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practice and/or technologies that are widely available or neand prognosis of coronary artery disedle lfy preparing
to the practice community. Topics chosen for coverage bthe present document, the Writing Committee began with
expert consensus documents are so designed because ttiee previous report as a basis for its deliberations and
evidence base, the experience with technology, and/or theubsequent literature review. In considering the current
clinical practice are not considered suf®ciently well devektatus of research on CAC measurement and its role in
oped to be evaluated by the formal American College oflinical practice, the Expert Panel concluded that the
Cardiology/American Heart Association (ACC/AHA) majority of the research on CAC measurement in the past
Practice Guidelines process. Often the topic is the subject & years has focused on 2 areas of clinical interest: 1) Risk
considerable ongoing investigation. Thus, the reader shouldssessment in the asymptomatic patient, for the primary
view the CECD as the best attempt of the ACC and AHA purpose of modifying and potentially improving selection of
to inform and guide clinical practice in areas where rigorougpatients for risk reducing therapies, and 2) Use of CAC
evidence may not yet be available or the evidence to datenigeasurement in symptomatic patients as a means of select-
not widely accepted. When feasible, CECDs include indi- ing patients who might require subsequent hospitalization
cations or contraindications. Some topics covered byr additional diagnostic or invasive procedures. The Writing
CECDs will be addressed subsequently by the ACC/AHA Committee also recognized that the AHA was in the
Practice Guidelines Committee. process of completing a scienti®c statement on assessment
The Task Force on Clinical Expert Consensus Documentsof coronary artery disease by CJ),(and thus this Writing
makes every effort to avoid any actual or potential condtts Committee's attention was focused on evaluating clinical
interest that might arise as a result of an outside reldtipre ~ aspects of CAC measurement rather than on technical
personal interest of a member of the writing panel. Spelij®ca issues that are covered in the AHA stateme2)t Also, the
all members of the writing panel are asked to provide disgos Writing Committee is aware that ACCF has recently
statements of all such relationships that might be perdeige published appropriateness criteria using approaches that
real or potential con’icts of interest to inform the writing differ somewhat from those used in developing this Con-
effort. These statements are reviewed by the parent tas, for sensus Document. Therefore, readers should be aware that
reported orally to all members of the writing panel at the ®rsthere may be slight differences in language used in this
meeting, and updated as changes occur. The relationstips widocument and the Appropriateness Criteria for Cardiac
industry information for writing committee members and pee Computed Tomography and Magnetic Resonangedoc-

reviewers are published in the appendices of the document.ument.
Robert A. Harrington, MD, FACC At its ®rst meeting, each member of this ACCF/AHA

Chair, ACCF Task Force on Clinical ExpertWriting Committee indicated any relationship with indus-
Consensus Documentdry. Relevant con’icts of the Writing Committee and peer
reviewers are reported in Appendixes 1 and 2, respectively.
The next step in the development of this document was to
obtain a complete literature review from the Grif®th Re-
source Library at the ACC concerning CAC measurement
The Writing Committee consisted of acknowledged experts inby fast CT methods from 1998 through early 2005 (Na-
the ®eld of coronary artery disease. In addition to memlfers ¢ional Library of Medicine's Elhill System). Additional
ACCF and AHA, the Writing Committee included represen- relevant prior or subsequently published references have also
tatives from the SAIP and SCCT. Representation by anbeen identi®ed by personal contacts of the Writing Com-
outside organization does not necessarily imply endorgeme mittee members, and substantial efforts were made to
The document was reviewed by four of®cial representativégentify all relevant manuscripts that were currently in press.
from the ACCF, and AHA; organizational review by the At the ®rst meeting, members of the Writing Committee
SAIP and SCCT, as well as 14 content reviewers. Thiswere given assignments to provide descriptions and analyses
document was approved for publication by the governingf CAC measurement for identifying and modifying coro-
bodies of ACCF and AHA in September 2006. In addition, nary event risk in the asymptomatic patient, for modifying
the governing boards of the SAIP and SCCT reviewed andthe clinical care and outcomes of symptomatic patients
formally endorsed this document. This document will besuspected of having coronary artery disease (CAD), and for
considered current until the Task Force on CECDs revises ounderstanding the role of CAC measurement in selected
withdraws it from publication. patient subgroups. Each individual contributor to these
parts of the document had his or her initial full written
presentation critiqued by all other members of this Writing
Committee. Outside peer review was also undertaken before
the document was ®nalized.
This statement builds on a previous ACC/AHA Expert  Considerable discussion among the group focused on the
Consensus Document published in 2000 that focused oibest and most proper way to assess clinical appropriateness
electron beam computed tomography (CT) for diagnosisof tests such as CAC measurement since there have been no

Introduction
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clinical trials to evaluate the impact of CAC testing on patients at risk of having obstructive coronary artery disease
clinical outcomes in either symptomatic or asymptomaticbased on the amount of coronary calcium present. However,
patients. The Writing Committee agreed uniformly that the in the past 5 to 10 years, fast CT methods have been used
ideal assessment of cardiac tests would require clinical trigsimarily for 2 purposes: 1) to assist in coronary heart
that utilize important patient outcomes such as improvingdisease (CHD) risk assessment in asymptomatic patients,
the quality or quantity of a patient's life. However, recog-and 2) to assess the likelihood of the presence of CHD in
nizing that this standard is not available for CAC measure-patients who present with atypical symptoms which could
ment, the Committee considered other standards of evibe consistent with myocardial ischemia.

dence in reaching a consensus opinion. A minority of the Many technical aspects are relevant to the choice of
Writing Committee felt that CAC testing could not be EBCT versus MDCT, and these are beyond the scope of
advised for any clinical indication until clinical trials werethis document. A related document, recently prepared by
available to show bene®t on actual patient outcomes. Howthe AHA, addresses these important technical iss@edrg

ever, the majority of the Writing Committee felt that this contrast, this document focuses on clinical uses of fast CT
standard of evidence is rarely applied in assessment fifr CAC measurement and addresses the appropriateness of
cardiac testing appropriateness. Therefore, the majoritCAC measurement in de®ned clinical circumstances.
position presented here re ects the concept that prognostic

testing such as CAC r_neas_urement can be conadereﬁole of Risk Assessment

reasonable where there is evidence that the test results can . -

have a meaningful impact on medical decision-making. In Cardiovascular Medicine

A major focus of this Consensus Document is the role of
CAC measurement in cardiovascular risk assessment. Thus,
a brief overview of cardiovascular risk assessment is impor-
Coronary arterial calci®cation is part of the development ofant to provide a frame of reference for the material that
atherosclerosis, occurs almost exclusively in atherosclerotiglows.
arteries, and is absent in the normal vessel waH§. Risk assessment is often regarded as a key ®rst step in the
Coronary artery calci®cation occurs in small amounts in thelinical management of cardiovascular risk factors. Risk
early lesions of atherosclerosis that appear in the second aadsessment algorithms, such as those from the Framingham
third decades of life, but it is found more frequently in Heart Study in the United States or from theraspective
advanced lesions and in older age. Although there is &adiovasculaM!nster (PROCAM) study in Germany, or
positive correlation between the site and the amount othe European risk prediction system called SCORE (Sys-
coronary artery calcium and the percent of coronary luminalemic Coronary Risk Evaluation), are among the most
narrowing at the same anatomic site, the relation is nonlincommon and widely available for estimating multi-factorial
ear and has large con®dence limify. (The relation of absolute risk in clinical practicel3). Each of these risk
arterial calci®cation, like that of angiographic coronaryassessment algorithms, as most often used, projects 10-year,
artery stenosis, to the probability of plague rupture isabsolute risk, which can be considered short-term or
unknown @,9). There is no known relationship between intermediate-term (not lifetime) risk. These risk projections
vulnerable plague and coronary artery calci®cati® ( are often regarded by policy makers and clinicians as useful
Although radiographically detected coronary artery calciunwhen selecting the most appropriate candidates for drug
can provide an estimate of total coronary plaque burden, dugerapies intended to reduce risk. Cholesterol and blood
to arterial remodeling, calcium does not concentrate exclupressure guidelines in the United States and elsewhere have
sively at sites with severe coronary artery sten@sgs ( followed the principle that the intensity of treatment should
Electron-beam computed tomography (EBCT) and be aligned with the severity of a patient's rigk,(15. The
multi-detector computed tomography (MDCT) are the rationale behind this balance between treatment intensity
primary fast CT methods for CAC measurement at this and patient risk is that proportional risk reduction and
time. Both technologies employ thin slice CT imaging, cost-effectiveness analyses indicate that there is greater
using fast scan speeds to reduce motion artifact. Thirty to 4Bene®t of drug exposure when the patient's risk is high. It
adjacent axial scans usually are obtained. A calcium scorihgs been considered useful to divide patients into several
system has been devised based on the X-ray attenuati@ategories depending on their 10-year risk estimates. Three
coef®cient, or CT number measured in Houns®eld unitscommonly used categories drigh risk intermediate risk
and the area of calcium deposii®). A fast CT study for andlow risk Beginning in 2004, the National Cholesterol
coronary artery calcium measurement is completed withieducation Program (NCEP) further divided the
10 to 15 min, requiring only a few seconds of scanning timeintermediate-risk category intanoderately high risknd
Cardiac computed tomography has been used with inmoderate riskl6). Table 1shows the most recent NCEP
creasing frequency in the United States and other countriesategories of 10-year absolute risk used to stratify patients
during the past 15 years, initially with the goal of identifying for cholesterol-lowering therapy. This classi®cation can be

Introduction to CAC Measurement
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Table 1. Absolute Risk Categories According to National Cholesterol Education Program Update, 2004

10-Year Absolute Risk Category De®nition of Category
High risk CHD*, CHD risk equivalents? including 2 major risk factors? plus a 10-year risk for hard CHD greater than 20%8
Moderately high risk 21 major risk factors® plus a 10-year risk for hard CHD 10% to 20%
Moderate risk 21 major risk factors plus a 10-year risk for hard CHD less than 10%
Lower risk 0 to 1 major risk factor (10-year risk for hard CHD usually less than 10%)8

*CHD includes history of myocardial infarction, unstable angina, stable angina, coronary artery procedures (angioplasty or by-pass surgery), or evidence of clinically signi®cant myocardial ischef@HD
risk equivalents include clinical manifestations of non-coronary forms of atherosclerotic disease (peripheral arterial disease, abdominal aortic aneurysm, and carotid artery disease [transient ischemic
attacks or stroke of carotid origin or greater than 50% obstruction of a carotid artery]), diabetes, and 2 risk factors with 10-year risk for hard CHD less than 20%3 Major risk factors include cigarette
smoking, hypertension (BP greater than or equal to 140/90 mm Hg or on antihypertensive medication), low HDL cholesterol (less than 40 mg/dL), family history of premature CHD (CHD in male
®rst-degree relative less than 55 years; CHD in female ®rst-degree relative less than 65 years), and age (men greater than or equal to 45 years; women greater than or equal to 55 yeagAlmost all
people with 0 to 1 risk factor have a 10-year risk less than 10%, and 10-year risk assessment in people with 0 to 1 risk factor is thus not necessary. Modi®ed with permission from Grundy SM, Cleeman
JI, Merz CN, et al. Implications of recent clinical trials for the National Cholesterol Education Program Adult Treatment Panel Ill guidelines. Circulation 2004;110:227+3916).
BP 5 blood pressure; CHD5 coronary heart disease; HDL5 high-density lipoprotein.

applied to other CHD risk reduction therapies as well, suchable through the National Cholesterol Education Program
as blood pressure lowering. website attp://hin.nhlbi.nih.gov/atpiii/calculator.agp Fra-
mingham scoring includes the following major risk factors:
gender, total cholesterol, high-density lipoprotein (HDL)

) o ) ) cholesterol, systolic blood pressure (or on treatment for
As prev_lously n(_)ted, a principle of car_dlovasc_ular d_'seaf’rﬁ/pertension), cigarette smoking, and age. PROCAM scor-
prevention that is generally accepted is that intensity ofnq employs a somewhat different set of risk factors: gender,
|nt_ervent|on for an |nd|V|dua_I (or_ population) should_ be age, low-density lipoprotein (LDL) cholesterol, HDL cho-
adjusted to the level of baseline ridk’X. The goals of this  |egterol, triglycerides, systolic blood pressure, digare
principle are to optimize ef®cacy, safety, and cOStgyking, family history, and presence or absence of diabetes
effectiveness of the intervention. The concept is most Oﬂeqhttp:/lwww.chd-taskforce.corT)/ The European SCORE
applied to higher-risk individuals who are potential candi- 144rithm uses risk factors similar to the Framingham Score.
dateg for r_|sk-reducmg dr_ugs_, b.Ut. it also Is an Important "tqr aach of these risk assessment tools, the most powerful
consideration for lower risk individuals either in clinical risk factors are age and gender. The other risk factors can be
pra_ct_lce or for pu_bllc he_:alth strateg|_es. For hlgher rISkexamined for their additive predictive power by determining
individuals, intensity of intervention is best adjusted ©Oincrements in the area under the curve of the receiver-

absolute short-term risk; for lower risk individuals, relative perating characteristic (ROC). The area under the ROC

. : . i . )
risk remains an important consideration because a hlgEurve is also known as the C-statistic. An ROC analysis
relative risk generally translates into a high absolute risk in

the long term. This latter concept is most relevant to plots sensitivity (fraction of true positives) versus 1-
ounder men a.nd middle-aced men and women. whereas isnpeci®city (fraction of false positives) of a risk factor for
young g ' predicting events. ROC curves are used to evaluate the

older men and women, the Framingham Risk Score 9eN€Tyiscrimination of a prediction, and often, the predictive

Matching Intensity of
Intervention With Severity of Risk

ally applies. power of a set of risk factors. If a given set of risk factors
Current Approaches to Global Risk predicted the development of cardiovascular events per-
Assessment and to Assessment of fectly, the curve would reach 100% in the upper left corner
Incremental Risk Using New Tests (100% sensitivity and 100% speci®city), that is, all true

In current clinical practice, in accordance with a number ofPositives and no false positives. The area under the curve
guidelines 14,15, it is common that the ®rst step in clinical would be 100% (C-statisti& 1.0). A random and useless
risk assessment is to identify any high-risk conditions thafredictor would give a straight line at 45 degrees (C-statistic
obviate the need for further risk assessment; these mainfy 0.5) since this would de®ne a test where true positive rate
include established atherosclerotic cardiovascular disesied false positive rate are equal to one another at every
(ASCVD) and diabetes (seEable 1, High risk). If none of ~ possible cutoff value. In the evaluation of additional tests,
these high-risk conditions is present, the second step is tgédded to the basic set of Framingham risk factors, the area
identify the presence of major risk factors (also listed irunder the curve would increase when the test provides
Table 1. If 2 or more major risk factors are present, oneincremental discrimination. The Framingham algorithm
should then estimate the 10-year likelihood for develop-applied to the Framingham population generally gives a
ment of major coronary events or total cardiovascular event§-statistic of approximately 0.8, meaning that the proba-
In the United States, the most-commonly used and mostbility is 80% that patients who experience CHD events will
extensively validated quantitative assessment is provided bgve a higher risk score than patients who did not experi-
the multivariable scoring system of the Framingham Heartence an event. An important but unresolved issue is whether
Study. The Framingham algorithm for 2hard CHD® events discovery and addition of new biochemical risk factors or
including myocardial infarction and cardiac death is availimaging markers to Framingham or PROCAM algorithms
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will increase the C-statistic. In considering the role of CAC and non-calci®ed plaque4). That is, patients who have
measurement for risk assessment, a key issue is whettwaici®ed plaque are also more likely to have non-calci®ed or
discriminative ability is improved, often as judged by arsoft® plaque that is prone to rupture and acute coronary
increase in the C-statistic compared to that derived fromthrombosis 24). It is the co-occurrence of calci®ed and
risk factors alone. non-calci®ed plaque that provides the means for estimating
acute coronary events. Furthermore, although CAC detec-
tion cannot localize a stenotic lesion or one that is prone to
rupture, CAC scoring may be able to globally de®ne a
patient's CHD event risk by virtue of its strong association
with total coronary atherosclerotic disease burden, as shown

Prognosis by Coronary by correlation with pathologic specimeris24).
Artery Calcium Measurements

Risk Assessment for Coronary Heart
Disease in Asymptomatic Populations

In the prior ACC/AHA expert consensus document pub- Approaches to Technology

lished in 2000, only 3 reports on the prognostic capability of ‘SS€SSment in CHD Screening
CAC scoring were available to develop risk assessme/t major criterion utilized in many technology assessments
indications in asymptomatic individualg)( At the time,  has been that a screening test must have a high level of
the ACC/AHA document concluded that the body of evidence on the effect of screening on actual health out-
evidence using CAC measurement to predict CHD eventscomes, such as fewer events, extended life, or better quality
was insuf®cient. A critical component to that recommenda-of life. This type of analysis requires research detailing an
tion was that the independent prognostic value of CAC hadimprovement in either quantity or quality-of-life years as a
not been established. In a separate but similar evaluatioig¢sult of the screening procedure. An example of a high level
using data published through 2002, the U.S. Preventivedf such evidence was recently published on screening for
Services Task Force (USPSTF) concluded that limitedabdominal aortic aneurysm (AAARBE). Using this exam-
clinical outcomes data were available and recommendgile, a meta-analysis reported reduced mortality in random-
against routine screening for the detection of silent butized trials of AAA screening. These results allowed for favo
severe CAD or for the prediction of CHD events in low able support of AAA screening by the USPSTF resulting in a
risk, asymptomatic adults (selettp://www.ahrq.gov/ class B recommendation (i.e., evidence includes consistent
downloads/pub/prevent/pdfser/chdser pdf results from well-designed, well-conducted studies in rep-
In the past several years, however, a number of publicaesentative populations that directly assess effects on health
tions have reported on the incremental prognostic value oputcomes) Z6). Lack of similar controlled clinical trial
CAC in large series of patients including asymptomaticevidence played a central role in the conclusion by the
self-referred and population cohort48+23. A major USPSTF not to support CHD screening using CAC
rationale for the current document is the need for an updateneasurement (seattp://www.ahrqg.gov/downloads/pub/
including recent publications regarding CAC as it relates toprevent/pdfser/chdser.pdf
the estimation of CHD death or nonfatal myocardial Although no studies have shown a net effect on health
infarction (MI). Although earlier evidence included the use outcomes of CAC scoring2(), at least one randomized
of 3soft® endpoints including coronary revascularization as tial is nearing completion (Early Identi®cation of Subclin-
primary outcome, more recent data are available on thigal Atherosclerosis using NoninvasivE Imaging Research
estimation of CHD death or MI (L8 +22. Models predict- [EISNER]). However, the concept of matching treatment
ing 2hard® cardiac events (i.e., CHD death or MI) are lessintensity to the degree of cardiovascular risk suggests that
subjective and less likely to overestimate the predictivefforts to identify the most accurate approach to risk
accuracy of CAC scoring2@). strati®cation is an initial and critical step that should aid in
the best selection of treatment options for patients at risk for

Theoretical Relationship Between cardiovascular disease.

Coronary Calci®cation and CHD Events

Atherosclerotic plaque proceeds through progressive stage¥Stematic Reviews and Meta-Analyses

where instability and rupture can be followed by calci®cah the sections that follow, we review recent evidence on the
tion, perhaps to provide stability to an unstable lesi®n ( prognostic value of CAC and include data from one recent
As the occurrence of calci®cation re ects an advanced staggstematic review. A comprehensive data synthesis on this
of plaque development, some researchers have proposed thabject was published by Pletcher et 2B) (evaluating the
the correlation between coronary calci®cation and acuferognostic value of CAC from 4 studies published through
coronary events may be suboptimal based largely on angi@d®02 meeting quality-based inclusion criteria. Articles were
graphic series1(). In order to understand this apparent considered for that meta-analysis if they evaluated the
con’ict between the stability of a calci®ed lesion and CHD prognostic value of CAC in asymptomatic individuals and
event rates, one must recognize the association betweatso presented data on CHD events. Based on a random-
atherosclerotic plaque extent and more frequent calci®eaffects model, the summary relative risk ratios were 2.1 (for
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Table 2. Quality Assessment Criteria for Evaluation of Reports on the Prognostic Value of CAC

Criteria Points Assigned by De®nition Kondos Greenland Arad Taylor Vliegenthart LaMonte
1. Retrospective vs. prospective 15 Retrospective 1 2 2 2 2 1
study 2 5 Prospective
2. Potential for referral bias 05 Clinically referred patients 0 1 1 1 2 0

15 Unselected cohort
2 5 Population sample

3. Reporting CAC by CHD death 15 No 2 2 1 2 2 2
or Ml 25 Yes
4. Reporting of results by gender 05 No 1 0 0 1 0 1
or ethnicity 15 Gender only
2 5 Ethnicity only
35 Both
5. Sample size greater than 1000 05 No 1 1 1 1 1 1
15 Yes
6. Potential for limited challenge 15 No reporting of CAC outcomes 1 2 1 2 2 1

in low- to high-risk global risk
scores
2 5 Reporting of CAC outcomes in
low- to high-risk global risk
scores
7. Risk factor reporting 15 Historical only 1 3 2 3 3 1
2 5 Measured in subset
35 Measured in all subjects

8. Covariate or risk-adjusted Risk Factors 1 2 1 2 2 1
outcomes
Total score (total possible5 16) 8 13 8 14 14 8

CAC5 coronary artery calci®cation; CHIB coronary heart disease; MI5 myocardial infarction.

CAC score of 1 to 100) and as high as 10 (for CAC greatermultivariable models including_measured risk factor data
than 400) as compared to patients with a score g ¢s (18,19,23. Larger sample sizes have also resulted in im-
than 0.0001). This meta-analysi®3) offers support for the proved precision in risk prediction models. However, issues
concept that there is a linear relationship between CAC andf selection or referral bias when using patient cohorts
CHD events, but the analysis did not address whether CACremain pertinent and are likely to have resulted in an

measurement is incremental to Framingham Risk Scoreverestimation of risk when based on clinical cohorts as
(FRS) for CHD risk prediction. compared with population sample&0(22). It is important

to recognize that relative risk ratios from patient cohorts

have generally been higher than from studies conducted in

A lack of rigor in study methodology was a focus of the 200Gyopulation samples even when the overall direction of the
ACC document (l) A detailed review of the qua“ty of the prognostic ®ndings has been concordant.

published data on the prognostic value of CAC was also ] o .
published by Pletcher et a3) noting signi®cant hetero- Nclusion Criteria and Endpoint
geneity in study quality with often a lack of blinded outcome Pe®nitions for the Present Analysis
adjudication, greater use of categorical or historical riskkhe current document focuses on the ability of CAC
factors, and variable tomographic slice thickness (3 vs. §coring to estimate CHD death or MI. This approach
mm) contributing to an overestimation of the relative risk of allows for a comparison of the expected annual event rates
events by CAC measurements. For example, the relativbased on the FRS. The FRS estimates that annual rates of
risk ratio was signi®cantly higher for CAC of 101 to 400 CHD death or Ml are less than 1.0% for low risk, 1.0% to
(p 5 0.01) and greater than 400p (5 0.004) when 2.0% for intermediate riskT@ble 1), and greater than 2.0%
self-reported or historical risk factors were employed in dor high risk. When multiple publications have been re-
predictive model as compared with measured risk factoported from the same cohort studyl,4,5,33+35 we
data. The clinical implication of this distinction is that employ here only the most recent report in the current
physicians interpreting these results may overvalue CAG@nalysis19,20.
scores as substantially more predictive than traditional risk The inclusion criteria for this analysis are: 1) data not
factors. previously reported in the 2000 documetf; (2) published
Evaluation of more recent publications indicates thatseries on the prognostic value of CAC in asymptomatic
some of the important methodological limitations of earlier cohorts reported since 2002; 3) endpoint data must be
reports have been addressed. Notably, more recent publiceeported on the outcome of CHD death or Ml over a
tions report the independent prognostic value of CAC in speci®ed follow-up time period (usually within 3 to 5 years);

Data Quality Issues
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Figure 1. Meta-Analysis on the Prognostic Value of CACS

Relative risk (RR) ratios (95% con®dence intervals [Cl]) in six published reportd§+22,28). CACS5 coronary artery calci®cation score.

and 4) data extraction must allow for the calculation ofin this analysisZ1). A recent population sample was also
univariable relative risk ratios and must also include riskpublished and included 1795 subjects greater than or equal
adjustment for traditional cardiac risk factors (e.g., ageto 55 years of age who were prospectively enrolled in the
gender, cholesterol, hypertension, etc.) or the FRS. Rotterdam coronary calcium studg2j. Finally, the prog-
Two committee members (AJT, LJS) evaluated thenostic value of CAC scores was recently reported from a
quality of each included report with the results of this |arge series of 10 746 men and women aged 22 to 96 years
analysis being included ifiable 2 The quality assessment who underwent a preventive health examination at the
criteria included: 1) documentation of prospective dataCooper Clinic in Dallas, Texas2f).
collection;_Z) inclusion of self-referred patient series or from Using a random-effects model, an analytical approach
a population sample; 3) reporting of CHD events; 4) frequently applied to observational data such as that re-
reporting of outcome data by gender and ethnicity; S)norted in the CAC seriesFigure 1reports on the univari-
sample size greater than 1000 individuals; 6) avoidingpe ang summary (weighted average) relative risk ratios
potential for limited challenge (i.e., an inclusion of very lOWfrom 6 recently published reports in 27 622 patients5(n
to very high-risk patients resulting in a wide spread in the395 CHD death or MI). This ®gure reports the summary
outcome results) by not reporting data within strata Ofrelative risk ratio of 4.3 (95% con®dence interval [£1B8.5

clinical risk; 7) reporting measured versus historical Of ) & 2) for any measurable calcium as compared with a
self-reported risk factor data; and 8) reporting univariablelow_;isk CAC (generally using a score of Q) less than

and multivariable prognostic models (i.e., ascertaining th ! .
incremental value of CAC scores). A review of the high-%'oom)' These_ data imply that th? 3 'to S year risk of any
Igietectable calcium elevates a patient's CHD risk of events

lighted reports reveals that all studies identi®ed for inclusio .
were of at least moderate-high quality. b)_/ nearly 4-fold | less than 0.0001). Importantly, patients
without detectable calcium (or a CAC scabe 0) have a
Prognostic Value of CAC Scores From very low rate of CHD death or MI (0.4%) over 3 to 5 years
Published Reports From 2003+2005 of observation (56 49 events/11 815 individuals).

Several recent cohorts have been published including pro- As can be further seen Figure 1, considerable variability
spective observational registries in predominantly malegxisted in the relative risk ratios across the 6 reports which
younger and middle-aged ), unselected19) and older- can, in part, be attributed to variability in the grouping of
aged, higher riskA0) asymptomatic cohorts. A self-referred CAC scores and in the representation of younger individ-
patient series of 8855 asymptomatic adults was also includegils and women within each of the risk subsets. In the most
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Figure 2. RR Ratios According to Level of Risk for CACS, From Average Risk to Very High Risk

Average risk includes Arad et al. (19), Greenland et al. (20), LaMonte et al. (28), and Taylor et al. (18). Moderate risk includes Arad et al. (19), Greenland et al. (20), LaM-
onte et al. (28), Taylor et al. (18), and Vliegenthart et al. (22). High risk includes Arad et al. (19), Greenland et al. (20), Kondos et al. (21), LaMonte et al. (28), and Vliegent-
hart et al. (22). Very high risk includes Vliegenthart et al. (22). *Low-risk N often includes multiple comparisons from a single series (e.g., Taylor CACS of 1 to 9 and 10 to
44 would use the same referent low-risk group comparison). CACS coronary artery calci®cation score; Cb con®dence interval; RS relative risk.

recent report from the Cooper Clinic, different CAC ranges 10.8 (95% CI5 4.2 to 27.7,p less than 0.0001) when
in risk groupings were applied for women and m@8)( compared to the low-risk group (CAC scorg 0) as
Moreover, both the Walter Reed and Cooper Clinic seriesreference.
evaluated younger asymptomatic cohorts while the Rotter- _
dam study limited enrollment to individuals greater than or "dependent Prognostic Value of
equal to 55 years of agg22. CAC Scores Over Cardiac Risk Factors

The summary relative risk ratios iRigure 2reveal an A necessary criterion for establishing a high degree of
incremental relationship where higher CAC scores arepredictive accuracy for CAC measurements is the establish-
associated with higher event rates and higher relative risknent of the independent contribution of CAC above and
ratios. In this ®gure, a mild risk CAC score (with scoresbeyond risk factor data alon®9). Recent reports have
ranging from 1 to 112) was associated with an elevation ifincluded univariable and multivariable models that have
CHD death or Ml risk with a summary relative risk ratio of evaluated the independent contribution of CAC in models
1.9 (95% CI5 1.3 to 2.8,p 5 0.001). This mild risk evaluating risk factors or the FR$dble 3. From the St.
grouping was more often reported in younger populationd-rancis Heart Study, measured risk factor data were avail-
undergoing preventive health screening®,29. able in 1293 of the total enrolled cohort of 4903 asymp-

With even higher CAC scores, the 3 to 5 year event rategomatic individuals. In univariablg(ess than 0.0001) and
increased substantially. For scores ranging from 100 to 40@qultivariable p5 0.01) models estimating CHD events at
the summary relative risk ratio was 4.3 (95%%I13.1 to 4.3 years of follow-up, CAC scores were independently
6.1) when compared to patients with no detectable coronarpredictive of CHD outcome above and beyond both histor-
calcium p less than 0.0001). For the high (CAC scores of ical and measured risk factork9). The CAC scores were
400 to 1000) and very high (greater than 1000) risk CAC also predictive of outcome in a multivariable model contain-
scores, pooled CHD death or Ml rates were 4.6% and 7.1%ng high-sensitivity C-reactive proteinl®), similar to a
at 3 to 5 years after CAC testing, resulting in relative risk previous report by Park et aB@. Several reports have also
ratios of 7.2 (95% Cb 5.2 to 9.9,pless than 0.0001) and evaluated the independent prognostic contribution of CAC

Table 3. Recent Published Observational Cohort Studies Evaluating the Independent
Prognostic Value of Coronary Calcium Measurements in Published Reports From 2003 to 2005

Historical or Model Controlling for
Risk Measured Risk Additional Variables Besides

Subset Year N Factor Data Univariable RR* Multivariable RR* That Contained in the FRS:
Kondos 2003 8855 Historical 5.8,p5 0.0012 3.9, p5 0.01
Greenland 2004 1461 Measured 3.9,p, 0.001 1.3, p, 0.0013
Arad 2005 1293 Measured 26.2,p, 0.0001 NR,p5 0.01 HsCRP
Taylor 2005 1639 Measured NR,p, 0.0001 11.8, p5 0.002 Family history of CHD
Vliegenthart 2005 1795 Measured 8.2,p, 0.01 3.2+10.3, p5 0.03 Family history of Ml and BMI
LaMonte 2005 10746 Historical 1.6 (men) and 1.3 (women), NR§

p, 0.0001

*For RR, a linear trend is presented if not indicated otherwise. Kondos: for any detectable CAC in men only; Greenland: for CAC greater than 300 versus CBQ for univariable RR, evaluated as a
continuous measure in the multivariable model; Arad: univariable RR is for score greater than or equal to 400, multivariable RR was NR; Taylor: univariable RR was NR, multivariable risk ratio is in men
only and for any CAC score versus CAE 0; Vliegenthart: multivariable is across a range of CAC from 101 to greater than 1000; LaMonte: risk factors measured in a clinical subset of 3619 subjects;
univariable reported separately for men (1.6) and women (1.3), multivariable RR were NR but stated to be similar to age-adjusted model3.For men only.3 For intermediate to high FRS8p for risk
adjustment was not speci®ed but noted as signi®cant.

BMI5 body mass index; CAC5 coronary artery calci®cation; CHIB coronary heart disease; FR$% Framingham Risk Score; HSCRB high-sensitivity C-reactive protein; M6 myocardial infarction;
NR5 not reported; RR5 relative risk.
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Table 4. Predictive Accuracy of CAC for Estimation of CHD Death or Myocardial Infarction Including Unadjusted
and Risk-Adjusted Multivariable Models Controlling for the Framingham Risk Score (FRS) and Other Risk Markers

Unadjusted
Model Including Multivariable Model Including Additional Factors Not
CAC as a CAC1 FRS and Other Novel Novel Risk Markers
Risk Relative Risk (95% CI) Predictor of CHD Risk Markers As Predictors Included in the
Subset Year N for High Risk CAC Death or M| of CHD Death or Ml Multivariable Model
Greenland 2004 1461 b 111 1 b
Arad 2005 1293 b 111 11 HsSCRP
Taylor 2005 1639 4.8 (1.1+20.4) 111 11 Family history of CHD
Vliegenthart 2005 1795 3.9(1.4£11.1) 11 1 Family history of Ml
and body mass
index
LaMonte 2005 3619 15.9 (2.2£114.7) 111 1

1 Modestly strong predictor. 11 Moderately strong predictor.111  Strong predictor.
CACS5 coronary artery calci®cation; CHB coronary heart disease; CI5 con®dence interval; HSCRP high-sensitivity C-reactive protein; M6 myocardial infarction.

in multivariable models that controlled for other cardiovas-status (event rate greater than or equal to 20% over 10
cular risk markers, including risk factors not in the FRS,years 81).
such as a family history of premature CHIg,22 or body
mass index3?) (Table 4. Future Research Needs
The vast majority of prognostic evidence has been reported
using an evaluation of risk strati®cation with absolute
measurements of the CAC score. However, some earlier
The concept of Bayesian theory provides a framework teeports applied gender- and age- percentile rankings that
evaluate the expected relationship between the predictivemay have greater intuitive appeal and understanding for
value of CAC score in individuals with low- to high-risk patient education. As such, the percentile rankings have the
FRS. As de®ned by Bayesian theory, a test's post-tepbtential for greater clinical applicability and, therefore,
likelihood of events is partially dependent upon a patient'atilization. Only one report has evaluated the comparative
pretest risk estimate. Thus, for patients with a low risk FRSpredictive ability of absolute CAC scores versus the percen-
very few events would be expected during follow-up and théle scores. These investigators noted an improvement in
resulting post-test risk estimate for patients with an abnor-risk detection using percentile rankd2). An advantage to
mal CAC score would be expected to remain low. Severahe use of percentiles is that it has been integrated into the
reports have noted that the use of CAC score in low-riskNCEP guidelines where more aggressive care was recom-
populations is not useful in modifying prediction of out- mended for patients with a 75th percentile ranking or
come R0,2). Greenland et al. Z0) reported that a high higher @1). Thus, more information on percentile rankings
CAC score was predictive of high risk among patients withfor prognosis is needed; however, very few research groups
an intermediate-high FRS greater than 10%léss than have consistently reported CAC data according to percen-
0.001) but not in patients with a low risk FRS (i.e., scoretile ranking. In addition, in our review of the current
less than 10%). In this report from the South Bay Heart published evidence, the relative risk ratio for a high risk
Watch study, only 1 CHD event was noted in 98 patients CAC measurement is higher for clinical registries as com-
with a low risk FRS. This report demonstrates the impor- pared with population studies (relative risk19.3 vs. 5.0);
tance of considering the underlying hazard in selectingsuggesting an overestimation in risk due to selection bias
optimal cohorts for whom CAC testing will be of greater (18+20,22. Data from the ongoing Multi-Ethnic Study of
value. Atherosclerosis (MESA) should allow for more accurate
In addition, the recent data provide support for the risk estimation of CAC scores as based on a prospectively-
concept that use of CAC testing is most useful in terms ofderived large population sampl&3j.
incremental prognostic value for populations with an inter-
mediate FRS 29). In a secondary analysis of patients with Summary
an intermediate FRS from 4 reportd4,20,22,28 annual Since 2000, when the last ACC CECD report on CAC
CHD death or Ml rates were 0.4%, 1.3%, and 2.4% for eachmeasurement was published, there has been growing evi-
tertile of CAC score where scores ranged from less thamlence on the use of CAC in better-studied cohorts of
100, 100 to 399, and greater than or equal to 400 patients and asymptomatic individuals. CAC scoring has an
respectively 19,20 (Fig. 3). From this analysis, increasingly high level of quality evidence on its role in risk
intermediate-risk FRS patients with a CAC score greaterstrati®cation of asymptomatic patients. Recent evidence is
than or equal to 400Kig. 3) would be expected to have supportive that measurement of CAC is predictive of CHD
event rates that place them in the CHD risk equivalentdeath or Ml at 3 to 5 years. Current evidence also suggests

Predictive Accuracy in
Patients With an Intermediate FRS
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Figure 3. Estimated Annual Risk of CHD Death or Ml Rate

Rate shown is by tertile of the Agatston score in patients at intermediate coronary heart disease (CHD) event risk using de®nitions of an intermediate Framingham Risk
Score (FRS) or greater than 1 cardiac risk factor. Intermediate FRS was de®ned as follows: Greenland et al. (20) 10% to 20%; Vliegenthart et al. (22) 20%; LaMonte et al.
(28), greater than 1 cardiac risk factor; and Arad et al. (19) 10% to 20%. CACS coronary artery calcium score; MI5 myocardial infarction.

that the use of CAC is independently predictive of outcomewith secondary prevention goals based upon the current

over and above traditional cardiac risk factors. PublisheBICEP Il guidelines and thus should not require additional

reports have largely been derived from patient cohorts whetesting, including CAC scoring, to establish this risk eval-

referral bias is operational resulting in an overestimation ofiation @1). Additionally, the current CAC literature does

CHD death or Ml risk estimates. Upcoming data from the not provide support for the concept that high-risk asymp-

MESA study may be helpful to devise population screeningomatic individuals can be safely excluded from medical

strategies for women and in non-whites. The MESA data therapy for CHD even if CAC score is O.

will also be useful in validating predictive capability by

ethnicity and across a broad age range of asymptomatic o

people. Data employing direct comparisons of CAC mea-Role of CAC Scoring in

surement versus other imaging modalities or biomarkers ardssessment of Symptomatic Patients

generally not available.
The consensus of the Committee was that the body ofDiagnosis of Coronary Stenosis in

evidence is supportive of recommendations from the&ratients With Possible CHD by CAC

USPSTF that unselected screening is of limited clinical

value in patients who are at low risk for CHD events,

typically estimated using a low FRS less than 1.0% per ye

(see http://www.ahrq.gov/downloads/pub/prevent/pdfser/

chdser.pdf

The utility of coronary artery calcium measurement in
g,ymptomatic patients has been widely studied and discussed
in depth in the previous ACC/AHA statementl). It was

also extensively reviewed in the recent American Heart

A subset analysis of the predictive accuracy of CAC irf‘SSOCi"’Ition Cardiac Ima_ging Cor_nmiFtee Con_sgnsus State-
patients with an intermediate FRS reveals that for a scorénentDThe Role of Cgrd|ac Imaging in the Clinical Eval-
greater than or equal to 400, the patient's 10-year CHD riskUation of Women With Known or Suspected Coronary

would achieve risk equivalent status similar to that noted't€ry Disease 34). One conclusion of these reports was
with diabetes or peripheral arterial diseagd)( Thus, thata positive CT study (de®ned as presence of any CAC)

clinical decision-making could potentially be altered byiS n€arly 100% speci®c for atheromatous coronary plaque
CAC measurement in patients initially judged to be at (34,35. Since both obstructive and non-obstructive lesions
intermediate risk (10% to 20% in 10 years). can have calci®cation present in the intima, CAC is not
The accumulating evidence suggests that asymptomatfPeci®c for obstructive coronary disease.
individuals with an intermediate FRS may be reasonable In the symptomatic patient, CAC has been evaluated as
candidates for CHD testing using CAC as a potential a noninvasive diagnostic technique for detecting obstructive
means of modifying risk prediction and altering therapy. OnCAD. To de®ne its test characteristics and to compare it
the other hand, there is little to be gained by testing with with other noninvasive tests, a meta-analysis was performed
CAC in patients with a low FRS. Furthermore, patients and published in the previous ACC/AHA consensus state-
with a high FRS should be treated aggressively consistemhent (1). In the previous meta-analysis, a total of 3683
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patients were considered among 16 studies evaluating thibe identi®cation of persons with angiographic coronary
diagnostic accuracy of CAC measuremef}. (Inclusion disease.
criteria were: diagnostic catheterization for patients without More recently, large multi-center studies have been
prior history of coronary disease or prior cardiac transplanreported using fast CT for diagnosis of obstructive CAD in
tation. Patients were symptomatic and referred to thesymptomatic persons @ 1851), who underwent coronary
cardiac catheterization laboratory for diagnosis of obstrucangiography for clinical indications. Study prediction mod-
tive CAD. On average, signi®cant coronary disease (greatefs were designed to be continuous, adjusted for age and sex,
than 50% or greater than 70% stenosis by coronary angiogeorrected for veri®cation bias, and independently validated
raphy) was reported in 57.2% of the patients. Presence af terms of their incremental diagnostic accuracy. The
CAC was reported on average in 65.8% of patients (de®nealverall sensitivity was 95%, and speci®city was 66% for
as a score greater than 0 in all but one report). Thecoronary calcium score to predict obstructive disease on
weighted-average or summary odds were elevated 20-foldvasive angiography. The logistic regression model exhib-
with a positive CAC (score greater than 0) (95% CI 4.6 to ited excellent discrimination (receiver operating character-
87.8). Additional summary odds ratios were also calculatetstic curve area of 0.88 0.02) and calibration (chi-square
with various anatomic and calcium score cut points. Foigoodness of ®t of 8.95 5 0.44) @38). Increasing the
detection of minimal, greater than 50%, and greater tharcut-point for calci®cation markedly improved the speci®c-
70% stenosis at cardiac catheterization, the summary oddy, but decreased the sensitivity. In the same study, increas-
increased from 6.8-fold (95% CI 3.0 to 15.6) to 16.4-fold ing the CAC cutpoint to greater than 80 decreased the
(95% CI 5.1 to 53.1) to 50-fold (95% CI 24.1 to 103.0); sensitivity to 79% while increasing the speci®city to 72%. In
that is, the odds of signi®cant coronary disease increaseadother large study (B 1764) comparing CAC to angio-
when greater angiographic lesion thresholds were used fgraphic coronary obstructive disease, use of a CAC score
signi®cant disease (although the con®dence bounds widreater than 100 resulted in a sensitivity of 95% and a
ened). Higher coronary calcium scores increased the likelspeci®city of 79% for the detection of signi®cant obstructive
hood of detecting signi®cant coronary disease (greater thatisease by angiograpt89. Summing these 2 large studies
50% or greater than 70% luminal stenosis). A threshold ofn 5 3615) leads to an estimated sensitivity of 85%, with a
detectable calcium or a score greater than 5 was associatzeci®city of 75%. There is some concern, due to study
with an odds of signi®cant disease of 25.6-fold (95% CI 9.6lesign, that these studies (similar to validation of many
to 68.4). non-invasive cardiovascular tests) are subject to veri®cation
Schmermund et al. 36) examined 291 patients with bias, which could raise the sensitivity and lower the speci-
suspected CHD who underwent risk factor determination ®city. A large study, evaluating consecutive symptomatic
as de®ned by the NCEP, CAC measurement, and clinicallypersons undergoing cardiac catheterization, addresses this
indicated coronary angiography. A simple noninvasive indegoncern. 2115 consecutive symptomatic patients (04
(NI) was constructed as the following: log(e)(LAD scoie) men; mean ag® 62, SD6 19 years old) with no prior
log(e)(LCx score)ll 2[if diabetic] 1 3[if male]. Receiver- diagnosis of CAD were included in this study. These
operating characteristic curve analysis for this NI yielded apatients were being referred to the cardiac catheterization
area under the curve of 0.880.03  less than 0.0001) for laboratory for diagnosis of possible obstructive coronary
separating patients with, versus without, angiographiartery disease, without knowledge of the CAC scan results.
3-vessel and/or left main CAD. Various NI cutpoints The scan result did not in"uence the decision to perform
demonstrated sensitivities from 87% to 97% and speci®citiengiography. Overall sensitivity was 99%, and speci®city
from 46% to 74%. Guerci et al37) studied 290 men and was 28% for the presence of any coronary calcium being
women undergoing coronary arteriography for clinical indi-predictive of obstructive angiographic disease. With volume
cations. A coronary calcium score greater than 80 (Agatstonalcium score greater than 100, the sensitivity to predict
method) was associated with an increased likelihood of argigni®cant stenoses on angiography decreased to 87% and
coronary disease regardless of the number of risk factorthe speci®city increased to 7940)(
and a coronary ca]cmm score great_er t_han or equal to 1.780mparison With Other Tests for CHD Diagnosis. lItis
was associated with an increased likelihood of obstructive

coronary disease regardless of the number of risk factof propriate to compare CAC scoring by fast CT with the

(p less than 0.001). Kennedy et aB5[ studied 368 older more mature diagnostic modalities. The equipment

i . 4 : . and personnel for performing stress electrocardiography,
symptomatic patients undergoing cardiac catheterization, . LT ) X
S . myocardial perfusion imaging, and echocardiography are

By multivariate analysis, only male sex and coronary calci-~ " . ) X i
. o ; readily available. The electrocardiographic (ECG) exercise
®cation were signi®cantly related to extent of anglograph%c

. . . - ; est, like the echocardiogram, can be performed in the
disease. Receiver-operating characteristic curve analya \ . o

: . > doctor's of®ce and does not require exposure to radiation.

showed that the amount of coronary calcium was a signif-
icantly better discriminator of disease than were the stanExercise ECG Test. Gianrossi et al.41) investigated the

dard risk factors. In all three studies, CAC scoring improvedreported diagnostic accuracy of the exercise ECG for CAD

diagnostic discrimination over conventional risk factors inobstructive disease in a meta-analysis. One hundred forty-
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seven consecutively published reports involving 24 074 pdetween the 2 testing methods in patients with single-vessel
tients who underwent both coronary angiography and exerCAD, the sensitivity, speci®city, and accuracy were compa-
cise testing were summarized. Wide variability in sensitivityable in patients with multivessel CAD.
and speci®city was found (mean sensitivity was 68%, with a Schmermund et al.4(7) also compared fast CT CAC
range of 23% to 100% and a standard deviation of 16%mneasurement to nuclear stress test results in a cohort of 308
mean speci®city was 77%, with a range of 17% to 100% arsgmptomatic patients. The association of CAC score with
a standard deviation of 17%). angiographically detected obstructive coronary disease re-
_ _ _ _mained highly signi®cant after excluding the in uence of all
Myocardial Perfusion Imaging and Stress Echocardi- interrelated risk factors and SPECT variablgsldss than
ography. Fleischmann et al.42) reviewed the contempo- o 0001).
rary literature to compare the diagnostic performance of pata also support a complementary role for coronary
exercise echocardiography and exercise nuclear perfusiflcium and myocardial perfusion scanning (MPS) mea-
scanning in the diagnosis of CAD. Forty-four articles (not gyrements. He et al.4g) noted a threshold phenomenon
unique patient data sets) met inclusion criteria: 24 reportegith aimost no observable myocardial hypoperfusion among
exercise echocardiography results in 2637 patients with gatients with a CAC score less than 100 and with a marked
weighted mean age of 59 years, of whom 69% were Mefcrease in the frequency of an abnormal MPS in patients
66% had angiographic coronary disease, and 20% had prigfith high CAC values (greater than 100%4§). A recent
myocardial infarction; and 27 reported exercise SPECT ingydy of 1195 patients who underwent CAC measurement
3237 patients, of whom 70% were men, 78% had angioand MPS assessment demonstrated that CAC was the most
graphic coronary disease, and 33% had prior myolcard'?bwerful predictor of an ischemic nuclear test, and that less
infarction. In pooled data weighted by the sample size Okhan 29 of all patients with CAC less than 100 had positive
each study, exercise echocardiography had a sensitivity gbs studies 49). CAC score, due to its high sensitivity for
85% (95% CI 83% to 87%) with a speci®city of 77% (95%gy.limiting CAD, may be useful as a ®lter prior to
Cl 74% to 80%). Exercise perfusion yielded a similafinyasive coronary angiography or stress nuclear imaging.
sensitivity of 87% (95% CIl 86% to 88%) but a lower
speci®city of 64% (95% CI 60% to 68%P) Other Uses of CAC Measurement in Symptomatic

There are more recent direct comparison studies availabRersons.Another potential use of CAC is to determine the
in patients who underwent both CAC measurements, asetiology of cardiomyopathy. The clinical manifestations of
well as either exercise electrocardiography and/or nuclegatients with ischemic cardiomyopathy are often indistin-
imaging, with results compared to cardiac catheterizaguishable from those patients with primary dilated cardio-
tion. Shavelle et al. 43) reported 97 patients who myopathy. One large study in 120 patients with heart failure
underwent technetium stress testing (technetium-stress)f unknown etiology demonstrated the presence of CAC
treadmill-ECG, and fast CT coronary scanning within 3 was associated with 99% sensitivity for ischemic cardiomy-
months of invasive coronary angiography for the evaluaepathy 60). Another study also demonstrated similarly high
tion of chest pain. The relative risk of obstructive sensitivity using fast CT to differentiate ischemic from
angiographic CAD for an abnormal test was higher for non-ischemic cardiomyopath$l). This methodology has
fast CT CAC scores (4.53) than either treadmill-ECG been demonstrated to be more accurate than echocardiog-
(1.72) or technetium-stress (1.96). The accuracy of fast CTraphy and MPS techniques in direct-comparison studies in
was signi®cantly higher (80%) than either treadmill testinghis population §2,53. Additional comparative prognostic
(71%) or technetium-stress (74%) in the diagnosis of oband diagnostic evidence is required to evaluate the role of
structive CAD. The combination of a positive CAC (cal- CT as compared with conventional stress imaging tech-
cium score greater than 0) and abnormal treadmill-ECGniques, as well as an assessment developing marginal cost
raised the speci®city to 83% for obstructive disease). effectiveness models.

Kajinami et al. 44) evaluated 251 symptomatic patients Another potential application of CAC scoring relates to
who underwent coronary angiography, fast CT, ECG, andthe triage of chest pain patients. Three studies have docu-
thallium exercise testing. The ECG and thallium exercisemented that CAC is a rapid and ef®cient screening tool for
tests had overall sensitivity of 74% and 83%, respectivelgatients admitted to the emergency department with chest
and speci®city of 73% and 60%, respectively. The sensitivipain and nonspeci®c electrocardiograrsé+66. These
and speci®city of CAC scoring were 77% and 86%, respecelatively small-scale studies (with sample sizes ranging
tively. In a related study4f), 150 patients underwent from 105 to 192) showed sensitivities of 98% to 100% for
thallium stress testing, fast CT, and coronary angiographyidentifying patients with acute MI and very low subsequent
The relative risk of an abnormal thallium stress test was 3.%gvent rates for persons with negative tests. The high
compared to 14.9 for an elevated CAC score as detected ksensitivity and high negative predictive value may allow
fast CT. Yao et al. 46) compared technetium-99m single- early discharge of those patients with non-diagnostic ECG
photon emission tomography and fast CT in 51 patientsand negative CAC scans (scofe9). Long term follow-up
with suspected CAD. Although differences were found of one patient cohort demonstrated a very low risk of events
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in patients without demonstrated CAC at the time of that modi®cation of cardiovascular risk factors modulates
emergency room visib#). However, unlike the case with the progression of coronary calcium. Each of these points is
evaluations of asymptomatic patien®€)( prognostic stud- subsequently discussed.
ies of CAC in symptomatic patients have generally been . )
limited by biased samples (e.g., patients referred for invasivil©/09ic Relevance of ,
coronary angiography) and small numbers of hard outcom&©ronary Atherosclerosis Progression
events. Future studies should include larger numbers ofhe extent of coronary calcium found on fast CT is broadly
patients and should allow for adequate length of follow-uprelated to plague burden, but there is a high degree of
and assessment of larger numbers of hard endpoint evengife-to-site variability in the presence and extent of calcium
especially all-cause mortality and myocardial infarctiagf.( ~ within any single atherosclerotic plaque. Pathology studies
. . . have shown that the extent of coronary calcium within
Summary. For the sym_ptomatlc patient, exclysmn of mea- aques tends to be related to the presence of healed plaque
surable coronary _Ca'C'E”" may be an efective ®Iter. befo ﬁptures 69). Moreover, vulnerable plaques tend to be those
unde_rtakmg invasive diagnostic proce_dures or hc_)spltal a%Gith less extensive calcium deposits frequently seen in a
mission. Scp_res less than 100 are typically assomatgd W'thsﬁotty distribution 69), a ®nding supported by intravascular
low probability (less than 2%) of abnormal perfusion onpasound studies of patients with acute coronary syn-
nuclear stress testég49, and less than 3% probability of .5 mes 60). The biology of progression of calcium within
signi®cant obstruction (greater than 50% Stenosis) on Cagherosclerosis is complex, genetically-directed, and partially
diac catheterization38,39. The presence of CAC by fast |\, 4i®ed by drugs that have the potential to alter the
CT is extremely sensitive for obstructive (greater than 50%,nqamental biology of the calci®cation process. Statins, for

luminal stenosis) CAD (95% to 99%), but has limited gyample  can both inhibit and promote tissue calci®cation
speci®city. CAC studies of over 7600 symptomatic patlent§Iporl interaction with different types of vascular cefl#)

demonstrate negative predictive values of 96% to 100%, The associations between CAC progression and clinical
allowing for a high level of con®dence that an individualcargiovascular risk factors are not well understood. Present
with no coronary calcium (scofe 0) has no obstructive qata indicate that CAC progression is most strongly related

angiographic diseas8g+49. o to the baseline CAC score with only a limited relationship
In direct-comparison studies, CAC detection in the 4 standard cardiovascular risk factd®,63.

symptomatic person has been shown to be comparable to
nuclear exercise testing in the detection of obstructive CAD Accuracy of Serial Coronary Calcium Assessments

Given the prognostic information that is implicit in exercise Progression of coronary calcium is typically evaluated as a
capacity, even when it is combined with imaging, fast CTercentage of the baseline calcium score value. Early studies
starts with a disadvantage compared with existing modalipf the inter-test variability of CAC measurements indicated
ties in symptomatic patients who can exercise. Anatomignter-scan variability as high as 25% to 50% of the calcium
testing, such as cardiac CT (Whether with contrast in thescore value w,64,65 More recently’ |mag|ng protocol
form of CT angiography or without contrast, such as CAC re@nements speci®c to electron beam CT scanning, includ-
assessment), should be relegated to second line testing iig a reduction of the electrocardiographic gating interval to
considered when functional testing is either not possible ogpproximately 40% to 60% of the relative risk interval, and
indeterminate. The accuracy of CAC is not limited by ytilizing 3-mm slice thickness, have reduced the inter-test
concurrent medication, the patient's ability to exerciseyariability to 15% or les$6). The standard deviation of the
baseline wall motion, or electrocardiogram abnormalities. interscan variability reported in the recent literature is
approximately 10%6@). In contrast, annual CAC progres-
sion rates typically exceed 2062,64,69, thus permitting
accurate determination of the presence or absence of true
progression in individual patients across relatively short (1 to
2 year) time horizons. The ability to track CAC progression

is most accurate in patients with intermediate and higher
Serial noninvasive monitoring of calci®ed atherosclerosGAC scores because the absolute error in CAC measure-
using CAC measurement has been proposed as a meansmént would approximate the actual CAC score in patients
monitoring medical treatment for CAD as well as assessingvith low scores (CAC score 1 to 30), and even small
change in CVD prognosis58). The validity of serial changes in the absolute calcium score would be a relatively
coronary calcium measurements as a method to monitdarge fractional change.

progression of atherosclerosis requires: 1) that progression )

of coronary calcium has biologic relevance to atherosclerodi§ognostic Relevance of CAC Score Changes

activity; 2) that progression of coronary calcium can bélhere have been 3 reports from the work of Raggi and
detected relative to inter-test variability; 3) that changes incolleagues on the relationship between changes in CAC
coronary calcium severity have prognostic relevance; and gjore and outcome$7{+69. In these studies including a

Use of Coronary CT for
Assessment of Progression or
Regression of Coronary Atherosclerosis
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general populationg7) analyzed by diabetic statu&8[ and  toring of CAC progression through serial fast CT scanning
treatment with statins §9), subjects who suffered an M| is not recommended at this time.

demonstrated an approximately 2-fold greater annual CAC
increase than event-free survivors. In the presence of de®:- .
nite CAC score progression (greater than 15%/year), the%ost—EffeCtlver_}ess of .

was a signi®cant increase in relative risk of myocardigt©ronary Calcium Scoring for

infarction compared to subjects with stable scores. NotablyRisk Assessment of Cardiac Death or Ml
the ®nding of CAC progression increased the associated
cardiovascular risk across all levels of CAC seve). ( Establishing the cost-effectiveness of testing, especially
Furthermore, the detection of stable CAC was associatedcreening tests, is quite challenging. To establish effective-
with a low risk of cardiovascular events, even among thosgess, CAC measurement would have to be shown to
W|th eXtenSiVe CAC. A majOI’ I|m|tat|0n of USing CaICiUm enhance |ife, pr0|0ng |ife, or both76) Th|S task can be
score progression as a marker of risk is that the positivgsjatively straightforward with therapies for which there are
predictive value appears to be low with substantial overlagndomized controlled clinical trials establishing ef@cacy in
among those with and without future events. Nonethelessieyms of quality of life, events, or mortality. These types of

serial monitoring of atherosclerosis to re®ne risk predictioRy,dies do not exist for CAC measurement, as noted earlier
remains a potentially attractive hypothesis in need of ongoy, this report, and in general do not exist for any cardio-
ing investigation. Con®rmatory reports from screening popyascylar test. Standards for cost-effectiveness analysis call for
ulations are needed to assess the strength and generalizalilj)ating effects on survival, quality of life and cost using a
ity of these ®ndings. lifetime time horizon {6). Even for therapies which have
Modi®cation of CAC Progression major clinical impact, such as lowering of LDL cholesterol,

. . nd where the clinical trial data are consistent and convinc-
Progression of CAC is frequently observed across modest 'ﬁg, this is challenging to accomplish. For a single test,

to 7 year) time horizons to a degree primarily related to theWhiCh might be expected to have a smaller impact than a

extent of ba_selln_e coronary cglm@cqtﬂ@,f])_. Several major therapeutic strategy, establishing cost-effectiveness
pharmacological interventions, including statins and cal- . . -
. . . cgn be a dif®cult, if not unrealistic goal.
cium channel blockers, have been associated with delaye o . . .

In the absence of clinical trial data, cost-effectiveness is

progression of CA.C' The earllest. Work p”m.a”'y mvolyed enerally approached with simulations in which decisions,
statins in observational study designs, including 2 pubhshea

observational studies on the effect of reducing LDL choles—.eSt resglts, anq outcomes are.estlr.nated, with as much
terol with statins in which CAC progression was found to information coming from the medical literature as possible.

be lower during statin treatment72,73. These data, For tests, such as CAC measurement, simulations can be

however, have been contradicted by 2 large statin cIinic%_SpeCiaIIy dif®_CUIt begquse the test results can lead to many
trials that failed to con®rm this ®nding, including a placebo- _|f:erent possible deﬁlsmns an? thus “l“a”Y different poten-
controlled study using calcium scorggl)(and a study of tal outcomes. Furthermore, for evaluating any test or
post-menopausal women treated to moderate versus inte’€rapy. it is essential to understand the nature of the
sive LDL cholesterol reductions using calcium volumeiNtervention and the comparators. In the case of CAC

scores75). The CAC ®ndings of the latter 2 studies are in measurement, there are several possible ways to view how
contrast to the de®nitive reduction in cardiovascular riskn€ test would affect care and outcome, and the comparators
associated with statin therapy and suggest that either long&pay not be clear.
periods of monitoring of CAC would be necessary to detect Despite these challenges, there have been several at-
an effect of statins, that statins fundamentally alter thetempts to assess the cost-effectiveness of CAC scoring.
relationship between calci®ed plaque extent and cardiova@:Malley etal. {7) constructed a decision analytic model of
cular outcomes, or that statins are affecting the noncalci®@dfie addition of CAC score to the FRS. The base case
plaque and therefore no change is detectable by cA@ssumed that any CAC greater than 0 would increase the
measurement. Management of other cardiovascular riskelative risk 4-fold. Multiple additional assumptions were
factors, for example, hypertension or diabetes, has not be¢hade, some of which the Writing Committee members
examined relative to the progression of coronary calcium.considered dif®cult to justify. The base case offered an
incremental cost-effectiveness ratio (ICER) of $86 752 for a
Summary and Implications 42-year-old subject. The ICER was sensitive to the gain in
Although progression of CAC can be detected using fastlife expectancy for early intervention, the utility of being at
CT methods, its determinants are largely unknown and therisk, and the added prognostic value of CAC. This study
relationship to clinical outcomes is still unclear. Becauseffers good insight into some of the problems in assessing
progression of CAC is not clearly modi®able throughthe cost-effectiveness of CAC, but it is the judgment of the
standard risk reducing therapies, and CAC measuremeniVriting Committee that it is not suf®ciently grounded in
involves both costs and radiation exposure, clinical monidata to be useful for medical decision making. The authors
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updated this analysis using the hazard ratio from theexisting studies have included women and men of similar
Prospective Army Coronary Calcium project, ®nding anage (typically between ages 50 and 60), the reported 10-year
ICER of $31 500 @8). This conclusion was sensitive to event rates for women have been predictably lower than in
variation in the extent to which CAC actually predicts men. Thus, many studies have been underpowered and
events (sensitivity analysis) and to assumed degree of theluded women at too low risk to show bene®t of CAC
ef®cacy of primary prevention strategies (in sensitivity anascreening exclusively in women.

ysis). Furthermore, there were only 9 coronary events used Two studies included a large enough sample of women
to establish the hazard ratios. The analysis is also limited bi81) or adequate numbers of elderly patients to reach
the assumptions in the model. Shaw et @B)(developed a conclusions about CAC testing in women. In a prospective,
similar decision-analytic model, ®nding that in individuals observational study by Raggi et a81) the relationship
with estimated risk of coronary events below 0.6% per yeapetween CAC and all-cause mortality was analyzed by
the ICER approached $500 000, but was $42 339 if thegender in 10 377 asymptomatic individuals, of whom 40%
estimated event rate was 1% per year, and $30 742 if thgere women. The mean follow-up period wag 3.5 years.
event rate was 2% per year. This model was also highlyor women, the ROC C-statistic for the prediction of
dependent on the underlying assumptions, as is always thf|-cause mortality by the NCEP ATP-3 Framingham risk
case for any cost-effectiveness model. calculator was 0.672 for women and increased signi®cantly
to 0.75 with data from CAC scores added to the prediction

) . models p less than 0.0001). This analysis is limited by the
While several serious efforts to understand the costyge of self-reported risk factors but showed similar relation-
effectiveness of CAC measurement have been made, thgiss in the predictive ability of CAC in men and women.
Committee felt that models were not, and could not be'MortaIity was determined using the Social Security Na-

suf®ciently well grounded in data to offer results that COUIqionaI Death Index, thus these data are not speci®c to CHD
be used for medical decision making or establishing policy Alvents. In a study of older individuals (mean &ge71

Summary and Conclusion

this time. years), the relationships between CAC score and incident
myocardial infarction were similar in men and woma8) @nd

Special Considerations remained signi®cant in risk factor- and gender-adjusted-mo
els @2).

CAC Scores and Gender
Summary

Gender differences in utility and accuracy of imaging
tests are typically related to differences in the epidemiol There are limited data broadly speci®c to women on the
ogy of coronary heart disease, with women having latef€lationship between CHD outcomes and CAC. Existing
onset of clinical CHD than men. Gender differences in data con®rm an association between CAC scores and
incidence and prevalence of CAD are most marked indll-cause mortality and CHD events in elderly women.
midd|e_aged popu|ations, the typica| target age group fofFuture studies must include enough women within an
CHD screening. In addition, emerging data suggest thatappropriately high clinical risk stratum (at least intermediate
there may be actual gender differences in the anatomy dframingham risk) to be able to draw signi®cant, clinically
atherosclerosis. Thus, it is important to consider genderrelevant conclusions speci®c to women.

speci®c data when evaluating the potential uses of any

new cardiac test. Ethnicity

Epidemiology

Women develop coronary atherosclerosis 10 years later thd®€ majority of studies which have demonstrated the

men, on average, and the occurrence of coronary calci®d@ssociation between the degree of coronary calcium, the
tion tracks with this later onset of CAD. These differences burden of atherosclerosis, and the risk for cardiovascular
start to diminish at about age 6079. These gender €vents associated with coronary calcium have included
differences in occurrence of coronary calcium support therimarily Caucasian subjects. Signi®cant racial/ethnic dif-

association of CAC with coronary atherosclerosis and unferences exist in the prevalence of cardiovascular risk factors
derline the importance of age- and gender-speci®c referené@d mortality. Blacks generally have a higher prevalence of

points for CAC scoring 80). hypertension, diabetes and obesity, and a higher age-
. adjusted mortality from coronary heart disease and cardio-
Risk Assessment vascular disease than whit&2,83. Some of these differ-

In general, studies of the use of coronary calcium as @ances are attributed to socioeconomic status, access to care,
component of the CHD risk assessment include fewerand lifestyle factors.

women than men. Studies also vary according to the analysis Potential differences in coronary calcium prevalence
of women as a separate subgroup. Because many of thad severity between racial/ethnic groups have begun to
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be evaluated. A few studies have been published whicand 71% in whites). Hispanics also had a lower preva-
have compared the prevalence and/or severity of CAC itence of coronary calcium (71%) and stenosis (58%) than
black and white subjects. Some have found that blackghites, but there were no differences in Asians, who were
have less coronary calcium than whites, and others havwtderrepresented in this study. Sekikawa et &00) (
shown no signi®cant differences. The largest study wasompared the prevalence of coronary calcium in 100
reported from MESA, which included 6814 men and Americans (99% white) and 100 Japanese and found a
women between the ages of 45 and 84 years withoWjgni®cantly lower prevalence of coronary calcium in the
evidence of clinical cardiovascular disea84). (The  japanese men (13%) than the American men (47%).
prevalence of coronary cglcium was highest in the white |, contrast, the Dallas Heart Study is a population-
men (70.4%) and lowest in the black men (52.1%). They,ged probability sample that includes 1289 men and
prevalence in Hispanic and Chinese men was |nterrr.1ed|women between the ages of 18 and 65 years, of whom
at_e_between the two .(56'5% anq 59'?%’ respectwgly}so% are black. In this study the prevalence of coronary
Similar results were seen in women, with white women hav'n%alcium (Agatston score greater than 10) was similar
the highest prevalence (44.6%), black and Hispanic wonen t%etween black (37%) and white (41%) men. and between

lowest (36.5% and 34.9%, respectively), and Chines N . 0 .
women intermediate (41.9%). After adjusting for Cardiovas_gl2C(|§o(r209n:r)ya}6rjrc:e\:;/h|g?sIgzge/i’/)e;lc\;grrgiitmi.r] I\?oi?fé;tfgﬁlts

cular disease risk factors the prevalence of coronary CalCiJCARDIA dv al%o found diff in th
was 22% lower in blacks compared with whites, 15% lowe ) study also found no difference in the preva-

in Hispanics, and 8% lower in Chinese. Similar results werd€Nce Of coronary calcium in young black and white adults
seen in analyses of the severity of coronary calcium in the&tween the ages of 28 and 40 yea®®),( and no
racial/ethnic groups33). The MESA study recently pub- difference was found in coronary calcium scores between
lished detailed tables and ®gures describing the racial/ethnigack and white postmenopausal women in the Women's
distribution of coronary calcium in a relatively unbiasedHealth Initiative Observational Study9g).
population sampled5). The exact estimated percentile fora  Overall, the majority of studies demonstrate a lower
particular age in years is available at the MESA public Wetprevalence and extent of coronary calci®cation in blacks
site (ttp://www.mesa-nhlbi.org/CACReference.agpxAt compared to whites despite generally a higher prevalence
this Web site, one can enter an age (in years), gendenf cardiovascular risk factors in blacks. None of the
race/ethnicity (for the 4 race/ethnicity groups included instudies has shown a higher prevalence of coronary cal-
MESA), and optionally an observed calcium score anccium in black men despite the greater age-adjusted
obtain the estimated percentiles for that subset, and th@revalence of CHD mortality although some do show no
estimated percentile for the particular calcium score enterediifference between the 2 groups. Only a few studies have
The Prospective Army Coronary Calcium (PACC) described coronary calcium in Hispanic or Asian Amer-
Project also found a higher prevalence of coronary calcan populations. Studies evaluating racial/ethnic dispa
cium in white (19.2%) than black (10.3%) active-duty jties in CAC measurement are somewhat limited at this
military personnel with a mean age of 42 years; th&me due to lack of follow-up for cardiovascular events.
difference persisted after adjusting for cardiovasculafyicome studies are needed to determine whether the
disease risk factors3§). Budoff et al. 87) described game coronary calcium score might have a different
similar ®ndings in white men referred for CAC testing q4nosis depending on race/ethnicity. As race/ethnicity
compared with black men; however, in this study, blac Is not always a discrete characteristic, if this is the case,

women had a h|gherp_revalepce of coronary calcium tha terpretation of these scores would be dif®cult. It is
white women. In addition, Asian men and women had a . ) :
unclear whether racial/ethnic differences translate to

lower prevalence of coronary calcium, and the prevalenc . . .
in Hispanics was similar to the whites. The Cardiovas-.delfferences in the pathophysiology of atherosclerosat, th

cular Health Study (CHS) included older adults (67 to 99 'S: differing degrees of calci®cation for the same degree of
years) and found higher CAC scores in whites Compare@theroscleross, or whether Some ethnic groups have a
with blacks, especially in men8§). Interestingly, a I0\_Ner_ burden of _ath_er(_)scle_rotlc plgque than whites. At
subgroup analysis of subjects with a history of prior mithis time, there is limited information on how to use
also showed lower coronary calcium scores in the blagronary calcium data derived from primarily white
subgroup. Budoff et al.80) described ethnic differences POPulations to predict CHD in non-white populations.

in coronary calcium and angiographic stenosis in patient{? terms of racial differences in risk assessment, it should
referred for clinically indicated coronary angiographyb€ noted that despite ethnic differences in the use of the
who also underwent a research fast CT for CAC score FRS for this purpose, there is population-based evidence
Again, it was observed that blacks had a lower prevalendbat pre-test assessments of risk can be reliably made in
of coronary calcium (62%) compared with whites (84%)black men and women based on the FR@)( Thus, the

This correlated with a lower prevalence of signi®canfFRS remains the standard approach to risk assessment
angiographic coronary artery obstruction (49% in blackgven in ethnic minorities.
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Chronic Kidney Disease (CKD) degree of calcium than the non-diabetic patients. A
and End-Stage Renal Disease (ESRD) recent study 112) suggested that CAC scoring may be

superior to established cardiovascular risk factors for

Patients with CKD and ESRD often die from cardiovas- pred_icting silent myocardial ischemia and short—t_erm
cular diseases. The AHA has recommended that thesgardlovascula_r outc_omes among stabl_e, uncomph_cated
patients be placed in the @highest risk® category andype 2 diabetic patients. However, while prospectively

therefore receive aggressive preventive thera@igs ( conducted, the study included a very small number of
There is a remarkably high prevalence of coronary calhard coronary events and must be con®rmed by a larger
cium in patients with ESRD who are undergoing dialysis, study._ ) _ ) _
especially in young adults compared with controls _Pat|ent_s with diabetes are considered to be in the
(96,97. The presence and degree of coronary calcium ifighest ”Sk_ ca_tegory accord_mg to the Adult Treatment
these patients may be associated with the number of yeaf&"€! Ill guidelines 14). Consistent with the observation
on dialysis, the intake of supplemental calcium, and thdnat diabetics have a high burden of atherosclerosis,
mean calcium-phosphorus ion produc8100. The asymptomapc diabetic patients without kno_wn QAD
use of non-calcium phosphate binders is associated wit}2ve @ similar prevalence of CAC as non-diabetic pa-
less progression of coronary calcium than is calciur{€Nts with obstructive CAD {07). Diabetic patients
carbonate 101). These ®ndings suggest that alteregWithout any evidence of coronary calci®cation have a

calcium metabolism is related to the pathogenesis ofurvival rate similar to non-diabetic patients with a zero
arterial calci®cation in these patients. calcium score during 5 years of follow-up0g). These

Some studies suggest that patients with CKD angresults suggest that coronary cal_cium_migh_t be useful to
ESRD develop calci®cation in the tunica media layer ofurther stratify short-term risk in diabetic patients. Hew
the arterial wall, unlike the typical intimal calci®cation V€T, until studies from non-referral populations with
that is known to be associated with plague burdeZ}. longer follow-up, including fatal and non-fatal cardio-
The role of medial calci®cation as a marker of cardiovas/ascular events are completed, CAC scores should not be

cular risk is not well de®ned. Some studies reveal ansed to modify treatment goals in diabetic patients.

association between coronary calcium and prevalent car-

diovascular disease in patients undergoing dial@8s ( |ncidental Findings in

and coronary calcium score is associated with risk fopatients Undergoing CAC Testing
total mortality (L03). An association between the degree

of coronary calcium and luminal stenosis on angiography ) )
has been reportedL04), however, other studies did not Coron_ary calcu_Jm m_easurement_by fast CT scanning _of the
show this associatiorL05). heart includes imaging of a portion of the lungs, mediasti-

In summary, the role of CAC scoring in determining risk NUm, bones and upper abdomen, in addition to the aorta.
in patients with CKD and/or ESRD is unclear due to a The identi®cation of potential pathology other than coro-

limited number of clinical studies in these populations.N&7y calcium must be considered when evaluating the
Further prospective studies are needed to determine thB€ne®ts and costs of cardiac CT scanning. The most

utility of CAC testing in patients with CKD and ESRD for ~ cOmmon incidental ®nding is pulmonary nodules. The
predicting risk for CVD events. prevalence of incidental ®ndings depends on the age of the

population, the prevalence of smoking, and the de®nition of
] an abnormality. Lung nodules that required clinical

Diabetes follow-up were identi®ed in 4.9% of 1326 patients (non-
calci®ed lung nodules less than 1 cm, 4.0%, and lung
Numerous cross-sectional studies have documented thapdules greater than 1 cm, 0.9%) in a study by Horton et al.
patients with diabetes have a higher prevalence an(l13) in patients with a mean age of 55 years, of whom 7%
extent of coronary calcium than non-diabetic patientswere active smokers and 18% former smokers. In 1000
(106+11). However, there is less information availableactive duty Army personnel with a mean age of 42 years of
about the utility of coronary calcium as a predictor of riskwhom 13% were active smokers, the prevalence of pulmo-
in diabetic patients. The South Bay Heart Watch Study nary incidental ®ndings including nodules and other pul-
found that baseline coronary calcium predicted risk in themonary pathology was 2.3%. Of these, approximately 50%
non-diabetic subgroup, but not in the diabetic subgroupwere considered major, requiring subspecialty referral or
(n5 269) 110. However, Raggi et al.106) found that  potential invasive procedureld). In both studies, the
coronary calcium predicted all-cause mortality in diabetprevalence of incidental ®ndings in any organ system was
ics referred for fast coronary CT scanning. Raggi et al8%; however, in the Army personnel study, 40% were
(106) also found that patients with diabetes have a greateconsidered minor; whereas, in the Horton study, minor
increase in risk for mortality associated with a given®ndings were not included.
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Occasionally a serious ®nding with potentially important
medical information is detected outside the coronary arteries
when coronary calcium screening examinations are peg.
formed; therefore, it is important that the entire examina-
tion be reviewed. However, with this review, benign lesions
will be detected as well, which can lead to additional, and
possibly unnecessary, testing and anxiety. It is recom-
mended that current radiology guidelines be used to make
recommendations for follow-up testing of noncardiac pa-
thology, such as was recently published to guide follow-up
for small pulmonary noduled.15).

5.
Summary and Final Conclusions

This document has updated information on CAC measure-
ment with particular emphasis on data that have appeared
since 2000 when the previous ACC/AHA Expert Consen-
sus Document was published. In considering the data
presented here, the Expert Consensus Committee felt that
speci®c clinical examples should be highlighted and clinic&
recommendations linked to these examples for use by
clinicians.

The following clinical scenarios were noted to be relevant
to CAC measurement, and the Committee's consensus on
these questions is noted.

1. What is the role of coronary calcium measurement by
coronary CT scanning in asymptomatic patients with
intermediate CHD risk (between 10% and 20% 10-year
risk of estimated coronary events)?

The Committee judged that it may be reasonable to 7
consider use of CAC measurement in such patients
based on available evidence that demonstrates in-
cremental risk prediction information in this se-
lected (intermediate risk) patient group. This con-
clusion is based on the possibility that such patients
might be reclassi®ed to a higher risk status based on
high CAC score, and subsequent patient manage-
ment may be modi®ed.

2. What is the role of coronary calcium measurement by

CT scan in patients with low CHD risk (below 10%
10-year risk of estimated CHD events)?
The Committee does not recommend use of CAC
measurement in this selected patient group. This
patient group is similar to the #population screen-
ing® scenario, and the Committee does not recom-
mend screening of the general population using
CAC measurement.

3. What is the role of coronary calcium measurement by
fast CT scan in asymptomatic patients with high CHD
risk (greater than 20% estimated 10-year risk of esti-
mated CHD events, or established coronary disease, or
other high-risk diagnoses)?

The Committee does not advise CAC measurement
in this selected patient stratum as they are already
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judged to be candidates for intensive risk reducing
therapies based on current NCEP guidelines.

Is the evidence strong enough to reduce the treatment
intensity in patients with calcium scoke 0 in patients
who are considered intermediate risk before coronary
calcium score?

No evidence is available that allows the Committee to
make a consensus judgment on this question. Accord-
ingly, the Committee felt that current standard rec-
ommendations for treatment of intermediate risk pa-
tients should apply in this setting.

Is there evidence that coronary calcium measurement is
better than other potentially competing tests in interme-
diate risk patients for modifying cardiovascular disease
risk estimate?

In general, CAC measurement has not been compared
to alternative approaches to risk assessment in head-
to-head studies. This question cannot be adequately
answered from available data.

Should there be additional cardiac testing when a patient
is found to have high coronary calcium score (e.g., CAC
greater than 400)?

Current clinical practice guidelines indicate that pa-
tients classi®ed as high risk based on high risk factor
burden or existence of known high-risk disease states
(e.g., diabetes) are regarded as candidates for intensive
preventive therapies (medical treatments). There is no
clear evidence that additional non-invasive testing in
this patient population will result in more appropriate
selection of treatments.

Is there a role of CAC testing in patients with atypical
cardiac symptoms?

Evidence indicates that patients considered to be at
low risk of coronary disease by virtue of atypical
cardiac symptoms may bene®t from CAC testing to
help in ruling out the presence of obstructive coronary
disease. Other competing approaches are available,
and most of these competing modalities have not been
compared head-to-head with CAC.

8. Can coronary calcium data collected to date be general-

ized to speci®c patient populations (women, African
American men)?

CAC data are strongest for Caucasian, non-Hispanic
men. The Committee recommends caution in extrap-
olating CAC data derived from studies in white men

to women and to ethnic minorities.

9. What is the appropriate follow-up when an incidental

®nding in the lungs or other non-cardiac tissues is found
on a fast coronary CT study?

Current radiology guidelines should be considered
when determining need for follow-up of incidental
®ndings on a fast CT study, such as that which was
recently published to guide follow-up of small pulmo-
nary nodules (115).
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