quality depends on
a number of parameters, the acquisition protocols should be
individualized for each patient, aiming to achieve excellent im-
age quality with the lowest radiation exposure possible. When-
ever possible, low-dose protocols (such as axial acquisition using
prospective electrocardiography triggering with low tube voltage
and tube current) should be selected.”” During image acquisi-
tion, a high iodine concentration contrast media should be used
with a high injection rate and optimal timing to ensure peak
contrast opacification of the coronary arteries. Image acquisition
is typically carried out during mid-diastole as this minimizes
motion of the coronary arteries.

During image reconstruction, the thinnest slice thickness (typ-
ically, 0.50-0.75 mm) should be selected in order to optimize
spatial resolution. The coronary CTA report should include
a description of the amount and type of plaque, as well as the
severity of luminal stenosis for each lesion.”’

Prognostic data

Studies have demonstrated that the presence and severity of
CAD detected by coronary CTA adds prognostic value beyond
traditional risk factors and symptoms.”**’ Currently, the
greatest potential clinical value of coronary CTA is in the eval-
uation of low—intermediate patients with symptoms of possible
coronary ischaemia.”® Among such patients, approximately one-
third will be found to have no detectable CAD and thus excellent
short- and long-term prognoses with a near zero coronary ad-
verse event rate.”””*” Approximately, one-third of such patients
will have non-obstructive CAD, a finding that does convey in-
creased risk, particularly among patients with extensive coronary
segment involvement.””~" In fact, although the subgroup of
patients with extensive non-obstructive CAD has not classically
been a focus of CVD prevention or aggressive medical man-
agement, such patients have recently been demonstrated to have
similar prognoses as those with obstructive CAD (Figures 1 and
2).°%*! Identification of this particular subgroup is a unique
strength to an anatomic test, such as coronary CTA, since
physiological stress tests such as single photon emission CT and

Figure 1. Rate of cardiovascular death or myocardial infarction
according to the presence, severity and extent of coronary artery
disease (CAD). There is a significant difference (o < 0.01) in rates for
all comparisons except non-obstructive CAD with segment involve-
ment score >4 and obstructive CAD with segment involvement score
(SIS) =4. Reproduced from Bittencourt et al® with permission from
Lippincott Williams and Wilkins/Wolters Kluwer Health. pt, patient.
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stress echocardiography identify only flow-limiting CAD and do
not characterize non-obstructive CAD burden.

Approximately, 15-20% of symptomatic patients without
known prior disease undergoing coronary CTA may have po-
tentially obstructive CAD (=50% stenosis), a finding that is
associated with a higher risk of cardiovascular events, especially
when multivessel disease is present.””

The prognostic value of coronary CTA has been extensively
proven among symptomatic patients in multiple settings in-
cluding outpatient clinics and the emergency department.’
Indeed, coronary CTA has demonstrated value in females and
males, as well as across multiple ethnicities.”**> However, cor-
onary CTA is not currently recommended for screening of
asymptomatic patients owing to the low burden of CAD and
overall benign prognosis among such patients.® Special pop-
ulations, such as select individuals with diabetes, continue to be
evaluated for potential screening benefit in research studies, but
such testing is not currently recommended for routine clinical
use.*® In addition to evaluation of patients without known CAD,
coronary CTA has demonstrated prognostic utility among
patients with prior coronary artery bypass grafting.””*®

Limitations

Limitations of coronary CTA include decreased accuracy in
patients with extensive calcified plaque or obesity (body mass
index >40 kg m ™ ?) and exposure to radiation and contrast. In
addition, in comparison to functional tests such as myocar-
dial perfusion imaging, the use of anatomical testing has the
potential to lead to higher use of downstream invasive cor-
onary angiography and coronary revascularizations.”” Finally,
similar to CAC, coronary CTA has the potential to identify
incidental findings that may require additional follow up and
often contribute to patient anxiety. However, coronary CTA
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can also identify other clinically relevant findings to explain
a patient’s symptoms, such as aortic pathology, pulmonary
disease or a hiatal hernia.

While a wide body of literature has established the prognostic
value of CAD diagnosed by coronary CTA, an important limi-
tation of this approach is the inability to determine the func-
tional significance of anatomic lesions that are identified.”
While for many patients coronary anatomic information alone
may be sufficient for diagnosis, risk assessment and patient
management, concern exists regarding the potential for coronary
CTA to trigger unnecessary downstream testing, coronary re-
vascularization and increased cost relative to usual care.**' To
address these issues, ongoing research efforts are examining ways to
supplement conventional coronary CTA with additional CT-based
physiological data, whether by combined rest and stress CT, math-
ematical modelling of cardiac physiology or inference of physio-
logical flow from coronary transluminal contrast attenuation
gradients.*”™ To date, most of these techniques remain in-
vestigational, and thus when lesions that are potentially flow limiting
are identified among patients who are being considered for coronary
revascularization, further testing is usually required in order to de-
termine the presence and severity of ischaemia.

CONSIDERATIONS FOR PATIENT MANAGEMENT
In this section, we provide recommendations for patient man-
agement based on the results of CAC and coronary CTA testing.
It is important to note that while CAC and coronary CTA
findings can be useful in risk assessment, there is no randomized
controlled trial data showing that treatment based on these tests
can lead to improved patient outcomes. Such data are also
lacking for other non-invasive imaging tests and for the various
risk calculators that are used in clinical guidelines. It is unlikely
that there will be any large randomized studies that compare
CAC testing to traditional primary prevention algorithms that
rely on the presence or absence of risk factors. While such a trial
was previously proposed, it was not funded.*> Challenges related
to the design of such a trial include the fact that a large number
of patients would need to be randomized owing to the overall
low event rates of most primary prevention cohorts and the
larger number of patients who would be treated in the “non-
CAC” arm owing to wider adoption of statin therapy by recent
guidelines. While CAC testing has the potential of lowering cost
by avoiding treatment in patients who have a CAC score of zero,
further data are needed in this regard.

With regard to coronary CTA, the ongoing National Heart Lung
and Blood Institute-sponsored Prospective Multicenter Imaging
Study for Evaluation of Chest Pain trial is comparing functional
and anatomic testing among stable patients with suspected
CHD.*® This study may help determine whether treatment deci-
sions based on coronary CTA, which will include initiation of
preventive therapies in patients who are found to have non-
obstructive plaque, could lead to improved patient outcomes.

Coronary artery calcium: recommended
management based on study findings

Several studies have explored future risk of ASCVD events
stratified by CAC severity and have consistently demonstrated

S Divakaran et a/

that patients with a CAC score of zero have excellent prognoses
(Figure 3).*”~* Empbhasis on lifestyle management (diet, exercise
and smoking cessation) with treatment of modifiable ASCVD
risk factors is recommended for these patients. Importantly, the
number needed to treat (NNT) with aspirin and a statin in
patients with a CAC of zero to prevent ASCVD is exceedingly
high, and thus the small benefit of treating such individuals with
pharmacotherapy may not justify the long-term risks and cost
associated with their use. For example, it is estimated that as-
pirin therapy is associated with a number needed to harm ap-
proximately 442 patients to cause 1 major bleeding episode over
a 5-year period compared with a NNT of 808 patients with
a CAC of 0 and FRS >10% to prevent 1 CHD event in 5 years.*’

When CAC is present, a CAC score of 1-100 is associated with
an increased risk of future cardiac events (Figure 3). In these
patients, statin and aspirin therapy should be considered, par-
ticularly in the presence of ASCVD risk factors with an in-
termediate-to-high FRS. Among patients with CAC >100, statin
and aspirin therapy should be routinely recommended. In
a study that explored whether a patient’s CAC score could be
used to define the target population to treat with a polypill
(a combination of aspirin, a beta-blocker, an angiotensin-
converting enzyme inhibitor and a statin) from participants in
the Multi-Ethnic Study of Atherosclerosis, most events occurred
in patients with a CAC score of >100.”° The NNT with a polypill
over 5 years to prevent 1 CVD event ranged from 81 to 130 for
patients with a CAC score of 0, 38-54 for patients with CAC
scores between 1 and 100, and 18-20 for patients with a CAC
score >100.%°

Aside from preventive medical and lifestyle therapies, the vast
majority of patients who have coronary artery calcifications do
not require any further testing (e.g. stress testing), particularly as
such testing or subsequent coronary revascularizations in
asymptomatic individuals would not be expected to provide any

Figure 2. Survival free from cardiovascular death or myocardial
infarction according to the presence, severity and extent of
coronary artery disease. CAD, coronary artery disease; CCTA,
coronary CT angiography; CVD, cardiovascular death; MlI,
myocardial infarction; SIS, segment involvement score. Repro-
duced from Bittencourt et al®' with permission from Lippincott
Williams and Wilkins/Wolters Kluwer Health.
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Figure 3. Coronary artery calcium (CAC) score prognosis and recommended treatment strategy. Note that the estimated number
needed to harm with aspirin use is 442 patients to cause 1 major bleeding episode over a 5-year period. Thus, consider aspirin use in
patients with CAC score of 1-100 when anticipated benefit exceeds risk [e.g., when Framingham risk score (FRS) =10%]. The
amount of calcium is quantified using the Agatston score. CHD, coronary heart disease; CVD, cardiovascular disease.

CAC=0 CAC1-100 CAC>100

Estimated Annual CHD 0.1% 0.5% 1.9%
EventRate
Estimated Annual CVD 0.4% 0.8% 2.4%
Event Rate
Number Needed to Treat (NNT) to Prevent One CHD Event Over 5-Years
NNT Statin 549 94 24

FRS <10% 2036 571 173
NNT Aspirin

FRS 210% 808 146 92

Consider
Statin + Aspirin

benefit.”">* In selected patients who have severe calcifications
and have reduced exercise capacity (by history), or in whom it is
uncertain if symptoms are present, functional testing with either
exercise treadmill testing with or without myocardial perfusion
imaging can be considered.

Coronary CT angiography: potential impact on
downstream testing, management and outcomes
Multiple observational studies have shown that coronary CTA
impacts downstream testing and patient management with the
potential to guide preventive medical therapies and improve
CAD risk factor control.”>*>>” Among non-invasive cardiac
tests, coronary CTA may offer a particular advantage in its ability
to visualize non-obstructive CAD, and therefore identify
patients who may benefit from preventive CAD therapies
when functional testing would have otherwise been normal.
Hulten et al’? followed 2839 patients without prior CAD who
were referred for coronary CTA and found that among
patients with non-obstructive CAD that involved at least
4 segments, treatment with statin therapy was associated with
improved event-free survival over a mean follow up of 3 years
(p <0.01) (Figure 4).”® While prospective studies are needed
to examine the potential impact of coronary CTA on out-
comes, these data provide support to the hypothesis that
coronary CTA-based patient management may lead to im-
proved patient outcomes.

When deciding on patient medical management following cor-
onary CTA, the decision to treat patients with pharmacotherapy

should be based on the prognostic value of coronary CTA
findings while considering guideline recommendations for the
primary and secondary prevention of ASCVD.*” The 2013
ACC/AHA guidelines recommend primary prevention statin
therapy when the 10-year risk of ASCVD is =7.5% (moderate-
to high-intensity statin; Class I indication) or 5.0-7.5% (mod-
erate intensity statin; Class Ila indication).* While no recom-
mendations were made in these guidelines regarding the
management of coronary CTA findings, a reasonable approach is
to extrapolate data relating CAD burden to the risk of future
ASCVD events.

Coronary CT angiography: recommended
management based on test findings

Normal

Among patients with stable and acute chest pain, studies
have consistently shown that a normal coronary CTA reliably
excludes obstructive CAD and is associated with a very low rate
of downstream cardiac events. Thus, a patient with no plaque or
stenosis on coronary CTA requires no further evaluation. This
result provides an opportunity to reassure patients regarding the
absence of CAD, while focusing on risk factor control and life-
style therapies.”

Non-obstructive coronary artery disease

Management of non-obstructive CAD should be individualized
to the patient and based on integrating clinical ASCVD risk factors
as well as the extent of plaque. Statin use is recommended when
multiple coronary segments have plaque (Figure 5).** Additionally,
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Figure 4. coronary artery disease (CAD) severity identified by coronary CT angiography and recommended management. Patients
with a normal coronary CT angiography can be safely reassured. Follow-up for preventive therapy is recommended for non-
obstructive (<50%) CAD. For obstructive CAD (=50% stenosis), further testing is recommended to guide management. Adapted

from Cheezum et al®®

with permission from Informa Healthcare.
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multiple high-risk plaque features have been shown to be asso-
ciated with a higher risk of future acute coronary syndrome
(e.g. positive remodelling, low-attenuation plaque and spotty
calcification).”>*” Although no data exist to suggest that targeted
management of high-risk plaque features results in improved
clinical outcomes, moderate- to high-intensity statin therapy
remains reasonable in this setting and has been shown by
serial coronary CTA to improve non-calcified plaque, low-
attenuation plaque and necrotic core volumes.®' Additionally,
very high-intensity statin therapy resulted in significant re-
gression of atherosclerosis by several intravascular ultrasound
(IVUS) parameters, including change in percent atheroma
volume (considered the most rigorous IVUS measure), in the
ASTEROID trial.®* Patients with non-obstructive CAD
should not be falsely reassured regarding the absence of
significant luminal stenoses, as a substantial proportion of
myocardial infarctions occurs in patients with non-
obstructive plaque, and follow-up counselling with atten-
tion to ASCVD risk factor control is required for many of
these patients.

Obstructive coronary artery disease

In patients with potentially obstructive CAD (stenosis =50%),
further testing is generally recommended to determine the
haemodynamic significance of these lesions. Functional testing,
such as non-invasive stress imaging or invasive fractional flow
reserve, is particularly important to minimize unnecessary re-
vascularization, as approximately half of patients with >50%
stenosis on coronary CTA will have no resultant ischaemia.”® To
guide testing after coronary CTA, appropriate use criteria for the
detection and risk of stable ischaemic heart disease and di-
agnostic angiography are available.®’

Among patients with obstructive CAD, preventative therapies,
including aspirin and statin therapy and management of ASCVD
risk factors, are routinely recommended. Follow-up is critical to
monitor adherence and response to therapy in these patients, as
the prevalence of undertreatment remains high even among
patients with high-risk imaging abnormalities. Among 1703
patients undergoing myocardial perfusion imaging or coronary
CTA in the Study of Myocardial Perfusion and Coronary

Figure 5. Event-free survival according to the presence or
absence of statin therapy post-coronary CT angiography among
patients with non-obstructive coronary artery disease, stratified
by extent of disease according to segment involvement score
(SIS). CCTA, coronary CT angiography; CV, cardiovascular; Ml,
myocardial infarction. Reproduced from Hulten et al? with
permission from Wolters Kluwer Health.
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Anatomy Imaging Roles in CAD study, for example, the ma-
jority of patients with moderate-to-severe imaging abnormalities
lacked one or more standard therapies (aspirin, statin and beta-
blocker) 90-days post-imaging.®*

CONCLUSION

While risk factors can be used to identify individuals with
possible CAD, CAC scoring and coronary CTA detect the actual
presence of disease. In asymptomatic individuals without known
CAD, knowledge regarding the presence or absence of CAC can
lead to a more precise estimation of risk. Such information has
the potential to match more aggressive therapies for those at
higher risk while avoiding pharmacotherapy in those with no

CAC. However, ongoing debate regarding incorporation of CAC
among risk-based primary prevention strategies has limited the
widespread use of this test. Among symptomatic patients, the
results of coronary CTA can provide important prognostic in-
formation regarding a patient’s future risk of major adverse
cardiac events, and thus help guide the initiation or in-
tensification of preventive therapies. While a strength of coro-
nary CTA is its ability to identify the full spectrum of CAD,
including non-obstructive plaque, in order to limit coronary
revascularizations to patients who are most likely to benefit from
it, functional testing may be required to determine the haemo-
dynamic significance of lesions that are potentially flow limiting.
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