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Coronary Computed Tomography Angiography
for Early Triage of Patients With Acute Chest Pain
The ROMICAT (Rule Out Myocardial Infarction
using Computer Assisted Tomography) Trial

Udo Hoffmann, MD, MPH,*† Fabian Bamberg, MD, MPH,*† Claudia U. Chae, MD, MPH,‡
John H. Nichols, BA,* Ian S. Rogers, MD, MBA,* Sujith K. Seneviratne, MBBS,*
Quynh A. Truong, MD,* Ricardo C. Cury, MD,*† Suhny Abbara, MD,*† Michael D. Shapiro, DO,*
Jamaluddin Moloo, MD,* Javed Butler, MD, MPH,* Maros Ferencik, MD, PHD,* Hang Lee, PHD,§
Ik-Kyung Jang, MD, PHD,‡ Blair A. Parry, BA,� David F. Brown, MD,� James E. Udelson, MD,¶
Stephan Achenbach, MD,# Thomas J. Brady, MD,*† John T. Nagurney, MD, MPH�

Boston, Massachusetts; and Erlangen, Germany

Objectives This study was designed to determine the usefulness of coronary computed tomography angiography (CTA) in
patients with acute chest pain.

Background Triage of chest pain patients in the emergency department remains challenging.

Methods We used an observational cohort study in chest pain patients with normal initial troponin and nonischemic elec-
trocardiogram. A 64-slice coronary CTA was performed before admission to detect coronary plaque and stenosis
(�50% luminal narrowing). Results were not disclosed. End points were acute coronary syndrome (ACS) during
index hospitalization and major adverse cardiac events during 6-month follow-up.

Results Among 368 patients (mean age 53 � 12 years, 61% men), 31 had ACS (8%). By coronary CTA, 50% of these
patients were free of coronary artery disease (CAD), 31% had nonobstructive disease, and 19% had inconclusive
or positive computed tomography for significant stenosis. Sensitivity and negative predictive value for ACS were
100% (n � 183 of 368; 95% confidence interval [CI]: 98% to 100%) and 100% (95% CI: 89% to 100%), respectively,
with the absence of CAD and 77% (95% CI: 59% to 90%) and 98% (n � 300 of 368, 95% CI: 95% to 99%), respectively,
with significant stenosis by coronary CTA. Specificity of presence of plaque and stenosis for ACS were 54% (95% CI:
49% to 60%) and 87% (95% CI: 83% to 90%), respectively. Only 1 ACS occurred in the absence of calcified plaque.
Both the extent of coronary plaque and presence of stenosis predicted ACS independently and incrementally to
Thrombolysis In Myocardial Infarction risk score (area under curve: 0.88, 0.82, vs. 0.63, respectively; all p � 0.0001).

Conclusions Fifty percent of patients with acute chest pain and low to intermediate likelihood of ACS were free of CAD by
computed tomography and had no ACS. Given the large number of such patients, early coronary CTA may signifi-
cantly improve patient management in the emergency department. (J Am Coll Cardiol 2009;53:1642–50)
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atients who present with acute chest pain that is believed
o be of ischemic origin but who have normal initial
iochemical markers for myocardial necrosis (troponin or

rom the *Cardiac MR PET CT Program, †Department of Radiology, ‡Division of
ardiology, §Biostatistics Center, and �Department of Emergency Medicine, Mas-

achusetts General Hospital and Harvard Medical School, Boston, Massachusetts;
Cardiology Division, Tufts Medical Center and Tufts University School of Medi-
ine, Boston, Massachusetts; and the #Department of Cardiology, University of
rlangen, Erlangen, Germany. This work was supported by the National Institutes of

ealth (R01 HL080053) and in part supported by Siemens Medical Solutions and
E Healthcare. Drs. Rogers, Truong, Shapiro, and Moloo were supported by the 2
reatinine kinase) and normal or nondiagnostic electrocar-
iograms (ECG) represent a major diagnostic challenge to
mergency departments (ED) (1–7). As a result, most of

ational Institutes of Health grant T32HL076136. Dr. Hoffmann has received research
rants from GE Healthcare and Siemens. Dr. Abbara has received research funding
rom Bracco and consulting honoraria (minor) from Ezem, Siemens, Partners
maging, Magellan Health, Perceptive Informatics. Dr. Achenbach has received grant
upport from Siemens and Bayer Schering Pharma. Dr. Nagurney is funded by Biosite
or a biomarker research study.
Manuscript received October 31, 2008; revised manuscript received December 19,
008, accepted January 12, 2009.

https://core.ac.uk/display/82592026?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


t
u
t
e

r
v
s
S
m
c
c
a
k
c
c
p
o
b

M

P
(
T
c
p
w
E
e
h
e
a
a

p
7
a
C
i
s
r
a
w
C
w
S
p
b
5
m
t

A
f
h

b
a
5
t
C
q
c
t
1
c
c
t
C
i
p
c
i
5
e
n

s
0
m
E
w
m
s
3
A
m
f
S
A
C
e
c
s
F
a
c
r
n
r
C
c
fi
(
d
a
e

1643JACC Vol. 53, No. 18, 2009 Hoffmann et al.
May 5, 2009:1642–50 Coronary CT and Acute Chest Pain in the ED
hese patients are admitted to the hospital for up to 24 h and
ndergo serial ECG and troponin testing, as well as a stress
est to rule out acute coronary syndrome (ACS), at a cost in
xcess of $8 billion annually (8–10).

See page 1651

Coronary computed tomography angiography (CTA) is a
apid diagnostic test that has the unique ability to nonin-
asively and accurately detect significant coronary artery
tenoses (11) and coronary atherosclerotic plaque (12,13).
everal smaller studies (14–17) suggest that coronary CTA
ay be helpful to facilitate early triage in patients with acute

hest pain. However, the distribution of CTA findings of
oronary artery diseases (CAD) such as plaque and stenosis
nd their association with ACS is not established. Such
nowledge would provide the basis for the assessment of the
linical utility of and the economic implications for using
oronary CTA as an early triage tool. Thus, we conducted a
rospective observational cohort study to assess the usefulness
f coronary CTA in patients with acute chest pain who are
eing admitted with low to intermediate risk for ACS.

ethods

atient population. The patient population of the ROMICAT
Rule Out Myocardial Infarction using Computer Assisted
omography) trial consisted of patients who had a chief

omplaint of acute chest pain lasting �5 min during the
ast 24 h, normal initial troponin, and an initial ECG
ithout evidence of myocardial ischemia. In all patients,
D physicians had sufficient clinical suspicion for an isch-

mic origin of chest pain and admitted these patients to the
ospital to rule out ACS. Notably, patients with a history of
stablished CAD, defined as stent implantation or coronary
rtery bypass grafting, were excluded. Detailed inclusion
nd exclusion criteria are provided in Table 1.

We screened patients who presented with a chief com-
laint of chest pain to the ED on weekdays from 7 AM to

PM (May 2005 to May 2007). All eligible patients who
greed to participate underwent contrast-enhanced coronary
TA before admission to the hospital floor. All physicians,

ncluding those in the ED, who were involved in the
tandard clinical care of the patients remained blinded to the
esult of coronary CTA. The institutional review board
pproved the study protocol, and all patients provided
ritten informed consent.
oronary CTA. The computed tomography (CT) imaging
as performed using a 64-slice CT scanner (Sensation 64,
iemens Medical Solutions, Forchheim, Germany). In
reparation for the scan, patients with a heart rate �60
eats/min received an intravenous beta-blocker (metoprolol,
to 20 mg) unless their systolic blood pressure was �100
m Hg or other contraindications were present. In addi-
ion, patients received 0.6 mg of sublingual nitroglycerin. n
ll image acquisitions were per-
ormed during a single breath-
old in inspiration.
Per standard protocol, a test

olus of 20 ml contrast agent was
dministered with a flow rate of
ml/s to determine the optimal

iming of contrast injection.
oronary CTA datasets were ac-
uired with 64 � 0.6 mm slice
ollimation, a gantry rotation
ime of 330 ms, tube voltage of
20 kV, and an effective tube
urrent of 850 mAs using ECG-
orrelated tube current modula-
ion when appropriate (18).
ontrast agent (80 to 100 ml,

odhexodol 320 mg/cm3, Visi-
aque, General Electrics Health-
are, Princeton, New Jersey) was
njected intravenously at a rate of

ml/s to ensure homogeneous
nhancement of the entire coro-
ary artery tree.
Axial images were recon-

tructed with a slice thickness of
.75 mm and increment of 0.4
m using a retrospectively
CG-gated half-scan algorithm
ith a temporal resolution of 165
s. Images were initially recon-

tructed at 60%, 65%, 70%, and
5% of the cardiac cycle (19).
dditional reconstructions were performed to minimize
otion artifacts if necessary. All reconstructions were trans-

erred to an offline workstation for analysis (Leonardo,
iemens Medical Solutions, Forchheim, Germany).
ssessment of presence and extent of CAD by coronary
TA. Assessment of coronary CTA datasets for the pres-

nce of significant coronary stenosis and the presence of
oronary atherosclerotic plaque was performed as a consen-
us reading by 2 experienced investigators (U.H./M.F. or
.B./M.D.S.) blinded to the subject’s clinical presentation
nd history using a modified 17-segment model of the
oronary artery tree (20,21). If a consensus could not be
eached, a third expert reader (S.A.) made the final diag-
osis. This method has been demonstrated to be highly
eproducible (17).

oronary atherosclerotic plaque. The presence of any
oronary atherosclerotic plaque per segment, whether calci-
ed or noncalcified, was determined as described previously
12,13). Briefly, noncalcified plaque was defined as any
iscernible structure that could be assigned to the coronary
rtery wall and had CT attenuation below the contrast-
nhanced coronary lumen but above the surrounding con-

Abbreviations
and Acronyms

ACS � acute coronary
syndrome

AUC � area under the
receiver-operating
characteristics curve

CAD � coronary artery
disease

CI � confidence interval

CT � computed
tomography

CTA � computed
tomography angiography

ECG � electrocardiogram

ED � emergency
department

MACE � major adverse
cardiac event(s)

MI � myocardial infarction

NPV � negative predictive
value

OR � odds ratio

PPV � positive predictive
value

SPECT � single-positron
emission computed
tomography

TIMI � Thrombolysis In
Myocardial Infarction

UAP � unstable angina
pectoris
ective tissue/epicardial fat. Calcifie
d plaque was defined as
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ny structure with a CT attenuation of �130 HU that could
e visually distinguished from the contrast-enhanced coro-
ary lumen.
oronary artery stenosis. The presence of coronary artery

tenosis was defined as a luminal obstruction �50% diam-
ter in any coronary segment. If image quality did not
ermit definite exclusion of the presence of a significant
tenosis (owing to the presence of motion artifacts, calcifi-
ation, or low contrast-to-noise ratio), the segment was
lassified as indeterminate. For calculation of diagnostic
ccuracy, such cases were counted as positive.

linical End Points

CS during index hospitalization. We defined ACS as
ither an acute myocardial infarction (MI) (i.e., patients
eveloped a positive troponin during serial testing [6 h or

h after ED presentation] or unstable angina pectoris
UAP] according to the American Heart Association/
merican College of Cardiology/European Society of Car-
iology guidelines (22–24). We defined UAP as clinical
ymptoms suggestive of ACS (unstable pattern of chest pain
t rest, new onset, or crescendo angina), optimally with
bjective evidence of myocardial ischemia, such as a positive
tress test.

ajor adverse cardiac events (MACE) during follow-
p. A standardized follow-up phone call was conducted 6
onths after enrollment to determine the occurrence of
ACE (death, MI, and coronary revascularization). In

ddition, we retrieved medical records for all patients to
erify all events potentially corresponding to a MACE, such

nclusion and Exclusion Criteria

Table 1 Inclusion and Exclusion Criteria

Inclusion criteria

Age �18 yrs

�5 min of chest pain within the previous 24 h

Admitted to rule out myocardial infarction through standard care protocols

Sinus rhythm

Ability to perform a breath hold of 10 to 15 s

Exclusion criteria

Elevated troponin I or CK-MB levels in the initial blood sample obtained in
the ED

New diagnostic ECG changes (ST-segment elevation or depression �1 mm or
T-wave inversion �4 mm in �2 anatomically contiguous leads)

Hemodynamic or clinical instability (systolic blood pressure �80 mm Hg,
clinically significant atrial or ventricular arrhythmias, persistent chest pain
despite therapy)

Known allergy to iodinated contrast agent

Serum creatinine �1.3 mg/day

Metformin treatment

Hyperthyroidism

Inability to provide informed consent

Perceived interference with standard clinical care of patients

History of established CAD, defined as stent implantation or coronary artery
bypass grafting

AD � coronary artery disease; CK-MB � creatine kinase-myocardial band; ECG � electrocardio-
ram; ED � emergency department.
s a report of recurrent symptoms resulting in medical 9
onsultation, diagnostic testing, or hospital admissions;
hese events were subsequently validated by review of
edical records. Overall, this approach resulted in a

ollow-up completion rate of 92%. In the remaining 8% of
atients, we assessed mortality using the online Social
ecurity Death Index website.
djudication. To establish the diagnosis of ACS and
ACE, an outcome panel of 2 experienced physicians with
ore than 10 years’ experience (1 ED physician [J.T.N] and
cardiologist [S.S.]) reviewed patient data forms containing
rospectively collected information on the history and
ature of chest pain, risk factors, and medical history, as well
s medical records pertaining to the hospital admission. The
utcome panel was blinded to the findings of coronary CT.
isagreement was resolved by consensus, which included an

dditional cardiologist (C.C.) (25).
linical covariates. We prospectively collected data on
emographics, risk factor profile, Thrombolysis In Myocar-
ial Infarction (TIMI) risk score, and clinical course in all
atients. Presence of risk factors (i.e., hypertension, hyper-
holesterolemia, and diabetes mellitus) was established from
ctual measurements obtained during the hospitalization or
elated medication use. Medical records were reviewed to
btain results of all diagnostic tests performed during index
ospitalization.
tatistical analysis. Demographics, traditional risk factors,
linical events, and prevalence of plaque and stenosis as
etected by coronary CTA are presented as mean � SD or
edian and interquartile range for continuous variables and

s percentages for categorical variables.
We determined the utility of coronary CT to guide triage

ecisions in the ED using 2 different analytic strategies. To
etermine the accuracy of coronary CTA, we calculated
onventional measures of diagnostic accuracy (sensitivity,
egative predictive value [NPV], specificity, and positive
redictive value [PPV]) and test-positive and -negative

ikelihood ratios with 95% confidence intervals (CIs) based
n a binomial distribution for the absence of plaque and the
bsence of significant stenosis for the detection of ACS.
he chi-square test was used to compare proportions and
easures of diagnostic accuracy between groups. To com-

are the extent of plaque between subjects with and without
CS, Wilcoxon rank-sum test was applied. Further, we
erformed multivariate logistic regression modeling to ex-
mine the association between the extent of coronary
therosclerotic plaque and the presence of stenosis as de-
ected by coronary CTA with the outcome of ACS. The
rude models contained the presence of stenosis as a
ichotomous variable, or the extent of plaque, defined as the
umber of coronary segments with any plaque (1–17), as a
ontinuous variable. We then tested whether the association
etween CT findings and ACS persisted after adjusted for
ge, sex, and TIMI risk score. Model fit was assessed using
-statistics, equivalent to the area under the receiver-
perating characteristic curve (AUC) (26). The asymptotic

5% CIs for the AUCs were estimated using a nonpara-
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etric approach that is closely related to the jackknife
echnique proposed by DeLong et al. (27). Also, we
erformed a 2-sided asymptotic z-test to compare the AUC
f the TIMI risk score and the CT finding, in which the
tandard error of the test statistics was derived from the
symptotic variance covariance (27).
ample size calculation. The study was designed to assure
high precision of the estimates of diagnostic accuracy. We

imed to demonstrate lower bounds of 95% CIs for NPV
bove 90%. Based on our initial experience and published
ata we assumed the following: 12% prevalence of ACS,
0% sensitivity of significant coronary stenosis for ACS, and
ensitivity of 90% and specificity of 85% for coronary CTA
o detect significant coronary artery stenoses. Thus, a sample
ize of 400 patients would assure a tight (�10%) CI of the
PV above 90%.
A 2-sided value of p � 0.05 was considered to indicate

tatistical significance. All analyses were performed using SAS
version 9.1, SAS Institute Inc., Cary, North Carolina).

esults

atient population. A total of 1,869 patients with a
rimary complaint of chest pain lasting �5 min were
creened during the enrollment period. Exclusion criteria
ere present in 1,270 patients (impaired renal function [n �
54], history of CAD defined as previous stent placement or
oronary bypass [n � 231], ECG diagnostic for myocardial
schemia or positive initial biomarkers [n � 209], arrhyth-

ia [n � 97], inability to pause metformin [n � 68],
nrolled in a different research study or previously included
n this study [n � 63], history of allergy to iodine [n � 58],
nability to administer beta-blocker because of asthma [n �
7], clinically unstable [n � 31], or lack of pregnancy
esting [n � 20]). In addition, we excluded 231 patients
ho were ineligible because of interference with standard

linical care (n � 100), who refused participation (n � 124),
r who did not complete the CT exam (n � 7). Thus, the
tudy cohort consisted of 368 patients (mean age 52 years,
0% women) (Table 2).
linical outcomes. Overall, 8.4% of patients (31 of 368)
ad ACS (MI: n � 8, UAP: n � 23), whereas ACS was
uled out in the remaining 337 patients (91.6%). After a
ean follow-up of 6.2 � 2.0 months, none of the 337

ubjects without ACS had had a MACE.
oronary CT angiography. The average time to perform a

oronary CTA (door-to-door time, including patient prep-
ration) was 16 � 7 min. The mean actual scan time to
btain the coronary CTA dataset was 14 � 2 s. Average
ime for the interpretation of CT images was 9 � 7 min
range 3 to 29 min).

revalence of Plaque and Stenosis
nd Diagnostic Accuracy of Coronary CTA

y coronary CTA, 50.3% (183 of 368) of these patients

ere free of CAD, 31.2% (117 of 368) had plaque but no n
tenosis, and 18.5% had a positive CTA (34 were positive
or stenosis and 34 rendered inconclusive assessment). The
iagnostic test characteristics for ACS are shown in Table 3.
oronary atherosclerotic plaque. Because none of the
atients without plaque had ACS, sensitivity and NPV were
xcellent (100%). In contrast, specificity and PPV of the
resence of coronary plaque was low to moderate because many
atients had plaque but no ACS (PPV 17%, specificity 54%).
otably, the specificity of the presence of coronary plaque for
CS was lower in older subjects owing to high prevalence of
laque (21% vs. 59%, p � 0.0001, for subjects �65 years of age
s. �65 years of age, respectively). Similar findings were seen
or the detection of MI (Table 3).

Among 185 subjects in whom any coronary plaque was
etected, patients with ACS had significantly more plaque
7.2 � 3.7 segments vs. 4.2 � 3.4 segments, p � 0.0001) as
ompared with subjects without ACS. Similar results were
een for calcified plaque and noncalcified plaque (6.5 � 3.7
egments vs. 3.6 � 3.5 segments, p � 0.0001, and 3.6 � 3.2
egments vs. 1.8 � 2.2 segments, p � 0.0001, respectively).
mong 14 subjects (4%) with exclusively noncalcified
laque, only 1 subject developed ACS (1 of 14, 7.1%).
oronary artery stenosis. The absence of significant ste-

aseline Characteristics of 368 Patients Whoresented to the Emergency Department Withcute Chest Pain But Negative Initial Biomarkersnd Nonischemic Electrocardiogram

Table 2

Baseline Characteristics of 368 Patients Who
Presented to the Emergency Department With
Acute Chest Pain But Negative Initial Biomarkers
and Nonischemic Electrocardiogram

Age (yrs), mean � SD 52.7 � 12

Male sex, n (%) 223 (61%)

Race, n (%)

African American 31 (8%)

Caucasian 313 (85%)

Asian 4 (1%)

Other 20 (6%)

Ethnicity, n (%)

Hispanic 44 (12%)

Non-Hispanic 324 (88%)

BMI (kg/m2), mean � SD 29.0 � 6

Diabetes, n (%) 40 (11%)

Hypertension, n (%) 145 (39%)

Hyperlipidemia or statin use, n (%) 135 (37%)

Current or former smoking, n (%) 180 (49%)

No. of risk factors, median (IQR) 2 (1)

Creatinine (mg/dl), mean � SD 0.94 � 0.2

TIMI score (low/intermediate/high), % 94.3/5.4/0.3

ACS during index hospitalization, n (%) 31 (8%)

Unstable angina pectoris 23 (74%)

Myocardial infarction 8 (26%)

MACE during 6-month follow- up, n (%) 0

Recurrent chest pain 68 (18%)

Outpatient evaluation (PCP) 50 (74%)

Readmission without testing 5 (7%)

Readmission with testing 13 (19%)

CS � acute coronary syndrome; BMI � body mass index; IQR � interquartile range; MACE �

ajor adverse cardiac events defined as death, myocardial infarction, or revascularization; PCP �

rimary care physician; TIMI � Thrombolysis In Myocardial Infarction.
osis had excellent NPV of 98%, but sensitivity was limited
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o 77%, as 7 subjects in whom a stenosis was excluded by
oronary CTA had ACS (Table 3). Characteristics of these
ubjects are detailed in Table 4. Because a substantial
raction of patients with a positive CT developed ACS
Fig. 1), PPV and specificity were reasonable and very
ood and higher than for the absence of plaque (PPV
5%, specificity 87%). Similar findings were seen for the
etection of MI (Table 3).
The specificity of the presence of significant stenosis

etected by coronary CTA for ACS was lower in older
ubjects (58% vs. 91%, p � 0.0001, for subjects �65 years
f age vs. �65 years of age, respectively), in whom coronary
alcification was more prevalent (84% vs. 39%; p � 0.0001).
he proportion of patients in whom a stenosis could not be
efinitely excluded in CT was significantly higher among
ubjects with ACS as compared with subjects without ACS
24 of 31 [77.4%] vs. 44 of 337 [13.1%], p � 0.0001).
emarkably, 14 of 34 patients who had a significant stenosis
etected by CT were not diagnosed with ACS. None of
hem had a MACE after 6 months.

oronary CT findings for risk stratification. In logistic
egression analysis, each additional segment of plaque was

iagnostic Accuracy of Coronary CTA for the Detection of Acute Cospitalization Among Patients With Acute Chest Pain Based on thoronary Artery Stenosis (>50% Luminal Narrowing)

Table 3
Diagnostic Accuracy of Coronary CTA for the Detection
Index Hospitalization Among Patients With Acute Ches
Presence of Coronary Artery Stenosis (>50% Luminal

Coronary CTA Finding Sensitivity [95% CI] Specificity [95% C

Acute coronary syndrome

Any plaque 31/31 (100%) [89%–100%] 183/337 (54%) [49%–

Coronary stenosis 24/31 (77%) [59%–90%] 293/337 (87%) [83%–

Myocardial infarction

Any plaque 8/8 (100%) [63%–100%] 183/360 (51%) [46%–

Coronary stenosis 5/8 (63%) [24%–91%] 297/360 (83%) [78%–

I � confidence interval; CTA � computed tomography angiography; LR� � likelihood ratio given
PV � positive predictive value.

etailed Information on the Results of Standard Care and Coronaryetermined to Have ACS During Index Hospitalization But in Whom

Table 4 Detailed Information on the Results of Standard Care a
Determined to Have ACS During Index Hospitalization

Subject
Coronary CTA Finding

of Nonobstructive Plaque Baseline ECG T

76-year-old woman Proximal RCA, proximal
LCX, and proximal and
mid LAD

�1 mm ST-segment
depression V5 to V6

Ne

78-year-old woman LM, proximal, mid, and
distal LAD; PDA

Nonspecific T-wave
changes

Ne

72-year-old man Mid RCA Nonspecific T-wave
changes

Ne

52-year-old men Mid LAD Nonspecific T-wave
changes

2n

63-year-old man Proximal and mid RCA,
mid and distal LAD

New Q waves V1 to V2,
nonspecific T-wave
changes

3rd

53-year-old man LM and distal LAD Nonspecific T-wave
changes

2n

59-year old woman OM1 �1 mm ST-segment
elevation V2 to V6

Ne

CS � acute coronary syndrome; D2 � second diagonal branch; D3 � third diagonal branch; LAD �
rtery; NSTEMI � non–ST-segment elevation myocardial infarction; OM1 � obtuse marginal branch; PD
CA � right coronary artery; UAP � unstable angina pectoris; other abbreviations as in Tables 1 and 3.
ssociated with a 37% increased risk of having an ACS
odds ratio [OR]: 1.37, 95% CI: 1.25 to 1.51; p � 0.001),
hereas the presence of stenosis was associated with a more

han 20-fold increased risk of ACS (OR: 22.8, 95% CI: 9.3
o 56.1; p � 0.0001). These associations persisted after
djustment for age, sex, and TIMI risk score (OR: 1.28,
5% CI: 1.14 to 1.43; p � 0.0001 and OR: 11.69, 95% CI:
.4 to 31.0; p � 0.0001 for the extent of plaque and the
resence of stenosis, respectively). The AUC in receiver-
perator curves for the prediction of ACS was higher for
oth the extent of plaque (AUC 0.88, 95% CI: 0.83 to 0.93)
nd the presence of stenosis (AUC 0.82, 95% CI: 0.74 to
.89) as compared to TIMI risk score (AUC 0.63, 95% CI:
.54 to 0.71) (Fig. 2).
tandard care and CTA findings. On average, patients
resented to the ED 6.7 � 7.4 h (range 0.08 to 24.0 h)
fter the onset of chest pain. For most of these patients,
he hospital course was characterized by obtaining serial
roponin measurements and resting ECGs over the first
4 h and stress testing the following day. The average
ospital length of stay was 40.5 � 43.2 h (range 2.7 to
81.4 h).

ry Syndrome and Myocardial Infarction During Indexesence of Any Coronary Plaque or the Presence of

cute Coronary Syndrome and Myocardial Infarction During
in Based on the Presence of Any Coronary Plaque or the
wing)

PPV [95% CI] NPV [95% CI] LR� LR�

31/185 (17%) [12%–23%] 183/183 (100%) [98%–100%] 2.2 0.0

24/68 (35%) [24%–48%] 293/300 (98%) [95%–99%] 5.9 0.3

8/185 (4%) [2%–8%] 183/183 (100%) [98%–100%] 2.0 0.0

5/68 (7%) [2%–16%] 297/300 (99%) [97%–100%] 3.7 0.45

e test result; LR� � likelihood ratio given negative test result; NPV � negative predictive value;

Results in Subjects Who Wereignificant Stenosis Was Detected by Coronary CTA

oronary CTA Results in Subjects Who Were
Whom No Significant Stenosis Was Detected by Coronary CTA

in
Stress Nuclear

Perfusion Imaging
Coronary

Angiography/Intervention
Clinical

Outcome

Inferolateral area
of ischemia

None UAP

Inferolateral area
of ischemia

None UAP

Apical area of
ischemia, hypokinesis
inferolateral region

None UAP

os.
h)

None 30% stenosis in
mid LAD/none

NSTEMI

os.
h)

None 95% PLV, 50% 1st septal
branch/stent PLV

NSTEMI

os.
h)

None 40% D2 ostium, 70% D3
ostium stenosis/none

NSTEMI

None 80% PDA stenosis/stent PDA UAP

nterior descending coronary artery; LCX � left circumflex coronary artery; LM � left main coronary
oronae Pr
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60%]

90%]
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Among the 31 patients with ACS, 20 patients underwent
elective invasive coronary angiography, 19 of which re-
ealed significant stenosis. One angiogram revealed a 30%

Figure 1 Detection of Significant Coronary Disease in ACS

A 40-year old man presented 3 h after the onset of substernal chest pain and had
tic electrocardiogram and negative initial biomarkers. The patient was determined
presentation). The patient subsequently underwent invasive coronary angiography,
detected, and subsequently a stent was placed. Coronary computed tomography a
as positive for the presence of significant coronary stenosis. (A) Volume-rendered
artery (RCA) (arrows) and the left anterior descending (LAD) coronary artery (arrow
ing calcified and noncalcified plaque without the presence of a significant coronary
noncalcified plaque with proximal luminal narrowing. A � aortic root. (C) Curved m
in the mid portion of the vessel. Proximal and distal portion demonstrate good lum

Figure 2 AUCs for the Detection of Acute
Coronary Syndromes During Index Hospitalization

Areas under the receiver-operating characteristic curves (AUCs) were higher for
both plaque and stenosis as compared to the Thrombolysis In Myocardial
Infarction (TIMI) risk score (AUC: 0.88, 0.82, vs. 0.63, respectively).
a

tenosis that improved with intracoronary nitroglycerin;
hus, the patient’s non–ST-segment elevation MI was
ttributed to vasospasm. Two patients had exercise treadmill
ests, both of which were positive. Thirteen patients had
tress (exercise or adenosine) single-positron emission com-
uted tomography (SPECT) imaging, of which 11 were
ositive, 1 was negative at a submaximal heart rate, and 1
as indeterminate because of significant attenuation arti-

act. The 1 patient who had a negative submaximal SPECT
as found to have significant stenosis on coronary CTA.
he 1 patient who had an indeterminate SPECT also had

n inconclusive coronary CTA.
Among the 337 patients (91.6%) in whom ACS was

xcluded, 13 patients underwent selective invasive coronary
ngiography, none of which revealed significant stenosis.
here were 117 patients who underwent exercise treadmill

esting. Two exercise treadmill tests were positive: 1
atient was positive for ischemia but negative on subse-
uent invasive coronary angiography and negative on coronary
TA, and 1 patient was positive but negative on subsequent
PECT and negative on CTA. A total of 137 patients had
tress (exercise or adenosine) SPECT imaging, 3 of whom had
schemia on SPECT but no obstructive disease on invasive
oronary angiography or coronary CTA.

iscussion

n this blinded observational cohort study, we demonstrate
hat 50% of patients who presented with acute chest pain to
he ED and were at low to intermediate likelihood of ACS
ad no CAD by coronary CTA, a finding that has 100%
PV but limited PPV for the subsequent diagnoses of ACS

conclusive initial evaluation in the emergency department (ED) with nondiagnos-
e acute coronary syndrome (ACS) after troponin became positive (8 h after ED
an 80% mid left anterior descending coronary artery (LAD) stenosis was

aphy (CTA) was performed before hospital admission. This patient was classified
ensional computer tomographic image of the heart depicting the right coronary
). (B) Maximum intensity projection image of the RCA (arrowheads) demonstrat-
sis and the left circumflex coronary artery (arrows) demonstrating calcified and
nar reformatted image of the LAD reveals a significant coronary stenosis (arrow)
ontrast enhancement with minimal coronary plaque (arrowheads).
an in
to hav
where
ngiogr
3-dim
heads
steno

ultipla
inal c
nd MACE. In addition, our results indicate that although
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he NPV remains excellent (98%), the exclusion of signifi-
ant coronary stenosis by coronary CTA (�50%) has a
imited sensitivity (77%) for the detection of ACS owing to

number of false negative findings of lesions in small
essels. Both plaque and stenosis by CT predict ACS
ndependent of cardiovascular risk factors or TIMI risk
core (AUC 0.88, 0.82, and 0.63, respectively; all p � 0.05).
he PPV of coronary CTA is limited in patients �65 years
f age. Given the large number of patients with acute chest
ain, early coronary CTA may significantly improve patient
anagement in the ED by aiding clinical decision making,

pecifically early discharge of subjects at low to intermediate
ikelihood of ACS without CAD.

A number of smaller studies (14,15) have demonstrated
hat a negative CT, defined variably as the absence of
oronary calcification, the absence of CAD, or the absence
f nonsignificant stenosis, has a high negative predictive
alue for ACS. In addition to confirming these findings, we
re able to provide robust estimates of diagnostic accuracy
ith narrower CIs (lower 95% confidence bound �85% for
PV) because of our larger sample size. Importantly, in

ontrast to previous publications, we also demonstrate that
he presence of significant stenosis (defined as �50%
uminal narrowing) has reasonable test characteristics for
he detection of ACS, although, expectedly, this is not a
erfect criterion for ED triage of patients with acute chest
ain (sensitivity 77%, n � 7 of 31). Possible explanations are
upture or thrombosis in subcritical (28,29) or microvascular
isease (30) and limited accuracy of coronary CTA to detect
tenosis in small-caliber vessels (�2 mm) (11). Our results
uggest that the technique may be less efficient in patients
65 years of age, as the specificity of the plaque triage

riterion is significantly limited because most of these
atients will have CAD (59% vs. 21% for patients �65 vs.
65 years of age).
In contrast to most published studies, the design of our

tudy permits an unbiased assessment because coronary
TA was not part of standard care, and thus, patient
anagement and subsequent patient outcomes were not

ffected by CTA (i.e., additional downstream testing such as
oronary angiography due to suspected stenosis in CT). As
result, we are able to report the diagnostic accuracy of

everal CTA patterns of CAD, such as presence of both
alcified and noncalcified plaque as well as coronary stenosis
50% for ACS. Interestingly, a significant stenosis by CT
as detected in 14 patients who were deemed to not have
CS based on clinical presentation, ECG, biomarkers, and
negative diagnostic test for ischemia. This suggests that
T is more sensitive in detecting significant luminal nar-

owing, although the hemodynamic significance is un-
nown. Because none of these patients had a MACE over
he following 6 months, the finding of significant CAD as
etected by CT may be longstanding and coincidental, with
o relation to the patient’s acute clinical presentation in the

D. This finding warrants further research specifically e
elated to the morphologic appearance of these lesions as
ompared to ACS lesions.

Our data also demonstrate that coronary CTA can
isk-stratify patients with acute chest pain and intermediate
ikelihood of ACS independent of cardiovascular risk fac-
ors, TIMI risk score. Although such an analysis is familiar
rom observational trials using nuclear perfusion imaging at
est in the pre-troponin era (31,32), our results suggest that
oronary CTA is superior to nuclear perfusion imaging
OR: 3.83; 95% CI: 2.36 to 6.21 for nuclear imaging vs.
R: 8.65; 95% CI: 3.69 to 20.26 for coronary CTA) (33).
his information may guide assessment of the level of care
ecessary for these patients and, moreover, may improve
isk assessment and prevention efforts in patients without
CS who are found to have coronary atherosclerosis.
everal studies (34,35) now support that the presence and
xtent of CAD is also a powerful predictor of future
ardiovascular events.

It appears that there is broad agreement (14,15,17) that
oronary CTA may improve management of patients with
cute chest pain. However, our results demonstrate that the
trength of coronary CTA is its high negative predictive
alue for ACS. Half of all patients in our population had no
AD as detected by coronary CTA. In these patients,

lternative diagnostic tests such as exercise stress testing or
tress nuclear perfusion imaging were positive in up to 20%
f cases, reflecting that they have limited specificity as
ompared to CT (33,36–38). Because none of these patients
ad ACS, they may be directly discharged from the ED
ithout further diagnostic testing or hospital admission.
verall, our results may provide the rationale to establish

ecommendations for the actual clinical use of cardiac CT in
opulations with a low or intermediate likelihood of ACS,
population in whom diagnostic imaging tests have been

enerally recommended (22,39).
One of the major limitations of coronary CT is the

ssociated radiation exposure (40). Reduction of radiation
xposure using ECG tube modulation or prospective ECG
riggering (41) will greatly facilitate acceptance in clinical
ractice.
tudy limitations. This is a single-center study with en-
ollment limited to weekday daytime hours. However,
ubjects presenting outside enrollment hours were not
ignificantly different from enrolled subjects with respect to
ge and sex, which are the strongest predictors of the
revalence of CAD. Because of exclusion of patients with
nown CAD and renal impairment, very elderly persons are
nder-represented in this study. In a real-world clinical
cenario, many of these patients may be eligible for coronary
TA. Also, we used a CT scanner system from a single
anufacturer. However, differences between vendors in the

ccuracy of coronary CTA for the detection of plaque and
tenosis are marginal (11). In addition, coronary CTA
xams in our study were performed by a dedicated research
eam and interpreted by readers with a high level of

xpertise in the field, having at least 2 years experience with
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oronary CTA and more than 800 studies interpreted.
hus, it is possible that our results, including the high

eproducibility of CT readings and the small number of
nconclusive examinations, may be replicated only in centers
ith similar levels of expertise.

onclusions

oth plaque and stenosis by CT predict ACS independent
f cardiovascular risk factors or TIMI risk score. In this
tudy, 50% of patients with acute chest pain and low to
ntermediate likelihood of ACS are free of CAD by CT and
ave no ACS. Given the large number of such patients,
arly coronary CTA may significantly improve patient
anagement in the ED.
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