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pproximately 50% of all cardiovascular disease (CVD)-

related deaths have no prior cardiac symptoms or di-
agnoses, making appropriate risk stratification in asymp-
tomatic individuals of the utmost importance (1). Clinical
CVD risk assessment is usually based on a guideline-en-
dorsed stepwise approach that starts with the identification
of clearly high-risk conditions, such as established athero-
sclerotic CVD (ASCVD) and diabetes, that necessitate
therapy without the need for further testing (2). In the
absence of these conditions, other risk factors are explored
using risk estimation algorithms such as the Pooled Cohort
Equation in the United States or the Systematic Coronary
Risk Evaluation in Europe to calculate the 10-year risk of
CVD, which can be categorized as “high,” “borderline/in-
termediate” or “low” (1,2). While those with high or low
risk have a clear assessment of net benefit from preventive
therapy, the intermediate-risk group remains a gray area,
and the cost and adverse effects of initiating lifelong pre-
ventive therapy must be balanced by the potential benefit
to the padent (3,4). The coronary artery calcium (CAC)
scan is an important tool in cardiovascular risk stratifica-
tion and determination of appropriate preventive therapy
in these asymptomatic patients with intermediate or un-
clear CVD risk (2,5).

Historically, CAC was viewed as an estimator of the
likelihood of obstructive coronary artery disease and
might have led directly to cardiac catheterization (6). It
is, however, more apt as a marker of overall atheroscle-
rotic burden, and quantitative plaque burden appears
to be the best predictor of risk in the asymptomatic pri-
mary prevention populations (CAC should rarely lead to

additional testing) (2,6). Indeed, CAC has been found to
be the most robust risk prediction tool for coronary ar-
tery disease events compared with other biomarkers, such
as the serum marker high-sensitivity C-reactive protein
and US testing for carotid-intima media thickness, par-
ticularly when used in addition to risk scores (1,4,7,8).
CAC was first recognized as a risk-classification tool in
the 2006 Screening for Heart Attack Prevention and
Education guidelines, where it was met with substantial
controversy (9), but has gained more acceptance over the
years, with the 2019 American College of Cardiology
and American Heart Association (ACC/AHA) guidelines
for the prevention of cardiovascular disease assigning it
a class ITa recommendation for use in addition to tradi-
tional risk factor assessment for CVD risk evaluation in
individuals with borderline or intermediate 10-year AS-
CVD risk (10).

As the literature surrounding CAC has grown, so have
the different approaches to CAC measurement and report-
ing, leading to varying levels of detail across centers and
causing occasional discrepancies in its assessment and in-
terpretation (6,11). The landscape has become even more
complex, with class I recommendations for the routine as-
sessment of CAC at ungated chest CT—for example lung
cancer screening examinations—from the Society of Car-
diovascular Computed Tomography (SCCT) and the So-
ciety of Thoracic Radiology (STR) (4). This review aims to
provide a summary of recent updates on CAC interpreta-
tion and seeks to unify suggestions for CAC interpretation
on electrocardiographically gated CAC scans and nongated
thoracic scans.

This copy is for personal use only. To order printed copies, contact reprints@rsna.org


mailto:reprints%40rsna.org?subject=
mailto:mblaha1@jhmi.edu
jeffswenson
Highlight

jeffswenson
Highlight

jeffswenson
Highlight


te on Coronary Arter: Icium Interpretation at Chest an rdiac CT

Abbreviations

ACC = American College of Cardiology, AHA =American Heart
Association, ASCVD = atherosclerotic CVD, CAC = coronary
artery calcium, CAC-DRS = CAC Data and Reporting System,
CHD = coronary heart disease, CVD = cardiovascular disease,
MESA = Multi-Ethnic Study of Atherosclerosis, SCCT = Society of
Cardiovascular Computed Tomography, STR = Society of Thoracic
Radiology

Summary

The increased use of coronary artery calcium (CAC) on both gated
and nongated CT scans necessitates a summary of recent updates in
CAC interpretation and recommendations for more unified CAC
reporting as outlined in this review.

Essentials

n Coronary artery calcium (CAC) should be reported as both an ab-
solute Agatston score and an age-, sex-, and race-specific percentile
score.

m The recommended time to rescan for individuals with a CAC
score of 0 is 5—7 years for individuals with low 10-year cardiovas-
cular disease risk (< 5% risk), 3—5 years for individuals with inter-
mediate risk (5%—20% risk), and 3 years for individuals with high
risk (> 20% risk) or individuals with diabetes mellitus.

» The CAC Data and Reporting System is a novel method of report-
ing CAC findings to unify CAC reporting on both electrocardio-
graphically gated and nongated thoracic CT scans.

Clinical Sianif CAC

One of the major benefits of CAC is its high negative predic-
tive value for clinically important coronary atherosclerosis, re-
fining the threshold for initiating life-long preventive therapy
in middle-aged and older individuals who had relatively in-
creased risk estimates from conventional risk scores but were
found to be very low risk by using CAC (8,12). It has also
been useful in the recognition of unheralded cardiac disease

in younger adults, in whom any CAC found incidentally is
clinically significant, warranting preventive therapy (13,14).
Furthermore, its benefit as a tool for physician-patient shared
decision making is invaluable, as research has shown that pa-
tients who understand their CAC score are more likely to be
adherent to their medications and stick to lifestyle modifica-
tions (15-17).

While the Pooled Cohort Equation and other risk scores are
calculated based on population-derived risk, the CAC score is
individualized and is thus a better reflection of individual risk
(4). The incremental prognostic value of CAC over traditional
risk factors has been extensively validated in several studies,
and, in addition to the general middle-aged adult population,
it has also been shown to be predictive of events among the
young and the elderly, individuals with comorbidities includ-
ing diabetes and hypertension, and among smokers (5,18-21).
Higher CAC scores have been strongly associated with higher
risk of incident ASCVD and CHD, with a 14% increase in
ASCVD risk estimated for each doubling of CAC, and CAC
scores of greater than 300 associated with 10-year event rates
ranging as high as 13.1%-25.6% (22). Newer score algorithms
such as the Multi-Ethnic Study of Atherosclerosis (MESA)
Risk Score, which combines CAC with traditional risk factors

to estimate 10-year coronary heart disease (CHD) event risk,
have been shown to have better discrimination than risk factors
alone (23).

Several guidelines have recognized and recommended the use
of CAC testing in shared decision making between the clinician
and the patient: The 2017 SCCT CAC expert consensus recom-
mendations endorse CAC testing in asymptomatic individuals
aged 40-75 years with 5%—20% 10-year ASCVD risk and in the
less than 5% ASCVD risk group with family history of prema-
ture coronary artery disease (18). The 2019 ACC/AHA guide-
lines for the prevention of cardiovascular risk assigned a class Ila
recommendation for the use of CAC in CVD risk assessment
in asymptomatic individuals with intermediate 10-year ASCVD
risk (10); and the 2019 European Society of Cardiology guide-
lines for the management of dyslipidemias also assigned a class
ITa recommendation for CAC testing in asymptomatic individu-
als with low or intermediate CVD risk (24). The Endocrine So-
ciety and the National Lipid Association also have signaled plans
to endorse CAC with Ila recommendations in their upcoming
guidelines.

Iiaditional CAC Scori

Absolute versus Percentile CAC Scoring

CAC is typically quantified using the Agatston score—a sum
of the attenuation (in Hounsfield units) and area of all CAC
lesions in the coronary arteries—which is then categorized into
very low risk (CAC = 0), mildly increased risk (CAC = 1-99),
moderately increased risk (CAC = 100-299), and moderate to
severely increased risk (CAC = 300) (4,6). The Agatston score
can be reported as an absolute score (in Agatston units) or as an
age-, sex-, and race-specific percentile that is derived using the
MESA risk score calculator that is freely available on the MESA
website (Table 1) (4,25,26).

The absolute score is the best predictor of the total risk of a
CHD event for an individual in the near to midterm (in the next
5 to 10 years). In contrast, the percentile score best represents rel-
ative risk of CHD event for the individual compared with other
individuals of the same age, race, and sex (25). In this way, the
percentile score is the better predictor of lifetime risk of develop-
ing CHD. While percentile scores are particularly useful in clini-
cal practice for conveying relative and lifetime risk to patients,
the absolute score is of more prognostic value and predicts risk
better over the traditional 10-year time horizon (Table 1) (4,25).

To better portray the difference in these two values, consider
the following scenarios:

Scenario 1.— Patient X is a 48-year-old White woman taking
medication for diabetes and hypertension, with no history
of smoking or dyslipidemia, and with a reported Agatston
CAC score of 10, which places her at the 93rd percentile for
women of similar age and race (26). However, her estimated
10-year risk of a CHD event is 4% (Fig 1) (26). Although the
absolute risk is low, the percentile risk is above 75%, neces-
sitating preventive therapy in patient X per guideline recom-
mendations (10).
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Table 1: Comparison of Absolute versus Percentile Coronary Artery Calcium Score Reporting

Implication Absolute Score

Percentile Score

Clinical utility
individual

Risk time frame
year) CHD risk
Context

Assessment of absolute CHD risk for an

Best predictor of short to intermediate (10

Better for clinical risk assessment

Assessment of relative risk for CHD in an
individual compared with other individuals
of a similar age and sex

Best predictor of lifetime CHD risk

Better for risk communication with patients

Note.—CHD = coronary heart disease.

MESA 10-Ycar CHD Risk with Coronary Artery Calcification

Back 1o CAC Tools

Figure 1:
high-density lipoprotein.

Scenario 2.— Patient Y is a 32-year-old African American man
with no comorbidities and an Agatston score of 4. While there
are no currently established reference range values for CAC in
individuals younger than 45 years old, any evidence of CAC in
this age range is considered very high, with high risk for CHD
and CVD mortality (13,14). On the basis of evidence from the
Coronary Artery Risk Development in Young Adults study, he
is 2.6 times more likely to develop CHD than other young
adules with a CAC score of 0 and can be considered to be above
the 95th percentile for his age and sex (13,14). Thus, patient Y
would be considered for preventive therapy.

Radiology: Cardiothoracic Imaging Volume 3: Number 1—-2021 = rctirsna.org

1. Gender Malo Female
2. Age (45-85 ycars) 48 Years
3. Coronary Artery Calcification 10 Agatston
4. Race/Ethnicity Choose One
Caucasian
Chinese
African Amernican
Hispanic
S. Diabetes Yes - No
6. Currently Smoke Yes No~
7. Family History of Heart Attack Yos
(isdocy ba parcets, wbiags, of Chikdxn)
8. Total Cholesterol 160 mgAiL or 41 mmolL
9. HDL Cholesterol 40 mAL 10 T
10. Systolic Blood Pressure 130 meHg o 173 APa
11. Lipid Lowering Medication Yeos No:
12, Hypertension Medication Yes - No
Caloulate Y0-year CHD risk
Tho estimated 10-year risk of a CHD event for a person with this risk factor profile including coronary calcium is
4.0%. The estimated 10-year risk of a CHD event for a person with this risk factor profile it we did not factor in
their coronary calclum score would be 3.1%.

Screenshot of output from Multi-Ethnic Study of Atherosclerosis (MESA) risk score calculator. CHD = coronary heart disease, HDL =

Scenario 3.— Patient Z is a 72-year-old Hispanic man with
treated prostate cancer, who recently quit smoking, has no
history of diabetes, hypertension, or dyslipidemia, and has
an Agatston score of 25. His 10-year risk of a CHD event is
5.5%, placing him at the 35th percentile for his age and sex
(26). Given his low percentile and competing risks, preventive
therapy can most likely be deferred.

Recommendation.— All CAC scores should be reported as
both the absolute Agatston score and the corresponding CAC
score percentile.


http://radiology-cti.rsna.org

te on Coronary Arter: Icium Interpretation at Chest an rdiac CT

CAC Progression and Incidence
of New CAC

Table 2: Recommended Rescan Intervals Based on ASCVD Risk Categories

The progression of CAC over

time has been found in some Risk Group

Recommended Rescan

10-year ASCVD Risk (%) Interval (y)

studies to have incremental value
in predicting subsequent CHD
events and overall mortality
(27,28). Other studies, however,

Low risk

High risk
Diabetes

Borderline to intermediate risk

<5 6-7
5-20 3-5
>20 3

3

have found that the most recent
CAC value in addition to risk

Note.—ASCVD = atherosclerotic cardiovascular disease.

factor assessment is sufficient

for risk prediction (29,30). The

differing outcomes from studies could be attributed to dif-
ferences in methods for assessing CAC progression (11,31).
Consistently, however, the presence of any CAC at baseline,
diabetes, age, systolic blood pressure, low-density lipoprotein
cholesterol, and smoking have been found to be strong predic-
tors for CAC progression and conversion (31-33), and the rate
of conversion from CAC score of 0 to CAC of greater than 0
over time was found to be nonlinear and dependent on age,
sex, and baseline risk profile (32).

A common clinical question is when to repeat a CAC score
after an initial measurement of CAC of 0. This requires a con-
sideration of the “warranty period” for which a CAC score of 0
remains valid for an individual (34). On the basis of new data,
emerging consensus suggests repeat CAC scans at 57 years for
individuals with low 10-year CVD risk (< 5% risk), 3—5 years
for individuals with intermediate risk (5%-20% risk), and ap-
proximately 3 years for individuals with high risk (> 20% risk)
or individuals with diabetes mellitus, provided a reassessment
will impact clinical management (Table 2) (34,35).

Recommendation.— In patients with a CAC score of 0 on the
index scan, consider recommending repeat CAC testing in 5—7
years for low-risk individuals, 3—5 years for intermediate-risk
individuals, and in approximately 3 years for high-risk indi-
viduals or those with diabetes.

New CAC Score Group: CAC of Greater than 1000

While CAC scores of greater than 300 or greater than 400 have
been traditionally recognized as the highest risk classification
of CAC, there are however a unique group of individuals with
CAC scores of greater than 1000, many of whom are asymp-
tomatic at the time of scanning (6,36). Arguments have been
made that high CAC values are heavily influenced by CAC den-
sity, which might be associated with more favorable prognosis,
as denser CAC are more indicative of stable plaques, which are
less prone to rupture (6,28). Individuals with very high CAC
scores of greater than 1000 have, however, been found to have
greater CAC area and more extracoronary calcium, and to be at
much higher risk of CVD, CHD, cancer, and all-cause mortal-
ity than those with CAC scores of 400-999 (36). These patients
have been found to have as much risk as those in secondary pre-
vention (who have had prior myocardial infarction), suggesting
that even more aggressive management of modifiable risk factors

might be warranted in this subgroup of individuals (36,37).

Recommendation.— CAC scores of greater than 1000 should
be considered a distinct very high-risk group and should be
identified as such on score reports.

CAC Distribution within the Coronary Arteries

Another consideration when scoring and reporting CAC is
the CAC distribution within the coronary tree. For a given
absolute CAC score, compared with single vessel CAC, CAC
in multiple vessels is associated with higher risk of mortality
(6,38). In addition, in limited circumstances it is important
to note the vessel affected, as CAC involving the left main has
been associated with increased mortality risk (6,38,39).

While the Agatston score does not factor in the distribution
of CAC, other proposed scores, like the calcium coverage score,
take CAC distribution into consideration but are less reproduc-
ible and require much longer reading time than the Agatston
score, limiting their incremental value (40). Currently, a simple
expression of the number of coronary arteries with CAC and
whether there is CAC in the left main is sufficient to enhance
risk discrimination.

Recommendation.— When reporting CAC scores, the number
of coronary arteries with CAC should be noted within the re-
port (0—4, including the left main). Presence of left main CAC
should also be noted in the study conclusions.

CAC Interpretation

MESA Risk Score

The MESA risk score was developed using sex-balanced mul-
tiple ethnic subgroups in the MESA database for the estima-
tion of 10-year CHD risk (23). It incorporates traditional
risk factors (age, sex, high-density lipoprotein cholesterol,

systolic blood pressure, antihypertensive medication use, cur-
rent smoking status, and diabetes) and CAC, as well as family
history of heart attack, body mass index, race and ethnicity,
and lipid-lowering medication use (Fig 1) (23). It was found
to provide an accurate prediction of 10-year CHD risk in the
MESA database, as well as in the Heinz Nixdorf Recall Study
in Germany and the Dallas Heart Study in Texas (23). Com-
pared with a similar model without CAC, the addition of CAC
improved the accuracy of the calculator significantly, increasing
the area under the curve from 0.76 to 0.81 (23). In general, a
MESA CHD risk score of greater than 5% (equivalent to >
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Table 3: Examples of the CAC-DRS Scoring System

as mild, moderate, or severe

(4,41). They can also be assessed

CAC

CAC Score quantitatively for each of the four

Case Category Affected Vessels CAC-DRS Category main coronary arteries using the
Agatston CAC score: 25 1 LAD A1/N1 following ord..mal SC9r€S: .0 (I?O
Agatston CAC score: 230 2 LM/LCx/RCA A2/N3 CAC), 1 (mild, calcification in
Visual CAC: moderate to 3 LM, LAD, RCA V3/N3 less than a third of the C.Oron.ary
severe and severe CAC artery), 2 (moderate, calcification
Visual CAC: moderate 2 LM, LAD, LCx, RCA  V2/N4 involving one-third to two-thirds

of the artery), and 3 (severe, cal-

estimated CAC score of x.

Note.—Adapted from reference 45. Ax = Agatston score of x, CAC = coronary artery calcium,
CAC-DRS = CAC Data and Reporting System, LAD = left anterior descending, LCx = left circum-
flex, LM = left main, Ny = number of affected arteries, RCA = right coronary artery, Vx = visually

cification involving > two-thirds
of the artery) (42,43). One previ-
ously proposed score is calculated
as the sum of the score for each of

7.5% total ASCVD risk) is strongly suggestive of benefit from
statin therapy.

To illustrate this, consider the case of patient A, a 55-year-old
Hispanic female smoker currently taking antihypertensives and
lipid-lowering medication, with a CAC score of 270. Her 10-year
risk of a CHD event without CAC is 4.3%, whereas with CAC
the 10-year risk is 11.3% (26). Interestingly, if her CAC score was
0, the risk would be 2.5%. The more accurate risk prediction for
patient A would be 11.3% (the score that factored in CAC), and
discussion about further preventive therapy is warranted.

The MESA risk score calculator is currently available and
easily accessible for use on the MESA website with an aim to
enhance CHD risk assessment and communication between
physicians and their patients (26). It is also accessible via free ap-
plications developed for mobile phone devices and can be found
using the term “MESA risk score” in app stores (26). A MESA
CVD risk score that separately predicts risk of CHD and stroke
is due to be published in early 2021.

Recommendation.— When risk factor information is avail-
able, provide the 10-year risk of CHD from the MESA CHD
risk score on CAC score reports.

CAC on Nongated Chest CT Scans

Visual Estimation of CAC on Thoracic CT Scans

More than 7 million CT scans are performed in the United
States annually, with projected doubling of that number if tho-
racic screening with annual low-dose chest CT is performed in
all patients at risk for lung cancer per the 2014 United States
Preventive Services Task Force recommendation (4). CAC can
be assessed visually on almost any chest CT scan but has been
mostly ignored until recently (4). As lung cancer and CHD
share similar risk factors, the 2016 SCCT/STR guidelines as-
signed a class I recommendation for routine qualitative CAC
assessment on nongated thoracic scans regardless of the indica-
tion for the scan (4).

CAC scores on nongated thoracic scans can be estimated
qualitatively on visual assessment as present or not present or

Radiology: Cardiothoracic Imaging Volume 3: Number 1—-2021 = rctirsna.org

the coronary arteries and can be
categorized into three categories
of severity: 0, 1-3, and 4-12 (4).
Although not as accurate, CAC scores assessed from nongated
thoracic scans have been found to correlate well with scores
obtained from electrocardiographically gated non—contrast-en-

hanced CT scans (4,41).

CAC Data and Reporting System

Despite the many established benefits of the CAC score, more
work needs to be done to optimize and standardize its applica-
tion in clinical medicine. One approach is to merge traditional
and qualitative CAC scoring to yield a score that classifies in-
dividuals accurately regardless of the method of CAC assess-
ment used. This is easily achievable, as evidence suggests that
experienced readers of nongated studies can visually estimate
CAC on these scans, classifying patients into general CAC
score groups that correlate accurately with traditional Agatston
score groups (44).

In 2018, the SCCT published the CAC Data and Reporting
System (CAC-DRS), a unique approach to reporting CAC that
aims to standardize the methods for reporting findings about
CAC on all gated cardiac scans and nongated chest CT scans
(45). The CAC-DRS categories of 0-3 were defined to corre-
spond with the traditional Agatston score categories of 0 (very
low risk), 1-99 (mild CAC, mildly increased risk), 100-299
(moderate CAC, moderately increased risk), and higher than
300 (moderately to severely increased risk) (45). Visual assess-
ment of CAC on nongated scans is done with these same cat-
egories in mind, with scores of 0-3 corresponding to similar risk
categories (45).

The CAC-DRS scoring system used is defined using the
modifier “Ax” or “Vx” to represent Agatston or visually esti-
mated CAC score, respectively, with x corresponding to the
CAC score category as outlined above. Next, the number of
affected arteries is outlined with the modifier “Ny,” with y cor-
responding to the number of affected categories (45). Both
modifiers are then combined and separated by a virgule to give
a composite CAC-DRS score (Ax/Ny or Vx/Ny) (45). To illus-
trate this, consider an individual with an Agatston CAC score
of 230 affecting the left main, left anterior descending, and
right coronary arteries: They would have a CAC-DRS score
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Moderate CAC (formal quantification CAC=170) with lesions in the RCA, LAD, and LCX

Figure 2:

Example of Coronary Artery Calcium Data and Reporfing System (CAC-DRS). A, CT angiogram shows CAC (purple

areas) within the right coronary artery (RCA), left anterior descending (LAD) artery, and left circumflex (LCX) vessels. B, Axial image
of CAC in the left anterior descending artery. C, Axial image of CAC in the left circumflex vessels. D, Axial image of CAC in the right
coronary arfery. A2 = Agatston score of 2, N3 = three affected arteries, V2 = visually estimated CAC score of 2. (Adapted from

reference 45.)

A2/N3, indicating an Agatston score grade 2 (100-299) af-
fecting three vessels. If that same patient had a concomitant
nongated study, this would be graded as V2/N3 (Table 3 and
Fig 2). This scoring system shows substantial promise for the
improvement of CVD risk prediction and communication and
has been validated in a few data sets, where it showed better
discrimination for risk of CHD, CVD, and all-cause death
than the Agatston score alone (Figs 3 and 4) (46,47).

Work has also been done on automating CAC scoring on
thoracic scans, and although the CAC scores were underes-
timated, initial testing showed good reliability and agreement
with traditional scores (48). If further developed, this holds sig-
nificant potential for further reducing the time required to assess
CAC on thoracic scans, increasing the efficiency and maximizing
the value from routine lung cancer screening thoracic scans.

Recommendation.— CAC should be reported on all chest CT
scans, and the CAC-DRS system should be considered for use
when interpreting nongated chest CT scans.

Future Directions in CAC| ,

CAC for the Estimation of Competing Risks for Mortality

Elevated CAC scores have been associated with increased risk
of other noncardiovascular diseases including cancer, chronic
kidney disease, and chronic obstructive pulmonary disease
(49,50). These comorbidities raise the issue of competing risks
of mortality in those with elevated CAC and should be consid-
ered when analyzing CAC as a predictor of mortality. Tools are
currently being developed to further translate the CAC score
into a likelihood estimator for mortality from CVD compared
with cancer, which will inform and potentially impact clinical
management decisions.

Calculation of Coronary and Cardiovascular Age

CAC scores, being a summation of an individual’s lifetime ex-
posure to risk factors for both CVD and non-CVD events,
have been found to be representative of “vascular arterial age,”
a value that corresponds more with atherosclerotic burden than
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chronological age (49,51). Vascular age calculated using CAC
has been validated in MESA as being more predictive of inci-
dent CHD risk than chronologic age (52). Framingham risk
estimated using this CAC-derived vascular age was also more
predictive of short-term incident coronary events than when
chronologic age was used (52). Furthermore, vascular age has
also been found to be a better representation of cardiovascu-
lar risk that is more easily understood by patients and more
likely to result in compliance with treatment recommendations
(53). For example, to better convey risk to a patient, a clinician
might use the calculator to transform their CAC score into an
arterial age and say, “You are currently 48 years old, but your
arteries are more consistent with that of a 72 year old.” Sev-
eral risk calculators, such as the Framingham heart age and the
MESA arterial age calculator, exist for the conversion of cardio-
vascular risk to a vascular age (53). Widely varying definitions
and methods for calculating vascular age, however, currently
limit its widespread use in clinical practice (53); however, a
MESA coronary age calculator has recently been developed to
better harmonize vascular age estimation and will be available
for use on the MESA website in late 2020 or early 2021 (54).

Improving the CAC Score

Despite its shortcomings, the Agatston score remains the stan-
dard of reporting, as many previous proposed upgrades in CAC
scoring methods have had limited applicability clinically (6).

Radiology: Cardiothoracic Imaging Volume 3: Number 1—-2021 = rctirsna.org

Figure 3: Results from a validation of the Coronary Artery Cal-
cium Data and Reporting System (CAC-DRS): risk discrimination
versus CAC alone. AUC = area under the curve, CHD = coronary
heart disease, CVD = cardiovascular disease. (Adapted from refer-
ence 46.)
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Further considerations to improve the CAC score include ad-
dition of parameters for CAC distribution pattern (diffuse vs
concentrated), total number of CAC lesions, consideration of
mean CAC density, radiomic assessment for individual lesions,
and quantification of extracoronary calcification (for example
aortic calcification or aortic valve calcification; Fig 5) (6,45). Us-
ing CAC to predict new outcomes is also on the horizon, for
example, using aortic valve calcification to predict future stenosis
(55). To ensure applicability in clinical practice, any new CAC
score needs to be reproducible, relatively easy and quick to inter-
pret, and adaptable to automated algorithms (6).

Another consideration for improving CAC assessment is to
further reduce the amount of radiation associated with CAC
scans. While it is important to use the least amount of radiation
possible, it is imperative that the image quality is maintained with
minimal background noise (56). A typical CAC scan is associated
with an exposure to approximately 1-2 mSv of radiation, and sev-
eral techniques have been developed or are under investigation to
further reduce this, including: recalibrating the score to accom-
modate scans done with reduced tube voltage (< 120 kV), high-
pitch spiral acquisition on dual-source scanners, and iterative re-
construction techniques (Fig 5) (6,56). However, these techniques
have been associated with some drawbacks, including increased
background noise and underestimation of CAC scores (6,56).
Polygenic risk scores are also being tested as a way to determine

when a patient should get a first CAC score (57).


http://radiology-cti.rsna.org

te on Coronary Arter: Icium Interpretation at Chest rdiac CT

Additionally, recent developments in the application of
artificial intelligence show promising prospects, with the
development of CAC CT postprocessing algorithms and
software to automate the estimation and reporting of CAC
(Fig 5) (58,59). These methods show significant agreement
with the conventional assessment of the Agatston CAC
score (58,59). They have, however, been associated with an
overestimation bias, and results still require double-check-
ing by a radiologist and/or clinician (58,59).

Conclusion
CAC has been extensively shown to be invaluable in CVD
risk prediction and has shown value in predicting other
non-CVD conditions, as well as all-cause mortality. CAC
also serves as the basis for new concepts, such as coronary

and cardiovascular age, to improve risk communication be-
tween health care providers and patients. As more thoracic
CT scans are routinely performed in the United States, re-
cent guidelines have recommended CAC interpretation on
all thoracic scans regardless of the original indication. In
light of the expansion in utility of CAC in the clinical space,
it is imperative that clinicians become comfortable with the
interpretation and application of CAC in their daily prac-
tice. It is equally important for radiologists to become com-
fortable with reporting CAC on all scans using methods
and terminology that are easily applicable to clinical prac-
tice. Recent improvements in the standardization of CAC
reporting across traditional electrocardiographically gated
scans and thoracic scans show promise in improving the risk

prediction power of CAC, improving its clinical value and
widespread use.
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