
ISSN: 1524-4539 
Copyright © 2006 American Heart Association. All rights reserved. Print ISSN: 0009-7322. Online

72514
Circulation is published by the American Heart Association. 7272 Greenville Avenue, Dallas, TX

DOI: 10.1161/CIRCULATIONAHA.104.478354 
 2006;113;125-146 Circulation

and Harlan M. Krumholz 
Melvin E. Clouse, Jersey Chen, Harlan M. Krumholz, Melvin E. Clouse, Jersey Chen

 Tomography Is Useful
Noninvasive Screening for Coronary Artery Disease With Computed

 http://circ.ahajournals.org/cgi/content/full/113/1/125
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

 http://www.lww.com/reprints
Reprints: Information about reprints can be found online at 
  

 journalpermissions@lww.com
410-528-8550. E-mail: 

Fax:Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. 
Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, a division of Wolters
  

 http://circ.ahajournals.org/subscriptions/
Subscriptions: Information about subscribing to Circulation is online at 

 by on January 25, 2008 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org/cgi/content/full/113/1/125
http://circ.ahajournals.org/subscriptions/
mailto:journalpermissions@lww.com
http://www.lww.com/reprints
http://circ.ahajournals.org


How useful is computed tomography for
screening for coronary artery disease?

Noninvasive Screening for Coronary Artery Disease With
Computed Tomography Is Useful
Melvin E. Clouse, MD

The introduction of new ideas and concepts that lead to
change in practice has always caused some degree of
controversy, especially in medicine. At first glance,

the concept of noninvasive imaging for calcium as a screen to
identify patients at high risk for future coronary events would
seem the most intense; however, one must only reflect on past
controversies to gain an appropriate perspective. The contro-
versy over radical mastectomy versus segmental resection or
lumpectomy with radiation therapy has raged for the past 50
years, and only recently have data from the 20-year follow-up
of a randomized trial comparing these forms of treatment
been put forward.1,2 The process of establishing the chest
roentgenogram as a standard diagnostic method in the diag-
nosis of respiratory disease spanned 30 years and was
opposed by many of the leading physicians of the day,
including Osler,3 who believed a good clinical examination
was superior. In 1915, Crane4 stated that the chest roentgen-
ogram that “claims a delicacy, rapidity and precision outrank-
ing the stethoscope and the percussion finger must expect to
run a gauntlet of merciless criticism.” The chest roentgeno-
gram largely came into general use in the 1930s, when it was
recognized that �15% of the deaths in the United States were
due to tuberculosis, and a massive screening process was
instituted after World War II.5 Establishment of the chest

roentgenogram as a diagnostic tool was based largely on the
belief in technology and innovation; to date, however, no
prospective randomized studies have been conducted to
determine whether the chest roentgenogram has indeed af-
fected the outcome of patients with cardiopulmonary dis-
eases. Thankfully, the coronary artery calcium (CAC) exam-
ination has been placed under intense scrutiny, and although
the construct and ethics of a prospective randomized study
have yet to be decided, it is appropriate to review and discuss
how it may help in treating patients with subclinical athero-
sclerosis and to determine its absolute predictive value and its
relationship to the Framingham Risks score and National
Cholesterol Education Panel Adult Treatment Panel III
(NCEP ATP III) guidelines because it is the only noninvasive
test available to evaluate insults to the arterial wall from all
risk factors causing atherosclerosis.

The concept of imaging coronary arteries for calcification
in vivo arose shortly after the discovery of x-rays by scientists
who demonstrated calcification within the coronary arteries
but were limited by current technology.6–8 After publications
by Habbe and Wright9 and Van der Straeten,10 Blankenhorn
and Stern, in a landmark article, scientifically established the
fact that calcification in the coronary arteries is directly
related to atherosclerosis.9–13 Recent studies have confirmed
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that the development of arterial calcification is intimately asso-
ciated with vascular remodeling and atherosclerotic plaque and
is controlled largely by cellular and subcellular mecha-
nisms.14–17 Histopathological studies have also shown that cal-
cification is found more frequently in advanced atherosclerotic
plaque and is associated with plaque in larger arteries than in
peripheral coronary arteries.18–20 In 1903, Monckeberg de-
scribed calcification that occurs in the media, usually in the
peripheral and visceral arteries and only occasionally in the
coronary arteries, and is not associated with atherosclerosis.21

Historically, cardiac fluoroscopy was frequently used to
detect calcium in the coronary arteries because it was much more
sensitive for detecting calcium than the standard chest roentgen-
ogram. In 1987, Detrano and Froelicher22 summarized studies
involving 2670 patients undergoing coronary arteriography and
equated the findings of calcification for detecting significant
stenosis (�50% diameter) with a sensitivity of 40% to 79% and
specificity of 52% to 95%. That same year, Reinmueller and
Lipton23 studied a small group of patients and demonstrated that
CT was much more sensitive for detecting calcification than
fluoroscopy (62% versus 35%). However, image quality was
degraded by cardiac motion.

The new era for imaging CAC began with the introduction
of the high-speed cine-CT scanner. The cine-CT/ultrafast CT
scanner, later designated the electron-beam CT (EBCT),
performed 3-mm-thick cross-sectional slices in 50 to 100 ms
with exposure gated to 80% of the R-R interval. Thus, the
heart could be examined in a single breathhold with the x-ray
beam passing from the source through the body to a detector
array; the recorded data were transformed through a filtered
back-projection reconstruction technique into 2D images.

Agatston et al,24 guided by a method originally conceived
by David King (Imatron), used the EBCT to quantify CAC,
working on the premise of using the calcium score as an
independent predictor for future myocardial events, as indi-
cated by Margolis et al25 in 1980. They established the
scientific basis for the scoring system based on an x-ray
attenuation coefficient or CT numbers measured in
Hounsfield units by selecting the maximum calcium density
within the area. The area of calcium was calculated from the
field of view and the image matrix that, on the standardized
protocol, relate to 3 pixels or 1 mm2 with a density of 130
Hounsfield units. Statistical analysis was performed on the
log-transformed total score and on the square root of the
number of lesions to normalize the data. After completing a
scan with the same parameters using a high-resolution vol-
ume mode with 3-mm-thick slices, they repeated the same
scan in a single-slice mode with 20 and then 40 contiguous
slices throughout the heart with no interslice gaps. Callister et
al26 improved the reproducibility of the calcium score, espe-
cially in the lower ranges, by introducing the volume score
(isotropic interpolation) method.

The ability to identify individuals at high risk and thus to
direct appropriate therapies to prevent further myocardial
events would be a great benefit to society because cardiovas-

cular disease is the most important health problem in America
and the Western world, accounting for 38.5% of all deaths.
The death rate from cardiovascular disease is greater than the
second through the seventh leading causes of adult death,
including cancer, AIDS, accidents, homicides, infections, and
diabetes mellitus. The total cost for treating far-advanced, ie,
end-stage, cardiovascular disease is enormous. The estima-
tion has increased from $286.5 billion in 1999 to $368.4
billion in 2004, accounting for a third of the cost of our $1
trillion healthcare economy. The cost for physician care and
testing is only 10% ($31 billion), with the remainder being for
patient care.27,28 The current methods of diagnosis and treat-
ment have had little effect on the outcome of a disease that is
largely preventable with institution of strict risk factor mod-
ification and statin therapy if discovered early.29–34 Up to
50% of patients with atherosclerotic disease present with
either ischemic heart disease or sudden death, and for
150 thousand individuals, a fatal heart attack is the first
symptom of heart disease.27,28 Fifty percent of these myocar-
dial infarctions (MIs) occur in patients with no prior history
of disease, and 68% of these are due to lesions representing a
stenosis diameter �50%. Cholesterol is perceived as one of
the most important risk factors for coronary artery disease,
but �35% with established heart disease have total choles-
terol levels �250 mg/dL; thus, cholesterol has failed to
predict up to one third of future deaths resulting from
coronary artery disease. In a recent study, 204 men �55 years
of age and women �65 years of age presenting with acute MI
had cholesterol tests performed within 12 hours of admission.
Sixty-eight percent had LDL cholesterol levels �131 mg/dL,
41% had LDL cholesterol levels �100 mg/dL, and 38% had
LDL cholesterol levels �130 mg/dL. Only 25% of these
patients, all of whom subsequently suffered MI, would have
qualified for lipid-lowering therapy under the current NCEP
ATP III guidelines.35

Comparison of EBCT CAC Score With Other
Noninvasive Tests

Patients with typical angina/symptoms of coronary heart
disease normally undergo routine noninvasive tests such as
exercise ECG, echocardiography, myocardial scintigraphy, or
pharmacological stress tests. These tests are used when
patients are symptomatic with far-advanced disease, are
based on indirect signs of atherosclerosis that result from
inadequate myocardial perfusion, and have a high pretest
probability of being positive.

The consensus statement reports on a large meta-analysis
with high sensitivities, specificities, and accuracy for the
exercise treadmill test (ETT) in the range of 68%, 77%, and
73%, respectively, for ECG; 89%, 80%, and 89% for myo-
cardial perfusion; and 85%, 84%, and 87% for pharmacolog-
ical scintigraphy/echocardiography compared with 91%,
49%, and 70% for EBCT.36 Others give lower and more
variable sensitivity and specificities of 85% to 77% for
echocardiography, 87% to 63% for myocardial scintigraphy,
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and 84% to 44% for pharmacological treadmill testing,
depending on the number of vessels involved.37–39 Such
results are influenced by gender, age, cardiac rhythm, and
inability to exercise.

Haberl et al,40 like most investigators, reported a higher
sensitivity and specificity and less variability for EBCT. With
cut points for calcium scores of �20th, �100th, and �75th
percentile of age groups, the sensitivity for detecting stenoses
decreased to 97%, 93%, and 81%, respectively, for men and
98%, 82%, and 76% for women. Specificity increased up to
77% for both. Sensitivity and specificity are related to the cut
points for the calcium score for which there currently is no
agreement. The negative predictive value for a zero calcium
score was 99%.40 Kajinami et al41 also reported an overall
accuracy of 85% for EBCT compared with 71% for myocar-
dial scintigraphy.

Regardless of the variability of the reported data, the
ETT/myocardial perfusion tests provide a high accuracy for
predicting future myocardial events.42 Therefore, they are an
essential part of the diagnostic armamentarium. They are
performed to detect the possibility of flow-limiting lesions
(far-advanced disease) but when negative give no information
as to the presence of significant plaque burden and do not
identify patients with subclinical atherosclerosis who may be
at risk for future myocardial events, thereby alerting the
patient/and physician to vigorously pursue preventive mea-
sures. Therefore, the calcium examination should be used in
low-yield situations such as atypical chest pain to screen and
possibly reduce the number of patients subjected to invasive
procedures when the above noninvasive tests are not conclu-
sive. Intravascular ultrasound is a more accurate method for
plaque evaluation, but its usefulness in routine clinical
decision making is limited because of its invasive nature.

CAC Scoring
To be used effectively, EBCT CAC must be validated. How
accurate is it for identifying calcium? How reproducible is the
score? What variation is there between 2 scans taken several
minutes apart in the same patient? The reproducibility and
variability of the EBCT calcium score have been studied
extensively. Earlier reports have shown significant variabil-
ity, between 14% and 38%; however, these imaging algo-
rithms are no longer up to date. Previously, the limitations on
slice number, suboptimal gating, and table motion led to
higher interscan variability. Hardware for EBCT has im-
proved significantly, and there has been marked improvement
in the reproducibility of the calcium score. A recent study of
1311 asymptomatic individuals undergoing 2 scans 3 minutes
apart resulted in an average interscan variability of 15% to
17%.43 Another study using a newer protocol demonstrated a
mean interscan variability of 16% to 19% and a median
variability of 4% to 8.9% for the Agatston and volumetric
scores.44 There was also significant improvement in the
quantification of calcium score with the introduction of the
volumetric method. The inherent issue of cardiac motion will

continue to be a problem, especially for the right coronary
and left circumflex arteries.45,46 Several investigators have
suggested triggering exposure to 40% of the R-R interval and
have reported an interscan variability of 11.5%. However,
others have not found this necessary.44

Multirow detector computed tomography (MDCT) has re-
cently been introduced for CAC scoring. Investigators have
found significant interscan variability and reproducibility with
single-slice scanners at rotational speeds of 800 ms. The vari-
ability has been most marked using densities of 90 rather than
130 Hounsfield units.47 MDCT technology for CAC scoring is
improving rapidly. Initial reports were from dual and 4-slice
scanners with variabilities of 25.2% for overlapping images with
volume scoring and 45.5% for Agatston scoring.48 MDCT
scanners can image a section of the heart simultaneously with
ECG gating in either the prospective (ECG triggering) or
retrospective mode for segmented reconstruction. This allows a
gapless helical scan of the entire heart. Prospective gating
usually produces 3-mm-thick slices with a temporal resolution of
200 or 250 ms. Temporal resolution of 100 to 125 ms can be
achieved with the retrospective mode with overlapping slices but
with a marked increase in radiation dose. Now, 4-MDCT and
8-MDCT scanners are being replaced with 16-MDCT scanners.
Reconstruction algorithms have improved with retrospective
gating. Furthermore, we can expect 32- and 64-MDCT scanners
to have rotational speeds of 330 ms, which will allow temporal
resolutions of 175 or 87 ms to improve resolution and to reduce
cardiac motion.

A recent study of 32 patients demonstrated a variability of
20.4% for Agatston scoring and 13.9% for volumetric scoring
for MDCT.49 Another recent publication comparing MDCT
with EBCT shows high correlation of scores at every calcium
level and similar areas under receiver-operating characteristic
(ROC) curve.50 A more recent report of 100 patients under-
going both MDCT and EBCT shows similar sensitivity and
specificity of 98.7% and 100%, respectively. The variability
of the volume score was 20%; the mass score was 20.3%.51

There is significant discussion as to the most appropriate
scoring method, ie, Agatston, volume, and mass scores.
However, regardless of imaging technology and methods of
obtaining and measuring calcium score, the Agatston method
is the standard now and for the foreseeable future. This is
predicated on the significant available database for these
scores and outcomes data currently in use because clinicians
know the significance of a certain score using the Agatston
method. Volume scores are similar, although slightly lower,
and mass scores are significantly lower. Almost all scoring
software now gives all 3 scores simultaneously for each
subject; therefore, all are readily available.

Radiation Dose
Radiation dose for CT scanning is significant, and every
effort is being made to reduce the dose. MDCT scanning is
usually performed with prospective gating with 3-mm slice
thickness. The effective radiation dose for MDCT scoring
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was 1 to 1.5 mSv for men and 1 to 1.8 mSv for women using
100 to 140 mA and 140 kV. The equivalent dose for EBCT is
0.7 to 1.0 mSv for men and 1.3 mSv for women. These dose
rates are based on prospective triggering rather than retro-
spective triggering using thinner overlapping slice segments
that improve spatial resolution.52 To reduce radiation expo-
sure using these retrospective gating algorithms with
4-MDCT, Mahnken et al53 report an effective radiation dose
of 3.01 mSv (range, 2.5 to 4.18 mSv) for men and 4.44 mSv
(range, 3.28 to 5.88 mSv) for women. Trabold et al54 and
Flohr et al55 report dose rates for 16-MDCT that are similar to
the previous MDCT scanners. Hirota et al,56 however, report
effective dose rates with gated studies of 2.6 and 4.1 mSv
using 100 and 150 mA and 120 kV, respectively. The dose
rates for CT coronary arteriography are much higher, 9.3 and
11.3 mSv using 300 mA. Most investigators did not use
�-blockers to reduce heart rate and cardiac motion. Although
both EBCT and MDCT have inherent limitations using 100-
and 200-ms exposures, EBCT (e-speed) does image at 50 ms,
if needed, for high resolution. Reducing the heart rate from 75
to 65 bpm increases the diastolic phase from 530 to 620 ms,
whereas the systolic phase is increased only from 270 to 300
ms. Scanning at a lower heart rate would significantly reduce
the in-plane motion of the coronary arteries; however, a
significant number of patients will have heart rates �75 bpm,
which may predicate the use of retrospective gating.

Significance of CAC
Recent reports have confirmed that atherosclerosis is the only
disease associated with coronary calcification and that calcifica-
tion is intimately associated with plaque.14,18,36,56,57 CAC is an
active process seen in all stages of plaque development. It is
strongly correlated with age and increases significantly after 50
years of age. It parallels the prevalence of atherosclerotic plaque
development as demonstrated by intracoronary ultrasound,
which shows significant noncalcified plaque of 17% in 20-year-
old individuals, increasing to 85% in individuals �50 years of
age.58 The EBCT calcium score follows the same pattern of
calcification in all age groups and progresses rapidly after 50
years of age.59 There is a slight gender variation in women, with
lower scores in the early decade, but this is eliminated in the 65
to 70 years of age group.60

The correlation of plaque calcification within noncalcified
plaque as demonstrated by EBCT was established by Simons et
al57 and Rumberger et al61–63 with excellent histological studies
on randomly selected hearts quantifying CAC and total plaque
by measuring direct histological plaque area and percent luminal
stenosis. These studies demonstrated that the calcium score
correlated linearly with total plaque area and that calcified
plaque accounted for only 20% of the total plaque burden. In
addition, a calcium area 1 mm in diameter predicted mild
stenosis, whereas a calcified area of 3 mm was more likely to be
associated with significant luminal narrowing. These studies also
noted that calcium is a reflection of total plaque burden but that
the calcium score does not translate in a one-to-one fashion to

direct luminal narrowing. A study by Sangiorgi et al64 suggests
that this is related to the remodeling phenomenon reported by
Glagov et al.65 Baumgart et al63 confirmed the direct association
of CAC score with hard and soft plaque using intracoronary
ultrasound and arteriography. For plaques with and without
calcification, the sensitivity was 97% and 47% and specificity
was 80% and 75%, with an overall accuracy of 82% and 69%
respectively, thus confirming the high sensitivity for detecting
calcium and the high negative predictive value of a negative
EBCT score.63

In addition, EBCT has demonstrated its ability to quantify
atherosclerotic plaque and, by virtue of the score, measure the
severity, ie, stage of disease, in the coronary artery in direct
comparison to pathological studies, regardless of age and
gender.61,62 The scores are reproducible and interscan vari-
ability is sufficient for use in research and clinical studies.
The 4-, 8-, and 16-MDCT scanners have been shown to be
comparable with respect to quantifying the calcium score.

The most important application of the EBCT CAC exam-
ination is the high negative predictive value of a zero CAC
score. It indicates that no calcium is present. It also indicates
that there is little likelihood of significant arterial stenosis
(negative predictive value, �95% to 99%). A negative score
is consistent with a low risk for hard coronary event (0.1%
per year) or any event in the next 2 to 5 years.36,57

Although there may be controversy over the use of the
calcium score to diagnose obstructive disease, there is little
controversy in its ability to detect calcified plaque. The ability
of the CAC to estimate total plaque burden, ie, stage of
disease, is the most significant predictor for future myocardial
events.66 Therefore, the importance of the CAC score lies in
its ability to identify individuals at risk and to integrate this
information with other risk factors for risk stratification and
goal-directed prevention.

CAC as a Predictor for Future
Myocardial Events

It has long been known that CAC is related to atherosclerosis,
and individuals dying of coronary artery disease have signif-
icantly more calcification than that seen in age-matched
control subjects.67 In addition, calcification is the best indi-
cator for severity, ie, stage of the disease. It would seem
intuitive that calcification represents the sum total of insults
to the arterial wall from all risk factors. It therefore should be
an important predictor for future myocardial events and
should be compared with the standard risk factors and NCEP
guidelines. It is also known that a major portion of acute
ischemic cardiac events occur from rupture of vulnerable
plaques that are hemodynamically insignificant in asymptom-
atic individuals. Thus, it is important to evaluate the signifi-
cance of CAC as a predictor for future myocardial events.

Five recent studies have evaluated the significance of CAC
as a predictor for future myocardial events since the initial
article by Arad et al68 in 1996. These articles have been
selected for this review and include data from a total of
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17 976 subjects who were self-/physician referred and 6897
prospectively enrolled for EBCT CAC studies. The mean age
varied from 52 to 59 years; 51% to 79.45% were men, and
20.6% to 49% were women. The participants were asymp-
tomatic with no prior history of coronary artery disease. In the
self-/physician-referred group, most were 40 to 70 years of
age, with equal numbers �40 and �70 years of age. In the St
Francis Heart Study (SFHS), the mean age was 53�11 years;
in the South Bay Heart Watch Study (SBHW), the mean age
was �45 years, and most had at least 1 abnormal risk factor
that would place them in the intermediate- to high-risk
category for Framingham Risk Score (FRS)/NCEP ATP II
guidelines (�10% estimated 8- to 10-year risk for developing
coronary heart disease [CHD]). On evaluation, the conven-
tional risk factors were reported to be in the range of 45% for
hypertension, 10% for diabetes, 60% for hypercholesterol-
emia, and 40% for smoking. The mean follow-up was 32�7
to 51�9 months in the self-/physician-referred group and 4.3
and 8.5 years for the SFHS and the SBHW groups, respectively.

The first publication to assess the potential predictive value
of CAC for future myocardial events was an analysis of 1173
in a 19-month follow-up that reported sensitivities of 89%,
89%, and 50% (inadequate number of subjects) and specific-
ities of 77%, 82%, and 95% for calcium scores of 100, 160,
and 680, respectively. Odds ratios (ORs) ranged from 20.0 to
35.4 (P�0.00001 for hard and soft events). The ROC curve
analyses comparing the NCEP II guidelines to EBCT scores
were 0.74 and 0.91, respectively, indicating the possible
significance of the EBCT CAC score as a significant predic-
tor.68 A recent article from the same investigators reported on
a 3.6-year follow-up of 1172 patients with a 99% response
rate. CAC scores remained independently associated with
outcomes of hard and soft cardiac events after adjustment for
self-reported standard risk factors. The areas under the ROC
curve were 0.84 and 0.86 for the prediction of all coronary
events and nonfatal MIs and death, respectively, and CAC
scores �160 and �160 were associated with an OR of 15.8
and 22.2, respectively. Hard coronary events progressed with
increasing CAC scores (P�0.0001).69 Raggi et al70 compared
a group of 172 patients who had EBCT imaging within 60
days of an unheralded MI with 632 self-/physician-referred
asymptomatic patients with a 32�7-month follow-up. The
groups’ demographics, including age and calcium scores,
were similar. The annualized event ranged from 0.09 to 1.05
(12-fold difference) between the lowest and highest quartiles
in patients identified by conventional risk factors and 0.045 to
2.7 (59-fold difference) when grouping was done according
to CAC quartiles, indicating that although standard risk
factors are important, CAC percentiles are substantially more
important for identifying patients at risk.70 In a previous
study, these same authors, analyzing 676 patients and using
10 122 asymptomatic patients as control subjects, demon-
strated that CAC score percentiles were a significant predic-
tor for coronary events and incrementally added to the
prognostic value of traditional risk factors for CAD

(P�0.001). Area under the ROC curves for hard events, when
added to conventional risk factors, was significantly larger
than conventional risk factors alone as predictors (0.84 versus
0.71; P�0.001). The area under the curve using CAC score
percentiles alone was significantly greater than conventional
risk factors (0.82 versus 0.71; P�0.028). The authors con-
clude that age- and sex-specific CAC score percentiles
provide the best predictive model and add incremental pre-
dictive information to conventional risk factors.71

Kondos et al72 reported on a group of 5635 asymptomatic
patients (64% response). The mean age was 59�9 years, with
a follow-up of 37�13 months. The prevalence of CAD risk
factors was less than reported in the National Health and
Nutrition Survey (NHANES) and Atherosclerosis Risk in
Communities (ARIC) except for hypercholesterolemia, which
was higher. Using univariate and multivariate analysis com-
paring those with and without events demonstrated that
increasing age, smoking, diabetes, and hypertension were all
significant (P�0.001). The probability value was not signif-
icant for individuals with or without hypercholesterolemia.
Patients with CAC scores in the first quartile (1.0–3.8) had a
relative risk (RR) of 1.76 (95% CI, 0.39 to 7.88) compared
with those in the top quartile with scores �170 (RR, 7.24;
95% CI, 2.01 to 26.15) of developing a hard coronary event
compared with those without CAC. In another large study of
10 377 self-/physician-referred patients, the authors demon-
strated that the 5-year risk-adjusted survival was 99.0% for a
CAC score �10 and 95.0% for those with CAC scores
�1000 (P�0.001).73 The area under the ROC curve of 0.72
for conventional risk factors increased to 0.78 when CAC
scores were added to the model (P�0.001). Wong et al74 has
also reported on 926 asymptomatic individuals with mean age
of 54 years who were followed up for 3.3 years. After
adjustment for age, gender, and other risk factors the RR
(CAC score of 81 to 270 and �270 compared with 0) for hard
coronary events was 4.5 (P�0.05) and 8.8 for soft events
(P�0.001).

To date, there have been 3 prospective study reports: 2
from the SBHW that focused on different analyses and 1 from
the SFHS. Guerci et al75 reports a prospective study of 5585
subjects of approximately the same age (59�5 years) that
followed baseline CAC scores and FRS with a 4.3-year
follow-up at SFHS. A score of �100 predicted all cardiovas-
cular events, all coronary events, nonfatal MI, and coronary
deaths with an RR of 9.5 to 10.7 at 4.3 years compared with
a score of �100. The area under the ROC curve for was 0.71
and 0.81 for CAC scores.75

The SBHW study began in 1990 as a prospective study to
determine the prognostic accuracy of cardiac fluoroscopy in
1461 asymptomatic patients �45 years of age with at least 1
abnormal risk factor (�10% estimated risk for developing
CHD by early Framingham risk equation) selected from a
community mailing campaign. Beginning in 1992, the inves-
tigators began using EBCT. An early report by Secci et al,76

who selected 326 of 462 original study participants, noted
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after a follow-up of only 2.7 years that the prediction of
nonfatal MI and death based on the calcium score did not
reach statistical significance (OR, 3.1; P�0.07).76 Detrano et
al77 later reported on the same SBHW group of 1196
asymptomatic high-coronary-risk subjects with a mean age of
66 years. The ROC curves from the Framingham model, their
own data-derived risk model, and the CAC score were
0.69�0.05, 0.68�0.05, and 0.64�0.05, respectively
(P�NS), demonstrating that the EBCT, although no better a
predictor than FRS, nevertheless was equal to the sum of all
risk factors in predicting cardiac events. This report was a
major factor for the final report from the ACC/AHA consen-
sus document largely because of the incomplete repre-
sentation of the data.36 The ACC/AHA panel neglected to
mention that the Detrano group also did not find the Framing-
ham risk model to be a significant predictor. A more recent
study by Park et al,78 also from SBHW, selected 967 subjects
from the 1461 participants and conducted a Cox regression
analysis with C-reactive protein �10 mg/L to estimate the
risk-factor–adjusted RRs of CAC and C-reactive protein for
occurrence of hard and soft coronary events. CAC was a
predictor for MI/coronary death (P�0.005) and any cardio-
vascular event (P�0.0001); C-reactive protein was a predic-
tor of any cardiovascular event (P�0.003).78 Risk group
analyses showed that the risk increased with increasing CAC
and C-reactive protein combined (P�0.003 for MI/coronary
death and P�0.001 for any cardiovascular event). Greenland
et al,79 also from the SBHW group, reported on 1312 subjects
in a long-term follow-up with a median of 7 years. Excluded
from the original 1461 participants were 269 with diabetes
and 14 with missing data or coronary events before the CAC
was performed. Compared with a CAC score of 0, a CAC
score of �300 was predictive (hazard ratio, 3.9; P�0.001).
Across all FRS categories, CAC was predictive of risk among
patients with an FRS �10% (P�0.001) but not �10%. The
ROC curves for FRS alone were 0.63 and 0.68 for FRS plus
CAC score, demonstrating the importance of incorporating
the CAC with conventional risk factors. Except for the early
studies of the SBHW, all prognostic studies using EBCT have
demonstrated independent and incremental value compared
with FRS analysis for predicting future cardiac events.

CAC in Clinical Studies
The scientific basis for CAC examination has been validated,
and the scanning technology has undergone intense evalua-
tion. The reproducibility and interscan variability have im-
proved sufficiently to be used in clinical studies for further
evaluation of its usefulness. To this end, there are several
specific clinical uses of importance with associated publica-
tions that should be reviewed.

First, the CAC score can be followed to document the
change over time to compare the rate of progression/stabili-
zation/regression to correlate the score with hard and soft
coronary events as it relates to strict risk factor modification
similar to the studies of Nissen80 with intracoronary ultra-

sound. Janowitz et al81 first reported a pilot study of a small
group of patients by angiography with obstructive disease
who showed a 48% increase in CAC scores compared with a
22% increase in score for those without obstructive disease.
Budoff and Raggi82 reported on 1178 patients from 9 inves-
tigations in a meta-analysis. The studies show rates of
progression with variation between 18% and 44%.82

Other investigators have extended this concept of tracking the
calcium score after statin therapy. Callister et al83 found the
calcium score to increase in those individuals not treated with
statin therapy and observed a significant reduction in the calcium
score in those treated with statin therapy and whose final LDL
cholesterol levels decreased to �120 mg/dL.83 Even individuals
treated less aggressively demonstrated an increase in volume
score significantly lower than those who were untreated. Budoff
et al,84 in a similar observational study, showed that hypercho-
lesterolemic patients on statin therapy had an annual rate of
progression in their calcium score of 15% compared with a 39%
increase in the nontreated group. This represents a 61% reduc-
tion in progression with statin therapy (P�0.001).

So does the progression of the calcium score, ie, athero-
sclerosis, translate into hard coronary events? Studies of
patient outcomes observed over time for evidence of coronary
calcium progression have been reported. In a retrospective
study of 817 asymptomatic patients who were followed up for
2.2�1.3 years, the mean absolute and percentage CAC
volume scores from those with MI were 147�152% and
47�50%, respectively, compared with 63�128% and
26�32% (P�0.001, P�0.01) for those without coronary
events.85 In another study, 225 moderate- to high-risk asymp-
tomatic subjects with calcium scores �20 were followed up
for 1 to 7 years. The annual event rate for patients who
demonstrated coronary calcium score progression �35% per
year showed a relative risk of a coronary event of �17.7
compared with those whose calcium scores progressed �20%
per year. The only other independent predictor was age.
Hypertension, diabetes, cholesterol, tobacco use, family his-
tory, coronary artery disease, and gender failed to predict
events.86 Thus, progression of coronary artery atherosclerosis
can be observed noninvasively by monitoring the progression
of the calcium score. It also gives the clinician a method to
measure the effectiveness of therapy and to allow better assess-
ment of the process associated with progressive disease.

Second, the NCEP II guidelines have been used to identify
patients with subclinical atherosclerosis at high or low risk
for future myocardial events. One of the most important
benefits of the CAC score is identifying early asymptomatic
disease with or without calcium because the negative predic-
tive value is �99%. A recent study to determine the relation-
ship between NCEP ATP II guidelines and EBCT for
treatment of asymptomatic atherosclerosis involved 304
asymptomatic women who had EBCT evaluation and were
classified as NCEP high and low risk according to LDL levels
and EBCT positive or negative according to the presence or
absence of calcified plaque. Forty-two percent (n�227) were
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EBCT positive and 58% were EBCT negative (0 score).
Women who were EBCT positive had higher cholesterol and
triglyceride levels than EBCT-negative women. However,
NCEP-higher-risk women made up 53.5% of the EBCT-
positive group and 37.7% of the EBCT-negative group;
46.5% of the NCEP-lower-risk group were EBCT positive
and 62.3% were EBCT negative. Using NCEP guidelines,
46.5% (n�59) of the EBCT-positive patients would not have
received therapy, and 37.7% (n �66) in the EBCT-negative
group would have had unnecessary statin therapy. Thus, only
58.9% of the study population would have been appropriately
identified by NCEP guidelines. There was no difference
between groups when age was eliminated from the Framing-
ham risk calculation. Further studies of this type are needed to
determine whether CAC scoring can truly help in triaging
those patients at risk for future events and to decide whether
individuals should have calcium scoring before being placed
on statin therapy.87 This study also indicates the possible
benefit of incorporating the CAC score with the FRS, as
demonstrated by Greenland et al.79

There is a possible cost-saving benefit for using EBCT in
the workup of patients with new-onset chest pain in the
category of low or intermediate pretest probability. Physi-
cians are frequently faced with the task of evaluating patients
with new-onset chest pain of questionable significance with
low or intermediate pretest probability. The standard workup
is the ETT. The ETT is known for its low sensitivity,
specificity, and accuracy.37,38,88 Patients may also undergo
myocardial perfusion imaging, which adds significantly to the
diagnostic and prognostic accuracy of ETT but adds signifi-
cantly to the cost of the diagnostic workup because myocar-
dial perfusion imaging costs more than ETT and CAC
imaging combined. To approach this problem, Rumberger et
al89 studied an assimilated prototype ambulatory patient
population model with a cut point for the EBCT calcium
score of 168 to achieve a sensitivity and specificity of 71%
and 90%, respectively, for �50% obstructive coronary artery
disease. Their total direct testing costs increased in proportion
to disease prevalence. The cost based directly on patients
correctly diagnosed decreased as a function of disease prev-
alence. The cut point for a calcium score of 80 was also cost
effective with a disease prevalence of 70%.89 A more recent
study published in 2000 used a cut point for the EBCT CAC
score of 150 for a sensitivity of 79% and specificity of 89%
for the prevalence of obstructive disease using a Bayesian
cost model in a prospective group of low- to moderate-risk
patients. The authors, using actual patient data and cost
reimbursement rates for EBCT and ETT as initial testing,
demonstrated a cost savings of 44% and 15% when disease
prevalence was 0% and 100%, respectively. The authors
agree that although the EBCT CAC does not give the
prognostic information for a positive MPI test, this is bal-
anced by the number of EBCT-positive patients below a score
of 150 who could then implement strict risk factor modifica-
tion to prevent progression to myocardial events.90

Conclusions
Atherosclerosis is an indolent long-term, mostly preventable
disease with significant plaque formation in the early years. The
prevalence of the disease with significant plaque formation is
17%, 37%, 60%, 71%, and 85% in the second through sixth
decades of life. These data are in parallel with the development
of calcification in the coronary arteries from large databases and
the incidence of hard (nonfatal MI, death) and soft cardiovascu-
lar events. Atherosclerotic cardiovascular disease accounts for
38.5% of all deaths in the United States. This is in contrast to
15% of all deaths from tuberculosis in 1930, when a large
screening effort was instituted whereby individuals could stop at
a screening van on the street for a chest x-ray.5 For those who die
from CHD, 84.7% are �65 years of age. Eighty percent of CHD
mortality in individuals �65 years of age occurs during the first
attack, and 57% of men and 64% of women who die suddenly
of CHD have had no previous symptoms.27,28 In addition, the
cost is $368.4 billion (more than one third of the total US
healthcare costs) for treating this end-stage disease when pre-
mature death can be prevented with risk factor modification. The
current method of predicting these events comes from the
excellent studies that have evolved from the Framingham Heart
Study’s identification of risk factors and include age, hyperten-
sion, hypercholesterolemia, smoking, diabetes, obesity, and
family history. The FRS is the reference standard for comparing
any test that may be helpful for increasing risk prediction that may
lead to treatments to prevent progression, ie, to reduce cardiovas-
cular events and premature death.

The current controversy questions whether CAC should be
used as an additional predictor for future coronary events.
The answer is yes for the following reasons. The scientific
basis for the examination has been validated. The technology
has reached the point where the CAC score is accurate and
reproducible, the interscan variability is acceptable by either
EBCT or MDCT, and the examination can be performed
throughout the country. The examination is not operator
dependent and has a very high negative predictive value. It is
the only noninvasive method to estimate total plaque burden,
which is the most important predictor for future cardiac
events. The real nexus of the controversy is how important
are the data derived from patient/physician referral and
prospective enrollment such as the SBHW/SFHS in contrast
to the methods used to derive the FRS, ie, prospective
randomized studies. After analyzing the data from 5 reports
involving self-/physician-referred, SBHW, and SFHS sub-
jects, one must conclude that there is very little difference in
the data. The area under the ROC curves in all publications
varies from 0.6 to 0.74 for FRS (NCEP II) and from 0.84 to
0.91 for CAC score cut points in the highest tertile or quartile
scores. The incidence of hard and soft coronary events
increases with increasing CAC score. In the most recent
publication from SBHW, the areas under the ROC curve were
0.63 for FRS and 0.68 for FRS plus CAC. Both FRS and
CAC in a graded fashion were independent predictors in all
FRS categories �10% but not �10%. In addition, these
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findings demonstrate that the CAC score adds to coronary
event prediction over and above that predicted by FRS. This
report is also the longest reported (8.5 years) follow-up;
however, the significance of the 5 (self-/physician-referred)
reports cannot be discounted. The SBHW, although a pro-
spective study, selected intermediate- to high-risk subjects.77

Therefore, the selection bias is such that there would be very
little difference in risk from the beginning and the difference
in any risk factor, ie, CAC scores and FRS, may be small. In
addition, any difference would become obvious only with
long-term follow-up as demonstrated. This is probably the
reason why the first report showed no difference in predict-
ability of either the FRS and the CAC score and longer
follow-up uncovered this significance. In addition, the au-
thors used 6-mm slices, which resulted in undersampling the
volume, lowering all scores, especially in the lower percen-
tile, and possibly reducing the low scores to zero.

The patient selection for the self-/physician referrals may include
individuals with a variable number of risks, thereby accentuating the
differences at an earlier stage. However, one cannot discount the
incidence of disease in the population regardless of selection. Any
population study selecting patients �45 years of age would have an
incidence of significant atherosclerosis of 71% to 85% and a
majority in the high-risk group from the outset, as evidenced by the
demographics of disease prevalence and cardiovascular events
reported in these age groups.

With respect to selection in a prospective random versus
prospective selection, it would be interesting to analyze the
Framingham study data from the original group. That selec-
tion was from community volunteers who were not random-
ized versus those who were later randomly recruited. One
would expect that a larger number of low-risk individuals
would be included in the nonrandom group, that initially the
incidence of cardiovascular events would be less in this
group, but that later both the incidence of disease and the
event rate would be the same. It is not the purpose of this
communication to discuss how a prospective random study
should be done and if it is ethical to perform one. However,
it is mentioned to highlight the problem of constructing a
prospective randomized study when the disease prevalence is
the same relative to the age group and to ask whether the
expected outcome would be different from the data collected
from the self/physician/prospective studies reviewed.

Regardless, the introduction of the CAC test is no different from
the lifecycle of any new test such as the chest x-ray that had been
viewed as a disruptive technology from any industry.91 Almost all
leading physicians and established professionals other than those
performing the new test will initially oppose it, viewing it as useless;
however, the emergent disruptive technology eventually emerges
above the performance trajectory line when significant benefit is
demonstrated. The disruptive technology nearly always wins, as in
the case of the chest x-ray, when superior results are validated. The
reason the self-/physician-referred centers flourish is that the highly
educated and motivated patients see the benefit of knowing whether
they have significant disease and what they (not their doctor) should

do about it. They do not want to wait until they have angina
(far-advanced heart disease) to know. It is imperative that we take a
proactive integrated approach to earlier coronary risk assessment.

The conclusion from this review is that the CAC score should
be (1) added to/integrated with the FRS in the intermediate- and
high-risk groups as suggested by Greenland et al79 and should be
used as a guide for therapy in addition to correction of other risk
factors such as changes in lifestyle, diet, weight reduction, and
exercise; (2) incorporated into treatment evaluation (statin ther-
apy) by following the CAC score over time to evaluate its
significance as a predictor for future cardiac events as it relates
to progression, regression, or stabilization; (3) included in the
decision tree for ETT to screen those patients with a low test
probability and to reduce invasive testing and thereby reduce
costs; and (4) used to evaluate the significance of the CAC
versus the FRS. Are all subjects with high-risk FRS truly at risk,
and how does this relate to the CAC score? It is well known that
the FRS does not predict all future myocardial events and the
NCEP ATP II guidelines were, by today’s standard, deficient by
evidence of the change in cut points for total and LDL choles-
terol levels in the ATP III guidelines. What cut points should be
used for total cholesterol, LDL, and triglycerides? Likewise, are
patients with any calcium score at high risk, and if not, what
score level (cut points for CAC score) should be considered high
risk? Rumberger et al92 demonstrated that calcium score cut
points can be associated with severity of disease and reported
ranges in sensitivity and specificity for luminal stenosis varying
from �20% to 100% associated with specific calcium scores.
The next question is also 2-fold: Are the current guidelines from
the databases sufficient to recommend statin therapy when the
CAC score is above the 75th percentile, or should they be
recommended above the 50th percentile?

I recognize that these are thorny issues but am hopeful that
the medical establishment can unite to reconcile differences
and promote an inclusive approach to heart disease that
recognizes the preventable nature of the most important
health problem facing the nation.
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Screening for Coronary Artery Disease With Electron-Beam
Computed Tomography Is Not Useful
Jersey Chen, MD, MPH; Harlan M. Krumholz, MD, SM

Electron-beam CT (EBCT) is an emerging technology
for the detection of coronary artery calcifications and
the assessment of cardiovascular risk. Although the

utility of EBCT remains controversial, its use has increased
markedly, with an estimated 300 000 scans performed annu-
ally in the United States.1 The rationale for EBCT is that
traditional risk factor analysis fails to detect many patients
who will suffer a cardiovascular event, necessitating better
methods of risk stratification.2 Although technological inno-
vation in EBCT imaging is progressing, the state of the
evidence supporting its use in screening is lagging.

Before commencing on routine EBCT screening of asymp-
tomatic patients, there are several questions to be carefully
considered. Does EBCT accurately and reproducibly measure
coronary calcium? Second, does EBCT improve on existing
methods of predicting coronary artery disease (CAD) events?
Most importantly, does EBCT screening reduce mortality,
improve quality of life, or lower costs without subjecting
patients to unnecessary risks? On the basis of the current
medical literature, the technology falls short in these areas.

EBCT for the Detection and Quantification of
Coronary Artery Calcium

Until recently, the ability to assess accurately the amount of
coronary artery calcification was limited by cardiac motion.
EBCT is a novel technology in which the generation of an
electron beam against stationary tungsten targets, combined with
ECG gating, yields very rapid tomographic images of the heart.
Computer software then quantifies the amount of calcium within
the coronary arteries and calculates a coronary artery calcium
score.3 Although modern multidetector CT scanners can now
calculate calcium scores,4,5 most published clinical assessments
of coronary calcium scores were conducted with EBCT.

The pathophysiology and clinical significance of coronary
artery calcification have been the subject of extensive scientific

study.6,7 Calcification is a feature of several advanced types of
atherosclerotic lesions that cause symptoms of ischemic heart
disease or adverse cardiac events.8,9 One histopathological study
examined 13 autopsy hearts and found that coronary artery
calcification on EBCT had a sensitivity and specificity of 59%
and 90%, respectively, and a positive and negative predictive
value of 87% and 65%, respectively for the presence of ather-
omatous lesions.10 The low sensitivity and negative predictive
value, however, indicate that CAD is often present without
detectable coronary calcium. A histopathological study11 also
found a variable degree of calcification in atherosclerotic lesions,
with some diffusely diseased coronary arterial segments with no
coronary calcium present. Another study by Rumberger et al12

examined 38 coronary arteries from 13 autopsy hearts that were
dissected and scanned with EBCT. The sums of histological
plaque areas and the whole-coronary-system calcium by EBCT
were correlated, but the EBCT calcium area represented only
about one fifth the total histological atherosclerotic plaque area.
Hence, EBCT calcium score is an imperfect measure of total
atherosclerotic burden.

However, the importance of coronary calcium with respect
to cardiac events is now questioned. The underlying assump-
tions of EBCT are challenged by the new, emerging under-
standing of CAD risk that is based not on the presence of
angiographic stenoses but instead on the presence of vulner-
able plaques. The vulnerable plaque that leads to acute
coronary syndromes consists primarily of a soft lipid core
with a thin fibrous cap rather than calcium, and it is not
necessarily obstructive.13 Although calcium often is found in
ruptured plaques, the presence or absence of calcium does not
reliably discriminate between unstable and stable plaques.9,14

As a result, the calcium score is an imperfect measure of total
atherosclerotic burden, which itself is an imperfect measure
of vulnerable plaque and clinical CAD events.

There are technical concerns with EBCT as an emerging
technology. For example, reproducibility is an important crite-
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rion for a diagnostic test.15 However, EBCT is subject to
considerable interscan variability. For example, a study of 1000
patients found that the mean percentage difference in calcium
scores between 2 consecutive EBCT scans was 28% for women
and 43% for men with the Agatston method.16 Another study of
298 patients found a mean interscan variability of 21.6% with an
absolute difference in calcium score between 2 consecutive
scans of 44.1 (SD, 95.6); patients with lower calcium scores had
higher interscan variability.17 Technical innovations to improve
the reproducibility of calcium score include the use of volumet-
ric scoring techniques18,19 or modifying the ECG triggering
method.20,21 Although there may be progress towards reducing
interexamination variability, EBCT image acquisition and re-
construction methods still need to be standardized to establish
results that are fully comparable across scanners and patients.22

Do Calcium Scores Correlate With
Angiographic Stenoses?

Two meta-analyses have examined the relationship between
calcium scores and lesions on coronary angiography. The first
review was conducted as part of the 2000 American College
of Cardiology/American Heart Association (ACC/AHA) Ex-
pert Consensus Document on EBCT for the Diagnosis and
Prognosis of CAD.23 After 16 studies of 3683 patients
without known CAD who underwent cardiac catheterization
were analyzed, the pooled estimates of sensitivity and spec-
ificity for angiographic lesions were 90.5% and 49.2%,
respectively. However, the definition of “clinically signifi-
cant” CAD varied across studies, ranging from luminal
irregularities in 2 studies to �50% stenosis in 11 studies to
�70% or �75% stenosis in 3 studies. Similarly, the defini-
tion of an abnormal EBCT also varied, with 8 studies using a
calcium score �0, 7 studies using a score from 0 to 5, and 1
study using a score �100. Another meta-analysis by
Nallamothu et al24 examined 9 studies of 1662 patients and
found estimates of sensitivity and specificity of 92.3% and
51.2%, respectively. In this meta-analysis, the definition of a
significant lesion was similar across studies (�50% stenosis

in 8 studies and �75% using densitometry in 1 study);
however, there was more variation in defining the area of
calcification that represented an abnormal result, ranging
from 0.5 to 2 mm2 of increased density.

It is important to note that studies of EBCT using a gold
standard of coronary angiography are limited. As discussed,
vulnerable plaques that lead to CAD events are not necessarily
obstructive.13 In addition, not all patients with angiographic
plaques are destined to suffer from cardiac events in their
lifetime. The latter concept is known as “pseudodisease”—a
preclinical lesion exists but does not progress during a patient’s
lifetime or a preclinical lesion progresses so slowly that the
patient dies of other conditions before symptoms occur.25 De-
tection of pseudodisease will not change patient outcomes.

Second, these studies are limited in generalizability to a
screening population because they examined subjects who had a
high enough degree of suspicion for CAD that cardiac catheter-
ization was performed. Because these patients do not represent a
population-based sample of screening candidates, the resulting
sensitivity and specificity may be less generalizable to asymp-
tomatic subjects. Selecting an appropriate study population is
important when evaluating the accuracy of a diagnostic test to
avoid spectrum bias, a phenomenon that occurs when a diag-
nostic test performs differently in different groups of patients.26

How does EBCT compare with other modalities that assess
for the presence of clinically significant obstructive coronary
stenoses? Table 1 lists estimates of sensitivity and specificity
of the major forms of stress testing for angiographically
apparent CAD from the ACC/AHA Expert Consensus Doc-
ument.23 In a meta-analysis of 147 studies of standard exercise
ECG testing, Gianrossi et al27 reported ECG testing to have a
sensitivity of 68% and a specificity of 77% for angiographic CAD.
When restricted to patients without prior myocardial infarction, an
analysis of 41 studies demonstrated a sensitivity of 67% and
specificity of 74% for ECG stress testing.23 Adding imaging
improves sensitivity for exercise echocardiography (sensitivity,
85%; specificity, 79%) and SPECT imaging (sensitivity, 89%;
specificity, 80%) for angiographic CAD.23 Overall the sensitivity of

TABLE 1. Sensitivity and Specificity of Stress Testing and EBCT for
Angiographic CAD

Type of Stress Testing
Studies,

n
Patients,

n
Sensitivity,

%
Specificity,

%

Meta-analysis of standard stress ECG testing 147 24 047 68 77

Excluding MI patients 41 11 691 67 74

Perfusion scintigraphy 2 28 751 89 80

Exercise echocardiography 58 5000 85 79

Nonexercise stress tests

Pharmacological stress scintigraphy 11 �1000 85 91

Dobutamine echocardiography 5 �1000 88 84

EBCT (from O’Rourke et al23) 16 3683 91 49

EBCT (from Nallamothu et al24) 9 1662 92 51

Adapted from O’Rourke et al.23
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EBCT for angiographic CAD appears comparable to or slightly
higher than exercise echocardiography or SPECT, whereas the
specificity of EBCT for angiographic CAD appears lower. How-
ever, it is important to note that exercise testing is a functional study
that offers additional prognostic information beyond whether CAD
is likely present; eg, exercise capacity28 and heart rate recovery29

have been shown to be significant predictors of mortality. In
contrast, EBCT is strictly an anatomic test that is unable to provide
prognostic physiological measures of fitness.

Does EBCT Improve Prediction of
Clinical Outcomes?

The most important question for clinicians is whether calcium
scores predict CAD outcomes beyond what is already known
from information that is readily available for most patients. That
is, does EBCT improve on our ability to predict clinical events
beyond existing methods of CAD risk stratification such as the
Framingham Risk Score (FRS)30 in the United States or the
Systemic Coronary Risk Evaluation System31 in Europe? Be-
cause calcium scores and traditional risk factors are correlated,32

the information from EBCT may be redundant.
Ten studies that examined calcium scores and clinical out-

comes in asymptomatic patients are summarized in Table 2.
A meta-analysis by Pletcher et al37 calculated pooled

estimates from 4 studies of 3970 patients with 100 hard
events of MI or CAD deaths. The authors extracted the results
from the multivariate analysis in each individual study that
controlled for traditional risk factors, standardized results into

ORs for risk of MI or CAD death, and then calculated a
summary estimate. Compared with patients with a calcium
score of 0, patients with a calcium score from 1 to 100 had a
higher risk for CAD events (OR, 2.1; 95% CI, 1.6 to 2.9).
Calcium scores of 101 to 400 (OR, 5.4; 95% CI, 2.2 to 13)
and �400 (OR, 10; 95% CI, 3.1 to 34) also had higher event
rates, although CIs were wide.

Although individual studies33,34,38–41,88–90 appear to sug-
gest a correlation between calcium score and CAD events
independent of traditional risk factors, we must be aware of
several issues with these studies with respect to generaliz-
ability and methodological limitations in study design.

1. Study Cohorts Have Limited Generalizability
The cohorts of prior studies were limited in their generaliz-
ability to a screening population. Only 3 cohorts were based
on population sampling methods.42,88,89 The cohorts of other
studies were convenience samples of patients who underwent
EBCT, many of whom were self-referred and not necessarily
representative of the general population. To avoid spectrum
bias, the operating characteristics of a diagnostic test should
be examined in an appropriately broad population of candi-
dates for screening.26

One limitation of prior studies has been that they have
enrolled predominantly male and white subjects. It is unclear
whether EBCT has equivalent prognostic performance in
women as in men. One study found that coronary calcium
was significantly associated with death or MI for the 3065

TABLE 2. Studies of EBCT and CAD Events in Asymptomatic Patients

Study
Subjects,

n
Mean�SD

Age, y
Male,

%
Nonwhite,

%
Follow-Up,
mo (%)* Events

Annual Event
Rate† (Nonfatal

MI and CAD
Death), %

Coronary Artery Calcium

Risk FactorsDefinition Prevalence

Arad et al33

(follow-up of
Arad et al87)

1172 53�11 71 5 43 (99.6) CAD death, 3; MI, 15;
Revasc, 21

0.4 �0 �50% from
Arad et al87

Pt reported

Detrano et al36 1196 66�8 89 12 41 (99) CAD death, 17; MI, 29;
Revasc, 42

1.1 �0 �67 Measured

Wong et al34 926 54�10 79 NR (61) Death, 0; MI, 6; CVA, 2;
Revasc, 20

0.2 �0 57 Pt reported

Raggi et al41

(follow-up of
Raggi et al35)

676 52�10 51 NR 32(NR) CAD death, 9; MI, 21 1.7 �0 53 Pt reported

Kondros et al38 5635 50�9 74 5 37 (64) CAD death, 21; MI, 37;
Revasc, 66

0.3 �0 74 men,
51 women

Pt reported

Shaw et al39 10 377 53�0.10 60 NR 60 (100) All-cause death, 249 0.5
(All-cause

death)

�11 43 Pt reported

Greenland et al40

(subset of
Detrano et al36)

1029 66�8 90 15 76 (87.5) CAD death, 16; MI, 68 0.7 �100 50 Measured

Vliegenhart et al88 1795 71�6 43 NR 40 (99) CAD death or MI, 40;
Revasc, 11; CVA, 38

0.2 �0 63 Pt report and
measured

Arad et al89 4903 59�6 65 12% 52 (94) CAD death or MI, 40;
Revasc, 59; CVA, 7

0.2 �0 49 Pt reported

LaMonte et al90 10 746 54�10 64 �3% 42 (67) CAD death, 19; MI, 62;
Revasc, 206

0.7 �100 50 Measured

Adapted from Pletcher et al.37

*Average follow-up: duration (rate).
†Annual event rate: events/person-year.
NR indicates not reported; Revasc, revascularization; Pt, patient; and CVA, cerebral vascular accident.
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men studied (RR, 3.86; 95% CI, 1.17 to 12.70) but not for the
751 women (RR, 1.53; 95% CI, 0.23 to 10.09),38 although
this study probably was underpowered to find a clinically
important effect in women.43 In LaMonte et al,90 men in the
top tertile of calcium score had an adjusted relative risk of
61.7 for CAD death, MI, or revascularization compared with
men with a calcium score of zero; however, women in the top
tertile of calcium score had a much smaller increase with an
adjusted relative risk of 6.2 compared with women with a
calcium score of zero. On the other hand, the meta-analysis
by Pletcher et al37 suggested a trend that studies with more
female subjects had higher estimates of RR between calcium
and CAD events, although an interaction was not specifically
tested. Another study reanalyzing the data of Shaw et al39

reported a significant interaction between coronary calcifica-
tion and female gender on all-cause mortality (RR, 1.68;
P�0.0001)44; the authors hypothesize that one reason why
women may be at higher risk for death than men with the
same calcium score is that women have smaller coronary
arteries than men as determined by intravascular ultrasound,
independently of body size.45

There is a paucity of data on nonwhite patients; the highest
proportion of nonwhite patients reported was 15.1% (4.5%
black).40 Black patients with prior history of MI have less
coronary calcium on EBCT46 than white patients. In the South
Bay Heart Watch cohort, coronary calcium seen on digital
subtraction fluoroscopy was present in 59.9% of white
subjects but only 35.5% of black subjects, yet more black
subjects (23.7%) suffered cardiac events than white subjects
(14.8%) after 70 months of follow-up.47

Another variation of spectrum bias occurs when pertinent
subgroups are not analyzed separately.15 For example, differ-
ences in test performance for diabetic and nondiabetic sub-
jects may be important for EBCT screening. Suppose (as
discussed in more detail below) that only nondiabetic patients
were offered EBCT screening, because diabetic patients
would receive primary prevention with aspirin and a statin as
CAD equivalents regardless of additional testing. Although
studies are conflicting as to whether calcium scores are
more48 or less49 predictive of CAD events for diabetics
compared with nondiabetics, the mere existence of a differ-
ence would nevertheless lead studies that included diabetic
patients to inaccurately assess the true predictive ability of
EBCT for nondiabetics. Yet, all studies of EBCT but one40

analyzed diabetic and nondiabetic patients collectively, mak-
ing their results less valid for a screening population consist-
ing of only nondiabetic subjects.

2. There Were Multiple Methodological
Limitations in Study Design
Prior studies of EBCT and outcome are also subject to a
number of important methodological limitations. First, there
is considerable heterogeneity in outcomes across studies
because not all used hard end points of CAD death or MI.
Two studies considered revascularization as a primary out-

come along with CAD death and MI because of low rates of
hard end points.33,34 Use of revascularization as an outcome is
problematic because a positive test itself often determines
who undergoes these procedures, increasing the potential for
work-up bias.15,23 For example, knowledge of high calcium
scores may have prompted patients to seek aggressive
workup of stress testing and cardiac catheterization, which
led to revascularization in the absence of symptoms. Another
study did not examine the usual hard outcomes of CAD death
or MI; instead it used all-cause mortality39 Ascertainment of
death also varied; medical records were commonly used, but
in two studies39,90 death was ascertained by a mortality
database) with sensitivity for death ranging between 87.0%
and 97.9% depending on search strategy.50

Second, not all studies had blinded adjudication of out-
comes. As such, there is the possibility that knowledge of
previous calcium score would bias determination of outcome.
In subgroup analyses in the meta-analysis by Pletcher et al,37

the 2 studies without blinded outcome adjudication33,41 were
more likely to report higher RRs for increasing calcium score,
which is consistent with the expected direction of potential
bias.

Third, relying on patients to self-report risk factors may
result in biased estimates of the relationship between calcium
scores and outcomes. For example, in 2 studies,38,41 there was
a surprising lack of correlation between several traditional
risk factors and CAD events, which may be a consequence of
misclassification by patient self-report. Dilution of these risk
factors would overestimate the relationship between calcium
scores and CAD events. Studies that obtained risk factors by
patient history were more likely to report higher RRs for
calcium score and outcomes, which is consistent with possi-
ble misclassification bias.37

Fourth, differences in EBCT protocols may also affect
estimates of RR. For example, the most common EBCT slice
thickness was 3 mm, whereas studies from the South Bay
Heart Watch36,40 used 6-mm slices. Although 6-mm slices
have been reported to predict death and MI similarly to 3-mm
slices,51 6-mm slices were less predictive of revasculariza-
tion,51 and thicker scan slices yielded less accurate assess-
ments of calcium in EBCT studies using phantom targets.52

Lastly, lack of follow-up introduces potential bias. For
example, it is possible that data on patients who suffered
CAD events may have been more readily available than data
on patients without events. Two studies reported particularly
low rates: 61% in Wong et al34 and 64% in Kondos et al.38 A
similar problem can occur when studies omit patients from
their multivariate analysis. For example, Arad et al33 ex-
cluded 33% of subjects from multivariate analysis because of
incomplete data.

Overall, there still is a need for additional high-quality
studies derived from representative populations with appro-
priate ethnic and gender diversity that are designed to
minimize potential biases.
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Will EBCT Change Clinical Management?
Even if calcium scores were accurate, reproducible, general-
izable, and predictive of CAD risk, there still is the question
of whether EBCT is clinically useful. Does the test offer
sufficient information to alter patient management? Bayesian
analysis implies that EBCT is much less informative in
low-risk patients.53,58 Bayes’ theory states that the posttest
probability of whether a patient has disease depends on the
pretest level of risk and the characteristics of the test.54

Assume that a typical low-risk patient has a pretest probabil-
ity of 2% over 10 years for MI or death (the event rate for the
low-FRS group of Greenland et al40 was 1.4%). Assuming
that a calcium score �80 has a sensitivity of 85% and a
specificity of 75% for detecting coronary events (per Arad et
al33), the resulting posttest probability of having a cardiac
event within 10 years would be 6.5%,58 which keeps the
patient in the low-FRS category. The tendency for patients
already at low risk to remain at low risk regardless of calcium
score implies that EBCT is unlikely to be clinically useful in
groups with low prevalence of disease.

Studies that stratified subjects by FRS39,40,89 confirm the
limited usefulness of EBCT for modifying prediction for MI
or death in the low-FRS group. Greenland et al40 demon-
strated that a calcium score �300 did not significantly
modify the predicted risk for CAD events in low-FRS
patients. In the low-FRS group in Shaw et al,39 calcium score
categories (�10, 11 to 100, 101 to 400, 401 to 1000, and
�1000) only stratified predicted all-cause 5-year mortality
from 0.9% to 3.9%. Although there was a 4-fold relative
increase in the difference between the lowest and highest
calcium scores in low-FRS patients, the resulting absolute
risk level remained low regardless of calcium score.53 In the
study by Arad et al,89 those subjects with low FRS and the
highest tertile of calcium score had coronary event rates close
to �1% per year, but included coronary revascularization as
an event, so the FRS event rate of nonfatal MI or death
remained low. While Vliegenthart et al88 reported that cal-
cium scores were significantly associated with CAD events in
both subjects with 10-year FRS �20% and �20%, the study
did not distinguish between low (�10%) and intermediate
(10% to 20%) FRS, nor did it report absolute changes in risk,
making it difficult to assess the utility of ECBT for low-FRS
subjects in their study.

EBCT also appears unlikely to change management for
high-risk patients. In theory, a negative EBCT test would
reduce the posttest assessment of risk and could allow the
possibility of discontinuing statin or aspirin therapy in an
effort to reduce the potential for adverse side effects. How-
ever, the evidence from Greenland et al40 suggests that EBCT
will not substantially change predicted risk for patients with
high FRS. In the subgroup of high-FRS subjects, a calcium
score �300 was significantly associated with a higher 7-year
event rate of 20% compared with calcium scores �300.
However, high-FRS subjects with calcium scores �300 were

still at substantial absolute risk for death or MI by 7 years,
ranging from �11% to 13%.

Even a calcium score of zero does not guarantee the
absence of events in high-risk patients. In the article by
Greenland et al,40 the 7-year event rate in high-FRS patients
with a calcium score of zero was 9.3% (7 events in 75
patients).40 In the study by Wong et al,34 4 of 23 patients
(17.4%) who underwent revascularization had calcium scores
of zero, demonstrating that the lack of calcium does not
completely rule out CAD. Given that aspirin and statins are
well-tolerated therapies, clinicians may be reluctant to dis-
continue these medications in high-risk patients even with a
“negative EBCT.” Because subjects with high FRS and low
calcium scores are still at substantial absolute risk for CAD
events, screening is unlikely to alter primary prevention
strategies for this group.

There is no evidence to suggest that EBCT screening
would change clinical management for another high-risk
group: patients with diabetes mellitus. Because diabetic
patients without heart disease may suffer CAD events at rates
similar to those of nondiabetic patients with CAD,55 diabetic
patients are considered CAD equivalents for the purposes of
cholesterol screening.56 The American Diabetes Association
position statement on primary prevention with aspirin is that
therapy be considered in diabetics with high-risk features,
including family history of CAD, smoking, hypertension,
obesity, albuminuria, high lipids, or age �30 years.57 Thus,
there is little reason to screen diabetic patients with EBCT
because most diabetics should be treated if indicated, regard-
less of calcium score. No study has shown that treating
asymptomatic diabetic patients with antiischemic medica-
tions or revascularization confers benefit.93

Whether calcium scores change clinical management for
diabetic patients by identifying low-risk subjects after EBCT
is unclear. A reanalysis of the South Bay Heart Watch cohort
found that calcium score categories did not predict MI or
CAD death in 269 diabetic patients.49 In contrast, Raggi et
al48 found that for every increase in calcium score, there was
a greater increase in mortality for diabetic than for nondia-
betic patients. Furthermore, they reported that among 267
diabetic and 4800 nondiabetic patients with no coronary
calcium detected on EBCT, the 5-year all-cause survival was
similar for diabetic and nondiabetic patients (98.8% versus
99.4, respectively; P�0.49). However, this analysis was
underpowered (power for interaction, ��0.47 for ��0.05),48

was not specific for CAD death, and did not include nonfatal
MI as an outcome. At this point, it is premature to consider
low coronary calcium scores as sufficient for recommending
against the National Cholesterol Education Program (NCEP)
guidelines for treating cholesterol in diabetic patients as if
they had existing CAD.

Having demonstrated that EBCT is unlikely to be clinically
useful in low- and high-risk subjects, what is the evidence for
patients at intermediate risk? In the work by Greenland et al,40

intermediate-risk subjects with FRS 10% to 15% and calcium
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scores �300 had event rates comparable to high-FRS sub-
jects with calcium scores �300. Intermediate-risk subjects
with FRS 16% to 20% and calcium scores �300 had
predicted event rates comparable to high-FRS subjects with
calcium scores �300. In Shaw et al,39 calcium scores strati-
fied 5-year all-cause mortality rates to a greater extent for
intermediate-risk patients (1.1% to 9.0%) than low-risk pa-
tients (0.9% to 3.9%). Among intermediate-FRS subjects in
Arad et al89 with overall annual risk for death, MI, or
revascularization of �1.1, those with the highest tertile of
calcium scores had �2 events/year while those with the
lowest two tertiles of calcium scores had event rates of �0.25
to 0.5 events/year.

Although EBCT screening in intermediate-risk patients may
be promising, additional studies confirming prognostic utility are
needed as prior studies were limited by a less commonly used
scan slice thickness,40 lack of CAD-specific outcomes,39 and use
of patient-reported risk factors39,89; however, even if EBCT
refines risk estimates in intermediate-risk patients, there is no
study that demonstrates that changes in clinical management in
this subgroup will improve outcomes.

Does EBCT Improve Outcomes?
A worthwhile screening program does not merely detect
disease; it must aim to improve clinical outcomes, reduce
costs, or both. But for all the attention directed at EBCT as a
screening tool, as yet no study has demonstrated that screen-
ing EBCT leads to improved patient outcomes.58 Evidence
that EBCT is effective in reducing mortality or morbidity is
arguably the most important barrier that this technology must
clear before its routine use can be justified.

Yet, screening with EBCT may not substantially improve
outcomes for several reasons. First, a substantial number
proportion of patients referred for EBCT have already met
existing guideline criteria for primary prevention with a statin
and should be treated regardless of their calcium score. In the
above studies, a considerable proportion of patients reported
hyperlipidemia (61.5%,39 59.5%,41 42%33) and likely already
met NCEP Adult Treatment Panel (ATP) III guidelines for
lipid-lowering therapy.56 In fact, in the article by Shaw et al,39

high cholesterol was paradoxically significantly associated
with lower all-cause mortality, probably because these pa-
tients with high cholesterol were already prescribed statins.

A recently published clinical trial from St. Francis Heart
Study was unable to definitively conclude that statin therapy
was beneficial in reducing cardiovascular events for asymp-
tomatic subjects with elevated calcium scores.59 The study
randomized 1005 patients with coronary calcium scores
greater than the 80th percentile for age and gender to
atorvastatin 20 mg daily, vitamin C 1 g daily, and vitamin E
1000 units daily versus placebo. Treatment significantly
lowered total cholesterol but did not significantly reduce the
primary composite end point of coronary death, nonfatal MI,
coronary or peripheral revascularization, or nonhemorrhagic
stroke after after 4.3 years of follow-up (6.9% versus 9.9%,

P�0.08). While post hoc analysis suggested that subjects
with calcium score �400 had fewer events with treatment
(8.7% versus 15.0%, P�0.046) this was not a prespecified
end point. Neither the St. Francis Heart Study clinical trial59

nor another randomized clinical trial of intensive versus
moderate statin therapy91 demonstrated that treatment af-
fected the progression of coronary calcium.

Whether EBCT would lead to increased use of aspirin is
also questionable. The AHA Guidelines for Primary Preven-
tion of Cardiovascular Disease and Stroke60 suggest that
aspirin be considered in patients with at least a 10% risk of
CAD events over 10 years, ie, at least intermediate FRS. As
such, the only patients in whom aspirin would be initiated are
low-risk patients who become intermediate risk after EBCT.
But, as demonstrated by the above Bayesian analysis, the
likelihood of a low-risk patient becoming intermediate risk
after EBCT is small.53,58 There is currently no evidence that
a high calcium score would affect other AHA recommenda-
tions such as smoking cessation, blood pressure control, and
diabetes management.60

Although in theory EBCT could alter patient adherence to
AHA recommendations for dietary intake, physical activity,
and weight management, the evidence is mixed on whether
EBCT convinces patients to make such lifestyle or behavioral
changes. Patients with positive EBCT results were more
likely to report losing weight, decreasing dietary fat intake,
and consulting with a physician.61 However, in a randomized
clinical trial, patients who received data from EBCT did not
modify their FRS after 1 year, and there was no effect on risk
factors such as blood pressure, body mass index, cholesterol,
physical activity, or smoking cessation.62 Another study
found that in a cohort of asymptomatic smokers, EBCT did
not influence smoking cessation or smoking behavior.63

Finally, it is unclear whether EBCT would identify many
patients who would benefit from revascularization. AHA/
ACC guidelines for coronary artery bypass surgery suggest
that asymptomatic patients with left main disease, 3-vessel
disease, or depressed ejection fraction consider revasculariza-
tion for survival benefit.65 However, the prevalence of pa-
tients discovered with these findings by EBCT is unknown
but likely small in an asymptomatic population. In patients
with stable CAD without indications for bypass surgery, PCI
has not been shown to reduce risk of death or MI.92

Thus, until there is evidence proving that EBCT is effective in
lowering rates of cardiac death or MI, whether EBCT leads to
substantial improvements in clinical outcomes remains unclear.

Does EBCT Screening Have Value
for Money?

Healthcare spending in the United States rose by 7.7% in 2003
to $1.7 trillion.66 Because medical resources are finite, it is
important to assess whether EBCT screening reduces costs or at
least offers value for money. Two detailed reviews of the costs
associated with EBCT screening have recently been pub-
lished.1,67 Several studies have attempted to assess the costs
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associated with EBCT.67–71 However, 2 of these studies69,70

examined EBCT in the workup of symptomatic patients who
were, by definition not engaged in preventive screening.

Cost-effectiveness studies assess value in terms of the ratio
of incremental cost per incremental quality-adjusted life years
(QALYs) gained.72 Ratios of �$50 000 to $100 000 per
QALY are typically viewed as economically favorable. How-
ever, accurate cost assessment of EBCT is extremely difficult
because of sensitivity to initial assumptions. To begin with,
an intervention must be proved therapeutically effective by
increasing survival or improving quality of life before it can
be considered cost-effective. As mentioned above, whether
EBCT will improve clinical outcomes is debatable.

EBCT may not be cost-effective due to the large number of
subjects needed to be screened to avoid one event. From the
entire screening population, EBCT would alter absolute risk
levels primarily in intermediate FRS subjects with elevated
calcium scores. We would then have to consider that primary
prevention is only partially effective in reducing events
(relative risk reduction of �27% for acute major coronary
events in the Air Force/Texas Coronary Atherosclerosis
Prevention Study [AFCAPS/TexCAPS] trial64). We must also
take into account that therapy would be newly started in only
a portion of patients with high calcium scores who did not
already meet criteria from existing preventative guidelines.
For example, the intermediate-risk patients in Greenland et
al40 with calcium score �300 had a mean LDL-cholesterol of
146 mg/dL; by NCEP ATP III guidelines more than half of
these patients were already above the LDL-cholesterol goal
of 130 mg/dL. As a result of all these factors, the number of
patients needed to be screened to save a life or avoid MI
would be considerable; this cost could be prohibitive per
event avoided, even under the best-case scenario.

One study by O’Malley et al68 examined the cost-
effectiveness of EBCT over FRS alone in asymptomatic
patients at intermediate risk (�1% events per year). They
found that cost-effectiveness estimates were very sensitive to
assumptions on the effectiveness of primary prevention, the
incremental prognostic value of EBCT, and the decrease in
utility from a positive EBCT. For example, the baseline case
assumed that if primary prevention after EBCT reduced
mortality by 30%, the cost was $86 752 per QALY, but
reducing the efficacy slightly to 25% led to a large increase in
cost to $1 700 000 per QALY. Because we are unsure of the
incremental prognostic value of EBCT and the effectiveness
of primary prevention therapies in patients with high calcium
scores, accurate assessment of EBCT cost-effectiveness is a
challenging proposition.

Cost-effectiveness analysis is also hampered by the lack of
consensus about the workup of patients with high calcium
scores. Although some clinicians would treat with medica-
tions alone, others may be more likely to use stress testing
and subsequent cardiac catheterization and revascularization
(on medico-legal grounds, perhaps). The intensity of diag-
nostic cardiac testing is a major determinant of the use of

invasive cardiac procedures73 and the downstream costs
attributable to EBCT testing is likely substantial.

Finally, several other hidden costs should be considered.
Incidental extra-cardiac findings on EBCT are not uncommon
and require additional follow-up for 4% to 8% of patients
scanned.74–76 The follow-up associated with false positives
from EBCT is important because it increases cost and
decreases quality of life while providing little benefit, but few
data are available to estimate the precise impact.

Cost-effectiveness varies substantially according to FRS.
An analysis by Shaw et al1,71 estimated that the costs to
identify a death or MI were $73 000 for low-risk patients and
$37 260 for intermediate-risk patients, with costs of identify-
ing deaths alone of $402 000 for low-risk patients and
$108 400 for intermediate-risk patients. These figures repre-
sent costs to detect an event, not costs to save a year of life,
but already one can see that the economics are much more
unfavorable for patients at low risk. The same authors also
developed cost-effectiveness models that estimate the cost
per year of life saved to be $506 719 for patients at low risk
(0.6% annual event rate) and $30 742 and $42 339 for
patients at intermediate risk (1.0% and 2.0% annual event
rate, respectively).67

The unfavorably high cost per QALY in low-risk popula-
tions from EBCT screening is not surprising and is consistent
with studies showing that diagnostic testing in asymptomatic
patients with low risk for CAD using exercise ECG stress
testing, SPECT, PET, and coronary angiography is not
cost-effective.77 Even statin therapy for the primary preven-
tion of CAD in patients with high cholesterol is not cost-
effective for very-low-risk patients; for all the cholesterol
treatment recommendations of the NCEP to be considered
cost-effective would require a threshold of $680 000 per
QALY.78

Is EBCT a Risk-Free Test?
EBCT appears to be a safe test because it is a noninvasive
modality that does not require ischemia to be induced.
However, several potential risks to screening may not be
immediately apparent. This is particularly important because
advertisements for self-referred imaging facilities often fail to
provide balanced information on risks; some even omit
mention of radiation.79 The physician’s doctrine of “Primum
non nocere” (First, do no harm) mandates a high burden of
proof for screening tests to demonstrate benefit without
undue risks.

First, the long-term risk of radiation from EBCT is difficult
to quantify. No study has examined the cancer risk specifi-
cally for EBCT. One study examining conventional full-body
screening CT estimated an increase in lifetime attributable
cancer mortality risk for a 45-year-old patient was 0.08% (�1 of
1250 patients) from a single scan and �1.9% from 30 scans over
a lifetime.80 These risks are based on the higher total effective
dose of full-body conventional CT (11.6 mSv for men and 13.5
mSv for women)80 compared with a lower dose from EBCT (1.0
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mSv for men and 1.3 mSv for women).81 However, if multide-
tector row CT calcium scoring becomes more common for CAD
screening, the radiation dosages would become higher (1.5 to 5.2
mSv for men and 1.8 to 6.2 mSv for women); the dosages from
multidetector row CT coronary angiography are even higher (6.7
to 10.9 mSv for men and 8.1 to 13.0 mSv for women).81

Furthermore, the risk for cancer rises with multiple examinations
and with younger age at exposure. Having several screening
EBCT scans over a lifetime or the proposed use of repeated
EBCT scans to monitor changes in coronary artery plaque82

would further increase radiation exposure. Because optimal
number and onset of scanning have not been determined, how
cancer risk alters the risk-benefit equation for EBCT requires
further study.

False-positive test results also carry risk. Patients with
false-positive results would undergo a diagnostic workup that
includes stress testing or cardiac catheterization and their
accompanying risks. The number of false positives resulting
from EBCT is considerable. For example, in the study by
Arad et al,33 the positive predictive value for MI or CAD
death over 3.6 years was 7% with a calcium score threshold
of �160. In other words, 93% of patients with a “positive
EBCT test” would not suffer a CAD event during this time.
Even after the calcium score threshold was increased to
�600, the positive predictive value increased only to 13%,
implying that 87% of patients with a positive test would not
suffer an event over 3.6 years. Even a proportion of individ-
uals with true positive results will suffer needless harm by
undergoing EBCT; subjects who have calcified coronary
stenoses that will never manifest as events or symptoms (ie,
pseudodisease)25 may be prompted by high calcium scores to
take on the risks of invasive procedures and revasculariza-
tions that will ultimately not benefit them.

False-negative results also have some risk if the false sense of
security from a negative EBCT leads patients who actually have
CAD to become complacent in lifestyle changes with respect to
smoking, diet, or exercise or, worse yet, delay follow-up of
symptoms of ischemia. Similarly, true-negative results can also
lead to complacency regarding lifestyle modifications that im-
pact morbidity and mortality outside of CAD. For example, a
smoker who does not quit smoking after receiving a low calcium
score is still at higher risk for lung cancer.

Lastly, the potential negative impact in quality of life from
having a positive EBCT is a real but rarely considered risk.
Patients may find themselves uninsurable for health or life
insurance on the basis of a preexisting high calcium score. In
addition, the quality of life of a patient at increased risk for CAD
now becomes lower from worry and the inconveniences of being
at risk, including more frequent medical follow-up and the need
to take daily medications. A positive EBCT causes some
disutility in patients with high calcium scores in that they are
more likely to worry.61 Although no data quantifying the
disutility of living with a positive EBCT test currently exist,
hypertension is similar to asymptomatic CAD in that patients
must take daily medication and undergo routine follow-up for a

condition without symptom; subjects with hypertension value a
year of life at 94.4% relative to a year of a patient without
hypertension.83 Although it may seem theoretical, disutility
arising from EBCT is an important factor in determining
whether EBCT is cost-effective over the FRS.68

The Future of EBCT Research
Several on-going prospective studies are expected to provide
important information about incremental risk stratification from
EBCT. In the United States, the Multi-Ethnic Study of Athero-
sclerosis (MESA) and Coronary Artery Risk Development in
Young Adults (CARDIA) study will provide data on EBCT
across age, race, and gender categories.84 The Heinz Nixdorf
Risk Factors, Evaluation of Coronary Calcium and Lifestyle
(RECALL) is a population-based, prospective cohort study that
will help to establish the incremental RR associated with the
coronary calcium scores in a German population.85

Conclusions
The existing evidence for using EBCT as a screening tool for
CAD in asymptomatic patients can be summarized as the
following.

● No study has definitively demonstrated that screening with
EBCT improves clinical outcomes by reducing mortality or
morbidity from CAD.

● Widespread and routine EBCT screening is unlikely to
benefit low-risk or high-risk patients. Few patients with
low pre-test probability of CAD will change risk levels
enough to lead to changes in medical management. Patients
with high pretest probabilities or diabetes are essentially at
CAD-equivalent risk regardless of calcium score, and
treatment of risk factors rather than screening would be
more appropriate. Although EBCT remains to be proven as
an adjunctive risk-stratification tool in intermediate-risk
patients, whether this would lead to a substantive improve-
ment in patient outcomes through increased use of preven-
tative therapies or lifestyle modifications is unknown.

● Prior studies have limited generalizability to a screening
population (lack of gender and ethnic diversity) and are
limited by several methodological concerns (use of soft end
points such as revascularization, nonblinded adjudication
of outcomes, potential misclassification of traditional risk
factors, loss to follow-up).

● No study has demonstrated that EBCT reduces healthcare
costs. Whether the additional costs caused by EBCT
screening can be justified is unknown because of the
uncertainty of the data that support baseline assumptions
on effectiveness. The cost per year of life saved for EBCT
screening appears to be at least an order of magnitude
higher for low-risk patients compared with intermediate-risk
patients and is not economically favorable. Additional down-
stream costs from EBCT screening (workup of false-positive
results and incidental findings) may be substantial but are not
fully characterized. Finally, the additional cancer risk resulting
from EBCT remains to be assessed. If serial EBCT examina-
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tions become routine for CAD screening, higher radiation
dosages become more concerning.

EBCT is one of many contenders in a crowded field of
emerging CAD risk assessment tools. For example, other
noninvasive modalities (such as carotid intima-media thick-
ness via ultrasound) and blood tests (such as C-reactive
protein, homocysteine) are under investigation as improving
our ability to risk-stratify patients.86 Yet, with healthcare
costs spiraling upwards, we as a society must be judicious in
deciding which, if any, of these technologies provides a good
(or any) return on investment; otherwise, we are committed to
spending a considerable amount of money for an uncertain
return and diverting resources from other areas.

Clinicians require high standards for assessing the value of
new medical therapies and devices; evidence-based methods for
evaluating screening strategies are just as important, as they
ultimately dictate all downstream testing, treatments, and costs.
We should seek clear evidence that a diagnostic test has benefit
for particular patient populations in terms of therapeutic efficacy,
acceptable safety, and affordability that take into account sub-
sequent costs initiated by the screening test.

As technology improves, EBCT may someday provide
meaningful increments in risk prediction for specific patients
that lead to changes in clinical management that improve
outcomes, all at reasonable cost and without excessive risk;
however, at present, the linkage between EBCT and im-
proved outcomes has not been demonstrated; thus, it is
premature to recommend its routine use for screening asymp-
tomatic patients for CAD.

References
1. Mark DB, Shaw LJ, Lauer MS, O’Malley PG, Heidenreich P. 34th

Bethesda Conference: Task Force #5: is atherosclerosis imaging cost-
effective? J Am Coll Cardiol. 2003;41:1906–1917.

2. Pasternak RC, Abrams J, Greenland P, Smaha LA, Wilson PW, Houston-
Miller N. 34th Bethesda Conference: Task Force #1: identification of
coronary heart disease risk: is there a detection gap? J Am Coll Cardiol.
2003;41:1863–1874.

3. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr,
Detrano R. Quantification of coronary artery calcium using ultrafast
computed tomography. J Am Coll Cardiol. 1990;15:827–832.

4. Schoenhagen P, Halliburton SS, Stillman AE, Kuzmiak SA, Nissen SE,
Tuzcu EM, White RD. Noninvasive imaging of coronary arteries: current
and future role of multi-detector row CT. Radiology. 2004;232:7–17.

5. Stanford W, Thompson BH, Burns TL, Heery SD, Burr MC. Coronary
artery calcium quantification at multi-detector row helical CT versus
electron-beam CT. Radiology. 2004;230:397–402.

6. Wexler L, Brundage B, Crouse J, Detrano R, Fuster V, Maddahi J,
Rumberger J, Stanford W, White R, Taubert K. Coronary artery calcifi-
cation: pathophysiology, epidemiology, imaging methods, and clinical
implications: a statement for health professionals from the American
Heart Association: Writing Group. Circulation. 1996;94:1175–1192.

7. Detrano RC, Doherty TM, Davies MJ, Stary HC. Predicting coronary
events with coronary calcium: pathophysiologic and clinical problems.
Curr Probl Cardiol. 2000;25:374–402.

8. Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull W Jr,
Rosenfeld ME, Schwartz CJ, Wagner WD, Wissler RW. A definition of
advanced types of atherosclerotic lesions and a histological classification
of atherosclerosis: a report from the Committee on Vascular Lesions of
the Council on Arteriosclerosis, American Heart Association. Circu-
lation. 1995;92:1355–1374.

9. Fuster V. Elucidation of the role of plaque instability and rupture in acute
coronary events. Am J Cardiol. 1995;76:24C–33C.

10. Simons DB, Schwartz RS, Edwards WD, Sheedy PF, Breen JF,
Rumberger JA. Noninvasive definition of anatomic coronary artery
disease by ultrafast computed tomographic scanning: a quantitative
pathologic comparison study. J Am Coll Cardiol. 1992;20:1118–1126.

11. Sangiorgi G, Rumberger JA, Severson A, Edwards WD, Gregoire J,
Fitzpatrick LA, Schwartz RS. Arterial calcification and not lumen steno-
sis is highly correlated with atherosclerotic plaque burden in humans: a
histologic study of 723 coronary artery segments using nondecalcifying
methodology. J Am Coll Cardiol. 1998;31:126–133.

12. Rumberger JA, Simons DB, Fitzpatrick LA, Sheedy PF, Schwartz RS.
Coronary artery calcium area by electron-beam computed tomography
and coronary atherosclerotic plaque area: a histopathologic correlative
study. Circulation. 1995;92:2157–2162.

13. Forrester JS. Prevention of plaque rupture: a new paradigm of therapy.
Ann Intern Med. 2002;137:823–833.

14. Schmermund A, Erbel R. Unstable coronary plaque and its relation to
coronary calcium. Circulation. 2001;104:1682–1687.

15. Reid MC, Lachs MS, Feinstein AR. Use of methodological standards in
diagnostic test research: getting better but still not good. JAMA. 1995;
274:645–651.

16. Yoon HC, Goldin JG, Greaser LE, 3rd, Sayre J, Fonarow GC. Interscan
variation in coronary artery calcium quantification in a large asymptom-
atic patient population. AJR Am J Roentgenol. 2000;174:803–809.

17. Lu B, Budoff MJ, Zhuang N, Child J, Bakhsheshi H, Carson S, Mao SS.
Causes of interscan variability of coronary artery calcium measurements
at electron-beam CT. Acad Radiol. 2002;9:654–661.

18. Kopp AF, Ohnesorge B, Becker C, Schroder S, Heuschmid M, Kuttner A,
Kuzo R, Claussen CD. Reproducibility and accuracy of coronary calcium
measurements with multi-detector row versus electron-beam CT.
Radiology. 2002;225:113–119.

19. Callister TQ, Cooil B, Raya SP, Lippolis NJ, Russo DJ, Raggi P.
Coronary artery disease: improved reproducibility of calcium scoring
with an electron-beam CT volumetric method. Radiology. 1998;208:
807–814.

20. Mao S, Bakhsheshi H, Lu B, Liu SC, Oudiz RJ, Budoff MJ. Effect of
electrocardiogram triggering on reproducibility of coronary artery
calcium scoring. Radiology. 2001;220:707–711.

21. Lu B, Zhuang N, Mao SS, Child J, Carson S, Bakhsheshi H, Budoff MJ.
EKG-triggered CT data acquisition to reduce variability in coronary
arterial calcium score. Radiology. 2002;224:838–844.

22. Achenbach S, Daniel WG, Moshage W. Recommendations for standard-
ization of EBT and MSCT scanning. Herz. 2001;26:273–277.

23. O’Rourke RA, Brundage BH, Froelicher VF, Greenland P, Grundy SM,
Hachamovitch R, Pohost GM, Shaw LJ, Weintraub WS, Winters WL Jr,
Forrester JS, Douglas PS, Faxon DP, Fisher JD, Gregoratos G, Hochman
JS, Hutter AM Jr, Kaul S, Wolk MJ. American College of Cardiology/
American Heart Association Expert Consensus document on
electron-beam computed tomography for the diagnosis and prognosis of
coronary artery disease. Circulation. 2000;102:126–140.

24. Nallamothu BK, Saint S, Bielak LF, Sonnad SS, Peyser PA, Rubenfire M,
Fendrick AM. Electron-beam computed tomography in the diagnosis of
coronary artery disease: a meta-analysis. Arch Intern Med. 2001;161:
833–838.

25. Morrison AS. Screening in Chronic Disease. 2nd ed. Oxford, UK: Oxford
University Press; 1992.

26. Ransohoff DF, Feinstein AR. Problems of spectrum and bias in eval-
uating the efficacy of diagnostic tests. N Engl J Med. 1978;299:926–930.

27. Gianrossi R, Detrano R, Mulvihill D, Lehmann K, Dubach P, Colombo A,
McArthur D, Froelicher V. Exercise-induced ST depression in the
diagnosis of coronary artery disease: a meta-analysis. Circulation. 1989;
80:87–98.

28. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE.
Exercise capacity and mortality among men referred for exercise testing.
N Engl J Med. 2002;346:793–801.

29. Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS. Heart-rate
recovery immediately after exercise as a predictor of mortality. N Engl
J Med. 1999;341:1351–1357.

Screening for CAD 143

 by on January 25, 2008 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


30. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H,
Kannel WB. Prediction of coronary heart disease using risk factor cate-
gories. Circulation. 1998;97:1837–1847.

31. De Backer G, Ambrosioni E, Borch-Johnsen K, Brotons C, Cifkova R,
Dallongeville J, Ebrahim S, Faergeman O, Graham I, Mancia G, Cats
VM, Orth-Gomer K, Perk J, Pyorala K, Rodicio JL, Sans S, Sansoy V,
Sechtem U, Silber S, Thomsen T, Wood D, for the European Society of
Cardiology, American Heart Association, and American College of Car-
diology. European guidelines on cardiovascular disease prevention in
clinical practice: Third Joint Task Force of European and Other Societies
on Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of eight societies and by invited experts). Atherosclerosis.
2004;173:381–391.

32. Hoff JA, Daviglus ML, Chomka EV, Krainik AJ, Sevrukov A, Kondos
GT. Conventional coronary artery disease risk factors and coronary artery
calcium detected by electron beam tomography in 30,908 healthy indi-
viduals. Ann Epidemiol. 2003;13:163–169.

33. Arad Y, Spadaro LA, Goodman K, Newstein D, Guerci AD. Prediction of
coronary events with electron beam computed tomography. J Am Coll
Cardiol. 2000;36:1253–1260.

34. Wong ND, Hsu JC, Detrano RC, Diamond G, Eisenberg H, Gardin JM.
Coronary artery calcium evaluation by electron beam computed
tomography and its relation to new cardiovascular events. Am J Cardiol.
2000;86:495–498.

35. Raggi P, Callister TQ, Cooil B, He ZX, Lippolis NJ, Russo DJ, Zelinger
A, Mahmarian JJ. Identification of patients at increased risk of first
unheralded acute myocardial infarction by electron-beam computed
tomography. Circulation. 2000;101:850–855.

36. Detrano RC, Wong ND, Doherty TM, Shavelle RM, Tang W, Ginzton
LE, Budoff MJ, Narahara KA. Coronary calcium does not accurately
predict near-term future coronary events in high-risk adults. Circulation.
1999;99:2633–2638.

37. Pletcher MJ, Tice JA, Pignone M, Browner WS. Using the coronary
artery calcium score to predict coronary heart disease events: a systematic
review and meta-analysis. Arch Intern Med. 2004;164:1285–1292.

38. Kondos GT, Hoff JA, Sevrukov A, Daviglus ML, Garside DB, Devries SS,
Chomka EV, Liu K. Electron-beam tomography coronary artery calcium and
cardiac events: a 37-month follow-up of 5635 initially asymptomatic low- to
intermediate-risk adults. Circulation. 2003;107:2571–2576.

39. Shaw LJ, Raggi P, Schisterman E, Berman DS, Callister TQ. Prognostic
value of cardiac risk factors and coronary artery calcium screening for
all-cause mortality. Radiology. 2003;228:826–833.

40. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coronary
artery calcium score combined with Framingham score for risk prediction
in asymptomatic individuals. JAMA. 2004;291:210–215.

41. Raggi P, Cooil B, Callister TQ. Use of electron beam tomography data to
develop models for prediction of hard coronary events. Am Heart J.
2001;141:375–382.

42. Detrano RC, Wong ND, Doherty TM, Shavelle R. Prognostic significance
of coronary calcific deposits in asymptomatic high-risk subjects.
Am J Med. 1997;102:344–349.

43. Weintraub WS. Coronary artery calcium and cardiac events: is electron-beam
tomography ready for prime time? Circulation. 2003;107:2528–2530.

44. Raggi P, Shaw LJ, Berman DS, Callister TQ. Gender-based differences in
the prognostic value of coronary calcification. J Womens Health
(Larchmt). 2004;13:273–283.

45. Sheifer SE, Canos MR, Weinfurt KP, Arora UK, Mendelsohn FO, Gersh
BJ, Weissman NJ. Sex differences in coronary artery size assessed by
intravascular ultrasound. Am Heart J. 2000;139:649–653.

46. Newman AB, Naydeck BL, Whittle J, Sutton-Tyrrell K, Edmundowicz D,
Kuller LH. Racial differences in coronary artery calcification in older
adults. Arterioscler Thromb Vasc Biol. 2002;22:424–430.

47. Doherty TM, Tang W, Detrano RC. Racial differences in the significance
of coronary calcium in asymptomatic black and white subjects with
coronary risk factors. J Am Coll Cardiol. 1999;34:787–794.

48. Raggi P, Shaw LJ, Berman DS, Callister TQ. Prognostic value of
coronary artery calcium screening in subjects with and without diabetes.
J Am Coll Cardiol. 2004;43:1663–1669.

49. Qu W, Le TT, Azen SP, Xiang M, Wong ND, Doherty TM, Detrano RC.
Value of coronary artery calcium scanning by computed tomography for

predicting coronary heart disease in diabetic subjects. Diabetes Care.
2003;26:905–910.

50. Cowper DC, Kubal JD, Maynard C, Hynes DM. A primer and com-
parative review of major US mortality databases. Ann Epidemiol. 2002;
12:462–468.

51. Secci A, Wong N, Tang W, Wang S, Doherty T, Detrano R. Electron
beam computed tomographic coronary calcium as a predictor of coronary
events: comparison of two protocols. Circulation. 1997;96:1122–1129.

52. Vliegenthart R, Song B, Hofman A, Witteman JC, Oudkerk M. Coronary
calcification at electron-beam CT: effect of section thickness on calcium
scoring in vitro and in vivo. Radiology. 2003;229:520–525.

53. Shaw LJ, Blumenthal RS, Raggi P. Screening asymptomatic low-risk
individuals for coronary heart disease: issues and controversies. J Nucl
Cardiol. 2004;11:382–387.

54. Goodman SN. Toward evidence-based medical statistics, 2: the Bayes
factor. Ann Intern Med. 1999;130:1005–1013.

55. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from
coronary heart disease in subjects with type 2 diabetes and in nondiabetic
subjects with and without prior myocardial infarction. N Engl J Med.
1998;339:229–234.

56. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive summary of the Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, And Treatment of High Blood Cholesterol In
Adults (Adult Treatment Panel III). JAMA. 2001;285:2486–2497.

57. Colwell JA, for the American Diabetes Association. Aspirin therapy in
diabetes. Diabetes Care. 2003;26:S87–S88.

58. Greenland P, Gaziano JM. Clinical practice: selecting asymptomatic
patients for coronary computed tomography or electrocardiographic
exercise testing. N Engl J Med. 2003;349:465–473.

59. Arad Y, Spadaro LA, Roth M, Newstein D, Guerci AD. Treatment of
asymptomatic adults with elevated coronary calcium scores with atorva-
statin, vitamin C, and vitamin E: the St. Francis Heart Study randomized
clinical trial. J Am Coll Cardiol. 2005;46:166–172.

60. Pearson TA, Blair SN, Daniels SR, Eckel RH, Fair JM, Fortmann SP,
Franklin BA, Goldstein LB, Greenland P, Grundy SM, Hong Y, Miller
NH, Lauer RM, Ockene IS, Sacco RL, Sallis JF Jr, Smith SC Jr, Stone NJ,
Taubert KA. AHA Guidelines for Primary Prevention of Cardiovascular
Disease and Stroke: 2002 Update: Consensus Panel Guide to Compre-
hensive Risk Reduction for Adult Patients Without Coronary or Other
Atherosclerotic Vascular Diseases: American Heart Association Science
Advisory and Coordinating Committee. Circulation. 2002;106:388–391.

61. Wong ND, Detrano RC, Diamond G, Rezayat C, Mahmoudi R, Chong
EC, Tang W, Puentes G, Kang X, Abrahamson D. Does coronary artery
screening by electron beam computed tomography motivate potentially
beneficial lifestyle behaviors? Am J Cardiol. 1996;78:1220–1223.

62. O’Malley PG, Feuerstein IM, Taylor AJ. Impact of electron beam
tomography, with or without case management, on motivation, behavioral
change, and cardiovascular risk profile: a randomized controlled trial.
JAMA. 2003;289:2215–2223.

63. O’Malley PG, Rupard EJ, Jones DL, Feuerstein I, Brazaitis M, Taylor AJ.
Does the diagnosis of coronary calcification with electron beam
computed tomography motivate behavioral change in smokers? Mil Med.
2002;167:211–214.

64. Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA, Langen-
dorfer A, Stein EA, Kruyer W, Gotto AM Jr. Primary prevention of acute
coronary events with lovastatin in men and women with average cholesterol
levels: results of AFCAPS/TexCAPS: Air Force/Texas Coronary Atherosclerosis
Prevention Study. JAMA. 1998;279:1615–1622.

65. Eagle KA, Guyton RA, Davidoff R, Edwards FH, Ewy GA, Gardner TJ,
Hart JC, Herrmann HC, Hillis LD, Hutter AM Jr, Lytle BW, Marlow RA,
Nugent WC, Orszulak TA. ACC/AHA 2004 guideline update for
coronary artery bypass graft surgery: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee to Update the 1999 Guidelines for Coronary
Artery Bypass Graft Surgery). Circulation. 2004;110:e340–e437.

66. Smith C, Cowan C, Sensenig A, Catlin A, for the Health Accounts Team. Health
spending growth slows in 2003. Health Aff (Millwood). 2005;24:185–194.

67. Shaw LJ, Raggi P, Berman DS, Callister TQ. Cost-effectiveness of
screening for cardiovascular disease with measures of coronary calcium.
Prog Cardiovasc Dis. 2003;46:171–184.

144 Circulation January 3/10, 2006

 by on January 25, 2008 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


68. O’Malley PG, Greenberg BA, Taylor AJ. Cost-effectiveness of using
electron beam computed tomography to identify patients at risk for
clinical coronary artery disease. Am Heart J. 2004;148:106–113.

69. Rumberger JA, Behrenbeck T, Breen JF, Sheedy PF 2nd. Coronary
calcification by electron beam computed tomography and obstructive
coronary artery disease: a model for costs and effectiveness of diagnosis
as compared with conventional cardiac testing methods. J Am Coll
Cardiol. 1999;33:453–462.

70. Raggi P, Callister TQ, Cooil B, Russo DJ, Lippolis NJ, Patterson RE.
Evaluation of chest pain in patients with low to intermediate pretest
probability of coronary artery disease by electron beam computed
tomography. Am J Cardiol. 2000;85:283–288.

71. Shaw LJ, Callister T, Raggi P. Establishing cost-effective thresholds for
coronary disease screening: a predictive model with risk factors and
coronary calcium. Circulation. 2001;104:II-478–II-479. Abstract.

72. Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-Effectiveness in
Health and Medicine. Oxford, UK: Oxford University Press; 1996.

73. Wennberg DE, Kellett MA, Dickens JD, Malenka DJ, Keilson LM,
Keller RB. The association between local diagnostic testing intensity
and invasive cardiac procedures. JAMA. 1996;275:1161–1164.

74. Schragin JG, Weissfeld JL, Edmundowicz D, Strollo DC, Fuhrman CR.
Non-cardiac findings on coronary electron beam computed tomography
scanning. J Thorac Imaging. 2004;19:82–86.

75. Hunold P, Schmermund A, Seibel RM, Gronemeyer DH, Erbel R.
Prevalence and clinical significance of accidental findings in
electron-beam tomographic scans for coronary artery calcification. Eur
Heart J. 2001;22:1748–1758.

76. Horton KM, Post WS, Blumenthal RS, Fishman EK. Prevalence of significant
noncardiac findings on electron-beam computed tomography coronary artery
calcium screening examinations. Circulation. 2002;106:532–534.

77. Patterson RE, Eisner RL, Horowitz SF. Comparison of cost-
effectiveness and utility of exercise ECG, single photon emission
computed tomography, positron emission tomography, and coronary
angiography for diagnosis of coronary artery disease. Circulation. 1995;
91:54–65.

78. Prosser LA, Stinnett AA, Goldman PA, Williams LW, Hunink MG,
Goldman L, Weinstein MC. Cost-effectiveness of cholesterol-lowering
therapies according to selected patient characteristics. Ann Intern Med.
2000;132:769–779.

79. Illes J, Kann D, Karetsky K, Letourneau P, Raffin TA, Schraedley-
Desmond P, Koenig BA, Atlas SW. Advertising, patient decision
making, and self-referral for computed tomographic and magnetic res-
onance imaging. Arch Intern Med. 2004;164:2415–2419.

80. Brenner DJ, Elliston CD. Estimated radiation risks potentially associated
with full-body CT screening. Radiology. 2004;232:735–738.

81. Hunold P, Vogt FM, Schmermund A, Debatin JF, Kerkhoff G, Budde T,
Erbel R, Ewen K, Barkhausen J. Radiation exposure during cardiac CT:
effective doses at multi-detector row CT and electron-beam CT.
Radiology. 2003;226:145–152.

82. Callister TQ, Raggi P, Cooil B, Lippolis NJ, Russo DJ. Effect of
HMG-CoA reductase inhibitors on coronary artery disease as assessed
by electron-beam computed tomography. N Engl J Med. 1998;339:
1972–1978.

83. Fryback DG, Dasbach EJ, Klein R, Klein BE, Dorn N, Peterson K,
Martin PA. The Beaver Dam Health Outcomes Study: initial catalog of
health-state quality factors. Med Decis Making. 1993;13:89–102.

84. Carr JJ, Nelson JC, Wong ND, McNitt-Gray M, Arad Y, Jacobs DR Jr,
Sidney S, Bild DE, Williams OD, Detrano RC. Calcified coronary artery
plaque measurement with cardiac CT in population-based studies: Stan-
dardized Protocol of Multi-Ethnic Study of Atherosclerosis (MESA) and
Coronary Artery Risk Development in Young Adults (CARDIA) study.
Radiology. 2005;234:35–43.

85. Schmermund A, Mohlenkamp S, Stang A, Gronemeyer D, Seibel R,
Hirche H, Mann K, Siffert W, Lauterbach K, Siegrist J, Jockel KH,
Erbel R. Assessment of clinically silent atherosclerotic disease and
established and novel risk factors for predicting myocardial infarction
and cardiac death in healthy middle-aged subjects: rationale and design
of the Heinz Nixdorf RECALL Study: Risk Factors, Evaluation of
Coronary Calcium and Lifestyle. Am Heart J. 2002;144:212–218.

86. Pearson TA. New tools for coronary risk assessment: what are their
advantages and limitations? Circulation. 2002;105:886–892.

87. Arad Y, Spadaro LA, Goodman K, Lledo-Perez A, Sherman S, Lerner
G, Guerci AD. Predictive value of electron beam computed tomography
of the coronary arteries: 19-month follow-up of 1173 asymptomatic
subjects. Circulation. 1996;93:1951–1953.

88. Vliegenthart R, Oudkerk M, Hofman A, Oei HH, van Dijck W, van Rooij
FJ, Witteman JC. Coronary calcification improves cardiovascular risk pre-
diction in the elderly. Circulation. 2005;112:572–577. Epub 2005 Jul 11.

89. Arad Y, Goodman KJ, Roth M, Newstein D, Guerci AD. Coronary
calcification, coronary disease risk factors, C-reactive protein, and ath-
erosclerotic cardiovascular disease events: the St. Francis Heart Study.
J Am Coll Cardiol. 2005;46:158–165.

90. LaMonte MJ, FitzGerald SJ, Church TS, Barlow CE, Radford NB,
Levine BD, Pippin JJ, Gibbons LW, Blair SN, Nichaman MZ. Coronary
artery calcium score and coronary heart disease events in a large cohort
of asymptomatic men and women. Am J Epidemiol. 2005;162:421–429.
Epub 2005 Aug 2.

91. Raggi P, Davidson M, Callister TQ, Welty FK, Bachmann GA, Hecht H,
Rumberger JA. Aggressive versus moderate lipid-lowering therapy in
hypercholesterolemic postmenopausal women: Beyond Endorsed Lipid
Lowering with EBT Scanning (BELLES). Circulation. 2005;112:
563–571. Epub 2005 Jul 11.

92. Katritsis DG, Ioannidis JP. Percutaneous coronary intervention versus
conservative therapy in nonacute coronary artery disease: a meta-anal-
ysis. Circulation. 2005;111:2906–2912. Epub 2005 May 31.

93. Redberg RF, Greenland P, Fuster V, Pyorala K, Blair SN, Folsom AR,
Newman AB, O’Leary DH, Orchard TJ, Psaty B, Schwartz JS, Starke R,
Wilson PW. Prevention Conference VI: Diabetes and Cardiovascular
Disease: Writing Group III: risk assessment in persons with diabetes.
Circulation. 2002;105:e144–e152.

Response to Chen and Krumholz
Melvin E. Clouse, MD

The authors both for and against the CAC examination
have presented an enormous amount of material in this
debate, but it is up to the readers to decide whether the

examination is worthwhile to them and their patients. In its

simplest form, the value of the CAC is that it identifies
individuals who have early or asymptomatic coronary artery
disease and allows them to assume responsibility with their
physician to institute preventive measures. It is unlikely that any
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test will affect outcome in low-risk populations, and CAC
should not be recommended in those groups. However, it may be
beneficial in intermediate- and high-risk groups (candidates for
statin therapy) and should be incorporated into both the FRS and
subsequent treatment evaluation so that the CAC score may be
followed over time. Readers should not be confused by distract-
ing issues such as radiation dose (�2 mSv; background being 3
mSv) and annual allowable dose for radiation workers (50 mSv).
Improving outcome, cost-effectiveness, and current study design
and reducing healthcare costs are also problematic issues. The
current cost for the CAC examination is $400; for single lipid
profile, $218 to $378; and for statins, $1120 to $1700 per year.
Yet, there is no noninvasive method other than CAC to evaluate
treatment except survival and soft and hard coronary event data.
For almost all other diseases, physicians expect to have a more
definite end point to evaluate the results of their treatment. That

said, the present status quo strategy has not reduced morbidity,
mortality, or cost to either the individual or the healthcare system
in general. The cost to the healthcare system to treat and care for
end-stage cardiovascular disease is $368.4 billion. The cost of
loss of productivity (3.7% of MIs occur in the 29- to 44-year-old
group, 29% in the 45- to 64-year-old group, and 67% in those
�65 years of age) is enormous. In addition, the average number
or years of life lost from a heart attack is 11.5, and �42% die
within 1 and 50% within 8 years after their first heart attack.1

Readers must question whether the present strategy is satisfac-
tory. I believe that an early warning system should be presented
so that individuals may become proactive in reducing morbidity
and mortality of their disease.
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Response to Clouse
Jersey Chen, MD, MPH; Harlan M. Krumholz, MD, SM

Dr Clouse’s review in favor of CT screening for
CAD relies on assumptions that require additional
evidence. The belief that coronary calcium readily

identifies atherosclerotic plaque at future risk of rupture
may be overly speculative because the vulnerable plaque is
typically composed of a lipid core with a thin fibrous cap
and not necessarily calcified. Such vulnerable plaques may
not be detectable by CT, and the clinical utility of a
negative study is not clear. Even if coronary calcium were
a marker for extensive vulnerable plaques, how much CT
improves risk stratification beyond traditional risk factors
and how this information translates into meaningful
changes in clinical management remain to be quantified.

He proposes that the early detection of coronary calcification
will prevent death and MI, but no study has demonstrated that
CT screening improves patient outcomes. CT may ultimately

share the same fate as chest radiography for screening smokers
for lung cancer—a strategy abandoned because multiple clinical
trials failed to demonstrate reductions in mortality. Before we
commit to screening with CT, we require proof that this
approach will either improve quality or quantity of life or lower
overall health costs while maintaining comparable outcomes. If
a benefit cannot be proved, then the value of CT screening is
doubtful; it could place patients who ultimately would not
become symptomatic on a needless testing and intervention
cascade with potential for harm and substantial added costs.

Although Dr Clouse argues that the considerable medical
and economic burden of CAD favors the rapid adoption this
technology, it is precisely because the stakes are so high that
we must demand high-quality evidence that CT, as well as
other emerging predictors of risk, provides benefit before
advocating its widespread use.
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