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Diagnostic and Prognostic Value of Absence
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OBJECTIVES In this study, we systematically assessed the diagnostic and prognostic value of absence
of coronary artery calcification (CAC) in asymptomatic and symptomatic individuals.

BACKGROUND Presence of CAC is a well-established marker of coronary plaque burden and is
associated with a higher risk of adverse cardiovascular outcomes. Absence of CAC has been suggested to be
associated with a very low risk of significant coronary artery disease, as well as minimal risk of future events.

METHODS We searched online databases (e.g., PubMed and MEDLINE) for original research articles
published in English between January 1990 and March 2008 examining the diagnostic and prognostic utility
of CAC.

RESULTS A systematic review of published articles revealed 49 studies that fulfilled our criteria for
inclusion. These included 13 studies assessing the relationship of CAC with adverse cardiovascular outcomes
in 64,873 asymptomatic patients. In this cohort, 146 of 25,903 patients without CAC (0.56%) had a
cardiovascular event during a mean follow-up period of 51 months. In the 7 studies assessing the prognostic
value of CAC in a symptomatic population, 1.80% of patients without CAC had a cardiovascular event. Overall,
18 studies demonstrated that the presence of any CAC had a pooled sensitivity and negative predictive value
of 98% and 93%, respectively, for detection of significant coronary artery disease on invasive coronary
angiography. In 4,870 individuals undergoing myocardial perfusion and CAC testing, in the absence of CAC,
only 6% demonstrated any sign of ischemia. Finally, 3 studies demonstrated that absence of CAC had a
negative predictive value of 99% for ruling out acute coronary syndrome.

CONCLUSIONS On the basis of our review of more than 85,000 patients, we conclude that the
absence of CAC is associated with a very low risk of future cardiovascular events, with modest incremental
value of other diagnostic tests in this very low-risk group.  (J Am Coll Cardiol Img 2009;2:675-88) © 2009 by
the American College of Cardiology Foundation
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Prognostic Value of No CAC

he evaluation of coronary artery calcium
(CAC) has undergone dramatic evolution
over the past few decades. Published studies
range from initial descriptions in histology
studies (1,2) to cross-sectional and longitudinal
studies using cine fluoroscopy (3,4), electron beam
computed tomography (5), and multidetector com-
puted tomography (6). There have been recommen-
dations for examining the presence of CAC in the
context of mass scores (7) and volume scores (8), as
well as scores based on area of calcified plaque and
attenuation (Agatston score) (9). The quantification
of CAC has been further complicated by studies
that recommend different categories of CAC ex-
tent, such as quartiles (10) or age- and sex-specific
percentiles (11), for optimal risk stratification.

See page 689

ABBREVIATIONS
AND ACRONYMS

ACC = American College of
Cardiology

ACS = acute coronary
syndromes

AHA = American Heart
Association

CAC = coronary artery calcium
CAD = coronary artery disease
Cl = confidence interval

CT = computed tomography

ICA = invasive coronary
angiography

LDL = low-density lipoprotein

MPS = myocardial perfusion
scans

Therefore, the purpose of this review
was to provide a “back to the basics”
approach examining the clinical, diagnos-
tic, and prognostic significance of the ab-
sence of CAC. We examined published
reports for the relevance of the absence of
CAC in the context of 3 major categories:
1) its prognostic utility in categorizing
both asymptomatic and symptomatic pa-
tients according to their risk for adverse
events; 2) its relationship with the pres-
ence or absence of significant coronary
artery stenosis by invasive coronary an-
glography; and 3) the degree of myocardial
ischemia detected in those with the ab-

sence of CAC.

METHODS

We searched the MEDLINE database for studies
published in the English language between January
1990 and March 2008, assessing CAC using either
multidetector computed tomography or electron
beam computed tomography in adult populations of
both sexes. The search was performed using various
permutations of the following search terms: “elec-
tron beam computed tomography,” “multidetector
computed tomography,” “coronary artery calcium,”
“coronary artery calcification,” “invasive coronary
angiography,” and “myocardial perfusion imaging.”
Additional references were found by reviewing bib-
liographies from identified articles. Individual arti-
cles had to meet the following criteria to be in-
cluded: 1) articles examining the relationship
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between CAC and adverse cardiovascular events in
asymptomatic individuals; only studies that pro-
spectively enrolled asymptomatic patients and had a
follow-up >1 year for cardiovascular events were
included. Authors of articles that did not contain
data on patients without CAC were contacted for
more information. 2) Articles examining the rela-
tionship between CAC and adverse cardiovascular
events in symptomatic individuals. 3) Articles exam-
ining the relationship between CAC and invasive
coronary angiography (ICA) and defining a significant
stenosis as >50% coronary luminal narrowing. 4)
Articles comparing the incidence of myocardial per-
fusion abnormalities with the extent of CAC. 5)
Articles reporting the ability of CAC to predict acute
coronary syndromes. We contacted authors of studies
in which the incidence of coronary artery disease
(CAD) in patients without CAC was not reported or
could not be calculated.

Statistical analysis. Based on the 2 X 2 event data
for patients with no CAC and CAC >0, individual
and summary Mantel-Haenszel relative risk ratios
and 95% confidence intervals (Cls) were calculated
(Comprehensive Meta-Analysis, version 2.2, Bio-
stat, Englewood, New Jersey). For this analysis, a
cumulative relative risk ratio was displayed in a
Forest plot. Although duplicate series were in-
cluded in the plot, the summary risk ratio was
calculated using only the latter series. For reports
showing no events in patients with 0 CAC, 1 event
was added so that the relative risk ratio could be
calculated. The test for heterogeneity for asymp-
tomatic patients was significant (Q_statistic = 26, p
= 0.001); however, inclusion of studies published
after 2004 revealed greater homogeneity in study
results (Q_statistic = 6, p = 0.19). Presentation of
the data with and without publications before 2004,
however, did not change the results noted herein. A
funnel plot was created to estimate publication bias
and is included in the online version of this article.
For asymptomatic individuals, a review of this plot
reveals that 4 series with results outside the preci-
sion lines may suggest publication bias, including
Greenland (17), Shemesh (16), Raggi (11), and
Wong (13), all with sample sizes <1,030. For
asymptomatic individuals, the classic fail-safe num-
ber of missing studies that would bring the p value
to >alpha = 0.05 was 1,354; if the alpha is changed
to 0.01, the number of studies missing that would
bring the p value >alpha was 779. The test for
heterogeneity in symptomatic patients was nonsig-
nificant (Q_statistic = 4, p = 0.50), suggesting that
pooling of these reports was appropriate. A funnel
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plot was also created for symptomatic patient re-
ports. Noted in this plot, there was 1 study exhib-
iting an extreme measure, possibly reflecting publi-
cation bias (5). For the symptomatic series, the
classic fail-safe number of missing studies that would
bring the p value to >alpha = 0.01 was only 26.

The positive and negative predictive value and
95% CI for significant CAD were calculated for
each study and for a summary weighted (propor-
tional to the sample size) measure.

Individual and summary odds ratios and 95% Cls
were calculated for the frequency of ischemia in
patients with no CAC and CAC >0. For patients
with no ischemia in the zero-CAC group, a single
case was added to allow for calculation of the odds
ratio. The test for heterogeneity was significant (Q_
statistic = 54, p < 0.0001), with exclusion of the
He and Rozanski series suggesting more homoge-
neous results (Q_statistic = 5, p = 0.18).

RESULTS

Prognosis in asymptomatic adults. Table 1 compares
13 studies assessing the relationship of CAC with
adverse cardiovascular outcomes consisting of
71,595 asymptomatic patients (65% men) (11-23).
In this cohort, 29,312 patients (41%) did not have
any evidence of CAC (range 22% to 80% of total
patients per study). These patients were followed
for 32 to 102 months (mean 50 months) for the
occurrence of cardiovascular events. Overall, 154 of
29,312 patients (0.47%) without CAC had a car-
diovascular event during follow-up, as compared
with 1,749 of 42,283 patients (4.14%) with CAC.
The cumulative relative risk ratio was 0.15 (95% CI:
0.11 to 0.21, p < 0.001) (Fig. 1).

Prognosis in symptomatic adults. There are 7 studies
assessing the prognostic value of CAC in the
symptomatic population (Table 2) (5,24-29). Over-
all, these studies included a total of 3,924 symp-
tomatic patients (60% men), of whom 921 patients
(23%) did not have any evidence of CAC. These
patients were followed up for 30 to 84 months
(mean 42 months). Overall, 17 of 921 patients
(1.8%) without CAC had a cardiovascular event
during follow-up compared with 270 of 3,003
patients (8.99%) with CAC. The cumulative rela-
tive risk ratio was 0.09 (95% CI: 0.04 to 0.20, p <
0.0001) (Fig. 2).

Diagnostic accuracy of CAC for stenosis on invasive
angiography. Quantification of CAC has also been
extensively studied (30—47) for its ability to predict
significant CAD as determined by ICA (Table 3).

Prognostic Value of No CAC

There were 18 studies from 1992 to 2007 in which
a total of 10,355 symptomatic patients suspected of
CAD underwent CAC testing, as well as ICA.
Overall, 5,805 of these patients (56%) had a signif-
icant coronary stenosis (defined as >50%) on ICA.
In this cohort, 1,941 patients (20%) had no CAC
(range 12% to 36% of total patients per study).
Overall, only 131 of 5,805 patients (2%) with
significant CAD did not have detectable CAC.
Pooled data revealed that the presence of calcium
had a sensitivity, specificity, negative predictive
value, and positive predictive value of 98%, 40%,
93% and 68%, respectively, for the prediction of a
significant coronary stenosis. The summary nega-
tive predictive value was 92% (95% CI: 88% to 95%,
p < 0.0001) (Fig. 3). The summary positive pre-
dictive value was 68% (95% CI: 64% to 72%, p <
0.0001) (Fig. 3).

Diagnostic accuracy of CAC for myocardial ischemia.
Eight studies (29,48-54) evaluated CAC in pa-
tients undergoing stress myocardial perfusion im-
aging (Table 4). A total of 535 of 3,717 patients
(14%) were found to have abnormal myocardial
perfusion. In patients without CAC, 67 of 973 (7%)
had evidence of ischemia, whereas in patients with
CAC (n = 2,744), 486 patients (13%) had evidence
of ischemia. The cumulative odds ratio for ischemia
was 0.086 (95% CI: 0.024 to 0.311, p < 0.0001)
(Fig. 4).

CAC in detection of acute coronary syndromes in the
emergency department. Three studies outlined the
utility of CAC scanning for risk stratification of
patients with suspicion of acute coronary syndromes
(ACS) (Table 5) (24,55,56). These studies evalu-
ated 431 patients complaining of acute chest pain
with negative troponins and equivocal electrocar-
diographic findings. The cohort consisted of 48%
men (mean age 51.4 years). There were only 2 of
183 patients (1.1%) without any CAC who were
diagnosed with an ACS. Of the 248 patients with a
positive CAC score, 77 (31%) were found to have
an ACS. Overall, a positive CAC score had 99%
sensitivity, 57% specificity, 24% positive predictive
value, and 99% negative predictive value for the
evaluation of ACS. The Mantel-Haenszel relative
risk ratio for ACS was 0.07 (95% CI: 0.026 to
0.187, p < 0.00001) with absence of CAC.

DISCUSSION

Overall, our review of the published data revealed
that the absence of CAC translates into a low risk
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Table 1. Studies E ing the Prognosis of Asymptomatic Patients on the Basis of Their Coronary Artery Calcium Scores
Prevalence, n (%) Mean % Age Events, n (%)
Total Type of Scanner Type/  Men Follow-up Lost to
Author/Year (Ref. #) Population Population Slice Thickness (%) CAC =0 CAC >0 (Months)  Follow-Up Definition of Events CAC =0 CAC >0
Arad et al./2000 (12) 1,173 Self referred EBCT/3 mm 71 623 (53) 550 (47) 43 0.4 Cardiac death (3), 2(0.32) 37(6.72)
myocardial infarction (15),
revascularization (21)
Raggi et al./2001 (11) 676 PCP referred EBCT/3 mm 50 319 (47) 357 (53) 32 N/A Cardiac death (9), 1(0.31) 29 (4.77)
myocardial infarction (21)
Wong et al./2002 (13) 926 Self referred EBCT/3 mm 79 398 (43) 528 (57) 40 N/A Myocardial infarction (6), 4(1.01) 24(6.12)
revascularization (20),
stroke (2)
Kondos et al./2003 (14) 5,635 Self referred EBCT/3 mm 74 1,816 (32) 3,819 (78) 37 36 Cardiac death (21), 11(0.61) 213 (5.58)
myocardial infarction (37),
revascularization (166)
Shaw et al./2003 (15) 10,377 PCP referred EBCT/3 mm 60 5,067 (49) 5310(51) 60 0 All-cause death (249) 39(0.77) 210(3.95)
Shemesh et al./2004 (16) 446 High-risk MDCT/N/A 48 152 (34) 294 (66) 45 0 Cardiac death (2), 6(3.95) 41(13.95)
hypertensives myocardial infarction (16),
revascularization (14),
stroke (15)
Greenland et al./2004 (17) 1,029 Self referred EBCT/6 mm 90 316 (31) 713 (69) 102 12.5 Cardiac death (68), 14 (4.43) 70(9.82)
myocardial infarction (16)
Arad et al./2005 (18) 4,903 Population-based ~ EBCT/3 mm 65 1,504 (31) 3,399 (69) 52 6 Cardiac death (40), 8(0.53) 119 (3.50)
cohort revascularization (59),
peripheral disease (13),
stroke (7)
LaMonte et al./2005 (19) 10,746 Self and PCP EBCT/3 mm 64 2,692 (25) 8,054 (75) 42 30 Cardiac death (19), 15 (0.56) 272 (3.38)
referred myocardial infarction (62),
revascularization (206)
Taylor et al./2005 (20) 1,983 Army population EBCT/3 mm 82 1,591 (80) 392(10) 36 0.8 Cardiac death, myocardial 2(0.13) 7(1.79)
infarction, unstable angina
Budoff et al./2007 (21) 25,253 PCP referred EBCT/3 mm 54 11,046 (44) 14,207 (56) 82 0 All-cause death (511) 44 (0.40) 466 (3.28)
Becker et al./2008 (22) 1,726 PCP referred EBCT/3 mm 59 379(22) 1,347 (78) 40 0 Cardiac death (66), 0(0.00) 180 (13.36)
myocardial infarction (114)
Detrano et al./2008 (23) 6,722 Population-based ~ EBCT/3 mm 47 3,409 (51) 3,313 (49) 44 0.5 Cardiac death (17), 8(0.23) 81 (2.45)
cohort (MESA) myocardial infarction (72)
Pooled 71,595 65 29,312 (41) 42,283 (59) 50 154 (0.47) 1,749 (4.14)

CAC = coronary artery calcium; EBCT = electron beam computed tomography; MDCT = multidetector computed tomography; MESA = Multi-Ethnic Study of Atherosclerosis; PCP = primary care physician.
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Study Cumulative Statlstics Cumulative Mantel-Haenszel
Lower Upper Relative Risk Ratio (95% CI)
Point cl cl

Arad (2000) 0.05 0.001 0.25

Raggi (2001) 0.04 0.01 0.17

Wong (2002) 0.10 0.04 0.25

Kondos (2003) 0.10 0.05 0.21

Shaw (2003) 0.13 0.07 0.23

Shemesh (2004) 0.15 0.09 0.25

Greenland (2004) 0.18 0.12 0.26

Arad (2005) 0.18 0.14 0.22

LaMonte (2005) 0.18 0.12 0.26

Taylor (2005) 0.17 0.1 0.25

Budoff (2007) 0.16 0.1 0.23

Becker (2008) 0.15 0.1 0.22

Detrano (2008) 0.15 0.1 0.21

Summary Risk 0.15 0.11 0.21

Ratio 0.01 0.1 1 10 100

Lower Risk Higher Risk

Figure 1. Forest Plot of the Cumulative Relative Risk Ratio for Events in No CAC Versus CAC Asymptomatic Patients
The relative risk ratio is calculated using a Mantel-Haenszel relative risk ratio (95% confidence interval [Cl]). The individual study relative
risks are reported, but the Forest plot details a cumulative relative risk ratio. All p < 0.0001. CAC = coronary artery calcium.

for future events in both asymptomatic and symp-
tomatic populations, a low probability of having a
significant stenosis, a low incidence of abnormal
myocardial perfusion, and a low likelihood of acute
coronary syndrome. In summary, the absence of
CAC identifies individuals at low risk for cardio-
vascular disease and cardiovascular events, thus
precluding the need for further downstream testing
and management.

Prognostic significance. ASYMPTOMATIC PATIENTS.
A total of 13 studies examining the prognostic sig-
nificance of CAC in asymptomatic individuals fit
our criteria for inclusion. There were adverse car-
diac events in an average of 0.47% (range O to
4.43%) of the total 29,312 individuals without
evidence of CAC. Although 11 studies had event
rates =1.01%, there were 2 studies that had ex-
tremely high event rates (3.95 and 4.43%) (16,17).
When we examined these studies more carefully,
the study with the highest event rates (4.43%) (17)
applied an unconventional scanning protocol that
employed a 6-mm slice thickness rather than the
standard 3-mm collimation. It has been well estab-
lished (57) that use of a larger slice thickness misses
approximately one-third of calcified lesions. The
effect of missing these lesions can result in misclas-
sifying individuals as having no evidence of CAC.
The other study with a higher event rate (3.95%)
assessed 446 high-risk hypertensive patients from
the INSIGHT (International Nifedipine Study In-
tervention as Goal for Hypertension Therapy) trial

(16). Nearly one-third of the events in this study
were strokes. Hemorrhagic strokes related to hyper-
tension might have elevated the number of events
seen in individuals without CAC. Neither the
nature of the strokes nor the number of patients
with/without CAC who suffered a stroke was re-
ported in the article.

Overall, despite the results of these 3 studies,
our review indicates that the absence of CAC
is associated with a very low overall risk of any
event in asymptomatic individuals. Budoft et al.
(21) demonstrated a similarly low risk for mor-
tality (0.4%) in a follow-up extending up to 12
years, confirming the minimal long-term risk
associated with absence of CAC in long-term
follow-up.

Another key question is how CAC compares
with other noninvasive tests for subclinical athero-
sclerosis such as carotid intimal medial thickness,
ankle-arm pressure index, and C-reactive protein.
This question was examined recently (58) in a
comparative review of subclinical atherosclerosis
tests. The authors found that negative testing for
subclinical atherosclerosis conveyed a low risk
(<10%) regardless of the test considered. However,
with respect to prognostic value in asymptomatic
patients, the data on CAC seem to be the most
robust in sheer size, diversity of populations, and
duration of follow-up. Although other tests for
subclinical atherosclerosis have the benefit of low
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Table 2. Studies Examining the Prognosis of Patients Symptomatic for Coronary Artery Disease on the Basis of Their Coronary Artery Calcium Scores

Prevalence, n (%) Mean % Age Events, n (%)
Total Scanner Type/ Men ——  Follow-up Lost to
Author/Year (Ref. #) Population Type of Population Slice Thickness (%) CAC=0 CAC>0 (Months) Follow-Up Definition of Events CAC=0 CAC>0
Detrano et al./1996 (5) 491 Referred for ICA EBCT/3 mm 57 98 (20) 393 (80) 30 14 Cardiac death (13), 1(1.02) 20(5.09)
myocardial infarction (8)
Georgiou et al./2001 (24) 192 Referred to EBCT/3 mm 54 76 (40) 116 (60) 50 8 Cardiac death (11), 2(2.63) 56(48.28)
emergency myocardial infarction (19),
department for revascularization (13),
chest pain hospitalizations (11),
strokes (4)
Keelan et al./2001 (25) 288 Retrospective study, EBCT/3 mm 77 32(11) 256 (89) 84 9 Cardiac death (N/A), 1(3.13)  21(8.20)
patients with EBCT myocardial infarction (N/A)
and ICA
Schmermund et al./2004 (26) 255 Retrospective study, EBCT/3 mm 71 62 (24) 193 (76) 42 15 Cardiac death (3), 1(1.60) 39(20.21)
pts with recent myocardial infarction (2),
onset of symptoms revascularization (35)
Becker et al./2005 (27) 924 Post ICA, no MDCT 48 188 (20) 736 (80) 36 N/A Cardiac death (28), 0(0.000 78(11)
significant stenosis myocardial infarction (50)
Rozanski et al./2007 (28) 1,153 PCP/self referred EBCT/ MDCT 74 252(22) 901 (78) 32 3 Cardiac death and myocardial 1(0.40) 49 (5.44)
3/2.5 mm infarction (13),
revascularizations
>60 days (37)
Schenker et al./2008 (29) 621 Referred for stress PET ~ MDCT/2.5 mm 40 213 (34) 408 (66) 17 0 Cardiac death (33), 11(5.16) 44 (10.78)
on clinical grounds myocardial infarction (22)
Total 3,924 60 921(23) 3,003 (76) 42 17 (1.80) 270(8.99)

ACS = acute coronary syndromes; ICA = invasive coronary angiography; N/A = not applicable; PET = positron emission tomography; other abbreviations as in Table 1.
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Prognostic Value of No CAC

Study Cumulative Statistics
Lower Upper
Point limit limit
Detrano (1996) 0.20 0.03 1.48
Georgiou (2001) 0.08 0.03 0.26
Keelan (2001) 0.12 0.05 0.33
Schmermund (2004) 0.11 0.05 0.27
Becker (2005) 0.10 0.04 0.23
Rozanski (2007) 0.09 0.04 0.20
0.04 0.20

Cumulative Mantel-Haenszel
Relative Risk Ratio (95% CI)
p Value

0.115

<0.0001

<0.0001 —;
<0.0001

<0.0001

<0.0001

<0.0001

0.01 0.1 1 10 100

Lower Risk Higher Risk

calcium.

Figure 2. Forest Plot of the Cumulative Relative Risk Ratio for Events in the No CAC Versus CAC Symptomatic Patients

The relative risk ratio is calculated using a Mantel-Haenszel relative risk ratio (95% confidence interval [Cl]). CAC = coronary artery

cost, higher reproducibility, and a better safety
profile owing to the absence of radiation, none have
shown any added benefit in prognostic value over
traditional risk factors.

Despite its utility, it is important to assess
whether the result of a negative CAC score would
lead asymptomatic individuals to engage in less
stringent adherence to preventive and therapeutic
strategies. The results of a randomized controlled
trial looking at this question suggest otherwise.
O’Malley et al. (59) followed 459 young men for 1
year and found no difference in projected risk, and,
more importantly, no change in behavior in those
who were informed that they did not have evidence
of CAC versus those who were found to have CAC.
They concluded that the knowledge of a negative
CAC score scan did not convey false reassurance
resulting in adverse behavioral outcomes.

Another issue that must be closely examined is
how often individuals without CAC should be
assessed for development of atherosclerosis and who
among these individuals may need early follow-up.
A study examining progression rates of coronary
calcification in 710 patients without CAC (60)
reported that 62% of the cohort did not develop
CAC in a period extending up to 5 years. In fact,
only 2% developed a CAC score >50 (60). The
investigators concluded that after an initial negative
CAC scan, an individual can safely receive a follow-up
scan up to 5 years later. Similarly, Kronmal et al. (61)
reported from the MESA (Multiethnic Study on
Atherosclerosis) study that only 16% of individuals
without CAC developed CAC in a median follow-up
of 41 months. This indicates that a negative CAC
scan could save a patient from costly therapy over the
course of 3 to 5 years and that these patients can be

followed simply with regular outpatient visits without
the need for costly diagnostic imaging.

Although current guidelines do not recommend
that preventive therapies such as lipid-lowering med-
ications can be down-regulated in the absence of
CAC (62), our data suggest that aggressive manage-
ment in this cohort is not warranted if patients do not
qualify according to National Cholesterol Education
Program guidelines. For example, among individuals
who are considered as intermediate Framingham risk,
lipid-lowering medications are recommended only for
low-density lipoprotein (LDL) cholesterol >160 mg/
dl. In these scenarios, patients with LDL <160 mg/dl
can be reassured of their risk without initiation of
further pharmacotherapy. The results of our review
provide an opportunity to introduce a robust model
for providing treatment to deserving individuals in
societies with finite resources. This would allow those
with the absence of CAC to follow healthy lifestyle
modifications with little or no medical therapy while
focusing intense therapy on a smaller population of
patients with an actual higher risk of events as dem-
onstrated by increasing atherosclerotic burden.

SYMPTOMATIC PATIENTS. Along with the compre-
hensive literature on the prognostic utility of CAC
in asymptomatic patients, a number of studies
looked at similar parameters in a symptomatic
population (Table 2). Although the prevalence of a
CAC score of 0 was lower in symptomatic versus
asymptomatic patients (23% vs. 40%), symptomatic
patients without CAC also had a significantly lower
event rate than those with CAC (1.8% vs. 8.99%).
Although the prognostic data available on symp-
tomatic patients are not as large as those on asymp-
tomatic individuals, there is evidence that an ab-
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Table 3. Studies Examining the Accuracy of Coronary Artery Calcium to Predict the Presence or Absence of Significant Coronary Artery Stenosis by Invasive Coronary Angiogram

in Symptomatic Patients

Prevalence, n (%)

EBCT Reads

Blinded to Total Scanner Significant CAC + CAC — CAC + CAC — Sensitivity  Specificity NPV PPV

Author/Year (Ref. #) ICA Results  Patients Type CAC=0 CAC >0 Stenosis Stenosis +  Stenosis +  Stenosis —  Stenosis (%) (%) (%) (%)
Breen et al./1992 (30) Yes 100 EBCT 25(25) 75 (75) 47 (47) 47 0 28 25 100 47 100 63
Fallavollita et al./1994 (31) Yes 106 EBCT 30(28) 76 (72) 59 (56) 50 9 26 21 85 45 70 66
Rumberger et al./1995 (32) Yes 139 EBCT 30(22) 109 (78) 65 (47) 64 1 45 29 99 39 97 59
Budoff et al./1996 (33) N/A 710 EBCT 147 (21) 563 (79) 426 (60) 404 23 159 124 95 44 84 72
Baumgart et al./1997 (34) Yes 57 EBCT 7(12) 50 (88) 29(51) 28 1 22 6 97 21 86 56
Budoff et al./1998 (35) Yes 125 EBCT 45 (36) 80 (64) 73 (58) 71 1 9 44 99 83 98 89
Bielak et al./2000 (36) Yes 213 EBCT 40(19) 173 (81) 113 (53) m 1 62 39 99 39 98 64
Yao et al./2000 (37) Yes 64 EBCT 15(23) 49 (77) 45 (70) 44 1 5 14 98 74 93 90
Shavelle et al./2000 (38) Yes 97 EBCT 17 (18) 80 (82) 67 (69) 64 3 16 14 96 47 82 80
Haberl et al./2001 (39) Yes 1,764 EBCT 249(14) 1,515(86) 935(53) 935 5 580 244 100 30 98 62
Budoff et al./2002 (40) Yes 1,851 EBCT 385(21) 1,466 (79) 981 (53) 945 38 521 347 96 40 90 64
Hosoi et al./2002 (41) Yes 282 EBCT 36(13) 246 (87) 203 (72) 196 7 50 29 97 37 81 80
Budoff et al./2002 (42) Yes 1,120 EBCT 277 (25) 843 (75) 672 (60) 653 19 190 258 97 58 93 77
Knez et al./2004 (43) Yes 2,123 EBCT 334(16) 1,789(84) 1,253 (59) 1247 8 542 326 929 38 98 70
Haberl et al./2005 (44) Yes 133 MSCT 25(19) 108 (81) 53 (40) 45 8 63 17 85 21 68 42
Lau et al./2005 (45) Yes 50 MSCT 6(12) 44 (88) 30(60) 29 1 15 5 97 25 83 66
Becker et al./2007 (46) Yes 1347 MSCT 259(19) 1,088 (81) 714 (53) 715 5 373 254 99 a4 98 66
Leschka et al./2007 (47) Yes 74 DSCT 14 (19) 60 (81) 36 (49) 36 0 24 14 100 37 100 60
Pooled data 10,355 1,941(20) 8,414 (80) 56 5,684 131 2,730 1,810 98 40 93 68

NPV = negative predictive value; PPV = positive predictive value; other abbreviations as in Tables 1 and 2.
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Statistics for No CAC
Event Lower Upper

Study Rate CI cl p-Value Rate Cl
Breen (1992) 098 0.76 1.00 0.006 063 051
Fallovolitta (1994) 070 052 084 0.033 067 056
Rumberger (1995) 097 0.80 0.99 0.001 059 049
Budoff (1996) 0.84 0.77 0.89 <0.0001 072 088
Baumgart (1997) 0.86 0.42 0.98 0.097 056 042
Budoff (1998) 0.98 0.86 1.00 <0.0001 089 080
Bielak (2000) 0.98 0.84 1.00 <0.0001 064 0.57
Yao (2000) 093 0.65 0.99 0.011 080 078
Shavelle (2000) 082 057 094 0.016 080 070
Haberl (2001) 0.98 0.95 0.99 <0.0001 062 060
Budoff (2002) 0.90 0.86 0.93 <0.0001 064 0862
Hosoi (2002) 0.81 0.65 0.0 0.001 080 075
Budoff (2002a) 0.93 0.90 0.96 <0.0001 Q77 074
Knez (2004) 098 096 099 <0.0001 070 0868
Haberl (2005) 068 0.48 0.83 0.079 042 0.33
Lau (2005) 0.83 0.37 0.98 0.142 066 051
Becker (2007) 098 0.95 0.99 <0.0001 066 0863
Leschka (2007) 0.97 0.63 1.00 0.019 060 047

Summary 0.92 0.88 0.95 <0.0001 0.68 0.64

Rate

Statistics for CAC >0

Event Lower Upper

No and Significant CAD % and 95% CI

Cl p-Value

073 0030 -
077 0003 &
068 0070 [
076  0.000 u
0.6¢ 0397 =
094  <0.0001 -
071  <0.0001 =
096  0<0001 &
087  <0.0001 -
064  <0.0001 u
066  <0.0001 u
085  <0.0001 u
080  <0.0001 L]
072 <0.0001 L]
051 0085 R

078 0038 8=
069  0<.0001 =
072 0124 T
072 <0.0001 L

0.00 050 1.00 0.00 0.50 1.00

Positive Predictive Value
for Significant CAD

Negative Predictive Value
for No CAD

nary artery disease; Cl = confidence interval.

Figure 3. Negative and Positive Predictive Value of No CAC and CAC >0

Negative and positive predictive value of absence of detectable no CAC and CAC >0 for detection of significant coronary artery disease
detected on invasive angiography, with summary statistics of 92% and 68%, respectively. CAC = coronary artery calcium; CAD = coro-

sence of CAC translates into a reduced risk for
adverse events in this population. Further studies
are needed to identify the true role of CAC in
symptomatic individuals and how best to incorpo-
rate CAC information into the overall risk stratifi-
cation algorithm in combination with other diag-
nostic tests, such as contrast-enhanced coronary
computed tomography (CT) angiography and/or

stress myocardial perfusion imaging.

Utility of CAC in ruling out significant CAD. Aside
from the long-term prognostic value, our review
reveals the potential of CAC scanning to serve as
a gatekeeper for further diagnostic imaging for
evaluation of coronary luminal patency. There
were 18 studies comparing the diagnostic accu-
racy of Agatston scores with ICA to detect a
significant (>50%) stenosis of the coronary lu-
men (Table 3).

Table 4. Studies Examining the Relationship Between Coronary Artery Calcium and Myocardial Ischemia
Prevalence, n (%)
Average CAC + CAC —
Age Men Total Abnormal Ischemia + Ischemia +
Author/Year (Ref. #) Type of Population (yrs) (%) Patients CAC =0 CAC >0 Perfusion (%) (%)
He et al./2000 (48) 87% asymptomatic 58 79 411 379 374(91) 81(20) 81(22) 0(0)
Yao et al./2004 (49) Referred for SPECT on 52 N/A 73 29 (40) 44 (60) 41 (56) 34(77) 7 (24)
clinical basis
Berman et al./2004 (50) 61% PCP, referred 8%, 58 73 1,195 250 (21) 945 (79) 76 (6) 72(8) 4(2)
self referred 31%,
research study
Wong et al./2005 (51) Referred for SPECT on 58 33 1,043 282 (27) 761 (73) 77 (7) 71(9) 6(2)
clinical basis
Blumenthal et al./2006 (52) Asymptomatic siblings 51 38 260 122 (47) 138 (53) 49 (19) 35(25) 14(11)
of pts with known
CAD
Budoff et al./2007 (53) Scheduled for ICA 54 70 30 6 (20) 24 (80) 19 (63) 17.(71) 2(33)
Esteves et al./2008 (54) Referred for SPECT on 62 39 84 34 (41) 50 (59) 13(15) 13(26) 0(100)
clinical basis
Schenker et al./2008 (29) Referred for PET on 61 41 621 213 (34) 408 (66) 179 (29) 163 (40) 34(16)
clinical basis
Total 57 47 3,717 973 (26) 2,744 (74) 535(14) 486 (13) 67 (7)
CAD = coronary artery disease; SPECT = single-positron emission computed tomography; other abbreviations as in Tables 1 and 2.
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Study Cumulative Statistics Cumulative Odds
Lower Upper Ratio (95% CI)
Point  limit limit pValue
He (2000) 0.033 0.001 1687 0.089 il
Yao (2004) 0166 0.012 2.250 0.177 L
Berman (2004) 0.080 0.010 O0.658 0.019
Wong (2005) 0.061 0.010 0.368 0.002 <
Blumenthal (2008) 0.081 0.016 0.400 0.002
Rozanski (2007)  0.083 0.015 0273 <0.0001 |—I
Budoff (2007a) 0.081 0.021 0.315 <0.0001
Esteves (2008) 0.086 0.024 0.311 <0.0001
Summary Odds 0.086 0.024 0.311 <0.0001
Ratio 001 01 1 10 100
Lower Higher
Odds Odds
Figure 4. Forest Plot of the Cumulative Odds Ratio for Ischemia in Patients With No CAC Versus CAC Patients
The relative risk ratio is calculated using a Peto odds ratio (95% confidence interval [Cl]), random effects model.

The presence of CAC was highly sensitive (98%)
in predicting a luminal stenosis >50% in any
coronary artery, although the specificity was low
(40%). In fact, recent American College of Cardi-
ology (ACC)/American Heart Association (AHA)
guidelines also consider that “for the symptomatic
patient, exclusion of measurable coronary calcium
may be an effective filter before undertaking inva-
sive diagnostic procedures or hospital admission”
(62,63). Although absence of CAC is associated
with a very low likelihood of significant CAD,
approximately 2% of symptomatic individuals with
significant CAD do not have evidence of CAC.
These individuals (i.e., significant CAD without
CAC) tend to be younger than 50 years of age
(32,33,39,40,43,46). As a result, one must exercise
caution when evaluating patients for potential
CAD in the absence of CAC.

Recent advances in contrast-enhanced coronary
CT angiography have allowed for higher accuracy
in detection and exclusion of significant CAD, and
thus the role of absence of CAC in this setting
needs further assessment. Although the pooled
sensitivity and specificity of CAC for detecting a

significant stenosis are 98% and 40%, respectively,
the sensitivity and specificity of contrast-enhanced
64-slice CT are 97% and 90%, respectively (64).
The most practical application would be using CT
angiography in improving on the limited specificity
of CAC for obstructive disease. Because the pres-
ence of CAC is often associated with nonobstruc-
tive disease, specificity for obstructive disease is
reduced. The determination of significant stenotic
disease with CT angiography in those with the
presence of CAC will undoubtedly be useful to the
clinician and patient.

However, it is important to keep in mind that
approximately 2% of symptomatic patients with
CAC may have underlying significant obstructive
epicardial CAD, the significance of which is not
entirely clear. As suggested by current ACC/AHA
guidelines, absence of CAC can serve as a possible
exclusion criterion for further cardiovascular risk
testing, as the long-term prognosis of these patients
is excellent.

Prevalence of myocardial ischemia in individuals with-
out CAC. Although the absence of CAC shows
exceptional ability for predicting the absence of a

Table 5. Studies Examining the Relationship Between Coronary Artery Calcium and Acute Coronary Syndrome in an Emergency Department Population
Mean Prevalence CAC=0 CAC >0

Total Type of Age Men With With Sensitivity  Specificity PPV NPV

Author/Year (Ref. #) Patients  Scanner (yrs) (%) CAC=0 CAC>0 ACS ACS (%) (%) (%) (%)

Laudon et al./1999 (58) 105 EBCT 48 54 59 46 0 14 100 63 30 100

McLaughlin et al./1999 (59) 134 EBCT 53 37 48 86 0 7 100 54 15 100

Georgiou et al./2001 (24) 192 EBCT 53 54 76 116 2 56 97 55 26 97

Total 431 514 48 183 248 2 77 99 57 24 929
Abbreviations as in Tables 1, 2, and 3.
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significant stenosis, its ability to predict myocardial
ischemia by myocardial perfusion scans (MPS) is
also encouraging, although somewhat more modest.
The negative predictive value of CAC for a perfu-
sion abnormality was an average of 93% in 8 studies.
More importantly, the 1 prognostic study simulta-
neously evaluating the prognostic value of both
MPS and CAC scores (28) conclusively showed
that the event risk of a person without CAC was
extremely low regardless of whether they had isch-
emia. In fact none of the patients without CAC
who had an abnormal MPS had an event, whereas
a very low percentage of those without CAC and a
normal MPS had an adverse outcome (0% vs. 0.2%,
respectively). The recent ACC/American Society of
Nuclear Cardiology appropriateness criteria state
that a low calcium score (especially in the absence of
CAC) precludes the need for MPS assessment (65).
However, in 3 studies, a significantly higher
prevalence of ischemia in patients without CAC
was reported. One of these studies (52) showed that
11% of individuals without CAC had an abnormal
MPS. This study was exclusively performed in
siblings of those with premature CAD. Another
study by Budoff et al. (53) examined a cohort of 30
individuals, with 70% of the subjects demonstrating
a clinically significant stenosis. The investigators
found 2 of 6 individuals (33%) without CAC to
have ischemia on MPS. The results of this study are
remarkably discordant with other studies, not only
because of the study’s small sample size but also
because of the high prevalence of disease in this
cohort.
ACS in individuals without CAC. The 3 studies eval-
uating the relationship between CAC and ACS
reported a 99% sensitivity and 99% negative pre-
dictive value, which is comparable to that of
contrast-enhanced coronary CT angiography
(66,67). On the other hand, the specificity and
positive predictive value was modest (57% and 24%,
respectively). The total number of patients in each
of these studies was too small to conclusively
establish the role of CAC evaluation in the emer-
gency department. The current state of published

Prognostic Value of No CAC

reports is certainly small and inconclusive with
respect to this important clinical entity. Although
CAC can serve as a useful marker for excluding
ACS in patients presenting to the emergency de-
partment, further studies in larger cohorts need to
be done to establish CAC’s role in a clinical
paradigm, especially in lieu of excellent depiction of
not only coronary anatomy but also of left ventric-
ular function with contrast-enhanced coronary CT
angiography.

Study limitations. This is a systematic review of a large
number of studies consisting of heterogeneous popu-
lations. Although the results of the vast majority of
these studies are concordant, the results might not be
generalizable to populations that were not examined
by any of the preceding studies. It is also important to
keep in mind that no information was available in a
majority of the studies on the effect of the absence of
CAC in various pre-test CHD risk settings. However,
when we extrapolate the data over a range of asymp-
tomatic and symptomatic patients, absence of CAC
has generally demonstrated favorable prognostic value.
This key question will need to be addressed in large
population-based cohorts such as MESA. In addition,
for studies examining the diagnostic accuracy of CAC
to predict a significant stenosis by ICA, caregivers
were blinded to CAC results in a majority of cases.
However in 4 studies, the results of the ICA could
have been driven by CAC scores (33,34,37,46).

CONCLUSIONS

On the basis of extensive evidence in published
reports (in more than 85,000 patients), the absence
of CAC identifies a group of asymptomatic and
symptomatic individuals at a very low cardiovascular
risk. As endorsed by current guidelines, these re-
sults should be considered strongly in current man-
agement algorithms for better utilization of health
care resources.

Reprint requests and correspondence: Dr. Khurram Nasir,
Division of Cardiology, Johns Hopkins University, Bal-
timore, Maryland 21287. E-mail: knasirl @jhmi.edu.
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For supplementary figures, please see the on-
line version of this article.
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