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hospital deaths from myocardial infarction is in the range of 60% of all infarct related case

fatalities." In patients with known risk of sudden cardiac death (SCD), such as survived
resuscitation, left ventricular aneurysm or low left ventricular ejection fraction, the incidence of SCD
is in the region of 30% per year. In the general population, it is only 0.5% per year.”? However, the
absolute number in this group is 10 times higher than in the patient population with known SCD
risk, reaching more than 300 000 case fatalities per year in the USA.” Even renowned cardiologists
such as Ronald W Campbell™ and Jeffry M Isner™?, who were experts on the topic of arrhythmias
and myocardial infarction, suffered SCD. The MONICA (Monitoring trends and determinants in
Cardiovascular disease) study reported that of all coronary heart disease (CHD) patients who die
within 28 days after onset of chest pain, two thirds die before reaching the hospital.™* Accordingly,
the main task has been to strengthen primary and secondary prevention."? This strategy brings about
a major challenge: how can we define who is at risk?

In 1978, Mason Sones, the father of coronary angiography, asked for ““a way of recognizing these
people before they drop dead”. He noted, “We are still living in a world, where almost one third of the
patients die before we are aware that these people were ill or that their lives were in jeopardy”."*

For identifying people at risk the Framingham risk score,” the Prospective Cardiovascular Miinster
(PROCAM) Score,* the Systemic Coronary Risk Evaluation (SCORE) of the European Society of
Cardiology,” as well as other more specific scores like the Reynold’s Risk Score for women,"” have
been proposed. In young adults in particular, risk prediction based on such global risk scores provides
for only limited prognostic accuracy, as has been analysed in patients with myocardial infarction
under the age of 55 years."® Indeed, improved risk prediction may be obtained by detecting signs of
subclinical atherosclerosis. The Third National Cholesterol Education Program Adult Treatment
Program (NCEP ATP III) as well as the Third Joint Task Force of European and other Societies of
Cardiovascular Disease Prevention in Clinical Practice (European Society of Cardiology (ESC)
guidelines) have suggested the use of additional imaging and non-imaging tests in order to detect
signs of subclinical atherosclerosis or inflammation for further risk stratification.® >*' "7 W&

Despite the decrease in overall mortality from coronary artery disease, the number of out-of-
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For individual risk assessment current recommendations suggest the use of algorithms provided by
international and national societies as a first step. The most widely used algorithm is based on the
Framingham study and is incorporated into the NCEP ATP IIL.° Recently, an update was provided
which used four categories of 10 year absolute event risk.”

» 1. High risk: >20% 10 year risk for hard cardiac events (cardiac death or non-fatal myocardial
infarction) resulting from CHD (history of myocardial infarction, unstable angina, stable angina,
coronary artery revascularisation) or from cardiac risk equivalents (peripheral artery disease,
aortic aneurysms, carotid artery disease (transient ischaemic attacks, stroke or >50% carotid
stenosis)) or diabetes or =2 major risk factors (smoking, hypertension, hypercholesterolaemia,
low high density lipoprotein (HDL cholesterol <40 mg/dl, 1.0 mmol/l), family history of
premature CHD (men <55 years, women <65 years)) with 10 year risk >20%.

» II. Moderately high risk (also called “intermediate risk’””): =2 major risk factors with 10-20%
10 year risk for hard cardiac events.

» III. Moderate risk: =2 major risk factors with <10% 10 year risk of hard cardiac events.

» IV. Lower risk: no or 1 risk factor (usually <10% risk of hard cardiac events).

An ESC task force has developed the SCORE risk model,"* which estimates the 10 year risk of a
cardiovascular death based on age, sex, blood pressure, cholesterol, and smoking. The cut off value
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for high risk was set at 5%.° V7 Due to differences and the
decline in cardiovascular disease mortality in Europe, risk
charts have been adapted to regional variations such as in
Norway"’ and Germany.™ In Norway, however, the SCORE
high risk function overestimates the risk for cardiovascular
death in men as well as the elderly and underestimates it in
women and young adults."*”

The PROCAM (Program for Coronary Artery disease
Miinster) study is based on a cohort of working men up to
the age of 65 years.* V'* The study is ongoing and now also
includes women. High risk is presumed when the 10 year
cardiac mortality exceeds 20%.

Recently, further risk score modifications have been sug-
gested, taking into account exercise, body mass index and a
more detailed history of smoking (CARRISMA score), but this
approach has not yet been prospectively tested.™!

ADVANCED CORONARY ARTERY RISK ASSESSMENT
Both the NCEP ATP III and the ESC suggest using additional
tests in order to achieve better differentiation, particularly in
the moderately high risk group (also called the intermediate
risk group in the previous version).”® Non-imaging tests
include the measurement of C reactive protein, the ankle—arm
index, and stress ECG in men between 45-65 years. For
imaging tests, carotid ultrasound based intima-media thick-
ness and coronary artery calcium (CAC) scoring have been
proposed.

Compared to other methods under discussion, CAC has the
advantage of having been tested intensively. Signs of coronary
atherosclerosis are visualised directly and can also be precisely
localised and quantified. The technology behind CAC scoring
and the clinical understanding, use and consequences of
preventive care will be addressed.

TECHNOLOGY FOR CALCIUM SCORING
It has long been known that fluoroscopy allows the detection of
calcification of the coronary arteries, but quantification is not
possible and the coronary arteries are not directly visible.
Nevertheless, this technique has been used for the diagnosis of
coronary artery disease."'? Clinical cardiology took no advan-
tage of it despite the recommendations of some authors."!?
The development of electron beam computed tomography
(EBCT) represented a breakthrough because the coronary
arteries could be visualised non-invasively and calcification
detected, localised and quantified.”? > “'*~'* EBCT uses an
electron sweep of stationary tungsten target rings (210°) in
order to generate a cone-shaped x ray beam. Resulting x ray
images can detect even small amounts of calcium. The EBCT
can be operated in various scanning modes, using up to four
target rings. For coronary artery imaging, the single slice mode,
which employs only one target ring with 1728 elements, gives
maximum spatial orientation.”” The EBCT examination is
performed using C100, C150 or C300 scanners (General
Electric GE, Imatron, San Francisco, California, USA). The
scanners are operated in the single slice mode with an image
acquisition time of 100 ms and a section thickness of 3 mm.
Prospective ECG triggering is done at 80% of the R-R interval in
diastole. Contiguous slices down to the apex of the heart are
obtained. Owing to the favourable temporal resolution,
diagnostic scans are possible up to a heart rate of 110 beats/
min."> However, z-axis spatial resolution is limited to =1.5 mm.

Analyses can be performed with a variety of specific
workstations (NetraMD workstation, ScImage, Los Altos,
California, USA; Virtuoso, Siemens Medical Solutions,
Forchheim, Germany).

Scanning time is between 2040 s, and examination time
3-4 min. In addition 5-10 min are needed for evaluation,
quantification of calcification and generation of a report—ideal
for a screening test. Radiation exposure from CAC is about
1 mSv and ranges between 0.8-1.3 mSy.”> '8

In many institutions, multislice (detector) computed tomo-
graphy (MSCT) has either replaced or been installed instead of
EBCT, because the systems are cheaper and have an improved
spatial resolution. After introduction of the four slice CTs,
16 row, 32 row, 64 row, now dual-source 64 row, and 256 row
CTs can be used for CAC scanning. In the craniocaudal
direction, collimation of up to 64 x0.6 mm is used, with up to
330 ms for one gantry rotation. With the new scanner
generations, temporal resolution has continuously decreased
and is now 165 ms for a 64 slice scanner and 83 ms for a dual
source scanner.”?’ Modern systems have an isotropic spatial
resolution of 0.4 mm. For coronary calcium scans, generally a
reconstructed slice thickness of 3 mm is chosen. A tube voltage
of approximately 120 kV and variable mAs (~150 mAs) is
used. In general, the table is moved continuously. As opposed
to EBCT, the tube voltage and current can be modified in order
to adjust for body weight or other physiological variables. Total
scanning time is only <20 s for the entire chest (table 1).
Mostly retrospective ECG gating with single half segment
reconstruction is used."?° With retrospective gating, variable
time points can be selected for optimal image reconstruction.
Both EBCT and MSCT studies have demonstrated that, in most
patients, motion-free image quality is obtained when selecting
images in mid diastole. To reduce the radiation dose it is also
possible to perform prospective ECG triggering with MSCT in a
fashion similar to EBCT, accepting the lack of opportunity to
single out retrospectively certain time points. Because the
temporal resolution of all current CT machines is inferior
compared with echocardiography or even fluoroscopy, it is
useful to reduce the heart rate to <70 beats/min for a coronary
calcium scan. Radiation exposure is higher than for EBCT and
is in the range of 1-5 mSv for retrospective gating and 1-2 mSv
for prospective ECG triggering.'

QUANTIFICATION OF CAC

The CAC score can be determined using the methods of
Agatston and colleagues” as well as the CAC volume score.""?
The area of CAC is defined as at least four contiguous pixels

Table 1 Technical features of multidetector computed
tomography (MDCT) systems with different numbers of rows
Detector row 4 16 32/64
Collimation 4%2.5 mm 16x0.75 mm  32/64x0.625 mm
Rotation time 500 ms 370-420 ms 330-400 ms
Current 300 mAs 300 mAs 150 mAs
Voltage 80 kv 80 kv 120 kv
Effective dose 1-5 mSv 1-5 mSv 1-5 mSv
Slice thickness 3 mm 3 mm 3 mm
Slice overlap 1.5 mm 1.5 mm 1.5 mm
ECG pulsing Yes Yes Yes

www.heartjnl.com
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Score=MCTN xarea (mm2)
Maximal computer tomographic number

130-199 HU
200-299 HU
300-399 HU
=400 HU

EBT-score-example:

Lesion with

Density of 313 HU (MCTN: 3)
Area-size: 8 mm

EBT-score: 3x8 =24

(512%512 matrix and a 26 cm field of view) with a CT density
=130 Hounsfield Units (HU) (fig 1). This threshold has been
shown to provide sufficient differentiation from surrounding
tissue and blood, and has been widely accepted as signifying
calcification.”> W'¢ All images are analysed separately where
areas of CAC are present in =4 pixels. The area size is
multiplied by a factor of 1-4 derived from the peak intensity
of this focus (1 =130-199 HU, 2 =200-299 HU, 3 =300-
399 HU, 4= =400 HU.” The total CAC score is computed,
comprising all calcified lesions in the epicardial coronary
system (fig 1).

In order to improve the accuracy of CAC determination, the
calcium mass score has been proposed.”” "'* The mass score
integrates the signals of pixels for a given threshold and
represents the total mineral content.'” This value is independent
of slice thickness and spatial resolution of the systems. This
parameter has, however, not yet been validated regarding
clinical end points."

The coronary artery tree is subdivided according to the
American Heart Association classification into 16 segments*™?'
for which the CAC score is calculated and summed for each
coronary artery and for the whole system (““total Agatston
score”’)."”

Regarding the reproducibility of the Agatston score, inter-
reader variability measures about 3%, intra-reader variability
<1%, and inter-scan variability approximately 15%."> “?* In a
group of >500 subjects, the k value regarding inter-reader
variability was 0.94, suggesting minimal variability."*
Recently, a mean difference of 20.1% for the Agatston score
and 18.3% for the volume score was found."** The absolute
difference between two scans was 15.8. For an Agatston score
of 100, confidence limits measure 77 and 123,"** while others
found 59 and 149."*° Non-linear limits help to define the
confidence limits dependent on the Agatston score."?¢

The resulting CAC score can be classified into five groups:
(1) zero, no coronary calcification
(2) <100, mild coronary calcification
(3) =100-399, moderate calcification
(4) =400-999, severe calcification
(5) =1000, extensive calcification.

In addition to these categories of the CAC score, it needs to be
considered that coronary artery calcification is age dependent,
as studies comparing pathological-anatomic findings have

www.heartjnl.com

Figure 1 Principle of calculating the
Agatston score. Electron beam
computed tomography (EBCT) of the
base of the heart with an image of a
single coronary calcification with a
density of 313, which is scored as 3
according to Agatston, and a pixel area
of 8 mm?. Multiplication gives an
Agatston score of 24.

demonstrated.™'> Intimal thickening of coronary arteries starts
with fatty streaks, which can develop into intermediate lesions.
At this stage of pre-atheroma, calcification can be detected, first
intracellularly and then extracellularly.”*’ In one study,
advanced plaque formation with atheroma and fibroatheroma
was observed in 20% of young adults, rising to 60% at the age of
30-34 years."?’ In terms of plaque composition, calcification
comprises 10-20% of total plaque volume."?* "2 This
percentage, however, is quite variable. In summary, CAC is
not part of an end stage process, but is found early in life at the
beginning of the development of coronary arteriosclerosis.
Based on these considerations, CAC quantification (fig 2)
also needs to take into account the patient’s age and gender.
There has to be a comparison of the individual data to a cohort,
demonstrating the “normal” age dependent CAC distribution.
This helps to explain if an individual CAC result is below, equal,
or above the ‘“‘normal” range. This can be achieved by using
centile distribution of CAC (fig 3)."* The 25th, 50th, 75th, and
90th centile are illustrated, showing a continuous increase with
age which is strongly gender dependent. In women, CAC
develops 10-15 years later in life than in men, and the amount
is 5-7 times lower at any given age (fig 4)." The typical
additional information which is provided can be demonstrated
in a couple who came for a check-up. The clinical characteristics
are illustrated in table 2 which shows the risk assessment based
on different algorithms.* ¢ ™ The difference between both in
relation to family history and cholesterol values is obvious. The
10 year risk is regarded as low and only for the husband as
intermediate. After CAC scanning the risk of the husband has
to be reclassified as high, with an Agatston score of 638 being
above the 90th centile (fig 3), whereas the woman has no CAC
despite a cholesterol concentration of 362 mg/dl (9.4 mmol/l).
CAC centile values had previously been based on selected
groups of individuals and patients, who were recruited by the
physician, press media and other forms of advertising, but
could include thousands of patients."?>°>* Only recently, the
centile distribution of two independent population based
cohorts were published: the Multi-Ethnic Study on
Atherosclerosis (MESA) funded by the National Institute of
Health in the USA,” “?° and the Heinz Nixdorf Recall (HNR)
study funded by the Heinz Nixdorf Foundation, Germany.'* "¢
Both studies started in 2000 and published their design in
2002. The centile distribution have also been published
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Score 41 Score 86 Score 390 Score 419

Figure 2 Different degrees of coronary artery calcification imaged by electron beam computed tomography of the left anterior descending coronary
artery. The Agatston score is given which was calculated according to the information shown in fig 1, summing up all lesions.

3500 Agatston score (male) Figure 3 Electron beam computed
000§ tomographic images at different scan
o L planes illustrating extended coronary
g 2500 - calcification (Agatston score 638) in a
g 2000 — 90th centile man who, since his youth, was an active
2 1500 sportsman with the risk factors shown in
© 1000 — 75th centil table 2. Centile distribution (25th, 50th,
O L th centile .
500 - 50th centile 75th, 90th centile) of men between 45—
oE 75 years based on the results of the

e b [ 95th centile
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Heinz Nixdorf Recall study are
illustrated.™ The resulting coronary
artery calcium score was beyond the
90th centile of age adjusted male
subjects.
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Figure 4 Electron beam computed tomography with 25th, 50th, 75th,

90th centile distribution of coronary artery calcification in women between
45-75 years based on the results of the Heinz Nixdorf Recall study.'* The
wife of the husband (table 2) had no coronary artery calcification despite
a cholesterol concentration of 362 mg/dl (9.4 mmol/l) and was regarded
as below the 25th centile distribution of an age adjusted female cohort.™

recently.' > "3° W3¢ The HNR study showed that using previous
non-population based analysis would result in an under-
estimation of the centile rank of CAC in individual patients.*
w31-34

The results of the MESA and HNR studies could be compared
due to very similar definitions and measurements.®'* The
centile distributions were very similar. However, the curves are
shifted to the left and upwards in men and also for women,
starting at the age of 65 years.® This may be related to the
higher prevalence of risk factors in Germany compared to the
USA: smoking (24% vs 12%), blood pressure (mean (SD) 133
(20)/81 (10) mm Hg vs 124 (20)/70 (10) mm Hg), total
cholesterol (mean (SD) 231 (41) mg/dl vs 196 (35) mg/dl (6.0
(1.06) mmol/l vs 5.1 (0.90) mmol/1)), and use of lipid lowering

Table 2 Clinical characteristics and risk factors of @
sporting couple, who were active in sport since their youth,
presenting for a check up examination after a son died
suddenly ot the age of 22 years preparing for an athletic
competition

Husband Wife
Age (years) 60 54
Height (cm) 171 163
Weight (kg) 69 56

206 (5.3 mmol/l) 362 (9.4 mmol/I)
111 (2.9 mmol/l) 206 (5.3 mmol/I)
60 (1.6 mmol/l) 103 (2.7 mmol/l)
77 (0.87 mmol/l) 79 (0.89 mmol/l)

Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Fasting triglyceride (mg/dl)

Family history Yes No
Diabetes mellitus No No
Systolic blood pressure (mm Hg) 162 117
Smoking No No
NCEP ATP Il (%) 13 1
PROCAM score (%) 7 3
ESC SCORE for Germany (%) 5 1
Agatston score 638 0

Centile distribution >90th <25th

ESC, European Society of Cardiology; NCEP ATP Iil, Third National
Cholesterol Education Program Adult Treatment Program; PROCAM,
Prospective Cardiovascular Minster; SCORE, Systemic Coronary Risk
Evaluation.

For the Framingham, PROCAM and ESC SCORE the 10 year risk for hard
events is listed.
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drugs (9.6% vs 18%), despite a lower age of recruited
individuals (45-74 years in HNR and 45-85 years in MESA).">”

MESA demonstrates that for the assessment of the degree of
CAC, national and ethnic influences have to be taken into
account. The highest prevalence of CAC was found in whites,
followed by Hispanic, black and the Chinese groups.® In order to
allow the use of these new findings, both MESA and HNR
provide a calculator for comparing an individual’s CAC score
with the centile CAC distribution in the respective population
via the internet: <www.mesa-nhlbi.org> <www.recall-stu-
die.uni-essen.de>.

To date, almost all prognostic studies have used EBCT.
Therefore, the question arose as to how to handle data which
were received from the new MDCT systems. The first
comparison was performed with a four slice system."?® In a
cohort of 2030 patients, the 50th, 75th and 90th centile
distribution was nearly identical when similar algorithms
were used."*® The variability was reported to be between 17—
32%."> "3 In MESA, three EBCTs and three MDCTs from
different companies were used. The investigators calibrated the
Agatston score to an external standard.”? "*? The influence of
motion artefacts is higher (18.2% vs 11.8%), but noise is lower
for MDCTs compared to EBCTs (2.1% vs 11.5%). The absolute
difference between two MDCT scans was 16.9."** Although the
Agatston score cannot be transferred from EBCT to MDCT in an
identical fashion, the MDCT ““Agatston algorithm” seems to
yield very similar results; however, the term ‘“Agatston score”
cannot be used.

WHAT DOES THE DEGREE OF CAC MEAN?

There is no correlation between CAC and the development of
symptoms, because CAC is a disease of the vessel wall.V® W2
Particularly in the early stages of coronary atherosclerosis,
vascular remodelling compensates for intimal thickening."** "**
However, acute coronary syndromes are related to plaque rupture
and erosion and not to continuous vessel lumen loss by the
atherosclerotic process.”** "¢ Interestingly, newer studies suggest
that CAC is a consequence of intramural bleeding during
development of vulnerable plaques.”™*” ™8

The CAC score can range from 0 to >10 000. There is no
“normal” Gaussian distribution. Depending on the age range,
most subjects have scores <100, and only a few scores are
>1000. However, even in asymptomatic subjects, CAC scores
>1000 may be found. In a typical cohort of coronary artery
disease patients, the median of the Agatston score is 975 for
men and 370 for women, and the highest values are found in
patients with chronic renal disease."*’

The degree of CAC is related to the risk of cardiovascular
events, as studies in large cohorts—whose subjects were,
however, largely physician or self referred—have demon-
strated.”” '¢ W32 W30-56 Relative risk ratios for high versus low
CAC scores ranged between 1.1-26.5 and were generally higher
for men than for women." In six recent reports,” “>?7¢ the
summary relative risk ratio was 4.3 with a confidence limit
between 3.1 and 5.2, comparing events in the high risk (any
CAC) with the low risk (most often no CAC) group.' It was
concluded that the risk associated with any degree of CAC
compared to no CAC is increased by a factor of 4 over the next
3-5 years.
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The summary relative risk ratio was related to the degree of
CAC (comparison of the listed groups to the low risk group)'"
» CAC 1-100: 1.9 (95% confidence limits (CL) 1.3 to 2.8)*

» CAC 100-400: 4.3 (95% CL 3.1 to 6.1)
» CAC 400-999: 7.2 (95% CL 5.2 to 9.9)
» CAC >1000: 10.8 (95% CL 4.2 to 27.7).
*modified 1-100 instead of 1-112."

This means that the rate of CVD death and myocardial
infarction reaches 4.6% and 7.1% in the two high risk groups,
respectively, for the next 3-5 years." Interestingly, in the group
with extended CAC (>1000) the prognosis was better in
symptomatic than asymptomatic cohorts, possibly because in
the latter group treatment had not yet been started.'” >’

Ongoing studies such as MESA and HNR will address the risk
prediction in a prospective, population based approach with a
more accurate determination of cardiovascular risk factors.

RISK STRATIFICATION BASED ON CAC SCORING

In the intermediate (moderate high) risk group, the result of
CAC scoring can be used for confirmation or reclassification of
the individual risk which has been derived from the first step of
risk assessment.” ©* % If the result of the CAC score is zero, a
low risk is confirmed, and healthy lifestyle habits recom-
mended. A reassessment after 5 years is suggested."? In those
reclassified to a high risk group based on CAC scoring, lifestyle
changes and drug treatment according to standard guidelines
for primary prevention are advised.

Because signs of subclinical atherosclerosis have been
detected, this may be regarded as secondary prevention.
However, because secondary prevention usually depends on
clinical manifestations of heart disease, this treatment concept
will need to be further evaluated. In this respect, it is of interest
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Figure 5 Distribution of calcium in 269 patients with calcific deposits in
the major coronary arteries. Numbers indicate the percentage of
calcification in different coronary segments detected by electron beam
computed tomography.'®

that in a prospective study, Arad ef a/ observed an event rate of
>2% per year in patients who appeared to have an intermediate
risk on the basis of the Framingham risk score, but who had a
CAC score >400."

Finally, in the group with CAC scores in the intermediate
range, an intermediate risk is indeed confirmed.">®

In order to select patients for intensified treatment (exceed-
ing the lifestyle changes), the NCEP ATP III recommends using
the 75th CAC centile value based on established age and sex
dependent CAC distribution rather than a specific CAC cut off
value.® In the HNR study, the combination of both parameters
was used to determine high risk: CAC >100 and/or a level
>75th centile.” This might help to identify young people and
women at high risk who otherwise would be disregarded.’

WHAT DOES A ZERO CAC SCORE MEAN?

Depending on age and sex, the percentage of individuals with
zero CAC scoring varies. Zero CAC means that no calcification is
detectable, but non-calcified plaques may already be formed.
The accuracy of CT is so high that even single spots of CAC can
be detected, as comparisons between EBCTY®® “°! and
MDCT"®' with intracoronary ultrasound have demonstrated.
Only microcalcification may be missed. In the population
screened in the HNR study, 327 (6.8%) of 4814 individuals had
known coronary artery disease, defined as non-fatal myocardial
infarction or coronary revascularisation procedures. All male
subjects with coronary artery disease and 92.8% of the female
cohort had signs of CAC.” These data confirm recent studies in
patients with acute coronary syndromes, because all presented
with CAC except in rare pathological situations such as
myocardial infarction in patients with myocardial bridging."**
In addition modern technology with contrast MDCT even
allows the detection of non-calcified lesions."®? The negative
predictive value reaches 95-99%. A significant luminal narrow-
ing is unlikely when no CAC is found. The risk for CHD death or
non-fatal myocardial infarction is only 0.1% within the next
2-5 years."

A zero CAC implies a low risk, but this should not deter
patients from making an effort to modify risk factors, such as
increasing physical activities or consuming healthier food.” > © It
has to be taken into account that during life, CAC may develop
as a function of prolonged risk factor exposure. Vice versa, data
are currently insufficient to withhold treatment if a high
cardiovascular risk is identified on the basis of prevalent risk
factors such as diabetes, even if the CAC score is zero."” "

WHAT DOES CAC LOCALISATION MEAN?

During follow up the first signs of CAC appear in the proximal
part of the left anterior descending coronary artery (fig 4),
which is typical and reflects the natural history of coronary
artery disease, which has been described previously."*=¢*
Coronary angiography™® and now EBCT'® confirmed these
observations. In the majority of patients, CAC was first found to
appear in the proximal part of the left coronary artery, followed
by the right and circumflex coronary artery, then involving
more distal parts and the main stem.'

The natural history determines the presence and location of
CAC (fig 5). However, all attempts to relate CAC scoring to the
presence of coronary artery disease or coronary luminal
narrowing assessed during coronary angiography have failed
to show clinically relevant associations. Importantly, CAC

www.heartjnl.com
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Left coronary artery main stem

Figure 6 Continuous progression of coronary calcification in a man who came for a check up examination in 1996 (table 3 lists the subject’s clinical
characteristics) in whom a follow up over 10 years by electron beam tomography was possible, illustrating an increase in the density and calcification of the

coronary arteries.

Left anterior descending coronary artery

-~

Table 3 Clinical characteristic of a 53-year-old man who underwent a first check up examination in 1996

1996 1999 2004 2006
Total cholesterol (mg/dl) 251 (6.5 mmol/) 143 (3.7 mmol/) 149 (3.9 mmol/l) 121 (3.1 mmol/l)
HDL cholesterol (mg/dl) 64 (1.7 mmol/I) 43 (1.1 mmol/l) 62 (1.6 mmol/l) 50 (1.3 mmol/l)
LDL cholesterol (mg/dl) 176 (4.6 mmol/l) 72 (1.9 mmol/) 104 (2.7 mmol/l) 45 (1.2 mmol/l)
Triglycerides (mg/dl) 61 (0.69 mmol/l) 73 (0.82 mmol/l) 74 (0.84 mmol/l) 72 (0.81 mmol/l)
Lipoprotein Lp(a) (mg/dl) 21.5 (0.77 mmol/I) 18 (0.64 mmol/l) 18 (0.64 mmol/l) 16 (0.57 mmol/I)
PROCAM score 4.8% 4.2% 5.1% 4.8%
NCEP ATP Ill score 8% 8% 8% 8%
ESC SCORE for Germany 2% 2% 3% 4%
Agatston score 362 378 701 706

ESC, European Society of Cardiology; HDL, high density lipoprotein; LDL, low density lipoprotein; NCEP ATP Ill, Third National Cholesterol Education Program Adult
Treatment Program; PROCAM, Prospective Cardiovascular Miinster; SCORE, Systemic Coronary Risk Evaluation.
The subject was seen many times over the next 10 years. He was 189 cm in height and his body weight was 87 kg in 1996 and 85 kg in 2006. A progression of

coronary artery calcification was seen despite starting statin treatment in 1998 and also receiving ezetimibe since 2004. The CAC score followed the line of the centile
distribution which was based on the results of the Heinz Nixdorf Recall study.™
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Calcium score distribution
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Figure 7 Continuous progression of coronary artery calcification along
the 90th centile distribution (shown in fig 6), based on the analysis of the
population based Heinz Nixdorf Recall study,'* without any attenuation
despite lowering of total cholesterol and low density lipoprotein
cholesterol using statin treatment and more recently additionally
ezetimibe. No event occurred during the 10 year follow up fime.

scanning is not recommended to establish the presence of
obstructive coronary disease.'" Even in the presence of extensive
calcification, there may be no luminal narrowing due to the
compensatory remodelling process of the arterial wall.

SHOULD CAC SCORING BE REPEATED?

The physician will be confronted with the question of whether
the study should be repeated and when, independently from
the results initially obtained.

A typical example is shown in fig 6 of a man who was
followed over 10 years. Table 3 lists his clinical characteristics
and shows that lifestyle changes and statin treatment
effectively lowered the low density lipoprotein (LDL) choles-
terol values and even lipoprotein Lp(a). His CAC score increased
according to the centile distribution (fig 7). The natural history
(increase of the Agatston score) followed the population based
centile distribution of CAC corrected for age and sex. This result
confirms the value of the established CAC centile distribution.

Follow up studies have been performed, and the rate of
progression of CAC determined. In a group with a mean age of
59 years, the mean annual relative progression of calcification
was 51% for the total CAC score, and the median progression
was 32%."%® Other authors found a mean annual increase in
the range of 24-33%."*""! In men and women the smallest
statistically significant interval change is + (4.930x square
root of baseline Agatston score) or + (3.445x square root of
baseline volumetric CAC score)."?*> Based on the analysis of
accuracy and reproducibility, others defined a limit of 15% or
=2.5 mm’ of the square root from the starting level in order to
differentiate a random from a non-random change. For
example, at a zero level this limit is calculated as =6.25
(=2.5%) or at 100 CAC score 156.25 (12.5%)."2°

During follow up, the changes of CAC did not differ within
the coronary tree, but were related to the typical predilection
site of coronary atherosclerosis in the proximal left coronary
segments.'® “>?7*% Progression was evenly distributed in the
right coronary artery, whereas in the left coronary artery it was
mainly related to the proximal part of the left anterior
descending and circumflex coronary artery.”*®

The following percentage CAC progression was found per
year at the level of the 75th centile:

62% proximal left anterior descending coronary artery (LAD)
31% proximal right coronary artery (RCA)

31% left main stem

25% left circumflex coronary artery

21% mid RCA

19% distal RCA

14% mid LAD.
Absolute and relative changes of CAC are very different and
strongly dependent on the baseline values. Median increase and
annual percentage change of CAC"*®:

+ 3.1 for Agatston score 1-30, +57%

+26.1 for Agatston score >30-100, +49%

+58.9 for Agatston score >100-400, +32%

+109.7 for Agatston score >400, +15%.
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IS THERE ANY EFFECT OF TREATMENT ON CAC
SCORES?

Rhesus monkeys received a cholesterol-rich diet that induced
progression of overall coronary plaque burden and CAC. After a
change of diet that resulted in an overall regression of coronary
plaques, the area of CAC stabilised. Thus, CAC progression was
stopped following a reduction of cholesterol ingestion. At the
same time, the percentage plaque area that comprised CAC
increased in relation to the other plaque components because
there was an overall regression of coronary plaque burden."”?

An early report seemed to be able to relate the value of LDL
cholesterol to CAC progression.””> The progression was 52% in
an untreated group with an LDL of 147 mg/dl (3.8 mmol/l),
25% in a treated group with LDL cholesterol values of 139 mg/dl
(3.6 mmol/l), and regression of 7% was observed in those with
LDL cholesterol below 120 mg/dl (3.1 mmol/1).*"?> Also an
open, non-controlled study with the cholesterol lowering drug
cerivastatin appeared to demonstrate that statins are able to
attenuate CAC progression or even induce a regression."’*
However, four randomised, double blind, controlled studies were
unable to show any effect of this form of treatment on CAC
progression using atorvastatin in comparison to placebo,'® “7°
simvastatin in comparison to pravastatin®’® and atorvastatin in
low and high dosages,"” despite a study duration of up to 4.3
years."”’

Comparing high (80 mg) and low (10 mg) dosages of
atorvastatin, progression was 27% and 25% within 12 months."”
In the St Francis Heart study, the progression over 4.3 years was
81% in the atorvastatin (20 mg) group and 73% in the control
group receiving only aspirin."’> With pravastatin (40 mg) and
atorvastatin (80 mg), a progression of 15.1% and 14.3%,
respectively, within 1 year was observed."”® Finally, in another
study, a CAC score progression of 26% in the (80 mg)
atorvastatin group and 18% in the placebo group was observed
within 1 year."®

Accordingly, we have not found a way to stop the progression
of CAC. Statins alone are not able to attenuate CAC progression.
Research needs to investigate different ways to influence this
process. Of note, however, vascular risk during statin treatment
is decreased by 30-35%.""7

IS THERE ANY PROGNOSTIC IMPLICATION OF CAC
PROGRESSION?

Progression of CAC seems to be an independent prognostic
marker. In subjects with an increase in CAC progression above
15% per year, a higher rate of myocardial infarction was
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found.”® In the St Francis Heart Study, CAC score was
determined again after 2 years." Those individuals with
cardiovascular events had a higher CAC progression than those
without. CAC progression was significantly related to outcome,
as well as age, gender, LDL and HDL cholesterol values.
However, the number of reports is small, and only a few
patients were included in these studies. Also, only highly
selected subjects have been scanned sequentially. The MESA
and HNR studies will be able to address this topic in a more
definitive manner."?? V78

Repetitive CAC scanning can be performed with high
accuracy and reproducibility, but currently no intervention
has been identified which may be able to attenuate or even stop
CAC progression."' It seems to be similar to the ageing process.
The vascular ageing represented by the CAC is a continuum,
and those individuals with the greatest progression have the
greatest risk.

Additional references appear on the Heart website— http://
heart.bmj.com/supplemental.

INTERACTIVE MULTIPLE CHOICE QUESTIONS
This Education in Heart article has an accompanying series of
six EBAC accredited multiple choice questions (MCQs).

To access the questions, click on BMJ Learning: Take this
module on BMJ Learning from the content box at the top
right and bottom left of the online article. For more information
please go to: http://heart.bmj.com/misc/education.dtl Please
note: The MCQs are hosted on BMJ Learning—the best
available learning website for medical professionals from the
BMJ Group.

If prompted, subscribers must sign into Heart with their
journal’s username and password. All users must also complete
a one-time registration on BMJ Learning and subsequently log
in (with a BMJ Learning username and password) on every
visit.
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