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Diagnostic Value of Coronary Artery Calcium Scoring in
Low-Intermediate Risk Patients Evaluated in the

Emergency Department for Acute Coronary Syndrome

Leticia Fernandez-Friera, MDa, Ana Garcia-Alvarez, MDa,b,c,
Fatemeh Bagheriannejad-Esfahani, MDa, Waqas Malick, BSa, Jesus G. Mirelis, MDa,b,

Simonette T. Sawit, MDa, Valentin Fuster, MD, PhDa,b, Javier Sanz, MDa, Mario J. Garcia, MDa,d,*,
and Luke K. Hermann, MDe

Early and accurate triage of patients with possible ischemic chest pain remains challenging
in the emergency department because current risk stratification techniques have significant
cost and limited availability. The aim of this study was to determine the diagnostic value
of the coronary artery calcium score (CACS) for the detection of obstructive coronary
artery disease (CAD) in low- to intermediate-risk patients evaluated in the emergency
department for suspected acute coronary syndromes. A total of 225 patients presenting to
the emergency department with acute chest pain and Thrombolysis In Myocardial Infarc-
tion (TIMI) scores <4 who underwent non-contrast- and contrast-enhanced coronary
computed tomographic angiography were included. CACS was calculated from the non-
contrast scan using the Agatston method. The prevalence of obstructive CAD (defined from
the contrast scan as >50% maximal reduction in luminal diameter in any segment) was 9%
and increased significantly with higher scores (p <0.01 for trend). CACS of 0 were observed
in 133 patients (59%), of whom only 2 (1.5%) had obstructive CAD. The diagnostic
accuracy of CACS to detect obstructive CAD was good, with an area under the receiver-
operating characteristic curve of 0.88 and a negative predictive value of 99% for a CACS
of 0. In a multivariate model, CACS was independently associated with obstructive CAD
(odds ratio 7.01, p � 0.02) and provided additional diagnostic value over traditional CAD
risk factors. In conclusion, CACS appears to be an effective initial tool for risk stratification
of low- to intermediate-risk patients with possible acute coronary syndromes, on the basis
of its high negative predictive value and additive diagnostic value. © 2011 Elsevier Inc.

All rights reserved. (Am J Cardiol 2011;107:17–23)
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The coronary artery calcium score (CACS) has been
roposed as an alternative approach for stratifying cardio-
ascular risk. In contrast to contrast-enhanced coronary
omputed tomographic angiography (CCTA), coronary ar-
ery calcium scoring has low radiation exposure, produces
ighly reproducible results, and requires no medication or
ontrast use and minimal patient cooperation. It has been
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hown that the presence of calcium is a quantifiable marker
f atherosclerotic disease,1 with good correlations with his-
ologic, intracoronary ultrasound, and angiographic mea-
ures of plaque burden.2,3 Moreover, CACS is an estab-
ished predictor of cardiovascular events.4 However, the
ole of CACS as part of the initial diagnostic evaluation of
atients with suspected acute coronary syndromes (ACS)
emains controversial.5–10 The primary goal of this study
as to determine the diagnostic utility of CACS in low- to

ntermediate-risk patients presenting to the emergency de-
artment (ED) with chest pain or angina-like symptoms,
ondiagnostic electrocardiographic findings, and negative
ardiac biomarkers.

ethods

From March 2007 to January 2009, all consecutive pa-
ients who were evaluated in the ED for suspected ACS with
ondiagnostic electrocardiographic findings and negative
nitial cardiac troponin and subsequently underwent CCTA
nd coronary artery calcium scoring were retrospectively
tudied. Exclusion criteria included known significant cor-
nary artery disease (CAD), defined as coronary artery
tenosis �50% and/or previous coronary revascularization.

roponin I was considered negative when �0.5 ng/dl (the
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pper limit of normal at our institution), and electrocardio-
raphic findings were considered nondiagnostic in the ab-
ence of ST-segment elevation or depression �1 mm or T
ave �4 mm in �2 contiguous leads. For the purpose of

nalysis, a modified Thrombolysis In Myocardial Infarction
TIMI) risk score11 was retrospectively calculated. Because
atients with positive troponin, diagnostic electrocardio-
raphic findings for ischemia, and/or known significant
AD were excluded from the analysis, and the number of
ngina episodes was not consistently reported, a maximum
core of 3 was possible on this modified scale. Pretest
robability of CAD on the basis of American College of
ardiology and American Heart Association guidelines was
lso retrospectively calculated for further analysis.12 The
AD risk factors were defined as follows: (1) diabetes
ellitus as a history of �2 determinations of fasting blood

lucose �126 mg/dl or taking insulin or oral antidiabetic
rugs; (2) hypertension as a history of �2 determinations of
ystolic blood pressure �140 mm Hg and/or diastolic blood
ressure �90 mm Hg or taking antihypertensive drugs; (3)
moking history, defined as current or previous tobacco use
f 5 pack-years; (4) hypercholesterolemia as a history of
otal cholesterol �200 mg/dl and/or low-density lipoprotein

130 mg/dl or taking statins; and (5) positive family history
hen first-degree relatives had myocardial infarctions, cor-
nary revascularization, or sudden death before the age of
5 years (men) and 65 years (women). The study was
pproved by the institutional review board of the Mount
inai School of Medicine.

CCTA was performed using a 64-slice scanner (Light-
peed VCT, XT; GE Healthcare, Milwaukee, Wisconsin)
ith either retrospective or prospective electrocardiographic
ating. All patients received sublingual nitroglycerin (0.4
g) and � blockers (intravenous metoprolol 5 to 30 mg) if

heir heart rates were �60 beats/min, unless contraindica-
ions were present. After standard scouts in the supine
osition, a noncontrast scan was performed to assess coro-
ary artery calcification. This consisted of a single inspira-
ory breath-hold craniocaudal acquisition covering from the
arina to the inferior heart border. Prospectively triggered
maging was used, with a tube voltage and an effective

igure 1. CACS reconstructed images in 2 different patients presenting wit
eft anterior descending coronary artery (LAD). (B) Heavy calcification in
urrent of 120 kVp and 200 mA, respectively. Subse- s
uently, contrast-enhanced angiography was performed in
hich the contrast circulation time was determined with a

imed bolus of 20 ml of contrast agent (Isovue 370; Scher-
ng AG, Berlin, Germany) or with the bolus-tracking tech-
ique with a threshold of 100 Hounsfield units in a region
f interest in the ascending aorta. A 70- to 100-ml con-
rast bolus followed by 50 ml of saline was injected
hrough a peripheral vein at 4 to 5 ml/s. For scanning, a
etector collimation of 64 � 0.625 mm was used, with a
antry rotation of 330 ms, pitch of 0.16 to 0.25, tube
oltage of 120 kVp, and tube current of 400 to 700 mA.
ube current modulation was used if applicable in the

etrospective protocols.
Axial images were reconstructed with an image matrix of

12 � 512 pixels and slice thickness of 0.625 mm. A
alf-scan algorithm with a temporal resolution of approxi-
ately 165 ms was performed for retrospectively gated

cquisitions, whereas a multisegment algorithm was used
or heart rates �70 beats/min. Images were preferentially
econstructed in the mid-diastolic phase (65% to 85% of the
ardiac cycle) for motion-free images of the coronary arter-
es. The CACS was calculated using the Agatston method,
hich is determined by calcified area and calcium score
ensity.1 Semiautomatic software (TeraRecon, San Mateo,
alifornia) displayed colored spots for calcium, defined as
yperattenuating lesions with �130 Hounsfield units with
n area �1.0 mm2, which were manually identified by the
perator and automatically summed to obtain total calcium
core (Figure 1). Patients were stratified according to CACS
nto 3 groups: normal (CACS � 0), low (CACS � 1 to
00), and high (CACS �100).13 The results of CCTA were
nterpreted on a dedicated workstation (Aquarius; TeraRe-
on) by 2 experienced readers. Coronary assessment was
erformed on original axial sources images, thin-slice max-
mum-intensity projections, or multiplanar reformatted re-
onstructions. Significant or obstructive CAD was defined
s �50% luminal diameter narrowing and considered mod-
rate or severe when causing 50% to 70% or �70% steno-
is, respectively.14,15 Plaques causing �50% stenosis were
onsidered nonsignificant disease. The presence of calcifi-
ation per artery was also evaluated, as well as the compo-

chest pain to the ED. (A) Absence of calcification in the proximal and mid
me coronary segments is identified (yellow).
h acute
ition of coronary plaques responsible for significant steno-
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19Coronary Artery Disease/Calcium Scoring in the Emergency Department
is. Briefly, calcified plaque was defined as any lesion with
ttenuation �130 Hounsfield units and noncalcified plaque
ith attenuation below the contrast-enhanced coronary lu-
en and Hounsfield units �0.16 Nondiagnostic results of
CTA were considered when any proximal or mid coronary

egment was not evaluable because of motion artifacts,
alcification, or low contrast-to-noise ratio.

Statistical analysis was performed with SPSS version
5.0 (SPSS, Inc., Chicago, Illinois). Continuous variables
re expressed as mean � SD or as median (range) de-
ending on their distribution. Categorical variables are
xpressed as total number (percentage). The accuracy of
ACS to detect significant CAD was assessed by the area
nder the receiver-operating characteristic curve. Sensi-
ivity, specificity, and predictive values were calculated
or a CACS of 0. Analysis of variance for trend and the

antel-Haenszel test were performed to evaluate differ-
ntial distribution of age, CAD risk factors, and signifi-
ant CAD according to CACS severity. Multivariate
nalysis was used to identify independent predictors of
ignificant CAD. Two logistic regression models were
onstructed; the first included age, gender, CAD risk
actors, and chest pain characteristics, and the second
odel additionally included CACS. To evaluate the

oodness of fit of the logistic regression models, the
oefficient of determination (Nagelkerke’s R2) was cal-
ulated.17 A p value �0.05 was considered statistically
ignificant.

esults

From March 2007 to January 2009, 247 consecutive
atients presenting to the ED with suspected ACS under-
ent CCTA. Of them, 22 patients did not have calcium

core scans performed, because of histories of coronary
evascularization or young age (�30 years). Therefore, the
nal cohort consisted of 225 patients. Study population
haracteristics are listed in Table 1. The prevalence of
ignificant CAD was 9% and increased along with higher
retest probability and higher TIMI risk score (Figure 2).
ll patients with severe coronary stenosis on CCTA (n � 7)
ere referred for invasive coronary angiography and sub-

equent coronary revascularization. Patients with moderate
tenosis were referred for invasive coronary angiography
n � 6), stress testing (n � 2), or clinical follow-up (n � 5),
s determined by the attending physician in the ED in
onjunction with the consulting cardiologist. Of a total of 13
atients referred for invasive coronary angiography, 2 had
50% coronary stenosis, and 11 had �1-vessel disease
ith �50% coronary stenosis. In 6 patients (3%), CCTA
as considered a nondiagnostic test, and patients underwent
uclear stress testing or coronary angiography on the basis
f the recommendation of the cardiology consult service. In
hese patients, the presence of significance was established
n the basis of the subsequent test results. Mean radiation
xposure for CACS scans was 0.8 � 0.3 mSv and for CCTA
as 8.5 � 3.2 mSv.
The percentage of patients with CACS �0 was signif-

cantly higher in the presence of intermediate or high
retest probability compared to low pretest probability

nd gradually augmented with the modified TIMI risk b
core (Figure 3). Coronary artery calcification was found in
he left anterior descending coronary artery in 85 patients
34%), the right coronary artery in 38 (17%), the left cir-
umflex coronary artery in 36 (16%), and the left main
oronary artery in 16 (7%). In the 133 patients (59%) with
ACS of 0, 2 (1.5%) had significant CAD, 7 (5%) had
onsignificant CAD, and 124 (93%) had no evidence of
AD. One of the 2 patients with CACS of 0 and significant
AD had intermediate pretest probability and a TIMI score
f 1 (a 48-year-old Hispanic man with multiple cardiac risk
actors and atypical chest pain), and the other patient had
igh pretest probability and a TIMI score of 2 (a 75-year-old

able 1
tudy population characteristics (n � 225)

ariable Value

ge (years) 53 (32–89)
en 102 (45%)
ace

Hispanic 96 (43%)
African American 64 (28%)
Caucasian 49 (21%)
Asian American 16 (7%)

ardiac risk factors*
Hypertension 104 (46%)
Hypercholesterolemia 72 (32%)
Current or former smoker 69 (30%)
Diabetes mellitus 44 (20%)

edical treatment
Aspirin 41 (18%)
Statins 34 (15%)
Angiotensin-converting enzyme inhibitors 23 (10%)
Calcium channel antagonists 18 (8%)
Diuretics 14 (6%)
� blockers 10 (4%)

ymptoms
Atypical chest pain 190 (84%)
Typical chest pain 35 (16%)
Acute dyspnea 39 (17%)
Chest discomfort and palpitations 10 (4%)

IMI risk score
0 134 (60%)
1 69 (31%)
2 18 (8%)
3 4 (2%)

retest probability of CAD
Low 33 (15%)
Intermediate 172 (76%)
High 20 (9%)

reatinine (mg/dl) 0.93 � 0.21
ACS 0 (0–3,454)
ultidetector computed tomography
Heart rate (beats/min) 67.2 � 12.1
Systolic blood pressure (mm Hg) 135.1 � 17.5
Diastolic blood pressure (mm Hg) 77.1 � 13.2
Contrast agent (ml) 92.6 � 23.8
Retrospective 197 (88%)
Metoprolol use 179 (79%)
Nitroglycerin use 213 (95%)

Data are expressed as median (range), mean � SD, or number (percent-
ge).

* Cardiac risk factors are defined in the “Methods” section.
lack woman without cardiac risk factors and typical chest
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ain). In these cases, the stenosis was graded as moderate in
everity, and subsequently, the patients underwent stress
esting, which did not demonstrate inducible ischemia. Fur-
hermore, no cardiovascular events were registered within
2 months after discharge.

The distribution of baseline characteristics, cardiac risk
actors, and results of CCTA according to the severity of
ACS is listed in Table 2. Age, male gender, hypercholes-

erolemia, diabetes, and previous aspirin use as well as the
everity of CAD increased gradually among groups. Coro-
ary plaques responsible for significant stenosis were pre-
ominately totally or partially calcified in composition. Of
4 significant stenoses found in our study population, 27
80%) contained calcium, whereas 7 (20%) lesions were
aused by noncalcified plaques. Noncalcified plaques caus-
ng significant stenosis occurred in patients with coronary

igure 2. Prevalence of CAD across low, intermediate, and high pretest pr
CS.

igure 3. Percentage of patients with CACS �0 according to the pretest pr
ow and intermediate pretest probability and for the trend across TIMI gr
alcification in other segments, and therefore, CACS was h
ositive, except in 2 cases. This finding suggests that is very
are to find obstructive noncalcified plaques in the setting of
CACS of 0.
The accuracy of CACS to detect significant CAD was

ood, with an area under the receiver-operating character-
stic curve of 0.88 (95% confidence interval 0.78 to 0.96;
igure 4). In our study population, CACS had a negative
redictive value of 99%, a positive predictive value of
0%, sensitivity of 91%, and specificity of 64%. The
ccuracy of CACS to detect significant CAD was higher
n men compared to women (area 0.90 vs 0.83) as well as
n younger (aged �65 years) patients compared to older
aged �65 years) patients (area 0.91 vs 0.74), but non–
tatistically significant differences were reached (p �
.54 and p � 0.19, respectively). In the first multivariate
odel adjusted by CAD risk factors (age, male gender,

y (A) and along the modified TIMI risk score (B) in patients evaluated for

y for CAD (A) and to the modified TIMI risk score (B). *p �0.05 between
obabilit
obabilit
ypertension, hypercholesterolemia, smoking history,
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21Coronary Artery Disease/Calcium Scoring in the Emergency Department
nd diabetes) and typical chest pain, the independent
ariables associated with significant CAD were age (odds
atio [OR] 1.1, p � 0.01), smoking history (OR 4.2, p �
.02) diabetes (OR 5.5, p �0.01), and typical chest pain
OR 4.2, p � 0.03). When CACS was included into the
tatistical model, age (OR 1.07, p � 0.01), smoking
istory (OR 3.78, p � 0.04), diabetes (OR 3.55, p �
.049), and particularly CACS (OR 7.28, p � 0.02) were
he independent predictors of significant CAD. The in-
lusion of CACS was demonstrated to improve the diag-
ostic accuracy of the model, resulting in an increase of

able 2
atients’ characteristics according to the severity of coronary artery
alcium score

CACS

ariable 0
(n � 133)

1–100
(n � 61)

�100
(n � 31)

p Value
for Trend

ge (years) 51 � 9 54 � 9 66 � 10 �0.01
en 49 (37%) 35 (57%) 18 (58%) 0.01
ypertension 57 (43%) 29 (48%) 18 (58%) 0.13
ypercholesterolemia 24 (18%) 25 (41%) 23 (74%) �0.01
mokers 42 (32%) 17 (28%) 9 (29%) 0.66
iabetes mellitus 13 (10%) 21 (34%) 10 (32%) �0.01
revious use of

aspirin
14 (11%) 17 (28%) 10 (32%) �0.01

ypical angina
pectoris

22 (17%) 10 (17%) 3 (12%) 0.43

ignificant CAD by
CCTA

2 (1.5%) 6 (10%) 12 (39%) �0.01

Moderate 2 (100%) 5 (83%) 6 (46%) �0.01
Severe 0 (0%) 1 (17%) 6 (54%) �0.01

Data are expressed as mean � SD or number (percentage).

igure 4. Receiver-operating characteristic curve for CACS to diagnose
ignificant CAD assessed by contrast-enhanced CCTA. AUC � area under
he curve; CI � confidence interval.
agelkerke’s R2 from 0.32 to 0.38. s
iscussion

The main finding of our study is that a CACS of 0
emonstrated a high negative predictive value to exclude
ignificant CAD in low- to intermediate-risk patients pre-
enting to the ED with acute chest pain and provided addi-
ional diagnostic value over CAD risk factors. The negative
redictive value and the sensitivity of a CACS of 0 to
xclude significant CAD in our study population were high
99% and 91%, respectively). Indeed, only 2 patients with
bsence of calcification had moderate lesions by CCTA,
hich allowed noninvasive management. However, the pos-

tive predictive value of CACS found in our cohort to
iagnose significant CAD was 20%, suggesting that the
linical impact of a positive result is limited and may re-
uire further investigation. Although risk stratification
cales based on pretest probability or TIMI scores are rec-
gnized useful tools in the evaluation of ED patients, as
emonstrated in our study, CACS was found to provide
ndependent and incremental diagnostic information. Addi-
ionally, a higher CACS was associated with a higher fre-
uency of significant CAD.

There is still a discrepancy about the clinical utility of
ACS in the evaluation of suspected ACS. Our findings are

n line with those of previous studies demonstrating the
sefulness of CACS in the acute setting. McLaughlin et al8

valuated 134 patients with acute chest pain and normal or
ondiagnostic electrocardiographic results and concluded
hat patients with CACS of 0 could be safely discharged on
he basis of the 98% negative predictive value demon-
trated. Laudon et al18 came to similar conclusions in a
rospective observational study that included 105 patients
ith chest pain who underwent coronary artery calcium

coring, together with treadmill exercise test, coronary an-
iography, radionuclide stress test, and echocardiography.
hese investigators suggested that no further testing was
eeded when a CACS of 0 was found. Accordingly, Sarwar
t al,10 on the basis of a negative predictive value of 93%
rom a systematic review of 18 studies, argued that patients
ith negative CACS are highly unlikely to have CAD.
hen studying the relation between CACS and future car-

iac events, Georgiou et al6 observed a higher annual event
ate in subjects with high CACS. Nabi et al9 similarly
eported excellent short-term outcomes for patients with
cute chest pain and CACS of 0. Supporting this evidence,
n the Rule Out Myocardial Infarction Using Computer
ssisted Tomography (ROMICAT) study, only 1 of 197
atients with CACS of 0 had a cardiac event during 6-month
ollow-up.16 In the opposite direction, Rubinshtein et al14

ound an incidence of significant CAD of 7% in a cohort of
atients with CACS of 0 who were electively referred for
CTA. In another study that included 40 patients at high
linical risk for ACS, 5 of 13 patients (39%) with negative
ACS had significant CAD, within an overall prevalence of

ignificant CAD of 70%.7 However, it is important to note
hat these studies were performed in clinical scenarios with
emarkably high prevalence of significant CAD (56% to
0%), and subsequently, the negative predictive value af-
orded by CACS was lower.19 In contrast, the prevalence of

ignificant CAD was low (9%) in our investigation, which is
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onsistent with other published ED-based studies,16 and all
he patients had low to intermediate risk for ACS.

Although there are multiple diagnostic modalities avail-
ble in the ED for risk stratification and early triage of
atients with chest pain, all have significant limitations.
tandard 12-lead electrocardiography lacks adequate sensi-

ivity and negative predictive value to rule out any form of
CS.20 Similarly, troponin has poor capacity to exclude
yocardial ischemia or early manifestations of ACS.21 Rest

chocardiography can detect wall motion abnormalities and
reduced ejection fraction but its sensitivity to detect ACS

s limited, and false-negative results are frequent.22 The use
f stress echocardiography improves negative and positive
redictive value, but it requires highly experienced sonog-
aphers and physicians and as a result is not universally
vailable, particularly off hours.23 Exercise treadmill testing
s a useful diagnostic tool for primary assessment of symp-
oms, but it is limited by a moderate predictive accuracy of
pproximately 70%.24 Single photon-emission computed to-
ography shows an excellent sensitivity (�90%) and good

pecificity (67% to 78%) compared to coronary angiogra-
hy25 and sensitivity of 71%, specificity of 90%, positive
redictive value of 38%, and negative predictive value of
7% in low-risk chest pain patients.26 Additionally, perfu-
ion imaging has been shown to have prognostic value and
llows risk stratification for future events.27 However, this
echnique is not ideal for initial ED evaluation of ACS for
ultiple reasons, including cost, time to perform the study,

ignificant radiation exposure, specially trained personnel
n site, and, as with other stress modalities, previous exclu-
ion of acute infarction through serial enzyme measure-
ents. More recently, a shortage of radiolabeled technetium

ompounds has resulted in increased use of thallium-201,
urther increasing patient radiation exposure. CCTA has
imilar accuracy to stress perfusion imaging but with shorter
ime to diagnosis and lower costs,26 but contrast allergies,
enal insufficiency, need for medication and physician ex-
ertise, and, moreover, patients’ frequent inability to ade-
uately cooperate limit its universal applicability. Addition-
lly, there is still concern about unnecessary radiation
xposure, particularly in younger patients. In comparison to
hese modalities, CACS also appears to provide valuable
nformation for initial risk stratification of ED chest pain
atients with several advantages. This noninvasive test has
high negative predictive value, similar to stress testing,
ithout any clinical contraindication (such as atrial fibril-

ation, concurrent medications, patients’ ability to exercise,
r baseline wall motion or electrocardiographic abnormali-
ies), need for iodinated contrast, or specific patient prepa-
ation. In addition, it is inexpensive, faster, simpler, and
ore available than other imaging techniques with minimal

adiation dose.
The main limitation of the present study is that only a

mall proportion of patients underwent coronary angiogra-
hy, and therefore the severity of CAD on CCTA was not
onfirmed by conventional angiography. Nevertheless, this
s reflective of the current clinical management of patients,
s the high concordance between CCTA and coronary an-
iography has been robustly demonstrated.28 Another addi-
ional limitation is that using CCTA as the reference for

efining significant CAD would have caused an overesti-
ation of the actual prevalence of obstructive CAD. How-
ver, this prevalence in our study population is similar to
hat found in previous similar ED studies.16 The absence of
ollow-up in all the patients precluded evaluation of the
rognostic value of CACS results; however, this was not the
bjective of our study. Finally, because the information
rovided by predictive values is dependent on the preva-
ence of disease, our results may not be generalized to other
nstitutions.
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