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A B S T R A C T

The goal of CAC-DRS: Coronary Artery Calcium Data and Reporting System is to create a standardized
method to communicate findings of CAC scanning on all noncontrast CT scans, irrespective of the indication, in
order to facilitate clinical decision-making, with recommendations for subsequent patient management. The
CAC-DRS classification is applied on a per-patient basis and represents the total calcium score and the number of
involved arteries. General recommendations are provided for further management of patients with different
degrees of calcified plaque burden based on CAC-DRS classification. In addition, CAC-DRS will provide a fra-
mework of standardization that may benefit quality assurance and tracking patient outcomes with the potential
to ultimately result in improved quality of care.

1. Introduction

Radiology has pioneered the generation of documents describing the
appropriate reporting and management of several disease states. This
remarkable effort began with the landmark BI-RADS (Breast Imaging
Reporting and Data System) for breast cancer screening mammograms,
continued with LI-RADS (Liver Imaging Reporting and Data System) for
patients with chronic liver disease, Lung-RADS (Lung CT Screening
Reporting and Data System) for those undergoing CT lung screening for
lung cancer, and PI-RADS (Prostate Imaging Reporting and Data System)
for MR imaging for prostate cancer. More recently, CAD-RADS (Coronary
Artery Disease Reporting and Data System) was developed for patients
undergoing coronary computed tomographic imaging for the evaluation
of coronary artery disease as an expert consensus document from the
Society of Cardiovascular Computed Tomography (SCCT), the American
College of Radiology (ACR) and the North American Society for
Cardiovascular Imaging (NASCI), and endorsed by the American College
of Cardiology.1 The concept of standardized reporting and treatment
through more relevantly structured and comprehensive databases and
registries was designed to facilitate clinical communication, including
the evaluation of prognosis following particular imaging results and the
implementation of appropriate patient management, as well as to facil-
itate quality improvement.

As coronary artery calcium (CAC) scanning has been integrated into
atherosclerotic cardiovascular disease (ASCVD) risk assessment of
asymptomatic patients, with incorporation into numerous guidelines
and appropriateness criteria, including recently by the Society of
Cardiovascular Computed Tomography (SCCT) and Society of Thoracic
Radiology (STR),2–6 it has become increasingly important to provide a
uniform reporting system and easily implemented management re-
commendations. The CAC-DRS: Coronary Artery Calcium Data and

Reporting System will apply to all dedicated CAC scans, as well as to
all nongated non-contrast chest CT scans irrespective of the indication,
for which CAC analysis has been recommended by the SCCT and STR
Guideline.5 In addition to the obvious direct clinical benefits, there are
implications for research facilitated by the enhancement of databases
and registries provided by structured reporting.

2. Clinical value of coronary artery calcium

Risk assessment forms the cornerstone of a personalized approach to
ASCVD prevention. While current guidelines recommend initiating risk
assessment using a risk factor-based global risk assessment tool, such as
the Pooled Cohort Equations,7 it is now widely recognized that patients
at so-called “intermediate risk”, in whom the decision to treat with
preventive therapy is uncertain, may need additional testing for the
most appropriate risk stratification.8 Indeed, the majority of ASCVD
events occur in patients who would have otherwise been considered
intermediate risk.9 The 2017 SCCT Expert Consensus Statement re-
commends consideration of CAC testing within the context of shared
decision making when the 10-year ASCVD risk using the Pooled Cohort
Equations is between 5 and 20%, and in select patients with< 5% 10-
year risk including those patients with a strong family history of
ASCVD. It also provides treatment recommendation which are adopted
in the present document.6

CAC is appealing because it is a simple and highly reproducible, low
radiation test that offers a direct assessment of the total burden of
coronary calcified plaque, integrating the upstream effects of all risk
and genetic factors over the life of an individual patient. CAC thereby
helps overcome inherent challenges in one-time measures of individual
risk factors, e.g., blood pressure, which form the basis for the Pooled
Cohort Equations and may be highly variable over time.
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CAC has substantial high quality evidence substantiating its role as
one of the strongest individual tests for determining long-term ASCVD
risk in an asymptomatic patient.2,3,5,6 More than any other test, CAC
improves the discrimination of risk when added to the Pooled Cohort
Equations.9 The absence of CAC (CAC=0) is the strongest negative risk
marker in clinical practice, identifying patients at very low 10-year
risk.10 Elevated CAC appears to identify patients who might not have
been considered candidates for preventive pharmacotherapy, but who
may be likely to receive a net benefit from treatment.11 There is now
strong data across many studies pointing to a continued value of CAC
for risk stratification up to 15 years after testing and beyond.12,13 CAC
has value for predicting myocardial infarction and stroke, and data
points to the value of CAC for predicting other outcomes including
dementia and heart failure, as well as hip fracture, pneumonia, and
chronic kidney disease14,15 or as a generalized marker of overall health.
An updated summary of the data supporting the prognostic value of
CAC is supplied in the most recent guideline and consensus documents
on CAC from the SCCT.5,6

In clinical practice, CAC is used to inform the discussion between
clinicians and patients about the likelihood of receiving net benefit
from preventive pharmacotherapy with aspirin and statins, but in some
cases CAC may also guide a discussion about the intensity of therapy,
such as LDL and blood pressure goals. For example, patients with
CAC=0 are much less likely to receive a net benefit from lifetime use
of statin and aspirin therapy, while patients with CAC>100 are at
higher ASCVD risk and may be more likely to benefit from therapy.

According to two major cost-effectiveness analyses, CAC is considered
to be cost-effective when used in this way in selected intermediate risk
patients.16–18

3. CAC-DRS

3.1. Agatston scoring of gated and nongated CT scans (Table 1a)

The Agatston score, a summed score based on calcified plaque area
and the maximal density of individual calcified lesions, has been the
CAC metric of choice and may be applied to both gated and nongated
studies acquired with 120 KV at 2.5–3 mm slice thickness.19 CAC per-
centiles based on age, gender and ethncicity, are also routinely re-
ported.20 The traditional CAC risk categories are: 0= very low risk,
1–99=mildly increased, 100–299=moderately increased,
300–1000=moderate to severely increases and>1000= severely
increased. Since the management recommendations are the same for
300–1000 and > 1000, they have been combined into a single> 300
category.6 The CAC-DRS categories, (Table 1), therefore, range from
CAC-DRS 0 for a 0 CAC to CAC-DRS 3 for CAC>300, with the cor-
responding management recommendations of the SCCT.6

3.2. Visual estimation of non-gated CT examinations (Table 1b)

Visual estimation of the extent of CAC in each artery is simple to
perform and has significant prognostic value.21 For visual assessment

Table 1
CAC-DRS category determined risk classifications and treatment recommendations.

a. Agatston Score

CAC Score Risk Treatment Recommendation

CAC-DRS 0 0 very low statin generally not recommended*
CAC-DRS 1 1–99 mildly increased moderate intensity statin
CAC-DRS 2 100–299 moderately increased moderate to high intensity statin + ASA 81mg
CAC-DRS 3 >300 moderately to severely increased high intensity statin + ASA 81mg

b. Visual Score

CAC Score Risk Treatment Recommendation

CAC-DRS 0 0 very low statin not recommended*
CAC-DRS 1 1 mildly increased moderate intensity statin
CAC-DRS 2 2 moderately increased moderate to high intensity statin + ASA 81mg
CAC-DRS 3 3 moderately to severely increased high intensity statin + ASA 81mg

*excluding familial hypercholesterolemia.

Fig. 1. CAC-DRS category A0 and V0 example. CAC is absent on Agatston (A0) and visual (V0) analyses. Upper left: Absence of CAC in all 4 vessels in volumetric
image. Upper right, lower left and right: representative axial images demonstrating absence of CAC at multiple levels. Abbreviation: CAC= coronary artery calcium.
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Fig. 2. CAC-DRS category A1/N3 and V1/N3 example. CAC is mild (45) on Agatston (A1) and visual (V1) analyses with 3 vessel involvement (N3). Upper left:
Volumetric image- CAC in LM, LAD and LCx. Upper right: Axial image- CAC in LM. Lower left: Axial image- CAC in LAD. Lower right: Axial image- CAC in LCx;
Abbreviations: CAC= coronary artery calcium LAD= left anterior descending. LCx= left circumflex LM= left main.

Fig. 3. CAC-DRS category A2/N3 and V2/N3 example. CAC is moderate (144) on Agatston (A2) and visual (V2) analyses with 3 vessel involvement (N3). Upper
left: Volumetric image- CAC in LAD, LCx and RCA. Upper right: Axial image- CAC in LAD. Lower left: Axial image- CAC in LCx. Lower right: CAC in RCA.
Abbreviations: CAC= coronary artery calcium LAD= left anterior descending. LCx= left circumflex LM= left main RCA= right coronary artery.

Fig. 4. CAC-DRS category A3/N4 and V3/N4 example. CAC is severe (861) on Agatston (A3) and visual (V3) analyses with 4 vessel involvement (N4). Upper left:
Volumetric image- CAC in LM, LAD, LCx and RCA. Upper right: Axial image- CAC in LM and LAD. Lower left: Axial image- CAC in LCx. Lower right: CAC in RCA.
Abbreviations: CAC= coronary artery calcium LAD= left anterior descending. LCx= left circumflex LM= left main RCA= right coronary artery.
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analysis, 0= none with very low risk, 1=mild with mildly increased
risk, 2=moderate with moderately increased risk, and 3= severe with
moderately to severely increased risk and the corresponding CAC-DRS
categories range from 0-3. Visual analysis may be utilized for
noncontrast nongated studies but should not be applied to gated CAC
scans.

4. Modifiers

4.1. Scoring system

Even though the CAC-DRS categories have the same implications in
the different scoring systems as detailed in Table 1, it is important for
the employed scoring system to be documented. The first modifier de-
scribes the scoring system: A=Agatston, V= visual estimation.

Fig. 5. Sample Agatston coronary artery calcium scoring report.
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V_/N

Fig. 6. Sample visual coronary artery calcium scoring report.
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4.2. Number of involved vessels

The number (modifier N) of vessels with CAC (n= 1–4) (Table 1)
has been noted to be prognostically additive to the total CAC in a
multivariate analysis of the MESA population, particularly in the CAC
range of 1-300.22–25 While there are insufficient data to change risk
categories based on this parameter, it may influence the aggressiveness
of the management in individual cases, and should be reported. The
modifier N is not necessary and should not be used if the CAC-DRS
grade is 0.

The symbol “/” (slash) should be placed between the grade and the
N modifier.

5. Examples

The following are examples for each scoring system, illustrated in
Figs. 1–4.

Agatston scoring = A Number of vessels = N
Case CAC-DRS Category
i. CAC 0 CAC-DRS A0
ii. CAC 1–99 in LM, LAD and LCx CAC-DRS A1/N3
iii. CAC 100–299 in LAD, LCX and RCA CAC-DRS A2/N3
iv. CAC>300 in LM, LAD, LCx and RCA CAC-DRS A3/N4
Visual estimation = V
Case CAC-DRS Category
i. CAC 0 CAC-DRS V0
ii. CAC 1 in LM, LAD and LCx CAC-DRS V1/N3
iii. CAC 2 in LAD, LCX and RCA CAC-DRS V2/N3
iv. CAC 3 in LM, LAD, LCx and RCA CAC-DRS V3/N4

6. Other cardiac and non-cardiac findings

Thoracic aortic, aortic valve, mitral annular and pericardial calci-
fication and thickness should be reported as none, mild, moderate and
severe but are not included in CAC-DRS scoring. Standard main pul-
monary artery, ascending and descending aortic measurements should
be provided. Non-cardiovascular findings should be reported with
specific follow-up and recommendations.

7. Reports

Sample standardized reporting templates for Agatston and visual
CAC-DRS scoring systems are provided in Figs. 5 and 6.

8. Discussion

CAC scoring is a well-established tool with extremely robust capa-
city to stratify the risk of downstream cardiovascular events and death.
In multiple large international registries CAC has been consistently
shown to be the single best tool for risk discrimination. Unfortunately,
despite its fairly straightforward methodology, the clinical reporting of
CAC remains inconsistent, particularly at centers where it is infre-
quently performed and when semi-quantitative analysis is performed
on non-ECG synchronized scans. This inconsistent documentation has
limited the ability to report on the real world clinical integration of CAC

scoring and the potential incremental value of vessel based segmenta-
tion. Standardized reporting with clear designation of the findings of-
fers the potential to assess the reproducibility of the findings in large
academic collaborations and helps inform modifications in reporting
and recommendations where necessary.

One of the current gaps in knowledge is the lack of robust outcome
data across all populations. MESA provides important insight into the
outcomes associated with nomographic distribution of calcium in 4
American ethnic populations. While invaluable, these outcomes are
only truly applicable in an American healthcare model, and large gaps
in ethnic populations persist. Standardized reporting enabling prag-
matic data collection across international centers provides the oppor-
tunity to be informed about patients for whom there are currently large
gaps in knowledge, e.g., South Asian and Middle Eastern individuals. In
addition, while treatment recommendations are traditionally nation
and healthcare model independent there may be meaningful differences
based on care delivery models across the globe. This will offer the op-
portunity to help define optimal treatment strategies and enable shared
learning to inform clinical guidelines with real world large scale
knowledge.

Finally, it is important to recognize an inherent limitation of this
first iteration of CAC-DRS. In an attempt to enhance clinical adoption
we employed a somewhat simplistic approach, despite the many other
added data elements and designations that were initially proposed, with
the opportunity to mature in an organic fashion as needed.

9. Conclusions

Standardized reporting can help highlight key imaging variables
associated with elevated patient risk and facilitate directed patient
management. Combined with incorporation of appropriate patient
selection based on ACR or ACC appropriate use criteria and SCCT
guideline protocol acquisition and image interpretation, this stan-
dardized reporting and management completes a comprehensive
approach to high quality imaging. Moreover, it allows for in-
corporation of CAC imaging into electronic health records for doc-
umentation of meaningful use and for potential continuous quality
improvement programs or for tracking patient clinical outcomes. The
SCCT looks forward to continuing the development of high quality
clinical documents to impact patient care and patient-centered
imaging.
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