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Abstract: Coronary artery calcification (CAC) is a widely used imaging modality for cardiovascular risk
assessment in moderate risk patients. It has been shown to have a superior role predicting future cardiac
events and survival rates when combined with other traditional risk factor scoring systems as Framingham
risk score (FRS). Furthermore, it significantly reclassifies moderate risk patients into lower or higher risk
categories. Higher risk groups like patients with diabetes, a higher prevalence of CAC has been shown to
impart a high short term risk of CV events, while those with zero calcium score had excellent event-free
survival, similar to non-diabetic patients. Having a zero calcium score is currently used in United Kingdom
practice guidelines (NICE) as a gatekeeper for any further investigations in patients presenting to the
emergency department (ED) with chest pain. Unanswered questions include the concept of CAC progression
that need to be standardized with respect to technique, interpretation and subsequent management
strategies. Studies also demonstrated that risk assessment using CAC was motivational to patients leading
to better adherence to their preventive practices as well as medications. However, statin did not consistently
prove beneficial in slowing the CAC progression rate, but did reduce CV events significantly in patients with
increased CAC. Accordingly, more studies need to be conducted to further help understand the ideal way to

utilize this imaging tool and decreasing downstream utilization.
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Introduction

Atherosclerotic cardiovascular disease is number one cause
of death in the world, accounting for nearly one-third of
all deaths worldwide. There is a clinical dilemma, in that
almost half of acute coronary events occur in previously
asymptomatic patients (1), and nearly 70% of acute
coronary events result from coronary lesions that are not
flow-limiting before the event (2). Multiple scoring systems
have been developed to predict the risk of coronary events
in patients who do not have a history of cardiovascular
diseases. The Framingham risk score (FRS) is probably
the most extensively adopted (3). The main limitation
of FRS, is that it does not incorporate family history
and many components of metabolic syndrome. Hence,
it was important to look for other imaging modalities as
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calcium artery calcium (CAC) score to properly assess the
cardiovascular risk. In this paper we will review some of
the established technical facts and clinical applications of
CAC Scoring together with some of the controversial issues
and limitations that might need better understanding and
further studies to be better clarified.

Calcium scoring; Imaging modalities and scoring
techniques

Two modes of cardiac CT are used for CAC quantification.
Formerly, electron beam computed tomography (EBCT)
and more recently multidetector computed tomography
(MDCT) have been used for this evaluation. Electron beam
computed tomography allowed faster imaging with higher
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temporal resolution. However, MDCT have the advantage
of higher spatial resolution and image quality especially
with recent scanner generations, but optimally should be
done with heart rate control to limit motion artifacts from
high heart rates.

CAC is defined as a hyper-attenuating lesion >130 Hounsfield
units with an area of >3 pixels. Baseline CAC has been
quantified by several methods. The Agatston score is
calculated by multiplying the lesion area (mm”’) by a density
factor (between 1 and 4) (4). Because of the stepwise nature
of the density factor, changes in the Agatston score might
not accurately capture changes in coronary calcium. In
contrast to the Agatston score, the calcium volume score
(CVS) represents an actual volume of CAC and reduces
variability between scans (5) opposed to the increase in
Agatston score which might just represent an increase in
plaque attenuation rather than size over time. The mass
score has also been advocated, with less inter-scanner
variability, however limited outcome data is available with
this measure, so it is rarely used. CAC is typically scanned
in a prospectively ECG-triggered mode with 2.5-3.0 mm
thick axial images. The radiation dose is low, with a typical
effective dose of <1.5 mSv (6).

CAC score had been validated in an original
histopathological study by Rumberger ez /. which showed
a high correlation between CAC area by EBCT and
plaque area in 13 autopsy hearts (7). EBCT CAC Score
was also directly compared to coronary angiography in
213 consecutive patients and a cut-point Agatston score
of 371 was found to be associated with coronary arterial
luminal stenosis >70% in at least one coronary artery with
high sensitivity and specificity (8). Specific patterns of
calcifications, namely; shell like and diffuse were shown
to be more associated with severe stenosis rather than a
nodular pattern (9).

Main Clinical applications of CAC

Cardiovascular risk prediction and relation to
Framingham risk score (FRS)

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.
In the 2010 ACCF/AHA practice guidelines, measurement
of CAC was considered reasonable for assessment of
cardiovascular risk in asymptomatic adults at intermediate
risk (10-20% 10-year) [Class Ila, level of evidence B],
with similar recommendations for persons with diabetes,
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and a IIb recommendation for those persons at low-
intermediate risk 6-10% 10 year risk (10). Similarly, in the
2010 appropriateness criteria, CAC scoring was judged 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, for
those patients with low cardiovascular risk (<6%), CAC
Score was considered of no benefit and inappropriate for
cardiovascular risk assessment.

CAC score was studied in association with other
traditional well established risk factor scoring systems, like
the Framingham risk score (FRS) showing the following
advantages: (I) Independent incremental value in prediction
of all cause mortality in asymptomatic cohort group;
Pooled data from 6 studies of 27,622 asymptomatic patients
examined predictors of CAD deaths or MIs (10). The
11,815 subjects who had CAC Score of 0 had a low rate of
events over the subsequent 3 to 5 years (0.4%). Compared
with a CAC Score of 0, a CAC Score (100-400) indicated
a relative risk (RR) of 4.3 (95% CI, 3.5-5.2; P<0.0001), a
score of (400-1,000) indicated a RR of 7.2 (95% CI, 5.2-
9.9; P<0.0001), and a score >1,000 indicated a RR of 10.8
(95% CI, 4.2-27.7; P<0.0001). The summary relative risk
ratios in Figure I reveal an incremental relationship where
higher CAC scores are associated with higher event rates
and higher relative risk ratios. (II) Superior value over FRS
in predicting the proximal stenosis burden: Brown ez a/.
(11) demonstrated that the CAC Scores had a significant
positive correlation with the proximal stenosis burden
measured by invasive coronary angiography (The Spearman
correlation coefficients, R=0.62 for Agatston score), as
well as superior predictive value over other traditional
Framingham risk factors on value multivariate regression
analysis. (IIT) Reclassification of CAD risk categories:
60% of coronary atherosclerotic events occur in patients
in low or intermediate-Framingham risk categories (12).
Intermediate-risk patients with CACS >300 had a 2.8%
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 (13). In the Rotterdam study (14), cut-off values
of 615 and 50 were suggested to reclassify the elderly
intermediate risk group population to either high or low risk
groups respectively. A recent advanced analysis based on the
Rotterdam study studied the change in the c-statistic and
the overall net reclassification index (NRI) when each newer
risk marker is added to the Framingham base model. [The
c-statistic is a measure of discrimination (the ability to distinguish
between 2 persons, 1 with and 1 without a CHD event), and
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Events /N
Summary RRRatio CACS  RR (95%Cl)  HigherRisk Low Risk* P 0.01 0.1 1 10 100
Average Risk 1-112 19 (1.3-2.8) 67/9,514 45/12,163 0.001 —a
Moderate Risk 100-400 4.3 (3.1-6.1) 110/5,209 49/11,817 <0.0001 -+
High Risk 400-999 7.2 (5.2-9.9) 182/ 3,940 49/8,649  <0.0001 —
Very High Risk 1,000 10.8 (4.2-27.7) 14/196 6/905 <0.0001 —‘-l—
0.01 0.1 1 10 100
Lower Risk <+——» Higher Risk

Figure 1 Relative Risk (RR) Ratios according to level of risk for CACS, from average risk to very high risk

NRI specifies the amount of correct reclassification of estimated
events and nonevents to 10 years]. The maximum change in
the c-statistic was observed for CAC score [increase, 0.05
(CI, 0.02-0.06)], followed by N'T-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. Changes in c-statistics and overall
NRIs in total population were otherwise negligible or
absent for every other newer marker (15).

Role of CAC in patients presenting with chest pain

The Appropriateness criteria published in 2010 considered
CTA as appropriate indication in symptomatic patients with
prior CAC score <400 while inappropriate for higher scores
(CAC score >400). Some studies showed that CAC score
can be regarded as the gate keeper to CTA in diagnosis of
significant CAD in patients with chest pain.

The recently published guidelines from the National
Institute of Health and Clinical excellence (NICE) in UK
have two separate diagnostic pathways (16). The first is for
patients with acute chest pain, and the second for those
with intermittent stable chest pain. Patients classified as low
likelihood of CAD by modified Diamond-Forrester (DF)
score (10-30%) are offered CAC score scan as a first line
test that 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 to obtain additional
information on stenosis severity See Figure 2. some
controversy in respect to the diagnostic accuracy of CAC
score will be discussed later.

Other potential applications for CAC scoring have been
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identified are shown in Table 1 (22).

Role of calcium score in specific patient groups

(I) Women

Coronary calcium scanning was shown to have a significant
contribution in accurate detection of Coronary heart disease
(CHD) on top of traditional cardiovascular risk factors in
asymptomatic women. The MESA study screened 2,600
asymptomatic women, mean age 61.5 years, the median
Agatston score was 0 (interquartile range, 0-26). CHD
occurred in 53 (2%) subjects (17). The area under the curve
(AUC) for CHD increased significantly from 0.805 for the
base model to 0.835 with the addition of CAC scanning in
women. Similar findings were observed in a study by Raggi
et al. supporting the role of the Agatston score as a risk
stratification tool for women (Figure 3) (18).

(II) Diabetes

Asymptomatic persons with diabetes were shown to have
significantly higher calcium score than non diabetics even
after controlling for other risk factors (19-21). When
compared to other traditional risk scoring systems, calcium
scores have been shown to be significantly superior in
predicting cardiac events having the largest area under
the curve AUC (0.92) compared to United Kingdom
Prospective Diabetes Study Risk Score, UKPDS (AUC:
0.74) and FRS (AUC: 0.6) see Figure 4 (23).

In an 8-year follow up study of 716 asymptomatic
diabetics it was shown that those who had higher CAC
score (>400) had significantly higher prevalence of
annualized cardiac events (namely, myocardial infarction
and cardiac death) compared to those with lower scores
(5.6% versus 0.7%, P<0.01) (24). Also, it was shown that as
the CAC score increases the cardiac events proportionally
increases going from 0% to 18% as the calcium score of
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INITIAL ASSESSMENT:

History, physical examination, ECG,
biochemical markers (troponin I/T)

|

CRITERIA FOR ACS MET:
Treat for unstable angina/ NSTEMI

CRITERIA FOR ACS NOT MET:

If myocardial ischaemia still
suspected, follow stable chest pain

algorithm

Acute chest pain

Stable chest pain
CLINICAL ASSESSMENT:
History, physical examination
Define symptoms as non-anginal,
atypical or typical angina
ESTABLI%HED CAD: FEATURES OF ATYPICAL/TYPICAL IFEATURESQF NON-ANGINAL CHEST|
If symptoms typical, treat as stable ANGINA AND CLINICAL SUSPICION PAIN AND NO CLINICAL SUSPICION
angina. OF STABLE ANGINA: OF STABLE ANGINA:
If‘symp.tn ms atypical, of_fer Estimate likelihood of CAD using Consider causes of chest pain other
functional imaging or exercise ECG modified DF criteria. than angina
testing

LIKELIHOOD OF CAD <10%:

Consider causes of chest pain other
than angina

LIKELIHOOD OF CAD 10-90%

LIKELIHOOD OF CAD >90%:

Treat as stable angina with no
further diagnostic tests

LIKELIHOOD OF CAD 10-29%:
Offer CT calcium (Ca) scoring

LIKELIHOOD OF CAD 30-60%:
Offer non-invasive functional

imaging

LIKELIHOOD OF CAD 61-90%:
Offer invasive angiography

If invasive angiography not
appropriate offer non-invasive
functional imaging

Ca SCORE 0: Investigate other
causes of chest pain

NO REVERSIBLE ISCHAEMIA:
investigate other causes of chest
pain

other causes of chest pain

NO SIGNIFICANT CAD: Investigate

Ca SCORE 1-400: Offer 64 slice (or
above) CT coronary angiography.

UNCERTAIN ISCHAEMIA: Offer
invasive angiography

UNCERTAIN CAD: Offer non-
invasive functional imaging

Ca SCORE >400: offer invasive

REVERSIBLE ISCHAEMIA: Treat as

SIGNIFICANT CAD: Treat as stable

Figure 2 Algorithm for the investigation of chest pain of recent onset (adapted from NICE guideline CG95)
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Table 1 Other applications for CAC scorin
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Authors Year Cohorts Application of CAC score Conclusion
Chenetal. (17) 2001 93 subjects with Differentiation between Calcium coverage score determined
stable angina syndrome X and CAD by EBCT could differentiate between
syndrome X and CAD
Raggi et al. (18) 2004 10,377 subjects with  Prognosis prediction of All-cause mortality increased in
and without diabetes diabetic patients asymptomatic diabetics in proportion to
the CAC Score
Tong et al.(19) 2004 159 young to middle- Reflection of the severity of CACS correlated increased LV mass
aged African- hypertensive disease independent from other risk factors
Americans
Wong et al. (20) 2004 1,291 subjects Monitoring the effects of Greater progression of CAC may occur
with subclinical lipid control in those in whom HDL-cholesterol is not
atherosclerosis controlled
Sirineni et al. (14) 2008 6,814 asymptomatic Coronary age calculation ~ The coronary age of men and women of
multiethnic subjects diverse ethnicities could be estimated
based on CACS
Colletti et al. (21) 2010 386 subjects Prediction of future cardiac Subclinical atherosclerosis assessed by

function

using CAC Score was associated with an
increased future likelihood of RWMA

CAC: coronary artery calcium, RWMA: regional wall motion abnormality, CAD: coronary artery disease, EBCT: electron beam

computed tomography

Women (n=4,191)

1.00

0.75

0.50

fz‘
; P<0.0001

o
N
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Sensitivity
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Men (n=6,186)
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Figure 3 Receiver operating characteristic analysis shows additional prognostic value of coronary calcium scanning to the Framingham risk

score in women and men

goes from <100 to >1,000.

However, on the other side, knowing that diabetics
constitute a higher risk group, studies showed that having
a zero calcium score can be helpful to re-stratify them
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into a lower risk category with low cardiac events and
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excellent survival rates. In a 5-year follow up study for 903
asymptomatic diabetics, the prevalence of zero calcium
score in non diabetics was almost twice as that in diabetics

Cardiovasc Diagn Ther 2012;2(2):94-105



Cardiovascular Diagnosis and Therapy, Vol 2, No 2 June 2012

1.0

Sensitivity
o
(8]
|
I

[
0.5 1.0
1-Specificity

—— Agatston score

UKPDS score

Framingham score

Figure 4 ROC analysis comparing the value of Framingham risk
function, UKPDS risk engine, and the CAC score for predicting
cardiovascular events. AUC denotes area under the curve

with zero calcium score, yet, it was shown that there was no
difference in the survival between the two groups. (98.8%
and 99.4%, respectively, P=0.5) (19).

Similarly, another recent follow up study for about 300
patients with a mean follow up of 20 months showed that
the event rate was 0% in both diabetics and non-diabetics
with zero calcium (25).

Accordingly, persons with diabetes who are >40 years,
it is recommended by the 2010 ACCF/AHA practice
guidelines to use the CAC scan as a tool for cardiovascular
risk assessment (Class ITA, level of evidence B) (10).

(III) Kidney transplant recipients (KTR)

KTR constitutes another known higher risk group patients
and in a recent study where repeated Calcium score scans
were available for 197 K'TRs after 4.40+0.28 years, it was
found that CAC scores increased significantly by a median
of 11% during follow up. Higher baseline CAC score,
history of cardiovascular event, use of a statin, and lower
25-hydroxyvitamin D3 level were independent determinants
of CAC progression (26).
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Controversies and limitations
Retesting in patients with zero CAC score, how often?

CAC score retesting in asymptomatic subjects and the
“warranty period” of a zero score are subjects of debate.
Obviously, if the patient becomes symptomatic, re-
evaluation would be considered regardless of a previous
zero CS. However, in those who remain symptom free,
evidence suggests that the CS should not be repeated
frequently (10,27,28). In a recent study by Min ez al.,
the cumulative rate of “conversion” from a zero CAC
score to >1 CAC score was 15% in the first 4 years and
25% in the fifth year (28) 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 (29). Although looks reasonable, their
suggested period might be underestimated because cardiac
events -not just the conversion to a positive study - should
be regarded as the end point especially that most patients’
scores remained <100 which is still considered a low risk

category.

Clinical significance of zero calcium score. Does it
rule out obstructive CAD in symptomatic patients
confidently?

The clinical implication of a zero CAC score in patients
with chest pain syndrome has been under debate. In a
recently published study, 1,114 patients 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%) (30). Other studies listed in 7ible 2 have used
a positive calcium score as a positive test for identifying
obstructive CAD with high sensitivity values. On the other
hand, a zero calcium score was used as a negative test to
identify negative (ie, no obstructive lesions) cases, virtually
all studies demonstrate very high sensitivity (generally
>95%) and even higher negative predictive power (achieving
99% in most studies), highlighting the ability of a zero CS
to rule out obstructive CAD. An exception for this was for
the CORE64 substudy (Coronary Evaluation Using Multi-
Detector Spiral Computed Tomography Angiography
Using 64 Detectors) (42), which took zero CAC score as
a positive test to rule out obstructive CAD, thus simply
inverting the sensitivity and specificity values.
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Table 2 Trials that evaluated the performance of CAC score for the detection of obstructive coronary artery disease by invasive coronary

angiography (31)

S fems. N CAGseorein B8 o g Obsenaons

Fallavollita et al. (32) 106 30 [28] 85 45 Only patients <50 years old

Budoff et al. (33) 710 147 [21] 95 44

Baumgart et al. (34) 57 7[12] 97 21 Findings corroborated by IVUS

John et al. (35) 368 71[19] 96 31 Retrospective analysis, multicenter study

Bielak et al. (36) 213 40 [19] 99 39

Knez et al. (37) 2115 326 [15] 99 29 Retrospective analysis

Haberl et al. (38) 133 25[19] 85 24

Lau et al. (39) 50 6[12] 97 25

Becker et al. (40) 1347 259 [19] 99 31 Predictive accuracy of 64%. Same center
and similar population as the study by
Knez et al. (38)

Drosch et al. (41) 500 61 [12] N/A N/A Retrospective analysis

Gottlieb et al. (42) 291 72 [25] 45 91 Multicenter study. Zero CS was consid-

ered “positive,” thus inverting the sensitiv-
ity and specificity values compared with
the other trials

One reason that zero CAC score might not be a good
test to rule out obstructive CAD is the low prevalence of
zero CAC score among symptomatic patients. As shown
in Table 2, most of the studies showed a low prevalence of
zero CAC score ranging from 12-28% thus, performing a
test that only yields useful data in 20% of the cases is clearly
not ideal, unless lower probability patients are enrolled.
This algorithm using CAC as a first line test in low risk
patients is implemented in the NICE guidelines (16). In
these national guidelines, patients with a 1-29% pre-test
probability of obstructive disease are screened using CAC as
a first line test, progressing to CTA for scores of 1-400 and
invasive angiography for CAC scores >400.

Role of CAC score in patients’ compliance to treatment

Several studies have shown CAC score to positively
enhance patients’ adherence to both pharmacological and
non pharmacological treatments, such as dietary changes
and exercise. Generally, it was shown that patients with any
coronary calcification had a better initiation and compliance
to various therapeutic interventions compared to those with
baseline zero calcium score. Similarly, higher adherence
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rate was observed in patients with higher calcium score
compared to lower scores.

In The prospective Multi-Ethnic Study of Atherosclerosis
(MESA) study, 6,814 subjects free of clinical cardiovascular
disease underwent baseline CAC testing with follow up
scans after 1.6 and 3.2 years. The risk ratios for medication
continuation after a follow up of 3.2 years among those with
CAC >400 versus CACS=0 were 1.10 (95% CI, 1.01-1.20)
for lipid lowering medication, 1.05 (95% CI, 1.02-1.08) for
Blood pressure lowering medication, and 1.14 (95% CI,
1.04 -1.25) for ASA initiation, respectively (31).

In the Prospective Army Coronary Calcium (PACC)
study, among 1,640 healthy men followed up for 6 years,
those with CAC were 3 times more likely to receive a statin
(48.5% wvs. 15.5%, P<0.001) and aspirin (53.0% wvs. 32.3%,
P<0.001) than those without CAC. In multivariable models
controlling for National Cholesterol Education Program
(NCEDP) risk variables and baseline medication use, CAC
was strongly and independently associated with use of either
statin [odds ratio (OR) 3.53; 95% confidence interval (CI),
2.66 to 4.69], aspirin (OR 3.05; 95% CI, 2.30-4.05) or both
(OR 6.97; 95% CI, 4.81-10.10) (32).

In another study of 505 asymptomatic patients, Kalia

Cardiovasc Diagn Ther 2012;2(2):94-105
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et al. showed that 3.6 years after visualizing their CAC
scan, 90% of patients with CAC>400 complied with their
statin therapy, compared to 75% for CAC 100-399, and
only 44% for 0 CAC scores (33). Similarly, in a study of
980 asymptomatic patients, Orakzai et a/. showed that ASA
initiation, dietary changes, and exercise were much better in
CAC>400 (61%, 67%, 56%) than in patients with 0 CAC
(29%, 34%, 44%) (34).

Most importantly, the EISNER study (IMPACT OF
CORONARY ARTERY CALCIUM SCANNING ON
CORONARY RISK FACTORS AND DOWNSTREAM
TESTING: A PROSPECTIVE RANDOMIZED TRIAL)
was a randomized trial evaluating the potential benefit of
undergoing CAC testing versus standard of care. Compared
to the no-scan group, the scan group showed a net
favorable change in systolic blood pressure (P=0.02), LDL-
cholesterol (P=0.04), waist circumference for those with
increased abdominal girth (P=0.01), and tendency to weight
loss among overweight subjects (P=0.07). While mean FRS
rose in the no-scan group, it remained static in the scan
group [(0.7+5.1) versus (0.002+4.9), P=0.003). Within the
scan group, increasing baseline CAC score was associated
with a dose-response improvement in systolic and diastolic
blood pressure (P<0.001), total cholesterol (P<0.001),
LDL-cholesterol (P<0.001), triglycerides (P<0.001), weight
(P<0.001) and FRS (P=0.003).

The missing piece of the puzzle in regards to scanning
and compliance is whether undergoing a CAC scan results
in better outcomes, which is a very difficult undertaking (as
it relies on the downstream treatment to affect a change,
not solely based on the performance of the scan itself), with
sample size estimates in the 50,000-100,000 range.

Assessment of coronary artery calcium progression

It would be highly desirable to have a reliable measure
of the progression of coronary atherosclerosis, to allow
physicians to understand non-invasively which patients are,
and are not, responding well to therapies without waiting
for hard end points. Typically, Coronary calcium progresses
at 10-20% of the baseline value per year, although data
suggest that a progression rate of >15% per year is
associated with a 17-fold increased risk for incident CAD
events (35). Median inter-scan variability is about 7%, and
mean interscan variability is 15% with MDCT, allowing
serial follow up at no closer than 1 year intervals.
Assessment of CAC progression has been regarded
as a dynamic measurement that might provide insight
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into ongoing current disease activity and more efficiently
predicts future cardiac events, by its association with
increased total plaque burden, rather than static traditional
clinical parameters and baseline CACS. However we
acknowledge some limitations; In earlier MSCT studies,
there has been a tendency to overestimate the CAC score
progression in patients with high baseline scores when
measuring the absolute change, due to known increased
interscan variability. However with the more recent MSCT
generations, better image quality significantly contributed
to improve reproducibility (36). Similarly, caution should
be taken in patients with low baseline scores when using
the percentage relative change as this measurement tends
to magnify small increases in the baseline calcium score,
comparison between published data on CAC progression
would be cumbersome because of heterogeneous variables
used in each study yielding different results for example,
type of scanner used, calcium scoring method and the
method used for assessment of progression (absolute vs.
relative change). Formal guidelines need to be developed to
standardize these factors.

Numerous studies tried to relate CAC progression to
other traditional or novel cardiac risk factors as C-reactive
protein (CRP), this relation was not always consistent
but this may be related to different cohorts studied and
different methodology used for measuring the progression
rates. Berry er al. (37) showed that higher annual CAC
progression (22% vs. 15% in men; 9% vs. 5% in women)
was successful in defining a group of patients with high
life-time risk though they were originally classified as low
risk for cardiac events on FRS. Baseline calcium score
was shown to be the most powerful predictor for CAC
progression, a 5-year follow-up study by Gopal ez al. (27)
showed that only 2% of patients with baseline zero calcium
score had CAC progression >50 suggesting that individuals
with no detectable CAC on an initial scan, a repeat scan can
be recommended no sooner than 5 years.

In most observational studies, higher CAC progression
rates were shown to be significantly associated with more
cardiac events and myocardial infarction when compared
to lower progression rates. An observational study of 817
asymptomatic patients showed that the yearly percentage
of calcium volume changes in those who developed MI
were significantly higher at 47%+50% versus 26%+32% in
those who did not (38). In this paper by Raggi ez 4/. (38), the
yearly mean absolute CVS change in the 45 patients who
had a myocardial infarction was 147, compared with 63 in
those patients without events (P<0.001).
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It was demonstrated by Shemesh er 4/. (39) that the
180% increase in the annual progression rate in the group
that suffered CV events was significantly higher than either
the 124% in the asymptomatic and the 118% in the stable
CAD groups (P<0.05).

In the largest study to date, Budoff ez al. (40) followed
4,609 asymptomatic individuals undergoing two scans for
3.1 years for all-cause mortality. Progression of CAC was
significantly associated with mortality regardless of the
method used to assess progression (P<0.0001), and retained
significance after adjusting for baseline score, age, sex, risk
factors and time between scans. In those with CAC =0,
progression was very limited and did not predict mortality.
Serial assessment may have clinical value in assessing plaque
progression and future cardiovascular risk.

Statins and its relation to coronary artery calcium
progression

Statins reduce clinical cardiac end points across a spectrum
of patient populations (41). It seemed intuitive to early
researchers that statin should reduce the progression of
CAC. However, later studies in this field did not yield
significance in randomized controlled trials (RCTS).

Callister ez al. produced the first report of CACS being used
to assess the effects of statin therapy (43). They conducted a
retrospective study of 149 patients with no history of CAD.
Repeat scanning was carried out 12-15 months later. 105
patient received statin and a net reduction in CAC score was
found in the treated group who had final LDL-cholesterol
levels <3.10 mmol/L (-7£23%; P<0.001). Treated patients
who had an average LDL-cholesterol of >3.10 mmol/L
had an increase in CAC score (25+22%; P<0.001), further
increases was noticed in untreated patients who had an
average LDL-cholesterol of >3.10 mmol/L (52+36%;
P<0.0001).

In a prospective study, 66 patients who were not on
treatment and whose LDL-cholesterol was >3.4 mmol/L,
had a repeat EBCT and treatment with Cerivastatin 0.3 mg/day
was initiated after a mean interval of 14 months (44). A third
examination was carried out after 12 months of treatment;
the median annual relative increase in CAC score was 25%
during the untreated period versus 8.8% in the treatment
period (P<0.0001).

On the other hand, other studies could not prove similar
significant results. St Francis Heart Study is a double
blinded, placebo controlled, randomized clinical trial where
1,005 asymptomatic men and women aged 50-70 years
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with CAC score >80th percentile for age and gender were
randomized to receive either Atorvastatin 20 mg daily and
vitamin E (a-Tocopherol) 1,000 units daily or placebo (45)
with mean duration of treatment of 4.3 years. Treatment
reduced total cholesterol by 26.5-30.4%, LDL-cholesterol
by 39-43% and triglycerides by 11.2-17%, but had no
effect on progression of CAC score. More importantly,
the treatment with statins did reduce CV events by 42%
(P<0.05) in those persons taking statins as compared to
the placebo group, demonstrating definitively that persons
with CAC benefit by treatment with statins. Interestingly,
in the overall study cohort of 4,609 patients, change
in calcium score was a robust predictor of subsequent
coronary disease events. Median score increased by 4 [0,
38] from baseline to the year two scan in subjects who
did not sustain a coronary event at any time during the
study. In contrast, median (interquartile range) increased
by 247 [40, 471] U between the baseline and two-year
examinations in subjects who first experienced a CAD
event after the year two scan (P<0.0001). In multiple
logistic regression, only age (P=0.03), male gender
(P=0.04), LDL cholesterol (P=0.01), HDL cholesterol
(P=0.04), and two-year change in calcium score (P=0.0001)
were significantly associated with subsequent CAD events.
Thus, progression of CAC was the strongest predictor
of future CV events. It was nevertheless disappointing to
find no effect of LDL-cholesterol lowering on CAC score
progression.

In another multicenter, randomized double-blind trial
(46), 471 patients had >2 cardiovascular risk factors and a
CAC score of >30 with no history of CAD or evidence of
significant coronary stenoses. Patients were randomized
to receive either low (10 mg) or high dose (80 mg)
Atorvastatin over 1 year. LDL-cholesterol was reduced
in the 80 mg/day group from 2.7 to 2.2 mmol/L, whereas
in the 10 mg/day group it remained at 2.8 mmol/L. The
mean progression in 366 patients corrected for baseline
score was 27% in the 80 mg/day group compared with
25% in the 10 mg/day. Thus, no difference was found in the
progression between the two groups and no relationship
was found between on-treatment LDL-cholesterol and
progression. 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 period are needed or (III) statins might be improving
the cardiovascular outcome through other pleiotropic
effects rather than mere lowering of the LDL-cholesterol
or decreasing the CAC scores.
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Cost effectiveness and impact on downstream testing

Dewey M et al. (47) compared the cost effectiveness
of CTA, CAC score and stress magnetic resonance
imaging with traditional diagnostic modalities (Invasive
coronary angiography ICA, Exercise treadmill test,
Echocardiography) for the diagnosis of CAD using a
decision tree model. CAC score was more cost effective for a
pretest likelihood of 30% to 40% than any of the traditional
diagnostic modalities. However, the main findings showed
that patients with a 10%-50% pretest likelihood of CAD,
CTA was the most cost effective approach, while ICA was
most cost effective for a pretest likelihood of at least 70%.

In The EISNER study, Rozanski et 4l. (48) randomized
participants to CAC scanning and compared 4-years
changes in coronary artery disease risk factors, Framingham
risk score and differences in downstream medical resource
utilization with conventional risk stratification strategy
before risk factor counseling in a prospective randomized
trial. Downstream medical testing and costs in the scan
group were comparable to those of the no-scan group
(overall cost 4,053 vs. 3,649 in scan vs. no scan group,
P=0.09) balanced by lower and higher resource utilization
for subjects with normal CAC scans and CAC score
>400 respectively. Clearly, more studies related to cost
effectiveness and downstream utilization after CAC are
warranted.

Conclusions and future directions

The field of preventive cardiology and atherosclerosis
imaging developed with the hope that early detection of
subclinical disease and aggressive risk factor modification
could significantly reduce the incidence of acute
cardiovascular events. The field has witnessed enormous
advancements in just a few years and CAC imaging has
played a substantial role. CAC has been used to assess
the cardiovascular risk and predicting future events in
association with other traditional risk factors. More benefit
will be gained if more evidence-based long term outcome
data would be available.

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 studies are needed to elucidate these data aiming
at improving the primary and secondary preventive
measures for CAD. It is important to educate the public and
physicians as to the advantages and limitations for the most
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proper use of this powerful imaging tool. In the meantime,
the 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.
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