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Abstract

Calcium artery calcium (CAC) scoring has become an integral part in the era of preventive
cardiology, it has been extensively studied and been validated as a powerful tool for
cardiovascular risk assessment in conjunction with other traditional well established scoring
systems such as Framingham risk score. In addition, CAC testing has found its way into
emergency department algorithms assessing low to intermediate risk patients presenting with chest
pain, this strategy was recently adopted by the UK NICE guidelines, confidently ruling out cardiac
origin of chest pain. Several studies have demonstrated that risk assessment using CAC was
motivational to patients leading to better adherence to their preventive practices as well as to
medications. Accordingly, this test has several recommendations for use by national and
international guidelines.
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Introduction

Coronary artery disease (CAD) remains the main cause of mortality in the US, and it is
associated with a substantial functional impairment in survivors of acute cardiac events,
imposing a very large economic burden. Many risk scoring tools have been used to help
identify high risk patients who are most likely to benefit from therapeutic intervention.
Unfortunately, most of these tools are not completely accurate. Coronary artery calcium
(CACQ) is a constituent of atherosclerosis detected almost exclusively in atherosclerotic
arteries [1]. CAC pathophysiology and association with cardiovascular risk have been an
area of intense investigation for several years. CAC detection has become an established
method for cardiovascular risk assessment, and is particularly useful in asymptomatic
intermediate risk individuals [2¢¢]. The focus of this review is to present the most relevant
literature on the use of CAC as a risk stratification tool of asymptomatic and symptomatic
patients, different clinical applications as well as the utility of sequential CAC scanning to
follow the evolution of coronary atherosclerosis.
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Calcium Score Technical Aspects and Scoring Methods

Electron beam computed tomography (EBCT) and more recently, multidetector computed
tomography (MDCT) have been used in quantification of CAC. Compared to EBCT, recent
MDCT scanners have the advantage of higher spatial resolution and less noise, while EBCT
has less motion artifacts and lower radiation. CAC is typically scanned in a prospectively
ECG-triggered mode with 2.5-3.0 mm thick axial slices. The radiation dose is low, with a
typical effective dose of approximately 1.0 mSv, which is about the same dose of radiation
of 1.5 screening mammograms performed.

Agatston score is one of the most common methods used for CAC scoring that is calculated
by multiplying the lesion area (mm?2) by a density factor (between 1 and 4) [3] (Fig. 1).
However, the increase in Agatston score over time might just represent an increase in plaque
attenuation (density) rather than size over time. On the other hand, calcium volume score
(CVS) represents an actual volume of CAC and reduces variability between scans [4]. The
evaluation of coronary calcium has been proven to be feasible and the presence of
calcification in addition to indicating the site of a plaque suggests its extension [5]. Of
course only a small percentage of patients with coronary calcifications also have a coronary
stenosis. According to the Mayo Clinic guidelines, the probability of the presence of a
hemodynamically significant stenosis greater in patients with a calcium score (CS) >400
(Table 1) [6].

Clinical Role and Applications of CAC

Cardiovascular Risk Assessment and Relation to Framingham Risk Score (FRS)

Cardiovascular disease (CVD) risk screening is performed by multiple methods relying on
calculators derived from the Framingham study, other epidemiological studies or primary
care records. However, it only identifies 70 % of individuals at risk for CVD events and
there has been interest in adding other risk factors to improve its predictive capacity.

CAC score has been extensively validated as a marker for cardiovascular risk and currently
regarded as a feasible surrogate marker for screening of coronary artery disease [7¢]. In the
2010 ACCF/AHA practice guidelines, measurement of CAC was a Class Ila
recommendation for assessment of cardiovascular risk in asymptomatic adults at
intermediate risk (10-20 % 10-year) as well Ila in persons with diabetes, and a IIb
recommendation for those persons at low-intermediate risk (6—10 % 10-year risk). Similarly,
in the 2010 appropriateness criteria, CAC scoring was considered as appropriate for
intermediate CHD risk patients, and for the specific subset of low-risk patients in whom a
family history of premature CHD was present. However, in patients with low cardiovascular
risk (< 6 %), CAC Score was judged as inappropriate for cardiovascular risk assessment
[8ee].

CAC score was studied in association with the traditional well established FRS system
showing that the CAC score has been shown as an independent incremental value in
prediction of CAD deaths or MIs in asymptomatic patients; Pooled analysis from six studies
of 27,622 asymptomatic patients showed that about 43 % of subjects had CAC Score of 0,
resulting in a low 3-5 year event rate of only 0.4 %. Subjects with positive CAC were
further classified according to their scores into four groups; 1-99, 100-399, 400-999 and
>1000 showing an incremental relationship where higher CAC scores were significantly
associated with higher relative risk ratios and even rates; 1.9, 4.3, 7.2 and 10.8 respectively
[9]. Moreover, CAC score helped reclassification of CAD risk categories, studies have
shown that 60 % of coronary atherosclerotic events occur in patients in low or intermediate-
Framingham risk categories [10]. Intermediate-risk patients with CACS >300 had a 2.8 %
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annual rate of cardiac death or MI (roughly equivalent to a 10- year rate of 28 %) that would
put them in a high risk category [11]. In the Rotterdam study [12], cut-off values of 615 and
50 were suggested to reclassify elderly intermediate risk group population to either high or
low risk groups respectively, and 52 % of intermediate risk patients were reclassified. A
recent advanced analysis based on the Rotterdam study evaluated the change in the c-
statistic and the overall net reclassification index (NRI) for multiple new risk markers. The
maximum change in the c-statistic was observed for CAC score (increase, 0.05 [CI, 0.02 —
0.06]), followed by NT-proBNP level (increase, 0.02 [CI, 0.01 — 0.04]). The highest overall
net percentage of persons correctly reclassified was also observed for CAC score (NRI, 19.3
% [CI, 12.5 - 26.2 %]), with a smaller NRI for NT-proBNP (7.6 % [CI, 2.8 — 12.5 %]). High
sensitivity C reactive protein did not lead to net reclassification or improve the C statistic.
Improvements in prediction with other markers were marginal [13].

CAC and Diagnostic Accuracy of Coronary CT Angiography (CCTA)

Severe calcification can limit lumen assessment due to blooming artifacts and yield false
positive results decreasing the specificity of CCTA . In clinical practice, the decision
whether or not to perform CCTA, if dependent on CAC score, is usually based on the total
score and not on the distribution of calcified lesions [14]. For this reason, some study groups
have limited CCTA to patients with CAC score below an arbitrary cut-off, with invasive
coronary angiography being used for diagnostic purposes in those with higher score. To
answer the question of whether a CAC score cut-off is needed to obtain good diagnostic
accuracy in CCTA, a recent systematic review and meta-analysis of 27 studies (5203
participants) was conducted to assess the sensitivity and specificity of CCTA by MDCT for
significant stenosis ( 50 %) at different degrees of coronary calcification. On a patient-
basis, sensitivity of CCTA for significant stenosis was 95.8, 95.6, 97.6 and 99.0 % for CAC
scores 0—100, 101-400, 401-1000 and >1000 respectively, while specificity was 91.2, 88.2,
80.6 and 84.0 % respectively. This study concluded that even in cases of severe coronary
calcification, sensitivity and specificity of CCTA for significant stenosis are high and that
the diagnostic accuracy of 64-MDCT and newer CT systems were significantly higher
compared to the 16-slice MDCT indicating that a CAC score cutoff for performing CCTAs
no longer seems necessary [15]. Even though, there are issues to keep in mind; if the CAC
score is based on considerable calcification limited to a small area, there is a greater
probability of artifacts and false positive results of CCTA, compared to a more even
distribution of coronary calcification. Considering this, CCTA can be non-diagnostic for a
certain coronary segment in case of a CS of 100, while CCTA in a patient with a CS of 1500
can have good diagnostic quality [16, 17].

Role of CAC Scoring in Evaluation of Patients with Chest Pain

Various studies have shown that CAC score can be regarded as the gate keeper to CTA in
diagnosis of significant CAD in patients presenting with chest pain. In those studies, zero
calcium score was used as a negative test to identify cases with no obstructive disease with
very high sensitivity (>95 %) and negative predictive value (99 %) highlighting its ability to
rule out obstructive CAD. This has been reflected in the current recommendations where the
2010 appropriateness criteria considered CTA as appropriate indication in symptomatic
patients with CAC score <400. In addition, the UK-based National Institute for Health and
Clinical Excellence (NICE) guidelines for the management of patients with acute chest pain
have recently endorsed CAC scoring as a first line test for symptomatic patients with a low
pretest probability of obstructive CAD (10-29 %) [18]. CAC was used to confidently rule
out cardiac pain in those with zero calcium score indicating no need for further imaging and
to refer those with higher scores to invasive or non invasive coronary angiogram for further
assessment of stenosis severity [18]. Similarly, in a recent meta-analysis paper, the authors
proposed a hypothetical chest pain algorithm where initially patients are stratified by pretest

Curr Cardiol Rep. Author manuscript; available in PMC 2014 January O1.



1X91-}[.IBIII.IQJBAA$ 1X91-)[.IBIII.191‘BAA$

1X91-)[.IBIII.IS],BAA$

Youssef et al.

Page 4

likelihood of obstructive CAD based on risk factors for CHD events and the nature of chest
pain. Once low-risk features are confirmed, CAC scoring can then be performed with further
testing by CCTA with positive CAC (Fig. 2).

There has been an ongoing heated debate with respect to the clinical implication of a zero
CAC score in patients with chest pain syndrome. Nabi et al. studied 1031 patients in the ED
with CAC and nuclear testing. Only two events occurred in 625 patients with a CACS of 0
(0.3 %). Both of these patients developed increased troponin levels during their index visit
but had normal serial ECG and SPECT study results and no cardiac events at 6-month
follow-up. A majority of patients (61 %) evaluated for chest pain of uncertain cardiac cause
have a CACS of 0, which predicts both a normal SPECT result and an excellent short-term
outcome. These results suggest that patients with a CACS of 0 can be discharged home,
without further cardiac testing, strongly supporting the recent UK NICE guidelines [19].
Recently, Kim et al. has published a study of 1114 patients who presented with chest pain
and zero calcium score with mean follow-up period of 2.8 years, early revascularization was
done in 25 patients (2.2 %) and there were 14 major adverse cardiac events (1.3 %) [20].
Since there might be a theoretical concern that patients with zero CAC score may use that to
justify an unhealthy lifestyle. There are two important messages that health care providers
can give patients with a zero CAC score. First, the result is reassuring that an individual’s
risk of a CHD event over the next 10 years is very low, <1 % [21]. Secondly, patients should
also understand that the absence of CAC does not guarantee the absence of atherosclerosis
because they may have exclusively non calcified plaque that is not identified by CAC
testing. As a result, patients should still be encouraged to make appropriate therapeutic
lifestyle changes to decrease their long-term risk.

Cost Effectiveness of CAC Scoring Approach in the ED

Three studies have exclusively explored the cost-effectiveness of integrating CAC scoring
into an emergency room decision-making algorithm for patients with acute chest pain. Raggi
et al. [22] allotted patients to either an “exercise treadmill test first” approach or to CAC
scanning as the initial test of choice, followed by exercise stress testing for CAC >150. The
economic analysis of these two approaches revealed a cost reduction of over 65 % when
comparing the “CAC first” approach to that of exercise treadmill testing first ($599 vs.
$1701, average savings $1102+123 [95 % CI $860-$1344)).

A more recent economic appraisal of chest pain algorithms compared CAC scanning and
exercise stress electrocardiography at the Brighton and Sussex University Hospitals in the
United Kingdom [23¢]. In this study, performing a CAC scan first was more cost-effective
than treadmill stress testing in patients with a pretest probability <30 % using the NICE
guidelines. In addition, for patients with a pretest probability >30 %, proceeding directly to
myocardial perfusion scintigraphy or invasive angiography was more cost-effective than
either CAC scanning or exercise stress testing, suggesting that CAC scanning was more
economically feasible in lower-risk patients. Branch et al. hypothesized that a CAC-based
evaluation of ED patients at low to intermediate risk of ACS will be less expensive than the
current standard of care involving stress testing, even when downstream costs of the CAC
are considered. The authors studied 102 patients deemed to be low to intermediate risk on
the basis of a mean TIMI risk score of 0.9, with a mean follow-up of 12 months. Mean
patient costs for a CAC-based evaluation were significantly lower ($750, 24 %) than the
standard of care testing ($2384 and $3134, respectively) [24].

Role of Zero Calcium Score in Asymptomatic Patients

In a recent meta-analysis involving more than 29,000 asymptomatic patients with a zero
CAC score, with a mean follow-up period of 50 months, the annual event rate was only 0.12
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% [25]. A zero CAC score was more predictive than a negative intima media thickness test
or negative stress test of decreased cardiovascular events [26, 27]. Furthermore, diabetic
patients who had a zero CAC score had a similar cardiovascular risk to those without
diabetes [28].

CAC score retesting in asymptomatic subjects are subjects of debate. Obviously, if the
patient becomes symptomatic, re-evaluation would be considered regardless of a previous
zero calcium score. However, in those who remain symptom free, evidence suggests that the
CAC score should not be repeated frequently [29]. In a recent study by Min et al. [30e], the
cumulative rate of “conversion” from a zero CAC score to >l CAC score was 15 % in the
first 4 years and 25 % in the fifth year concluding that 4 years might be the ideal “warranty
period” for a zero CAC score which is considerably longer that the warranty period that is
offered by normal functional imaging tests (such as nuclear perfusion scans) which is
considered to be around 1.5 to 2 years [31]. Budoff et al. studied 4609 consecutive
asymptomatic individuals who underwent serial scanning and found that CAC progression
added incremental value in predicting all-cause mortality over baseline score, time between
scans, demographics, and cardiovascular risk factors. They concluded serial assessment may
have clinical value in assessing plaque progression and future cardiovascular risk.

Role of Calcium Score in Women

CAC scoring was shown to be a good risk stratification tool for asymptomatic women over
and above other traditional cardiovascular risk factors. The MESA study screened 2600
asymptomatic women with a median Agatston score of 0 (range, 0-26), CHD only occurred
in 2 % of the studied population [32]. The area under the curve (AUC) for CHD increased
significantly from 0.805 to 0.835 with the addition of CAC scanning. Similarly, in a study
by Raggi et al., the ROC C-index for death estimation was 0.672 (95 % CI 5 0.622-0.722,
p<0.0001) which significantly improved when calcification was added to this analysis from
0.672 to 0.75 (p<0.0001) [28].

Role of CAC Score in Promoting Patients Adherence to Treatment

CAC represents objective evidence of atherosclerosis and the way CAC results are conveyed
is likely to serve as a powerful source of motivation for patients to adopt a healthier lifestyle
and to adhere to both pharmacological and non pharmacological treatments, such as dietary
changes and exercise. Kalia and colleagues studied 505 individuals treated with statins.
Study investigators showed each participant sample images from their CT and described the
degree of atherosclerosis as none, mild, moderate, or severe. After 3 years of follow-up, 44
% of individuals with a CAC score of 0 reported taking a statin, compared with 75% with a
CAC score of 100-399 and 90 % with a CAC score of X400 [33].

In the Early Identification of Subclinical Atherosclerosis by Noninvasive Imaging Research
(EISNER) study, adults who underwent CAC testing met individually with a nurse to see
sample images and receive counseling on risk factor modification. After 4 years of follow-
up, adults with any CAC score achieved significantly greater reductions in systolic blood
pressure (SBP) and low-density lipoprotein (LDL) cholesterol than adults with a CAC score
of 0 [34¢¢]. In a third study, Schwartz and colleagues evaluated the association of CAC
testing with health behavior modification. After a mean of 6 years, those with a CAC score
greater than 0 were more likely to increase their exercise (19 % vs 12 %, P<.01) and change
their diet (33 % vs 21 %, P<.01) [35]. Although the association of CAC with medication
adherence and behavior change is significant, further large randomized studies are
warranted.
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Another potentially useful tool is the arterial age calculator, found on the MESA Web http://
www.mesa-nhlbi.org/Calcium/Arterial Age.aspx. Patients or providers can enter the CAC
score to calculate an arterial age, which is the age at which the estimated CHD risk is the
same as that for the observed CAC score. Arterial age can then be used to revise the
estimated 10-year CHD risk. The missing piece of the puzzle in regards to scanning and
compliance is whether undergoing a CAC scan results in better outcomes, which relies on
the downstream treatment to make a change, not solely based on the performance of the scan
itself.

Assessment of Coronary Artery Calcium Progression

A decade ago researchers started to investigate whether serial changes in CAC score were
helpful in monitoring response to medical therapy. An important consideration as one sets
up a sequential CT scanning program is the radiation dose provided with each cardiac CT
that mandates that the benefit/risk ratio of repeat scanning be carefully weighed.

Progression of CAC is generally calculated as a percent or absolute change from the
baseline score. In subjects at an average FRS, the annual CAC progression typically ranges
from 20-25 % [36]. Factors that may significantly modify the rate of change include the
patient’s baseline CAC score, gender, age, family history of premature CAD, ethnicity,
diabetes and glycemic control, body mass index, hypertension, and renal insufficiency. Most
patients will exhibit some increase in CAC scores over time [36] although a baseline score
of 0 is usually associated with slow and delayed growth. Therefore, in patients with CAC
score of 0 a CT scan should not be repeated prior to 5 years from the initial scan [29].

Some treatments (statins which will be discussed separately) have also been shown to slow
CAC progression. In the Women’s Health Initiative (WHI), menopausal women between the
ages of 50-59 years were randomized to treatment with conjugated estrogens or placebo
[37]. In a sub-study of the WHI, 1064 women underwent CAC screening 8.7 years from trial
initiation. Women receiving estrogens showed a lower CAC score compared to those
receiving placebo (83.1 versus 123.1, p=0.02). Finally, several reports have noted that a
rapid change in CAC score is associated with worse clinical outcomes, including incident
MI [28, 38ee]. It would appear that patients with baseline CAC scores 2400 and those
exhibiting significant CAC progression from their index scan ( 2I5%per year) have a shorter
lag time to the development of acute MI compared to those with CAC scores <100 and a
progression<15 % per year and. Thus, the baseline CAC score provides an insight into not
only the expected rate of progression but also the timeline of conversion to symptomatic
CAD.

Role of CAC Testing in Monitoring Response to Therapy

Clinical trial data suggest that the CAC score is relatively insensitive to statin therapy. In a
study by Arad and colleagues, 1005 asymptomatic adults with CAC scores above the 80th
percentile for age and sex were randomized to atorvastatin, 20 mg, versus placebo. After 4
years, there was no difference in CAC scores between the two arms, despite a 43 %
reduction in LDL among those taking atorvastatin [39]. In a subsequent study,
postmenopausal women with hyperlipidemia were randomized to atorvastatin, 80 mg, or
pravastatin, 40 mg. Women in both arms experienced an approximately 20 % increase in
CAC after 1 year, despite a 47 % reduction in mean LDL with atorvastatin and a 25 %
reduction with pravastatin [40]. Therefore, it seems most appropriate to follow patients’
clinical response to therapy rather than repeat the CT scan. Accordingly, several factors
might explain this conflicting data; (I) first CAC score might not be the best tool to monitor
the treatment response, (II) longer follow up periods are needed or (III) statins might be
improving the cardiovascular outcome through other pleiotropic effects rather than just mere

Curr Cardiol Rep. Author manuscript; available in PMC 2014 January O1.


http://www.mesa-nhlbi.org/Calcium/ArterialAge.aspx
http://www.mesa-nhlbi.org/Calcium/ArterialAge.aspx

1X91-}[.IBIII.IQJBAA$ 1X91-)[.IB‘III.191‘8AA$

1X91-)[.IBIII.IS],BAA$

Youssef et al.

Page 7

lowering of the LDL-cholesterol or decreasing the CAC scores. As discussed earlier, CAC
progression robustly predicts events, so further cost effectiveness and algorithms need to be
developed for use of serial CAC scans to identify persons whose plaque is progressing
despite therapies.

Conclusions and Future Directions

CAC scanning is a mature technology, and CT will become the modality of choice for risk
stratification, particularly in intermediate risk patients, with selective application in the
lower and higher risk groups. Screening of asymptomatic intermediate-risk patients for
refinement of risk stratification and imaging in stable patients with chest discomfort to
exclude obstructive CAD may constitute the best current indications. The role of zero
calcium score in the management of patients with chest pain together with the treatment
strategies on CAC progression rates are still controversial. Further developments will
include decreasing radiation, and plaque characterization beyond calcification. CAC scores
will not detect non-calcified plaques. CT angiography is better suited for the non-invasive
detection of the non-calcified component of coronary atherosclerotic plaques, and will
hopefully be instrumental in the classification of plaques along the spectrum of stable to
vulnerable. It is important to educate the public and physicians as to the advantages and
limitations for the most proper use of this powerful imaging tool.

Abbreviations
CAC Coronary artery calcium
CAD Coronary artery disease
CCTA Coronary CT angiography
CHD Coronary heart disease
CVvD Cardiovascular disease
CVsS Calcium volume score
EBCT Electron beam computed tomography
ED Emergency department
FRS Framingham risk score
MDCT Multidetector CT
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CACS=1127

Fig. 1.
CAC scans showing progressively increasing Agatston score (from left to right)
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Fig. 2.
Proposed chest pain algorithm
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Standardized categories for the CAC score
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Agatston  Calcium score  Probability of significant Cardiovascular  Recommendations

score categories CAD risk

0 Absent Very unlikely (<5 %) Very low Reassure patient. General guidelines for
primary prevention of CV diseases

1-10 Minimal Very unlikely (<10 %) Low General guidelines for primary prevention of
CV diseases

11-100 Mild Mild or minimal coronary stenosis likely =~ Moderate Counsel about risk factors modification, strict
adherence with primary prevention goals. Daily
ASA

101-400  Moderate Non obstructive CAD, highly likely, Moderately high  Institute risk factor modification and secondary

obstructive CAD possible prevention goals. Consider exercise testing
>400 Extensive High likelihood of significant coronary High Institute very aggressive risk factor

stenosis (>90 %)

modification. Consider exercise or
pharmacological nuclear stress testing for the
detection o inducible ischemia

CV cardiovascular; ASA acetylsalicylic acid
(Adapted from: Cademartiri F, Casolo G, Midiri M, eds: Calcium score and coronary plaque, In Clinical Applications of Cardiac CT. New York:

Springer; 2012:121) [41]

Curr Cardiol Rep. Author manuscript; available in PMC 2014 January O1.



