
©
 Z

EP
H

YR
/S

PL
. 
AB

B
R

EV
IA

TI
O

N
S

: 
LA

D
 =

 L
EF

T 
AN

TE
R

IO
R

 D
ES

C
EN

D
IN

G
 A

R
TE

R
Y;

 R
C

A 
=
 R

IG
H

T 
C

O
R

O
N

AR
Y 

AR
TE

R
Y

R isk-related features demonstrated on cardiac CT imaging are 
not reported in a structured way. In 1990 Agatston and 
colleagues developed the coronary calcium score (CCS),1 and 

extensive work since has shown it to be a reproducible discriminator 
of cardiovascular risk that can be incorporated with standard 
Framingham-type risk calculation.2,3 Findings on computed coronary 
tomography angiography (CCTA) that may impact risk, such as 
stenosis, noncalcific plaque and remodelling, have been linked with 
increased rates of a major adverse coronary event (MACE).4-6 These 
observations open the possibility of incorporating these features 
into a risk comment, which combines both the CCS and CCTA 
findings, as part of the cardiac CT report. Factors that have a bearing 
on cardiovascular risk include:
•	 Calcium score
•	 calcium score Percentile
•	 Low attenuation plaque (LAP) 
•	 Unfavourable remodelling
•	 Stenosis
•	 Site of plaque.

With observational risk data to support each of the above, these 
features can be incorporated and applied in the ‘C-PLUSS’ approach.

The C-PLUSS approach
Calcium scoring
A zero CCS in an asymptomatic individual is a powerful negative 
predictor of a MACE, and CCS alone has been shown reproducibly 
to be a discriminator of rates of a MACE in longitudinal studies.1,2,7-10 
CCS has also been shown to be the most reliable of the novel 
cardiovascular risk markers and, importantly, to improve risk 
stratification in the intermediate-risk patient group.8,11 Increasing 
CCS is linked with increasing event rates and compared with standard 
Framingham-type risk models, CCS adds significant improvement 
and accuracy in risk assessment, even in people with prediabetes and 
diabetes.3,8,9,11,12 

Percentile calcium score
For age and sex, the percentile calcium score has been documented 
to be linked to the likelihood of a MACE with the higher the percentile, 
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The C-PLUSS approach can be used to describe the risk-
related features demonstrated on cardiac CT imaging. This 
approach incorporates features relating to coronary 
calcium together with plaque and vessel specific features, 
which have been shown to relate to cardiovascular risk.  
A descriptive risk comment, as part of the cardiac CT 
report, can then be generated, helping the referring clinician 
to understand their patient’s potential future risks and so 
provide optimal care.
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Key points
•	 Coronary calcium scoring is used predominately for risk 

assessment.
•	 Computed coronary tomography angiography is used 

predominately for the assessment of stenosis.
•	 Together, cardiac CT provides a snap shot of the health of 

the arteries.
•	 Different features seen within the arteries have been 

shown to be associated with future risk.
•	 Describing these features in combination may help future 

patient management.
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the higher the risk.13 The percentile calcium score is representative 
of a propensity for atheroma accumulation in an individual compared 
with an age- and sex-matched distribution, perhaps pointing to an 
increased lifetime risk. Wong and colleagues demonstrated an 
increased relative risk of approximately 3.5 for patients in the 3rd 
quartile and approximately 5.5 for patients in the 4th quartile 
compared with those in the first quartile of calcium scores.10

Low attenuation plaque and noncalcific plaque 
LAP with a greater lipid core carries a higher risk of a coronary event 
than plaque that does not.14-16 LAP assessment by CCTA has been 
validated by intravascular ultrasound.17 Hoffman and colleagues 
documented that features of increasing LAP volume are linked to 
an increased rate of coronary events.4-6,18 It has been observed that 
the presence of atherosclerotic lesions with a LAP volume of 20 mm3 
or more (approximating LAP >8 mm x 2 mm) together with positive 
remodelling is a very high-risk feature.5 Conversely, the relative 

stability of calcific plaque without noncalcific plaque has also been 
suggested as a low-risk feature.5 This suggests a spectrum of increasing 
risk as LAP volume and proportion within a particular plaque 
increases.19 Furthermore, the presence of spotty calcification in LAP 
is linked to increased risk of a MACE and should be reported.20,21  
In the same way, reporting of the ‘napkin-ring’ sign, representing 
thin-cap fibroatheroma associated with a LAP burden, warrants 
description as a high-risk feature.22,23

Unfavourable remodelling
Positive, expansive or glagovian remodelling is the process in which 
the vessel changes shape (enlarges) to accommodate build up of 
atheroma within the wall, initially without encroachment on the 
lumen. This was first described by Glagov who suspected its 
unfavourable significance from autopsy, and subsequently this has 
been confirmed to be linked to an increased risk of a MACE.24,25 
Work carried out by Hoffman and colleagues showed the develop-
ment of positive remodelling being linked to an increased rate of 
coronary events.4-6 This has been quantified such that the presence 
of atherosclerotic lesions with remodelling of greater than 10% 
(remodelled artery diameter 10% increased) can be associated with 
a 3.5% event rate in two years.5 

Although the accepted term is ‘positive remodelling’, ‘unfavourable 
remodelling’ is a deliberate and practical nomenclature to avoid 
possible ambiguity that could arise with the term ‘positive’.  
‘Unfavourable’ is a descriptor to assist the clinician who may not be 
familiar with cardiac CT terminology and the increased risk ‘positive 
remodelling’ can carry (see Figure). 

Stenosis
In the coronary arteries, the degree of stenosis has been linked to 
rates of a coronary event, with the more severe the stenosis, the 
higher the event rate.26 CCTA has supported this finding in the 
Coronary CT Angiography Evaluation For Clinical Outcomes: an 
International Multicenter (CONFIRM) registry and recent data 
have suggested luminal narrowing of 50% or more is linked to event 
rates of over 5% per annum.6,27,28

Site of plaque (location)
The site of plaque is described as part of the anatomical assessment 
of a CCTA; however, it also has significance in regard to prognos-
tication. An event related to plaque rupture in a proximal large 
vessel supplying a significant territory of myocardium is an import-
ant distinction from a similar quality plaque in a distal location 
supplying a small territory because infarct size and postinfarction 
left ventricular volume are linked to outcome.29-31 There is prognostic 
significance in recognising potential myocardial territory at risk 
from a specific plaque. Knowing proximal large vessel plaque 
compared with distally located plaque in a small vessel may give 
the treating physician more information in choosing the most 
appropriate therapy for example in a patient having difficulty 
achieving lipid targets. 

DESCRIBING THE RISK ON CT IMAGING  CONTINUED

Figure. Proximal left anterior descending (LAD) lesion with high-risk 
features greater than the coronary calcium score (CCS).  
The following is an example of C-PLUSS risk comment of the lesion in 
the Figure above. LAD artery shows proximal calcific and noncalcific 
plaque, not flow limiting. The CCS of 16 and CCS percentile for age 
(2nd quartile) have been observed to be low-risk features, the 
presence of significant low attenuation plaque (LAP) burden with 
unfavourable remodelling has been observed to be associated with 
event rates of up to 20% in two years. These are very high-risk features. 
The presence of a luminal narrowing of 50% or greater has been 
observed to be associated with event rates of up to 5% per annum. This 
is a very high-risk feature. The location of proximal LAD plaque defines a 
large territory potentially affected by an event. The features of this 
cardiac CT study have been observed to be a high to very high 
cardiovascular risk (>>20% risk in 10 years), with a large territory 
potentially affected. This information should be combined with an 
evaluation of the patient’s other cardiovascular risks for a 
comprehensive risk profile to help in guiding further management. 

LAP with calcific focus and remodelling

Length: 8.26 mm  
Length: 3.83 mm 

Length: 1.88 mm
Length: 3.05 mm  

Low CCS (16), 2nd quartile, large LAP (8.3 x 2 mm) 
unfavourable remodelling with 50% stenosis in a 
large vessel
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What do the results of the 
C-PLUSS model tell you?
In the C-PLUSS approach, the calcium 
score is used as the basis of risk assessment. 
Each subsequent factor is then assessed as 
either having no significant effect on the 
CCS risk assessment or having an upreg-
ulating effect on the CCS risk assessment. 
A descriptive risk comment can be gener-
ated (see Table), thus providing a structure 
to interpreting the risk-related features. 
The reader or reporter of the scan can then 
incorporate the available data to best fit 
the findings, therefore providing a conclu-
sion that is complimentary to standard 
risk calculation with low, intermediate, 
high and very high risk features (repre-
senting <10%, 10–20%, >20% and >>20% 
10-year risk of a MACE, respectively). This 
information can then be used as an adjunct 
to standard risk assessment. It should not 
be considered as a replacement for existing 
risk modelling based on Framingham-type 
calculators. 

An example of how the C-PLUSS 
model aids in dealing with patient risk 
based on the CCS and how this may 
require adjustment based on lesion-
specific findings is shown in the Figure. 
Combining the C-PLUSS conclusion with 
an evaluation of standard risk factors for 
the patient is mandatory because the 
cardiac CT represents one moment in time 
and other risk factors the future. The clinician therefore needs to 
comprehensively bring all this information together to achieve 
optimal patient care.

Objective of the C-PLUSS approach
The objective of the C-PLUSS approach is to provide a structure 
for describing cardiac CT features that have been shown to relate 
to risk. It is intended to use the CCS as a basis for risk assessment 
then allow description of the ‘PLUSS’ findings by the reader or 
reporter of the study who can then provide an experienced, edu-
cated and informed comment on the risk features demonstrated 
by the cardiac CT. There will always be a spectrum of risk findings 
that will need interpretation because exact details will not exist. 
It is then the role of the treating physician to assess all risk factors 
of the patient to best plan management. Some patients may undergo 
CCS scoring without CCTA, and some may undergo CCTA 
without CCS. This is a decision of the local service or referrer. 
Using both however will provide the most information to aid in 
risk evaluation.

Using the C-PLUSS approach in clinical practice 
Despite the absence of outcome data, the C-PLUSS approach will 
be driven by clinicians wanting to incorporate as much information 
as possible to achieve the best assessment and care for their patients. 
A risk comment would help the General Practitioner who refers 
patients for nonrebatable risk assessment, and who receives reports 
from patients who have had a rebatable scan. Clinicians could ask 
their local cardiac CT service to provide a C-PLUSS comment. 
Using CCS as the first step of risk assessment, the C-PLUSS approach 
aims to facilitate a reproducible way to describe the risk-related 
features demonstrated on cardiac CT imaging. � CT
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Table. Summary of C-PLUSS features and associated risk of a  
major adverse coronary event

C-PLUSS feature Magnitude Risk level

CCS <50 Low

50 to 400 Intermediate

>400 High

CCS percentile >3rd quartile Upregulates CCS risk by up to threefold, 
and increases lifetime risk 

>4th quartile Upregulates CCS risk by up to fourfold, 
and increases lifetime risk

LAP volume (<30 
Hounsfield units) 
spectrum

Calcium >> LAP (ratio) May not further increase risk significantly

Calcium = LAP (ratio) May further increase risk

LAP >> calcium (ratio) Likely to further increase risk

Significant LAP with or 
without napkin-ring sign

>2 x 8 mm lesion 
Volume approx >20 mm3

High risk (up to 5% event rate in 
two years or >25% in 10 years) 

Unfavourable 
remodelling

>10% increase in diameter High risk (up to 5% event rate in 
two years or >25% in 10 years)

Significant LAP with or 
without napkin-ring sign 
and unfavourable 
remodelling

Soft plaque >2 x 8 mm lesion 
Plus >10% increase in 
diameter

Very high risk (up to 20% event rate in 
two years or approaching 100% in 
10 years)

Stenosis >50% Very high risk (event rates of 5% or more 
per annum or >50% in 10 years)

Site Major/minor artery, proximal 
or distal plaque

Comment on amount of territory at risk 

Abbreviations: CCS = coronary calcium score; LAP = low attenuation plaque.

SEPTEMBER 2015, VOLUME 5, NUMBER 3  CardiologyToday 25

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2015.

Copyright _Layout 1  17/01/12  1:43 PM  Page 4

http://www.medicinetoday.com.au
http://www.medicinetoday.com.au


CARDIOLOGY TODAY 2015; 5(3):23-25

Describing the risk demonstrated  
on cardiac CT imaging

The C-PLUSS approach
WARRICK BISHOP MB BS, FRACP;  MATTHEW BUDOFF MD

References
1.	 Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M, Jr, Detrano 

R. Quantification of coronary artery calcium using ultrafast computed 

tomography. J Am Coll Cardiol 1990; 15: 827-832.

2.	 Greenland P, Bonow RO, Brundage BH, et al. ACCF/AHA 2007 clinical expert 

consensus document on coronary artery calcium scoring by computed 

tomography in global cardiovascular risk assessment and in evaluation of patients 

with chest pain: a report of the American College of Cardiology Foundation Clinical 

Expert Consensus Task Force (ACCF/AHA Writing Committee to Update the 2000 

Expert Consensus Document on Electron Beam Computed Tomography). 

Circulation 2007; 115: 402-426.

3.	 Malik S, Budoff MJ, Katz R, et al. Impact of subclinical atherosclerosis on 

cardiovascular disease events in individuals with metabolic syndrome and 

diabetes: the multi-ethnic study of atherosclerosis. Diabetes Care 2011; 34: 

2285-2290.

4.	 Hoffmann U, Moselewski F, Nieman K, et al. Noninvasive assessment of 

plaque morphology and composition in culprit and stable lesions in acute 

coronary syndrome and stable lesions in stable angina by multidetector 

computed tomography. J Am Coll Cardiol 2006; 47: 1655-1662.

5.	 Motoyama S, Sarai M, Harigaya H, et al. Computed tomographic angiography 

characteristics of atherosclerotic plaques subsequently resulting in acute 

coronary syndrome. J Am Coll Cardiol 2009; 54: 49-57.

6.	 Yamamoto H, Kitagawa T, Ohashi N, et al. Noncalcified atherosclerotic 

lesions with vulnerable characteristics detected by coronary CT angiography and 

future coronary events. J Cardiovasc Comput Tomogr 2013; 7: 192-199.

7.	 Sarwar A, Shaw LJ, Shapiro MD, et al. Diagnostic and prognostic value of 

absence of coronary artery calcification. JACC Cardiovasc Imaging 2009; 2: 

675-688.

8.	 Yeboah J, McClelland RL, Polonsky TS, et al. Comparison of novel risk 

markers for improvement in cardiovascular risk assessment in intermediate-risk 

individuals. JAMA 2012; 308: 788-795.

9.	 Budoff MJ, Shaw LJ, Liu ST, et al. Long-term prognosis associated with 

coronary calcification: observations from a registry of 25,253 patients. J Am 

Coll Cardiol 2007; 49: 1860-1870.

10.	Wong ND, Budoff MJ, Pio J, Detrano RC. Coronary calcium and cardiovascular 

event risk: evaluation by age- and sex-specific quartiles. Am Heart J 2002; 143: 

456-459.

11.	Elias-Smale SE, Proenca RV, Koller MT, et al. Coronary calcium score 

improves classification of coronary heart disease risk in the elderly: the 

Rotterdam study. J Am Coll Cardiol 2010; 56: 1407-1414.

12.	LaMonte MJ, FitzGerald SJ, Church TS, et al. Coronary artery calcium score 

and coronary heart disease events in a large cohort of asymptomatic men and 

women. Am J Epidemiol 2005; 162: 421-429.

13.	Raggi P, Callister TQ, Cooil B, et al. Identification of patients at increased 

risk of first unheralded acute myocardial infarction by electron-beam computed 

tomography. Circulation 2000; 101: 850-855.

14.	Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation 1995; 92: 

657-671.

15.	Matsumoto N, Sato Y, Yoda S, et al. Prognostic value of non-obstructive CT 

low-dense coronary artery plaques detected by multislice computed tomography. 

Circ J 2007; 71: 1898-1903.

16.	Komatsu S, Imai A, Kodama K. Multidetector row computed tomography 

may accurately estimate plaque vulnerability: does MDCT accurately estimate 

plaque vulnerability? (Pro). Circ J 2011; 75: 1515-1521.

17.	Motoyama S, Kondo T, Anno H, et al. Atherosclerotic plaque characterization by 

0.5-mm-slice multislice computed tomographic imaging. Circ J 2007; 71: 363-366.

18.	Versteylen MO, Kietselaer BL, Dagnelie PC, et al. Additive value of 

semiautomated quantification of coronary artery disease using cardiac 

computed tomographic angiography to predict future acute coronary syndrome. 

J Am Coll Cardiol 2013; 61: 2296-2305.

19.	Kristensen TS, Kofoed KF, Kuhl JT, Nielsen WB, Nielsen MB, Kelbaek H. 

Prognostic implications of nonobstructive coronary plaques in patients with  

non-ST-segment elevation myocardial infarction: a multidetector computed 

tomography study. J Am Coll Cardiol 2011; 58: 502-509.

20.	Ehara S, Kobayashi Y, Yoshiyama M, et al. Spotty calcification typifies the 

culprit plaque in patients with acute myocardial infarction: an intravascular 

ultrasound study. Circulation 2004; 110: 3424-3429.

21.	van Velzen JE, de Graaf FR, de Graaf MA, et al. Comprehensive assessment 

of spotty calcifications on computed tomography angiography: comparison to 

plaque characteristics on intravascular ultrasound with radiofrequency 

backscatter analysis. J Nucl Cardiol 2011; 18: 893-903.

22.	Kashiwagi M, Tanaka A, Kitabata H, et al. Feasibility of noninvasive 

assessment of thin-cap fibroatheroma by multidetector computed tomography. 

JACC Cardiovasc Imaging 2009; 2: 1412-1419.

23.	Narula J, Achenbach S. Napkin-ring necrotic cores: defining circumferential 

extent of necrotic cores in unstable plaques: JACC Cardiovasc Imaging 2009; 2: 

1436-1438. 

24.	Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis GJ. 

Compensatory enlargement of human atherosclerotic coronary arteries. N Engl J 

Med 1987; 316: 1371-1375.

25.	Varnava AM, Mills PG, Davies MJ. Relationship between coronary artery 

remodeling and plaque vulnerability. Circulation 2002; 105: 939-943.

26.	Harris PJ, Behar VS, Conley MJ, et al. The prognostic significance of 50% 

coronary stenosis in medically treated patients with coronary artery disease. 

Circulation 1980; 62: 240-248.

27.	Min JK, Dunning A, Lin FY, et al. Age- and sex-related differences in all-cause 

mortality risk based on coronary computed tomography angiography findings 

results from the International Multicenter CONFIRM (Coronary CT Angiography 

evaluation for clinical outcomes: an International Multicenter Registry) of 

23,854 patients without known coronary artery disease. J Am Coll Cardiol 2011; 

58: 849-860.

28.	Hulten EA, Carbonaro S, Petrillo SP, Mitchell JD, Villines TC. Prognostic value 

of cardiac computed tomography angiography: a systematic review and meta-

analysis. J Am Coll Cardiol 2011; 57: 1237-1247.

29.	Watts GF, Sullivan DR, Poplawski N, et al. Familial hypercholesterolaemia: a 

model of care for Australasia. Atheroscler Suppl 2011; 12: 221-263.

30.	Arno PS, Viola D. Hypertension treatment at the crossroads: a role for 

economics? Am J Hypertens 2013; 26: 1257-1259.

31.	Wang G, Yan L, Ayala C, George MG, Fang J. Hypertension-associated 

expenditures for medication among US adults. Am J Hypertens 2013; 26:  

1295-1302.

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2015.

Copyright _Layout 1  17/01/12  1:43 PM  Page 4


