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Abstract

Coronary artery calcification (CAC) is a well-known marker for coronary artery disease and has
important prognostic implications. CAC is able to provide clinicians with a reliable source of
information related to cardiovascular atherosclerosis, which carries incremental information
beyond Framingham risk. However, non-contrast scans of the heart provide additional information
beyond the Agatston score. These studies are also able to measure various sources of fat, including
intrathoracic (eg, pericardial or epicardial) and hepatic, both of which are thought to be
metabolically active and linked to increased incidence of subclinical atherosclerosis as well as
increased prevalence of type 2 diabetes. Testing for CAC is also useful in identifying
extracoronary sources of calcification. Specifically, aortic valve calcification, mitral annular
calcification, and thoracic aortic calcium (TAC) provide additional risk stratification information
for cardiovascular events. Finally, scanning for CAC is able to evaluate myocardial scaring due to
myocardial infarcts, which may also add incremental prognostic information. To ensure the
benefits outweigh the risks of a scanning for CAC for an appropriately selected asymptomatic
patient, the full utility of the scan should be realized. This review describes the current state of the
art interpretation of non-contrast cardiac CT, which clinically should go well beyond coronary
artery Agatston scoring alone.
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Introduction

Coronary artery calcification (CAC) is a well-known marker for coronary artery disease
(CAD). CAC is well correlated with traditional risk factors such as diabetes, hypertension,
and hyperlipidemia.1-3 The Agatston score, typically reported as a total score, represents all
calcifications in the coronary tree and has been shown to robustly predict coronary heart
disease (CHD) and provide information beyond standard risk factors in major ethnic and
racial groups*> and has been shown to be clinically useful in persons with diabetes.6 Budoff
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et al,” in the Multi-Ethnic study of Atherosclerosis (MESA), has shown that even minimal
CAC (Agatston scores of 1-10) increased the risk of CHD 3-fold compared with patients
with Agatston scores of zero, and a score of >100 confers a 10-fold risk of future
cardiovascular events. However, ample data are emerging that more prognostic information
is available on the scans, including location/distribution of calcification, valve and thoracic
calcification, scar tissue (occult infarction), and both pericardial and hepatic fat. With gated
non-contrast scans of the chest (coronary calcium scan), it is possible to identify multiple
other abnormalities, including coronary anomalies that may have a high-risk potential for
adverse coronary events.8 Given the small but measurable radiation dose required to obtain a
coronary calcium scan, obtaining optimal useful information is desirable and recommended.
Thus, non-contrast cardiac computed tomography (CT) is a promising technique for imaging
beyond the calcification of the coronary tree. This review describes available information for
these ancillary measures, available without additional burden or radiation to the patient.

Calcium distribution/location

The primary focus of testing for CAC and associated risk stratification has been the total
Agatston score.® However, other information is available, including distribution (by vessel
or location), nature of calcification (spotty), and even number of calcific foci (lesion count).
Each of these has been shown to add independent, incremental information to the total
Agatston score.911 Left main calcification is associated with an increased mortality
compared with other anatomic sites in the coronary tree.* Williams et all? reported that both
left main calcification and the number of calcific lesions were independent predictors of
coronary events. Interestingly, a specific Agatston score, if distributed in only 1 coronary
vessel (all calcium in 1 artery), was associated with lower risk than if the same total
Agatston score was distributed among 3 coronary vessels and/or the left main.

MESA also evaluated the distribution of CAC and showed incremental prognostic potential.
The study evaluated the distance of calcifications from the ostia and calcific coverage of the
coronaries, evaluating if both diffuse calcification and more proximal calcification were
important prognostic factors.1! After adjustments were made for age, race, ethnicity, and
sex, CCCS (coronary calcium coverage score) was associated with hypertension,
dyslipidemia, and diabetes (P < 0.001 for all diseases). A 2-fold increase in CCCS was
associated with a 52% (95% ClI, 34%-72%) increase in risk for any CHD event. When
Agatston or mass scores were included with CCCS in a Cox model for prediction of CHD
events, neither was a significant predictor. In that study, CCCS remained significantly
associated with CHD events. The investigators concluded that both spatial distribution and
amount of calcified plaque contribute to risk of CHD.11

We further evaluated whether the number of lesions predict events better than the total
score.10 A total of 14,759 asymptomatic patients were evaluated and followed for an
average of 6.8 years for all-cause mortality. Risk-adjusted annual mortality was 0.19% (95%
Cl, 0.18%-0.21%) for patients without any calcified lesions. For patients with >20 lesions,
annual risk-adjusted mortality exceeded 2% per year. Mortality rates were significantly
higher for left main lesions than for other coronary arteries and increased with number of
lesions present. Annual mortality rates were 2.1%, 9.2%, and 13.6% for 1-2, 3-5, and 6

J Cardiovasc Comput Tomogr. Author manuscript; available in PMC 2014 December 28.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Madaj and Budoff

Page 3

lesions, respectively (P< 0.0001). The investigators concluded that patients with frequent
lesions in the left main or patients with a higher number of calcified lesions have a
significantly higher risk of mortality. The clinical implications are simple, clinicians can
also report lesion counts in addition to total Agatston score, noting that larger number of
lesions imparts a higher clinical significance.

Finally, the structure of coronary calcification may add incremental value. A study evaluated
the calcification structure and found that spotty calcification is more predictive of
cardiovascular events than heavy calcification.12 Thus, it is not only the identification of
calcium that matters, but the size, extent, and perhaps even shape of the deposits that are
important.

Intrathoracic fat

A non-contrast CT can easily assess both pericardial and epicardial fat and other sources of
intrathoracic fat without additional radiation or participant burden. Epicardial fat is located
between the myocardium and the visceral layer of the pericardium. Pericardial fat is anterior
to epicardial fat, located between visceral and parietal layers of the pericardium.1314 It is
well known that adipose tissue (especially epicardial and pericardial fat) is responsible for
producing several biochemically active substances that have paracrine effects on the heart.
Several studies have reported that epicardial fat acts as a source of biochemically active
molecules associated with increased atherosclerosis.1518 In cross-sectional studies, greater
amounts of epicardial or pericardial fat were associated with a greater prevalence of CAD,
greater degrees of stenosis in patients undergoing coronary angiography, greater carotid
intima-media thickness, and increased amounts of CAC.1718 Higher amounts of cardiac fat
are associated with the presence of the metabolic syndrome (MetS) and its underlying
components that include hypertension, dyslipidemia, insulin resistance, and relation to
diet.19.20 Associations between pericardial or epicardial fat and indices of coronary vascular
disease (CVD) were shown to be independent of diabetes and MetS components.2! Gorter et
al” have shown that epicardial and pericoronary fat (directly surrounding the coronary
arteries) alone are not related to the severity of coronary atherosclerosis and extent of CAC
but are related when a low body mass index (BMI) is taken into consideration. Alexopoulos
et all® and Bastarrika et al'6 have shown that epicardial fat volume was larger in the
presence of obstructive CAD and noncalcified plaques. Outcome studies to evaluate
pericardial or thoracic fat are under way, but preliminary data from MESA suggested
independent prognostic value,?? independent and incremental to testing for CAC and
Framingham risk. Along with CAC, these sources of intrathoracic fat evaluated on coronary
calcium scans can be used as a tool to stratify risk of a cardiovascular event in a person.
Data are currently somewhat divergent, because some studies fail to show incremental value
of pericardial fat to predict events when added to assessment for CAC. Most notably,
Tamarappoo et all® recently found a non-significant increase in receiver operating
characteristic curve area when added to Agatston score for ischemia assessment. If large
cohort studies continue to find an independent and incremental value to fat measures, this
could become a routine additional evaluation in the assessment of scans for CAC in addition
to calcified plaque. Pericardial fat measures, as a marker of metabolically active tissue,
require no additional scanning or patient radiation exposure to obtain, and the measurements
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can be made in just minutes. There are automated programs within many workstations to
quantitate pericardial/epicardial fat, and selective use in persons with risk of MetS or
diabetes may be good candidates for this additional measure. Alternatively, when the reader
of the coronary calcium scan notes markedly increased fat around the heart, this can be
noted in the report.

Hepatic fat

Liver fat has been shown to be associated with nonalcoholic fatty liver disease (NAFLD)
and can also be measured on existing cardiac CT scans. Multiple studies have shown that
NAFLD is closely associated with visceral obesity, dyslipidemia, and insulin resistance.23-2°
It has been shown that liver fat predicts CVD events.2> NAFLD is associated with a 30%—
40% increased risk of incident CAD in a diabetic cohort and depends on the degree of
NAFLD present.25 In a number of cross-sectional studies, persons with NAFLD have a
greater burden of subclinical atherosclerosis as measured by carotid intima-media thickness,
carotid plaque burden, or CAC.26:27

Liver fat by CT was also shown to predict the development of type 2 diabetes in 5578
MESA participants without prevalent type 2 diabetes at baseline.?8 Fat content in the liver
was associated with the risk of type 2 diabetes after adjusting for BMI, waist circumference,
pericardial fat, demographics, smoking, alcohol drinking, physical activity, blood pressures,
inflammatory cytokines, and antihypertensive and cholesterol-lowering medication (odds
ratio per SD increment, 1.35; 95% Cl, 1.23-1.47).28 Because the liver is invariably imaged
on the lower slices of every study for CAC, routine evaluation of this structure as a measure
of metabolic activity may be prudent. Assessing liver fat may further help with the risk
stratification by identifying the person with more metabolic activity and higher likelihood of
a cardiovascular adverse event. The measurement takes <1 minute to perform, because it
only entails a region of interest in the liver, compared with a region of interest in the spleen
as a control. The lower the attenuation in the liver (in Hounsfield unit), the more fat is
present in the liver tissue. It is commonly expressed as either a liver attenuation number (40
being normal, lower being abnormal) or a ratio of liver to spleen (1 being normal, lower
being abnormal).

Extracoronary calcification

Aortic valve calcification (AVC) and mitral annular calcification (MAC) are independent
predictors of atherosclerosis and are considered to be independent markers of risk.2%:30 Each
can be expressed as a volume of calcium in the respective valve. Pressman et al3! showed
that MAC is associated with calcification of the aorta and aortic valve. MAC was shown to
predict cardiac adverse events, but was not shown to independently predict CVD once the
Agatston score is known.

AVC is associated independently with the increasing severity of CAC, independent of age
and diabetes.?932 Messika-Zeitoun et al32 found that AVC (Fig. 1) is common in the aging,
strongly associated with atherosclerotic risk factors, and can serve as a marker of subclinical
CAD. AVC incrementally adds prognostic and diagnostic information to the scan for CAC.
In the MESA cohort, MetS was associated with a significant increase in the incidence of
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AVC, raising the possibility that MetS may be a potential therapeutic target to prevent AVC
development.33-35 Furthermore, in MESA, AVC was shown to be associated with CVD
events independent of subclinical CAD severity.3 It was established that an AVC score
>500 should lead to echocardiographic evaluation for aortic stenosis.30

TAC is also readily available on the gated CT scans of the heart and is also highly associated
with atherosclerotic risk factors and CAC. TAC, another measure available without
participant burden on existing coronary calcium scans, has been shown to add incremental
prognostic value to Agatston scores in both MESA and other cohorts.36-38 Thus, at least 2 of
the 3 extracoronary calcification beds (AVC and TAC) have yielded independent and
incremental information, useful for the risk stratification of the individual patient. Mention
of TAC and AVC when present, with semiquantitation (mild, moderate, or severe) would
allow further risk stratification beyond the Agatston score.

Myocardial scar

Most recently, the ability to detect occult myocardial infarction (MI; scar) on non-contrast
CT scans has been shown (Fig. 2). Population-based studies have found that one-fourth of
Mls shown by Q waves on the electrocardiogram are clinically unrecognized.3%40 The true
prevalence of unrecognized MI may be even higher, because of the insensitivity of Q
waves.*? The 10-year mortality from unrecognized M1 was estimated to be 45%-55%,
comparable with or higher than for patients with recognized M1.4! Late gadolinium
enhancement imaging by contrast-enhanced cardiac magnetic resonance imaging can detect
scar due to M1.4243 Cardiac CT can also evaluate for scar tissue due to an occult M1.44:45
Small pilot studies have documented that the presence of fat and/or calcification in the left
ventricular free wall is consistent with MI. Ml is characterized by a process of ventricular
remodeling, fatty replacement (rarefication), and, in rare cases, calcification. Chronic Ml
regions of the myocardium appear hypoattenuated on CT during scanning for CAC and are
characterized by limited capillary density and a significant amount of adipose tissue, easily
appreciated on non-contrast CT. Thus, areas of left ventricular infarction are readily
apparent on non-contrast cardiac CT. It has been found that chronic MI can be detected with
standard acquisitions of Agatston scoring.** The attenuation levels of the necrotic region
ranged from —10 to —20 HU and were found to be significantly higher than attenuation
levels of pericardial fat (which were found to be =100 HU).** The study found that the
additional diagnostic utility of a coronary calcium scan was being able to identify prior
unidentified MlI.

Another study evaluated the ability of coronary calcium scans to detect nuclear proven
infarctions (fixed defects).4445 Sixty-two symptomatic patients with fixed perfusion defects
on myocardial CT perfusion underwent scanning for CAC and their non-enhanced CT
images were studied. The scans for CAC accurately detected irreversible perfusion defect in
59 subjects with sensitivity of 95.2% and a positive predictive value of 100%. This study
suggests demonstrates that non-enhanced CT has an excellent agreement with myocardial
CT perfusion) The study highlights a novel clinical utility of non-enhanced CT in addition to
assessment of overall burden of atherosclerosis measured by Agatston score and provides
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evidence that it can accurately detect irreversible perfusion defects. Thus, a simple coronary
calcium scan can provide crucial information about a previous clinically unrecognized MI.

Bone density assessment on thoracic calcium scans

Radiation

Osteoporosis is an increasing problem, leading to fractures and disability. Several studies
have indicated that multidetector row CT is an effective method to measure trabecular bone
mineral density from the thoracic spine on cardiac studies without additional patient imaging
or radiation.#6-48 Because the thoracic spine is present on the scans, measurement of 3
consecutive thoracic vertebrae provides a measure of bone density for assessment of
osteoporosis and baseline measures for serial evaluations. Bone density has been assessed in
large cohorts of patients undergoing coronary calcium scans®® to provide normal ranges of
thoracic bone density for patients of different ages and sexes. This can be done with or
without a calcium phantom under the patient to normalize the data,*647 allowing easy
measurement of patients to assess 2 different diseases of aging simultaneously, osteoporosis
and atherosclerosis.

There are increased societal concerns about blanket exposure of radiation to an asymptotic
population. There is no doubt that high levels of ionizing radiation (ie, atomic bomb
exposure) can cause cancers and death; however, the relation between low-dose medical
imaging and biologic harm has never been well established.*® For example, interventional
cardiologists, airline pilots, and radiologists are exposed to radiation on almost a daily basis
without documented increases in cancer rates.* In addition, each radiation dose a patient
receives is optimized and justified to acquire a high-quality image. The US Food and Drug
Administration statement recently concluded that managing the risks of CT, fluoroscopy,
and nuclear medicine imaging procedures depends on two principles of radiation protection:
appropriate justification for ordering and performing each procedure and careful
optimization of the radiation dose used during each procedure. These types of imaging
examinations should be conducted only when medically justified.

The typical dose of a non-cardiac scan, based on the American Heart Association Scientific
Statement on Cardiac CT, noted that prospective scans for CAC are 1.0 mSv per study.>0
This dose continues to drop with new protocols and more attention to radiation doses.
Guidelines now direct physicians to obtain these studies with the lowest possible radiation
exposure and only in appropriate patients.®! A study with the use of various dose-reducing
techniques concluded that radiation exposure is lower when adjusted for a patient’s body
size and that 50-100 mA in small patients, 150-200 mA in medium patients, and 300 mA in
large patients provided a stable estimate of the amount of coronary calcium. Diagnostic
studies can be achieved with radiation doses <1 mSv.51

Thus, although the dose of a coronary calcium scan is comparable with mammography and
lower than annual background radiation (3-7 mSv per year, depending on altitude),
maximizing the yield of this test is clearly worthwhile.50
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Conclusions

CT scans of the heart, initially only evaluated for CAC, are now understood to provide
ample additional information, readily available on the scan. Almost all of these additional
measures, including but not limited to evaluation of thoracic aortic calcification,36-38 aortic
valve calcification,33-35 mitral annular calcification,>2 pericardial fat,>3 liver fat,>*
myocardial scar,*> and bone density*8 do not require any additional scanning or radiation or
any additional participant burden, permitting a number of important phenotypes to be
evaluated. Thus, a single scan, able to identify a robust marker of atherosclerosis, can also
provide insight into multiple other associated disease states. The only cost for these
incremental measures, to the patient or scanning center, would be the time of interpretation.
Given the incremental value reported, consideration to adding these measures to routine
reporting of coronary calcium scanning is necessary to get at the full prognostic and
diagnostic potential of this study (Table 1). Utilization of some or all of these incremental
measures would depend on the age and sex of the patient (ie, older postmenopausal women
may get more benefit from bone density assessment than hepatic fat measure), whereas
patients with certain disease states (ie, MetS or diabetes) may benefit more from pericardial
fat measures. The clinician can direct the incremental measurements to the person,
maximizing the diagnostic and prognostic yield of the coronary calcium scan.
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Figure 1.
Aortic valve calcium and coronary artery calcification.
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Figure 2.
Myocardial scar.
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Table 1

Clinical pearls

. Report lesion counts in addition to total Agatston score, noting that larger number of lesions imparts a higher clinical significance.

. Fat measures (pericardial and epicardial fat) represent metabolically active tissue and impart an independent and incremental value
as an additional evaluation in the assessment of CAC.

. Persons with fatty liver have a greater burden of subclinical atherosclerosis as measured by carotid intima-media thickness, carotid
plaque burden, or CAC.

. Mention of TAC and AVC when present, with semiquantitation (mild, moderate, or severe) would allow further risk stratification
beyond the Agatston score.

. Evaluating the thoracic spine already present on the coronary calcium scan for bone mineral density allows easy measurement of
patients to assess 2 different diseases of aging simultaneously, osteoporosis and atherosclerosis.

AVC, aortic valve calcification; CAC, coronary artery calcification; TAC, thoracic aortic calcium.
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