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Clinical Use of Coronary Calcium Scanning With Computed Tomography

Synopsis

This review focuses on non-contrast quantitation of coronary artery calcium (CAC) using x-ray
computed tomography (CT). It begins by examining the pathologic basis of CAC as a surrogate
to atherosclerotic plaque burden. The discussion continues with the clinical development of CT
based imaging for this purpose, examining both electron beam CT (EBT) and multidetector CT
(MDCT). The commentary ends with the subsequent patient applications, and uses of coronary
calcium for assessment of cardiovascular risk and clinical-decision making in asymptomatic
adult individuals.

Introduction

X-ray computed tomography (CT) provides exquisite, rapid, high resolution imaging of the body
and in particular the heart (and vascular system in general). Tomographic imaging by CT has
shown significant advances in the past 20 years as it relates to both temporal and spatial
resolution to facilitate non-invasive cardiac imaging. In particular both electron beam
tomography (EBT) and multi-detector CT (MDCT) have shown applicability, under certain
defined circumstances, for coronary artery imaging and atherosclerotic plaque identification.

Coronary lumen imaging of the major epicardial coronary arteries using EBT/MDCT during
intravenous contrast administration is not only feasible, but is in routine use in some clinical
settings. Coronary artery imaging by CT without contrast administration has focused on
identification of mural coronary calcification. This review will focus on non-contrast CT
quantitation of coronary artery calcium by examining the pathologic basis of this as a surrogate
to atherosclerotic plaque burden, clinical development of CT based imaging for this purpose and
subsequent applications, and uses of coronary calcium for assessment of cardiovascular risk and
clinical-decision making in asymptomatic adult individuals.

Coronary Calcium and Atherosclerotic Plaque

Recent studies have confirmed that arterial mural calcification is intimately associated with
vascular injury and atherosclerotic plaque evolution and is largely controlled by common cellular
and sub-cellular mechanisms. [1,2,3,4]

The incidence of coronary artery calcium by CT as a function of age has been shown to mimic
the incidence of cardiovascular atherosclerotic disease in men and women. The data [5] show
the following: a) the incidence of coronary artery calcium increases from only a few percent in
the second decade of life to nearly 100% by the 8th decade in men and women; b) the general
incidence of coronary artery calcium in women is similar to that in men who are a decade
younger; and c) this separation in prevalence with age is eliminated by approximately age 65-70,
when the incidence of coronary calcium in women is similar to that of men of the same age.



Although there is an increasing incidence of coronary calcification in patients as one grows older
this simply parallels the increased incidence of coronary atherosclerosis with advancing age.
Coronary artery calcium score as a measure of the extent of coronary disease also increases with
age, but the magnitude of the estimated atherosclerotic plaque burden is quite different in men
versus women. [6]

Atherosclerosis is the only disease known to be associated with coronary calcification. [7-9]
Recent studies have shown that calcium can be seen in all degrees of atherosclerotic involvement
and is an active process. [10-13]

Coronary calcification is common in patients with known coronary heart disease [14,15], and is
strongly related to age, increasing dramatically after age 50.[16-19] Since Faber[20] in 1912
noted that Monckeberg's calcific medial sclerosis does not occur in the coronary arteries,
atherosclerosis is the only vascular disease known to be associated with coronary calcification.

However, coronary plaque and its associated coronary calcification may have only a poor
correlation with the extent of histopathologic stenosis.[21] This fundamental finding has been
shown to largely be accounted for as a result of individual variations in coronary artery
remodeling[22], while in-situ coronary calcium, on the other hand, is associated with plaque
size.(23)

A fundamental requirement for the use of coronary calcium quantification by CT to define
coronary artery plaque is to establish how these two measures relate to each other. Rumberger
and colleagues at the Mayo Clinic initially examined random autopsy hearts and compared
measures of coronary calcium using EBT as compared with direct histologic plaque areas, and
percent luminal stenosis.[23-25] These studies determined that the total area of coronary artery
calcification quantified by EBT is linearly correlated (r = 0.90) with the total area of histologic
coronary artery plaque per vessel. Here, although the total atherosclerotic plaque burden was
tracked by the total calcium burden, not all plaques were calcified and the total calcium area was
around 20% of the total atherosclerotic plaque area. This suggests that there may be a size of
coronary plaque that is most commonly associated with coronary calcium but, in the smaller
plaques, the calcium is either not present or is undetectable. A study by Baumgart et al [26]
compared direct intracoronary ultrasound measures during angiography with EBT calcium
scanning and confirmed a direct association of coronary calcium score with localization and
extent of atherosclerotic plaques, in vivo.

Coronary Calcium Identification by CT

EBT Methods

Electron beam tomography [EBT] is a mature body-imaging device developed over 20 years ago
and is the only CT device specifically designed from inception for cardiac imaging. Although
the technique can quantify ventricular anatomy and global and regional function[27] as well as
myocardial perfusion[28], it is currently best known for defining and measuring coronary artery
calcified plaque and for performing non-invasive coronary and vascular angiography. To date,
and specifically over the past decade, there have been over 600 articles published regarding the
validation of EBT for coronary artery plaque and lumen imaging.
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EBT [General Electric Medical Systems, Milwaukee, WI] employs unique technology enabling
ultrafast scan acquisition times of 33 msec, 50 msec, 100 msec, and multiples of 100 msec [up to
1.5 seconds] per slice. There have been 3 iterations for EBT since it was introduced clinically in
the early 1980’s. The overall imaging methods have remained unchanged, but there have been
improvements in data storage, data manipulation and management, data display, and spatial
resolution. The original C-100 scanner was replaced in 1993 by the C-150, which was replaced
by the C-300 in 2000. The current EBT scanner, the “e-speed©” (GE/Imatron) was introduced
in 2003. The “e-speed” is a multi-slice scanner and currently performs a heart or body scan in
one-half the total exam time required by the C-150 and C-300 scanners. The “e-speed”, in
addition to the standard 50 msec and 100 msec scan modes common to all EBT scanners, is
capable of imaging speeds as low as 33 msec, but as of this writing, no validation studies on the
applicability of calcium scoring in this mode are available. Thus, the current discussion of EBT
will focus on the established methods of the C-150 and C-300 imaging systems.

EBT employs a stationary multi-source/split-detector combination coupled to a rotating electron
beam and produces serial, contiguous, thin section tomographic scans in synchrony with the
heart cycle. EBT is distinguished by its use of a scanning electron beam rather than a traditional
x-ray tube and mechanical rotating device used in current "spiral" single and multiple detector
scanners. The electron beam [cathode] is steered by an electromagnetic deflection system that
sweeps the beam across the distant anode, a series of 4 fixed tungsten "target" rings. A
stationary, currently dual level, detector lies in apposition to the tungsten target rings. Thus, as
opposed to physically moving the x-ray tube in a circle about the patient, as is done by the
mechanical CT (spiral) scanners, only the electron beam is moved in EBT.

Standardized methods for imaging, identification and quantification of coronary artery calcium
using EBT have been established.[9] The scanner is operated in the high resolution, single slice
mode with continuous, non-overlapping slices of 3 mm thickness, a reconstruction field of view
(FOV) of 26 c¢m, and an acquisition time of 100 msec per tomogram. Patients are positioned
supine and, after localization of the main pulmonary artery, a sufficient number of tomographic
slices are obtained to cover the complete heart through the left ventricular apex (usually 36 to 40
slices). For the C-150/C-300 scanners this takes about 30-35 seconds; for the “e-speed” it would
be about 15-20 seconds. Electrocardiographic triggering is done at a time determined from the
continuous ECG tracing recorded during scanning. Current clinical protocols for EBT perform
triggering during the cardiac cycle as varied depending on the patient’s resting heart rate. This is
intended to minimize coronary motion artifacts since the ballistics of cardiac motion are highly
dependent on resting heart rate. Nominally, this is currently done for most studies at a time
corresponding to 40%-60% of the total RR interval, or near the end of electro-mechanical
systole.

The presence of coronary calcium is sequentially evaluated in all levels. Coronary calcium is
defined as a hyperattenuating lesion above a threshold of 130 "Hounsfield Units" with an area of
3 or more adjacent pixels [at least 1 mm2.]. CT Hounsfield Unit (HU) densities range from -
1000 [air], through O [water], and up to +1000 [dense cortical bone]. The “calcium score”
developed by Agatston[29] and predicated on a 3 mm slice thickness is a product of the area of
calcification per coronary cross-section and a factor rated 1 through 4 dictated by the maximum
calcium CT density within that cross-section. A calcium score is reported for a given coronary
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segment/artery and for the entire coronary system; however, most research studies have reported
data related to the summed or total “score” for the entire epicardial coronary system.

Quantification of coronary artery calcium using EBT scanning has been proven as a valid
surrogate for atherosclerotic plaque burden and as a measure of the severity of coronary disease
in direct pathologic comparison studies[25] regardless of age or gender[24], and in clinical
studies using coronary angiography[30] and intravascular ultrasound[26] as reference standards.

MDCT Methods

The current generation of multi-detector computed tomography (MDCT) systems are capable of
acquiring 2, 4, 8 or 16 (and potentially soon 32) levels of the heart simultaneously with ECG
gating in either a prospective or retrospective mode. Multi-level images are also possible of any
part of the body without the use or need for ECG information. MDCT differs from single slice
(helical or spiral) CT systems principally by the design of the detectors and data acquisition
systems that allow the detector arrays to be configured electronically to acquire multiple levels at
variable slice thickness simultaneously. Thus in the current state of the art 16 channel MDCT
systems 16 slices can be acquired at nominally 1.25 mm slice widths for cardiac imaging. As of
2003, 4-slice MDCT systems are the most widely deployed with an estimated installed base in
the U.S. of over 2,000 (compared to roughly 200 EBT systems), but with natural attrition and
replacement of CT scanners on the average of every 2 to 5 years in most medical centers, they
are being replaced with 8-slice and 16-slice systems. Thus the term “MDCT” refers to a variety
of systems from the newest to systems approaching 5-7 years in age. Each system, manufactured
by various vendors, may have unique properties that are not found in competitors systems.

In MDCT systems, like the preceding generation of single slice spiral scanners, the X-ray
photons are generated within a specialized X-ray tube mounted on a rotating gantry. The patient
is centered within the bore of the gantry such that the array of detectors is positioned to record
incident photons after traversing the patient. Within the X-ray tube a tungsten filament allows
the tube current to be increased (milliampere - mA) which proportionately increases the number
of X-ray photons for producing an image. This is a design difference with current generation
EBT systems, which use a fixed mA. The attenuation data (after passing from the source,
through the body, and incident on the detector array) are recorded and transformed through a
filtered back-projection into the CT image. This final step is common to both EBT and MDCT.
Spiral and MDCT systems have two principal modes of scanning which are dependent upon
whether the patient on the CT couch is stationary (axial mode) or moved at a fixed speed relative
to the gantry rotation (spiral mode). The axial mode utilizes prospective ECG gating at
predetermined offset from the ECG detected R wave analogous to EBT (but at a physically
slower speed per image than EBT) and is the current mode for measuring coronary calcium at
most centers using MDCT. This mode is preferred mainly due to issues of keeping the radiation
dose similar to that of EBT (see below).

The temporal resolution of a spiral or MDCT system is determined by the gantry speed, which
determines the number of views possible per second. To reconstruct each slice 180 degrees plus
the angle of the fan beam is required, typically a total of 220 degrees of rotation. For a 16-
channel system with 0.4 sec rotation the temporal resolution is 0.244 seconds or 244 msec for a
50 cm display FOV. Reducing the display FOV to the 20 cm to encompass the heart the number

4 Emerald Professional Building
k i P fevad H ed Hh 5747 Perimeter Drive, Suite 105
N /" WELLNESS DIAGNOSTIC CENTER Dublin, Ohio 43017

(614) 652-5888



of views can be reduced, theoretically, to further improve temporal resolution for a 16-channel
scanner to approximately 200 msec. The majority of MDCT systems in 2003 have gantry speeds
of 500 to 750 msec and temporal resolution of 320-500 msec per image when used for measuring
coronary calcium, as compared to 100 msec or less for EBT.

The rapid evolution of MDCT while potentially of great value for coronary artery calcium
(CAC) quantitation because of the generally greater availability than EBT makes current
application of guidelines for MDCT uses more confusing and not universal since, as noted, all
installed MDCT systems are not the same. All comparisons between MDCT and EBT data show
good group correlation values but with each improvement in MDCT speed and slice profile the
correlation with EBT is found to be better despite the strong claims of comparability declared by
same vendors of preceding generation scanners. Another issue relates to the image “slice
thickness” used for imaging, which varies between manufacturers. The issue of slice thickness
and the effects on calcium scoring are discussed below.

Studies Comparing EBT and MDCT for Calcium Scoring

Becker et al studied 100 patients comparing MDCT with EBT and reported a high correlation
between the 2 modalities.(31) In this study however, the percent variability between individuals
was 32% for CAC scores. There were relatively few patients with scores < 100, and the high
correlation may have been driven by those individuals with high scores. Moreover, the level of
individual precision was limited and the scores < 100 appeared to have the most deviation by
MDCT as compared to EBT. Although a high correlation indicates that these two measures have
a linear relationship to one another, the spread about the line can still be significant and can limit
use in individuals.

Knez et al studied the diagnostic accuracy of MDCT compared to EBT in 99 symptomatic male
patients (60110 years).(32) For quantification of CAC, the volumetric calcium score was
determined. The results indicated excellent correlation between the two modalities (r= 0.99).
The mean variability between the MDCT and EBT derived scores was 17%. Importantly, the
study population had 26 patients with score ranging from 0-100, and the mean variability
between the test was 718 (20%), which was not significantly different from very high scores.

The above studies were performed in older male symptomatic adults with a mean age above 60
years and a high range of calcium score values. The findings of extensive calcification and a
good correlation over a large range of values, however does not fully address the need to
measure CAC scores accurately and reproducibly in a given individual. In addition, these high
correlations may not apply as well to a younger ‘asymptomatic’ population with generally much
lower scores. The studies by Budoft(33), Carr(34) and Goldin(35), each comparing EBT and
spiral CT, indicated a range of poor to fair and fair to excellent agreement at a series of clinical
cut-points as proposed by Rumberger(36) using the Agatston score. However, Carr, et. al.(34)
indicated that agreement could be improved by calibration of the Agatston score to an external
standard.

It should be emphasized that the clinical value for CAC determination is to facilitate individual
risk assessment and thus scoring for a given patient should be a accurate as possible. However,

5 Emerald Professional Building
k i P fevad H ed Hh 5747 Perimeter Drive, Suite 105
N / WELLNESS DIAGNOSTIC CENTER Dublin, Ohio 43017

(614) 652-5888



for epidemiologic studies and investigations of coronary calcium in broad population groups,
measures by MDCT and EBT may provide similar insight into the atherosclerotic process.

Radiation Exposure

One drawback of MDCT as compared to EBT is the higher radiation exposure to the
patient.(35,37-46) Radiation exposure from prospectively gated studies is much less than from
retrospectively gated studies. The x-ray photon flux expressed by the product of x-ray tube
current and exposure time (mAs) is generally higher with MDCT. For example, 400 mA with
0.5 sec exposure time yields 200 mAs in MDCT versus 614 mA (fixed tube current) with 0.1 sec
exposure time yields 61.4 mAs in EBT. The increase in radiation dose with MDCT compared to
EBT has been estimated to range from 3-10 times higher, depending on the protocol employed
and whether prospective or retrospective gating is employed.(38,40,41) The most modern
MDCT devices used in the retrospective imaging mode probably expose the patient to about 30-
40 mGy (3-4 rad), equivalent to a conventional angiographic study, and up to 10-fold higher than
the doses delivered during EBT of 3-4 mGy (0.3-0.4 rad).(42,43)

The radiation dose estimation has a wide margin of error and depends significantly on the
method of estimation. Furthermore, the distributions of radiation dose are different for MDCT
and EBT. In EBT the maximum dose is delivered at the entrance surface to the patient’s
anatomy lying closest to the target ring (usually the posterior elements) due to the configuration
of target rings, while in MDCT, the dose is uniform around the patient and decreases towards the
center. This results in a decreased dose distribution in EBT to organs lying anteriorly such as
breasts. Thus, with MDCT the effective dose in women is 25% higher than in males raising the
mean dose from 30 mGy (3 rad) per study in men to 40 mGy (4 rad) per study in women.(42) In
MDCT, using prospective gating, the radiation dose is lower than that of retrospective gated
studies. However, results from a recent study showed that ECG-controlled tube current
modulation allows significant dose reduction of 48% and 45% in males and females respectively,
while performing retrospectively ECG-gated MDCT of the heart.(46)

CT Coronary Calcification and Clinical Outcomes

Calcification of the coronary arteries occurs in rough proportion to the severity and extent of
coronary atherosclerosis. (47) In a landmark study of atherosclerosis, persons dying of coronary
disease were found to have two to five times as much coronary calcification as age matched
controls that died accidentally or of other natural causes.(48) In a five-year study of 800
consecutive patients undergoing cardiac catheterization, fluoroscopically evident coronary
calcification was associated with higher mortality, even after adjustment for ejection fraction and
the number of diseased vessels.(49)

Seven studies have examined the prognostic accuracy of EBT scanning of the coronary arteries.
The first and longest study of EBT scanning of the coronary arteries, the South Bay Heart
Watch(50,51), began in 1990 as a prospective study of the prognostic accuracy of cardiac-
fluoroscopy in 1461 asymptomatic, high risk subjects. Beginning in 1992, 1289 study
participants, mean age 66 + 8 years, underwent EBT scanning. Although early analysis showed
no advantage of EBT scanning over conventional risk factor assessment(50), long-term (6.4
years) follow-up has demonstrated that the CAC score predicts events independently of standard
coronary risk factors. (51)  Thus, the study required longer follow-up to demonstrate the
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independence of the CAC score in predicting coronary events. The initial South Bay Heart
Watch study also employed six millimeter EBT slices (twice the slice thickness used in all other
studies) which has subsequently been shown to have lower discriminatory power for detecting
any calcification (zero score) as well as yielding total scores that are less than one half those
using the 3 mm standard slice method(52,53), and thus not comparable with published EBT
databases.(6)

In a retrospective analysis of 632 asymptomatic persons (mean age 52 + 9 years) followed for a
mean of 2.7 years, investigators from Nashville, Tennessee reported that the rate of non-fatal
myocardial infarction and coronary death increased from 0.045% per year in the lowest quartile
of EBT calcium scores to 2.7% among subjects in the highest quartile of calcium scores (a 59-
fold increase). (54) In contrast, the rate of non-fatal myocardial infarction and coronary death
was 0.09% per year in the quartile of patients at lowest risk by standard coronary risk factors
compared to 1.05% per year in patients in the highest quartile of risk, as defined by standard risk
factors (a 12-fold difference). This difference in relative risks (highest quartile versus lowest
quartile) occurred because EBT better stratified groups of patients into lower and higher risk
groups than did standard coronary risk factors alone; i.e., EBT defined subsequent coronary
disease risk more accurately than risk factors. These investigators demonstrated that EBT added
incremental benefit to standard coronary risk factors for risk stratification.(55)

Investigators from St. Francis Hospital in New York have conducted two studies of EBT
scanning for the prediction of atherosclerotic cardiovascular disease events in asymptomatic
persons. In the first study, a retrospective analysis of 1172 persons (mean age 53 + 11 years)
followed for 3.6 years, a calcium score >160 predicted non-fatal myocardial infarction and
coronary death with sensitivity of 0.86, specificity of 0.80, and an odds ratio of 23.3 (95%
confidence interval 5.7 — 105.2).(56) Although cholesterol values were not directly measured,
the calcium score predicted events independently of and more accurately than self-reported risk
factors.

Wong et al reported 3.3 years of follow-up on 926 asymptomatic persons, mean age 54 + 10
years. The calcium score predicted events independently of age, gender, and other
cardiovascular risk factors, such as diabetes. Relative risks for scores above versus below the
mean and median calcium scores were 4.5 and 4.6, respectively, increasing to 8.8 for scores in
the top quartile.(57)

In another retrospective study, Kondos et al reported 37 month follow-up on 5,635 initially
asymptomatic low to intermediate risk adults.(58) In men, events (n=192) were associated with
the presence of CAC (RR=10.5, P<0.001), diabetes (RR=1.98, P=0.008), and smoking (RR=1.4,
P=0.025) whereas in women events (n=32) were linked to the presence of CAC (RR=2.6,
P=0.037) and not risk factors. While follow-up was only obtained in 64% of patients, patients
with scores >170 had a relative risk for developing of hard cardiac events of 7.24 (95% CI, 2.01—
26.15), after multivariable analysis was performed with adjustment for age and other coronary
heart disease risk factors. The presence of CAC provided incremental prognostic information
over age and other risk factors (see Figure 1).
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The largest prospective study reported to date also supports the use of CAC in the intermediate
population. In the St. Francis Heart Study, a prospective study of 5585 subjects aged 59 + 5
years, a calcium score >100 predicted all atherosclerotic cardiovascular disease events, all
coronary events, and the sum of non-fatal myocardial infarction and coronary death events with
relative risks of 9.5 to 10.7 at 4.3 years.(59) The calcium score also predicted events
independently of and more accurately than measured risk factors. The area under the receiver
operating characteristic curve for event prediction with risk factors alone in this study was 0.71,
increasing to 0.81 with EBT testing (p<0.001).

A recent study by Pohle looked at first MI in a group of patients under the age of 59 (average age
41+10 years).(60) One hundred two patients along with 102 age, gender, and risk factor matched
individuals without MI were examined by EBT. The patients with MI had significantly higher
EBT calcium scores and 95% of them had detectable coronary calcium as compared to xx
percent of control subjects. Importantly, 87% and 61% of the MI patients had calcium scores
above the established 50th and 90th percentiles, respectively (see Figure xx). These data
underscore that patients with MI have more extensive coronary calcium than those of their
matched peers.

In summary, all published studies, with mean age of subjects ranging from 41 to 66 years, have
reported that the EBT derived coronary calcium score predicts coronary disease events
independently of and more accurately than standard risk factors. No prognostic data related to
MDCT is yet available. However, the Multi-Ethnic Study of Atherosclerosis (MESA) was
initiated in July 2000 to investigate the prevalence, correlates, and progression of subclinical
cardiovascular disease (CVD) in a population-based sample of 6,500 men and women aged 45-
84 years. Measurement of CAC will be obtained with EBT or MDCT (3 sites will use EBT,
three sites will use MDCT from one of two vendors) together with risk factors and repeated
during the study for progression assessment over 7 years. Participants will be followed through
2008 for identification and characterization of cardiac and vascular events, including acute
myocardial infarction and other coronary heart disease, stroke, peripheral vascular disease, and
congestive heart failure; therapeutic interventions, and mortality.(61) This National Institutes of
Health study will help establish the clinical utility of MDCT as compared with EBT, and
determine what scores are clinically useful to the clinician. While MDCT does not correlate well
with EBT at lower scores, this may prove to be less important if only high scores are found to be
more useful in risk prediction.

Use of CAC in the Asymptomatic Patient

The absence of CAC on EBT identifies a group of patients at very low risk of events with a very
high sensitivity and negative predictive value for obstructive disease (>99%).(62) A score of 0
(no coronary calcium) with EBT can virtually exclude those patients with obstructive coronary
heart disease. Raggi et al(55) demonstrated an annual event rate of only 0.11% for patients with
scores of zero by EBT. Both the American College of Cardiology/American Heart Association
writing group(63) and the Prevention V Conference agreed that the negative predictive value of
EBT is very high for short term events.(64) This was reinforced by the St. Francis Heart Study,
where a score of zero had a negative predictive value for cardiac events of 99.5%.(56) It remains
to be determined if a zero score derived from MDCT devices has the same prognostic and
diagnostic significance in ruling out obstructive coronary heart disease. Only one study has
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looked at the predictive power of zero scores by MDCT and suggested a negative predictive
value for obstructive coronary disease of approximately 60%.

The most powerful and important data for CT scanning for coronary calcium relates to its ability
to predict future coronary events in asymptomatic persons. Risk factors have been demonstrated
to be suboptimal predictors of future events, failing to predict one-third of future deaths due to
coronary heart disease. (65) At least half of all first coronary events occur in asymptomatic
individuals who are unaware that they have developed silent coronary heart disease. A sub-
group of the Prevention V authorship(66) supported the use of EBT for risk stratification of
intermediate risk patients.

The new NCEP Adult Treatment Panel III guidelines(67) support the conclusions of the
Prevention Conference V and the ACC/AHA report that high coronary calcium scores confirm
increased risk for future cardiac events, stating: “Therefore, measurement of coronary calcium is
an option for advanced risk assessment in appropriately selected persons. In persons with
multiple risk factors, high coronary calcium scores (e.g., >75th percentile for age and sex) denote
advanced coronary atherosclerosis and provide a rationale for intensified LDL-lowering therapy.
Moreover, measurement of coronary calcium is promising for older persons in whom the
traditional risk factors lose some of their predictive power.” Thus, a high CAC score may make
a clinician more likely to institute secondary prevention measures sooner (e.g. aspirin, aim for a
lower blood pressure [<130/80 versus <140/90, an LDL-C less than < 100 mg/dl as opposed to <
130 or triglycerides <150 mg/dl versus <200 mg/dl). Table I suggests an overall application of
CAC scoring with respect to defining overall individual cardiac risk and suggested target goals
for LDL (based upon current NCEP guidelines).

Thus current recommendations are to use CAC to measure plaque burden in physician-referred,
intermediate risk patients, irrespective of age, in whom the use of lifestyle and/or pharmacologic
therapies can be more vigorously applied in a cost-effective manner. Use of EBT or MDCT in
very low risk cohorts has not demonstrated to have clinical utility, and focus on intermediate and
high-risk cohorts is better substantiated. Generally, the data show that invasive procedures
should be reserved for symptomatic patients with inducible ischemia since there is limited
information showing benefit in terms of prolongation or quality of life in asymptomatic
patients.(68,69,70) To avoid inappropriate or unnecessary follow-up testing or invasive
therapeutic procedures in patients who undergo EBT or MDCT, the clinician should determine a
priori that the goal of such noninvasive testing is to refine prognostic assessment and then
employ, or not, well-proven preventive interventions based on test outcome.

Heart Age and Calculation of Long Term Risk Using CAC

The current NCEP ATP III guidelines(67) strongly encourage use of conventional risk factor
analysis and calculation of annual risk in those without established coronary heart disease or
known equivalents such as diabetes or pre-existing peripheral vascular disease. Although the
goals of this exercise are to determine acceptably levels for LDL cholesterol targeting, they serve
useful purposes in defining an estimation of risk for all adults. The general ranges for risk,
generally expresses as a risk per decade are as follows: <10% per decade — low risk; >10% but
<20% per decade, intermediate or moderate risk; and, >20% per decade as high risk (or coronary
disease risk equivalency).
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Calculation of risk incorporates data from the Framingham heart study that emphasized the
values of combining risk factors into a single calculation.(71) Knowing the total cholesterol, the
HDL cholesterol, blood pressure and information on history of hypertension, gender, smoking
history, and chronological age this calculation is affected by summing “points” assigned to
various ranges for these values. However, it is well known that after the age of 50, age becomes
the dominant factor here in defining risk.

The incidence of symptomatic coronary heart disease increases with age and this is the major
factor that has provided the evidence for chronological age as a dominant risk factor. The extent
or severity of coronary disease increases with age, as has been noted earlier. However, there are
numerous additional potential risks for a given individual that are not easily modeling. These
include patterns of heredity, general lifestyle and habits, and environmental and social
influences. As noted earlier, the coronary artery calcium score is a valid method to estimate
coronary “plaque burden”. Furthermore, there are data showing how these scores compare
between individuals as a function of age and gender.

Grundy(72) was the first to suggest that coronary calcium scores could be used to calculate
“heart age” based upon chronological age and ranking of these scores in peer groups. For
example, a man at age 50 who has a coronary artery calcium score at the median (50th
percentile) for men at this age would have no adjustment in his heart age. However, were he to
have a score that was either below the 25th percentile or above the 75th percentile, then his
“heart age” would be adjusted downwards by 10 years or upwards by 10 years, respectively.
Grundy then suggested that the point scoring system used in the Framingham calculation could
be reassigned based upon coronary calcium scores defined by EBT (table 2).

The EBT calcium score, as most experts suggest, should not be viewed in isolation for defining
coronary risk, but must be examined in the context of current and important risk factors.
Although the calcium score is valuable, it gives no clue as to the reasons for these findings. This
“clinical approach” or case management approach makes the most sense. By combining
conventional risk factors analysis with “heart age”, an estimation of absolute cardiac risk can be
defined further risk stratifying the patient for implementation of appropriate risk factors
modification goals.

Conclusions

EBT has undergone rigorous testing for reliability and validity and has proven to be useful in
identifying individuals with, or at risk for, coronary heart disease. Although MDCT is a
promising tool for coronary calcium scoring, more studies are needed comparing EBT and
MDCT scans in the same patients, especially with calcium scores < 100. Further radiation dose
reduction with MDCT is currently being evaluated. MDCT studies evaluating progression,
reproducibility and outcomes studies are needed to fully evaluate its potential to measure and
track atherosclerosis. Testing the benefit of serial coronary calcium scores to non-invasively
assess for progression or regression of coronary calcium is currently underway.

EBT is a method that can be used to estimate the overall coronary atherosclerotic plaque burden.
It can be used to diagnose its presence and determine its extent; furthermore, the information
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from the calcium score can be used to assess the likelihood of advanced obstructive disease and
to provide prognostic information. Finally, it has the potential to determine the consequences of
therapeutic interventions regarding progression, stabilization, or regression of coronary
atherosclerotic disease.(73)
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Table 1: Clinical interpretation of coronary artery calcium (CAC) scores in asymptomatic
individuals (no known history of cardiac disease) and suggested LDL goals for treatment.

Clinical Situation Range of Cardiovascular Risk LDL goal
(Framingham Risk) (mg/dl)
CAC score <10 and score <75th | Low (<10% per decade) <160

percentile for age/gender

CAC score 10-100 and score <75th | Intermediate (10-20 % per decade) <130
percentile for age/gender

CAC score >100 or score >75th | High (>20 % per decade) <100
percentile for age/gender Coronary disease risk equivalency
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Table 2: Estimation of “heart age” by CAC score percentile. Note that this scheme adds 10 years
to the current chronological age if the score is above the 75th percentile and subtracts 10 years
from current chronological age if the score is <25th percentile. If the score is in the median
range for a given age, then there is no adjustment in the traditional Framingham risk points.
Adapted from data presented in reference 72. See text for details.

Men Women

CAC Score Rank CAC Score Rank
Age Framingham | <25th 25th-75th | >75th Framingham | <25th 25th-75th | >75th
(years) | Age Points | percentile | percentile | percentile | Age Points | percentile | percentile | percentile
20-34 | -9 -12 -9 0 -7 -11 -7 0
35-39 | -4 -9 -4 3 -3 -9 -3 3
40-44 | 0 -6 0 6 0 -6 0 6
45-49 |3 -4 3 8 3 -3 3 8
50-54 | 6 0 6 10 6 0 6 10
55-59 |8 3 8 11 8 3 8 12
60-64 | 10 6 10 12 10 6 10 14
65-69 |11 8 11 13 12 8 12 16
70-74 | 12 10 12 14 14 10 14 18
75-79 |13 11 13 15 16 12 16 20
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Figure 1: Relative risk (RR) for a cardiac event using conventional risk factors and CAC score
(EBT database). Results for 37+12 month follow up on 5635 initially asymptomatic individuals
of low to intermediate pre-test likelihood. Cardiac events included initial survival of an acute
myocardial infarction, documented sudden cardiac death, or coronary/peripheral
revascularization procedure. The age range for men (75%) and women (25%) was 30-76 years
with an average age of 51+9 years. Adapted from data presented in Reference 58. See text for
details. TC = total cholesterol; HTN = history of hypertension; DM = known diabetes.
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Figure 2: CAC (EBT coronary artery calcium score): absence or presence of CAC, percent of
individuals with initial score above the 50th or 90th percentile for age and gender. First
myocardial infarction in young previously asymptomatic individuals versus control subjects..
Ages are between 19 and 59 years with an average age of 41+10 years. The data are based upon
102 patients and 102 control subjects matched for age, gender, and conventional risk factor
profile. Adapted from data presented in Reference 60. See text for details.
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