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Approximately 6 million patients are evaluated annually in US emergency departments
for acute chest pain. The delineation of the presence or absence of acute coronary 
syndromes in these patients must be accurate and efficient in order to prevent missed 
diagnoses. Coronary computed tomography angiography has great promise as a tool to
expedite the triage of patients with acute chest pain to early discharge or further 
inpatient diagnosis and treatment.
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Emergency departments (EDs) in the United States evaluate approximately
6 million patients annually for acute chest pain.1 Studies estimate that
between 2% and 5% of patients later diagnosed with an acute coronary

syndrome (ACS) were inappropriately sent home from EDs. Since the advent of
chest pain centers and provocative testing protocols, the current rate of inap-
propriately discharged ED patients is closer to 0.5%.2-4 Previous studies show
that discharged patients suffer a higher morbidity than patients admitted to the
hospital. Missed ACS patients have the highest insurance payout per case and
account for 41% of claims paid.5 Not surprisingly, physicians do not want to
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miss ACS, which results in an annual
US cost of $10 to $13 billion to rule
out.1 Therefore, the delineation of
the presence or absence of an acute
coronary syndrome must be accurate
and efficient.

Coronary computed tomography
angiography (CCTA) shows signifi-
cant promise as the tool to accu-
rately expedite the triage of acute
chest pain patients. CCTA is espe-
cially suited to the undifferentiated
chest pain patients, because it not

only able to directly visualize the
coronary anatomy, but simultane-
ously image the rest of the thorax to
exclude aortic dissection and signifi-
cant pulmonary embolism and pro-
vide alternate causes of chest pain,
such as pneumonia, pericardial fluid,
and esophageal inflammation.

The State of Computed 
Tomography (CT) Technology
The introduction of helical/spiral CT
imaging technology, combined with
advances in the temporal and spatial
resolution of CT6 have made it possi-
ble to visualize the coronary arteries
with systems that allow the image re-
construction to be synchronized
with the cardiac phase.7,8 Recent ad-
vances include decreased gantry ro-
tation times to 330 milliseconds,
providing a completed image in 165
milliseconds, with improved detec-
tor and collimator hardware provid-
ing submillimeter image resolution
(0.4-0.5 mm). High-resolution 64-
slice and dual-64 slice scanners are
the standard for CCTA, and offer de-
creased breath-hold time and cardiac

motion artifacts. The end result is a
reduction in the percentage of “un-
interpretable” scans, which has al-
lowed imaging without the strict
bradycardia parameters necessary
with previous scanners. Heavily cal-
cified coronary arteries, coronary
artery stents, and markedly obese
patients remain challenging.

CCTA Accuracy
Quantitation of coronary artery le-
sion severity by CCTA correlates well

with invasive coronary angiography
(Pearson correlation, r � 0.72).9-11

The mean percentage difference in
stenosis diameter measured by CCTA
as compared with quantitative coro-
nary angiography (QCA) was 1.3% �
14.0%. Although the mean differ-
ence was small and would not im-
pact clinical management signifi-
cantly, the standard deviation was
high and this variability limits
CCTA’s quantitative accuracy and,
as a result, its ability to make rec-
ommendations regarding invasive
treatment.

Diagnostic Utility of CT in 
ED Patients Evaluated for 
Undifferentiated Chest Pain
Several recent studies have investi-
gated the safety and diagnostic accu-
racy of 64-slice CCTA in the disposi-
tion of ED patients evaluated for
acute chest pain.12-18 Six studies en-
rolled a total of 376 ED acute chest
pain patients (predominantly with
low pretest coronary risk) who were
prospectively evaluated over a 30-
day to 15-month follow-up period

after CCTA. All 6 studies were de-
signed to capture low-risk patients
and appropriately excluded patients
with abnormal cardiac biomarkers,
CK-MB (creatine kinase-myocardial
band) or troponin (Tn) I, or ischemic
electrocardiographic changes. One-
third of the studies also excluded pa-
tients with preexisting coronary
artery disease (CAD).15,17 Despite the
enrollment of low-risk patients, an
adjudicated diagnosis of ACS oc-
curred in 19.1% (72/376) of the
study patients. CCTA accurately ex-
cluded the presence of ACS in 301 of
the 304 remaining patients who did
not show evidence of significant
coronary artery stenosis. In these
studies, CCTA had a negative predic-
tive value of 99% for adverse 30-day
outcomes, suggesting that CCTA
identifies a subset of ED chest pain
patients who can be safely dis-
charged home.

Goldstein and colleagues17 re-
ported the results of a randomized
trial in 197 low-risk acute chest pain
patients with an initial nondiagnos-
tic electrocardiogram (ECG) and neg-
ative Tn/CK-MB to either early CCTA
or a standard diagnostic protocol,
which included serial ECG, Tns or
CK-MB, and stress imaging. Patients
randomized to CCTA were eligible
for discharge if they had no or mini-
mal (� 25% ) coronary stenosis and
a negative 4-hour CK-MB or Tn test.
Those patients with stenosis � 70%
were referred emergently for invasive
angiography. By protocol, the re-
mainder with intermediate-grade
stenosis or uninterpretable scans un-
derwent additional stress testing.
The outcome of interest was 180-day
safety, diagnostic accuracy, and effi-
ciency. Seventy-five percent of pa-
tients randomized to CCTA had a de-
finitive triage decision; 67% were
discharged without further work-up
and 8% were referred for catheteriza-
tion, which revealed significant dis-
ease in 7/8. By protocol, CCTA was

Coronary computed tomography angiography (CCTA) shows significant
promise as the tool to accurately expedite the triage of acute chest pain pa-
tients. CCTA is especially suited to the undifferentiated chest pain patients,
because it not only able to directly visualize the coronary anatomy, but
simultaneously image the rest of the thorax to exclude aortic dissection and
significant pulmonary embolism and provide alternate causes of chest pain,
such as pneumonia, pericardial fluid, and esophageal inflammation.
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considered inadequate for definitive
diagnosis in 24 of the 99 cases, due
to either lesions of unclear hemody-
namic significance (stenosis � 26%-
70%) in 13 or to inadequate quality
scans in 11. All 24 patients under-
went subsequent noninvasive stress
testing. None of the CCTA patients
who were discharged immediately

based upon their CCTA findings had
a major cardiac event or subsequent
diagnosis of CAD at the 6-month
follow-up period (Table 1). The over-
all diagnostic accuracy of CCTA was
94%, as compared with 91% for the
standard protocol, and the negative
predictive value for adverse events
was 100% with either strategy. Diag-

nostic efficiency, defined as time
from randomization to definitive di-
agnosis, showed that the CCTA ap-
proach was more rapid (3.4 vs 15.0
h) and reduced costs by 15%.

In the Goldstein study,17 2 years
after enrollment there were 4 deaths,
all in the Standard of Care (SOC)
group, and none were cardiac re-
lated. In the CCTA arm, 8 patients
had additional stress testing, all with
negative results, and none suffered
an adverse cardiac event. Patients in
the SOC arm suffered 2 acute my-
ocardial infarctions (AMIs); both oc-
curred at the 22-month mark post-
randomization after an initial
normal stress test result. Hospitaliza-
tions for suspected cardiac cause,
rates of ED visits for potential cardiac
complaints, and rate of repeat stress
testing were similar between the 2
studies.19

Independently, a similar triage
strategy has been evaluated by other
centers. Hollander and colleagues20

evaluated low-risk chest pain pa-
tients (Thrombosis in Myocardial In-
farction [TIMI] score � 3) with no
acute ischemia on ECG, and negative
initial Tn markers with CT coronary
angiography in the ED. In this proto-
col, a CCTA with � 50% stenosis and
a calcium score of � 100 was consid-
ered negative.. Fifty-four patients
were evaluated, 46 (85%) of whom
were immediately released from ED,
typically without a repeat Tn and
none had cardiovascular complica-
tions within 30 days. The other 8
were admitted after CCTA: 1 with
�70% stenosis, 5 with 50% to 69%
stenosis, 2 with 0% to 49% stenosis.
The authors concluded that, in the
evaluation of low-risk ED patients,
negative CCTA results can allow safe,
rapid discharge.

Hollander and coworkers21 also
published a 1-year follow-up study of
481 low-risk (TIMI � 3) patients un-
dergoing CCTA. During follow-up,
there were 53 (11%) rehospitalized

Table 1
Early and 6-Month Clinical Outcomes

MSCT Standard of Care
n � 99 n � 98 P Value

Index visit outcomes

Test complications 0(0%) 0(0%) NA

Direct ED discharges 88(88.1%) 95(96.9%) 0.03

AMI 0(0%) 0(0%) NA

Death 0(0%) 0(0%) NA

In-hospital diagnostic cath 11(11.1%) 3(3.1%) 0.03

Positive caths 9(9.1%) 1(1%) 0.02

In-hospital PCI 3(3.0%) 1(1.0%) 0.62

In-hospital CABG 2(2.0%) 0(0%) 0.50

6-mo outcomes

Test complications 0(0%) 0(0%) NA

Unstable angina 0(0%) 0(0%) NA

MI 0(0%) 0(0%) NA

Death 0(0%) 0(0%) NA

Late ED R/O ischemia 6(6.1%) 6(6.1%) 1.00

Late office R/O ischemia 2(2.0%) 2(2.0%) 1.00

Late diagnostic cath 1(1.0%) 4(4.1%) 0.21

Late stress/MSCT test 1(1.0%) 3(2.0%) 0.37

Cath cumulative 12(12%) 7(7.1%) 0.24

True-positive cumulative 8/12(67.7%) 1/7(14.3%) 0.06

True-negative cumulative 1/12(8.3%) 4/7(57.1%) 0.04

False-positive cumulative 3(25%) 2(28.5%) 1.00

False-negative cumulative 0(0%) 0(0%) NA

Cath-accuracy cumulative 9(75%) 5(71.4%) 1.00

Clinically correct diagnosis 96/99(97.0%) 96/98(98.0%) 1.00

Late tests cumulative 2(2.0%) 7(7.1%) 0.10

Diagnostic efficacy 94/99(94.9%) 89/98(90.8%) 0.26

PCI cumulative 4(4.0%) 1(1.0%) 0.37

CABG cumulative 2(2.0%) 0(0%) 0.50

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; Cath, cardiac catheteriza-
tion/invasive coronary angiography; ED, emergency department; MI, myocardial infarction; MSCT,
multislice computed tomography; PCI, percutaneous coronary intervention; R/O, rule out.
Reprinted from Journal of the American College of Cardiology Imaging, Vol. 1, Goldstein JA et al.
“Computed tomographic angiographic morphology of invasively proven complex coronary plaques,”
pp. 249-251, Copyright 2008, with permission from Elsevier.17
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and 51 (11%) who received further
diagnostic testing (stress testing or
cardiac catheterization). There was 1
death of unclear etiology, no AMI,
and no revascularization procedures.
The authors concluded that the low-
risk ED chest pain patient with a
negative CCTA result has a very low
risk of adverse events over 1 year.

Hoffman and associates22 per-
formed an observational cohort
study in chest pain patients with
normal initial Tn and nonischemic
ECG who underwent a 64-slice CCTA
to detect a � 50% stenosis. Results of
the CCTA were blinded to the treat-
ing physicians. Of 368 patients, 31
had ACS (8%). By CCTA, 50% of
these were free of coronary artery
disease (CAD), 31% had nonobstruc-
tive disease, and 19% had inconclu-
sive or positive CCTA for significant
stenosis. Sensitivity and negative
predictive value were both 100% for
ACS and 77% and 98% for CAD, re-
spectively. Specificity for presence of
plaque or stenosis in ACS patients
was 54% and 87%, respectively. Only
1 ACS occurred in the absence of cal-
cified plaque. Both the extent of
coronary plaque and presence of
stenosis predicted ACS indepen-
dently and were associated with the
TIMI risk score. They concluded 50%
of patients with acute chest pain and
low to intermediate likelihood of
ACS did not have ACS or CAD by
CCTA.

The above studies used a variety
of sampling times for cardiac bio-
markers, from a single initial mea-
surement at the time of ED arrival
to serial sampling. Of note, each
study excluded patients with posi-
tive initial enzymes because these
patients would more than likely
receive a cardiac angiogram. In
the studies by Gallagher and
colleagues15 and Goldstein and col-
leagues,17 which used serial testing
at 4 hours, none of the patients had
a subsequent elevation in their bio-

markers. From these studies the use
of a single negative initial bio-
marker in combination with steno-
sis, � 50% by CCTA appears to de-
fine a very low-risk group that can
be safely discharged from the ED for
follow-up.

The Utility of Calcium Scoring
in Addition to CCTA
Coronary calcification is a marker of
atherosclerosis and its extent is pro-
portional to the severity of athero-
sclerotic disease. The presence of cal-
cium on CT has a high sensitivity for
CAD; however, it has a relatively
poor specificity for predicting ob-
structive disease. Calcium scoring
represents the cardiac plaque burden
and has shown value above and be-
yond the Framingham risk score,
and those with increased calcium
score have a 10-fold increase in their
likelihood to suffer a cardiac event in
the next 5 years.23 Further, in pa-
tients with a calcium score � 100, 
� 2% had an abnormality by my-
ocardial perfusion single photon
emission computed tomography
(SPECT).24

Since the emergence of CCTA, the
added value of the calcium scoring

in the coronary arteries is controver-
sial. Several studies have evaluated
the extent of CAD on 64-slice CCTA
in patients undergoing evaluation of
chest pain syndromes. In 668 con-
secutive CCTA patients obstructive
(� 50% lesion) CAD was present in
27 of 231 patients (7%) with a 0 cal-
cium score, and in 17% with a low
calcium score (1-100). Of the 27 pa-
tients with obstructive CAD, invasive
coronary angiography confirmed
these findings in 21 of 23 (positive
predictive value 91%).25

O’Neil and colleagues26 presented
data at the 2007 American College of
Cardiology Annual Scientific Session
on a retrospective analysis of 2
prospective published trials on the
use of CCTA in the diagnosis of
ED patients with acute chest pain.
They reported the prevalence of
catheterization-proven noncalcified
plaque and lesions � 50% luminal
stenosis in patients with absent or
minimal coronary calcification.
Among the 300 ED patients enrolled,
198 underwent both coronary artery
calcium scoring and CCTA. In this
low-risk population, 141 patients had
calcium scores under 20, with 2.8%
(4/141) having coronary stenoses 
� 50% on invasive angiography 
(3 with maximum QCA stenosis 
� 90%, 1 with 65% stenosis). In
total, 22 (15.6%) patients with a cal-
cium score � 20 had significant (ie,
� 25% stenosis) noncalcified athero-
sclerotic plaque. Nine of these pa-
tients underwent cardiac catheteriza-
tion; 4 had severe CAD and 5 had
moderate CAD. Similar findings were
reported by Motoyama and col-
leagues27 in a CCTA comparison of
stable angina and culprit lesions in
ACS. The researchers concluded that
large calcification was significantly

more frequent in stable lesions and
positive remodeling and spotty calci-
fication were significantly more fre-
quent in the ACS lesions. Therefore,
the efficacy of calcium scoring for
the short-term risk stratification of
acutely symptomatic chest pain
patients is poor and provides little
additional information to CCTA.
We and many other centers have
dropped calcium scoring as a routine
portion of the CCTA protocol and in
doing so have further reduced the
radiation exposure.

Since the emergence of CCTA, the added value of the calcium scoring in the
coronary arteries is controversial.
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Figure 1. Visualization of calcified and noncalci-
fied coronary atherosclerotic plaques by 64-slice
coronary computed tomography angiography. 
(A, B) Volume rendering technique demonstrates
stenosis of the right coronary artery below the
acute marginal branch (A), as well as nodular
coronary calcifications largely extrinsic to the right
coronary lumen and (B) normal left coronary
artery. (C, D) Maximum-intensity projection
images of the same arteries demonstrate severe
noncalcified stenosis of the right coronary artery
and superficial calcified plaque. (E, F) Invasive
coronary angiography of the same arteries.
Reprinted with permission from O’Neil B, Gal-
lagher MJ, Raff GL, “Use of multislice CT and MRI
for the evaluation of patients with chest pain,” In:
Peacock WF, Cannon CP, eds, Short Stay Man-
agement of Chest Pain, New York; Humana
Press: 2009;185-203.26

Identification of Unstable
Plaques by CCTA
Our collaborators recently published
data showing that high-resolution
CCTA can identify vulnerable
plaques and provide additional
relevant information even beyond
angiography.28 Complex plaque
morphology is the angiographic
hallmark of unstable coronary le-
sions. CCTA-documented lesion
morphology is strikingly similar to
that seen on subsequent invasive
angiographic features indicative of
plaque disruption, including lesion
haziness, irregularity, ulceration, and
intraplaque contrast penetration. On
CCTA, complex lesions typically ap-
peared bulky, hypodense, eccentric,
and positively remodeled; these fea-
tures are similar to complex ruptured
plaque seen by intravascular ultra-
sound. The noninvasive characteri-
zation of plaque instability has
obvious and far-reaching clinical
implications. Further studies are re-
quired to delineate the diagnostic
accuracy and prognostic value of
CCTA for characterization of complex
plaque (Figures 1-3).

Triple Rule-Out CT Protocol
The 3 most lethal potential causes of
acute chest pain are acute myocar-
dial infarction, aortic dissection, and
pulmonary embolism (PE). Since the
recent clinical accuracy of CCTA for
exclusion of ACS in ED patients,
combined with the proven clinical
accuracy of CT angiography for diag-
nosis of acute aortic dissection18,20-

22,29-32 and pulmonary embolism,33-37

a triple rule-out scan protocol is a
very attractive option. A conven-
tional cardiac CCTA field includes
the anatomy between the carina and
the diaphragm; the technical diffi-
culty with a triple rule-out scan pro-
tocol is to maintain a consistently
high contrast intensity within all 3
of the vascular beds under study.
The simultaneous evaluation of the

Figure 2. Putative computed tomography (CT) differences between unstable and stable plaque in the same pa-
tient. Panels A-D show comparative images in a patient with unstable, ruptured right coronary artery (RCA) lesion,
but stable plaque in the left anterior (LAD) descending and circumflex arteries. Invasive angiography (A) docu-
ments complex plaque severely narrowing the mid-RCA (black arrow). The coronary computed tomography an-
giography (CCTA) images (B) are concordant, revealing a bulky, eccentric, and hypodense RCA lesion (black arrow)
with intraplaque contrast penetration indicative of ulceration and rupture (white arrow). Panel C shows stable
plaque in the left coronary artery from same patient. Invasive angiogram (C) demonstrates noncomplex mild
plaque in the mid-LAD (white arrows). The CCTA image (D) similarly reveals mild noncomplex plaque with punc-
tuate calcific elements and moderate luminal narrowing (white arrows) but lacking the bulky, hypodense disrupted
features characteristic of complex plaques. Reprinted with permission from O’Neil B, Gallagher MJ, Raff GL, “Use
of multislice CT and MRI for the evaluation of patients with chest pain,” In: Peacock WF, Cannon CP, eds, Short
Stay Management of Chest Pain, New York; Humana Press: 2009;185-203.26
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pulmonary and coronary arteries
and thoracic aorta requires a meticu-
lously tailored imaging and injection
protocol (Figure 4). In one such ap-
proach, we prospectively imaged 50
ED chest pain patients who under-
went single-acquisition 64-slice
CCTA to evaluate the enhancement

of the coronary, pulmonary, and tho-
racic vasculature.38 We used a tripha-
sic injection protocol that delivered
a standard 100 mL of iodinated
contrast at 5 mL/s typical for CCTA
examinations, followed by an addi-
tional 30 mL at 3 mL/s to maintain
pulmonary artery opacification, fol-

lowed by a standard saline flush in-
jection. This injection protocol is
easily achievable with commercially
available radiographic injectors. Ad-
ditionally, a caudal-cranial scan ac-
quisition was used (as opposed to the
cranial-caudal standard CCTA tech-
nique) in order to scan the distal
pulmonary arteries at the lung base
earlier, as this area classically has
problems with low contrast inten-
sity. In this trial, mean coronary
artery, pulmonary artery, and aortic
enhancement values were consis-
tently higher than 250 Hounsfield
units, and right atrial enhancement
did not interfere with interpretation
of the coronary arteries. There is sig-
nificant controversy in the radio-
logic literature regarding the ability
of the triple rule-out protocol to ade-
quately rule out small pulmonary
emboli in the distal vessels, and the
clinical significance of these small
pulmonary emboli is also controver-
sial. Although this and similar proto-
cols are promising, large-scale clini-
cal trials assessing the clinical
accuracy of such triple rule-out pro-
tocols are not yet available.

Dedicated Coronary or Triple
Rule-Out Scans: Radiation
Dose Considerations
In spite of the potential clinical ad-
vances, important radiation safety
concerns should limit indiscriminate
application of a triple rule-out scan
protocol, especially in women. The
scan’s effective radiation dose is cal-
culated as the dose-length product
(measured and displayed by the
scanner on each patient) multiplied
by the European Commission tho-
racic conversion factor (0.017) to
yield the effective dose in millisiev-
erts. Therefore, the radiation dose is
directly proportional to the scan
length in centimeters. Compared
with the usual radiation dose of a
standard CCTA (ranging from 8-22
mSv, depending on body habitus,

Figure 3. Putative computed tomography (CT) differences between unstable and stable plaque in the same pa-
tient. The coronary computed tomography (CCTA) image (A) documents an ulcerated, bulky, eccentric, hypodense
mid-right circumflex artery (RCA) lesion; intravascular ultrasound confirms complex morphology with bulky, eccen-
tric, disrupted plaque in the proximal (middle box, white arrows) and distal (lower box, yellow arrows) aspects
of this lesion. Invasive angiography (B) reveals a concordant bulky, eccentric, scalloped complex RCA lesion (white
and yellow arrows). Proximally to the culprit lesion, CCTA documents a bulky, eccentric, hypodense lesion (red ar-
rows) confirmed by intravascular ultrasound (upper red box), which is less apparent by invasive imaging. An in-
vasive angiogram (C) demonstrates noncomplex stenotic plaque in the mid-left anterior descending coronary
artery (white arrow). The CCTA image (D) similarly reveals noncomplex plaque lacking the bulky, hypodense dis-
rupted features characteristic of complex plaques. Reprinted with permission from O’Neil B, Gallagher MJ, Raff GL,
“Use of multislice CT and MRI for the evaluation of patients with chest pain,” In: Peacock WF, Cannon CP, eds,
Short Stay Management of Chest Pain, New York; Humana Press: 2009;185-203.26
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sex, and scan protocol), the effective
radiation dose of a triple rule-out
scan is often increased by 50% due to
the increased field of view. By com-
parison, rest-stress radionuclide
scans typically involve exposures in
the range of 8 to 16 mSv, whereas di-
agnostic invasive angiography doses
range from 5 to 13 mSv. In patients
who undergo CCTA as a primary
triage test in the ED, there is a subset
who also require a noninvasive stress
test (often a radionuclide test), po-
tentially followed by invasive angio-
graphic procedures. Excessive radia-
tion exposure may be addressed by
changing the 0.6-mm high-resolu-
tion used for coronary CCTA to 2
mm for scanning the upper lung
fields (because pulmonary angiogra-
phy does not require submillimeter
resolution), which in theory can sig-
nificantly reduce radiation dosage.
Innovative imaging protocols in-
volving tight heart rate control and
“prospective gating” can also drasti-
cally reduce radiation exposure (to 
� 5 mSV).

Previous studies of patients with
undifferentiated acute chest pain re-
veal a low incidence of occult pul-
monary embolism or aortic dissec-

tion (AoD) in patients without sug-
gestive signs or symptoms.39 There-
fore a triple rule-out strategy should
not be utilized unless there exists a
high index of suspicion for PE and
this test has the potential to elimi-
nate an additional chest CT. Of note,
the entire thoracic aorta up to the
aortic arch and the lower two-thirds
of the lungs are within the field of
view during a conventional CCTA
and would reveal abnormalities in
the majority of dissections and large
pulmonary emboli without addi-
tional radiation.

Value Added: Assessment for
Noncardiac and Extravascular
Pathology
Because the greater majority of ED
chest pain patients do not have
coronary or vascular conditions,15

imaging the noncardiac thoracic

structures contained in the CCTA
field of view provides the opportu-
nity to make alternative diagnoses.
Additional diseases that can be

detected include pericardial thick-
ening and/or effusions, esophageal
pathology, pneumonia, pulmonary
nodules, pneumothoraces, mediastinal
masses, pleural effusions and masses,
as well as chest wall abnormalities.
Previous studies have demonstrated
that up to 1 in 6 patients without
coronary abnormalities detected on
CT were diagnosed with noncardiac
findings that could explain their pre-
senting symptoms.40

We evaluated patients undergoing
CCTA to rule out cardiac chest pain
for additional findings that either
provided physicians with a plausible
etiology for the chest pain or findings
requiring further workup.41 Chest
findings considered not clinically
significant included were lym-
phadenopathy � 1 cm, calcified le-
sions, atelectasis, fatty liver, or renal
or hepatic cysts. Of the 151 patients
enrolled, 13% had � 50% stenosis
on CCTA; an additional 11.9% had
noncardiac findings aiding in the
physician’s diagnosis, which included
hiatal hernias, pulmonary inflitrates
not seen on chest radiograph, and
pericardial effusion. An additional
6.6% had significant findings requir-
ing follow-up, primarily enlarged
lymph nodes or noncalcified masses.
The total percentage of significant
findings on CCTA was 33%.

CCTA Limitations and Protocols
When choosing CCTA for the triage
of ED patients several important lim-
itations need to be considered. It has
been shown that the heart rate and
regularity of the rhythm are related
to image quality and ergo accuracy of

coronary stenosis estimation.9 It is
common practice to premedicate pa-
tients who have resting heart rates �
65 beats/min with �-blocking drugs,

Figure 4. Triple rule-out scan acquisition in a 79-year-old woman with acute chest pain, nonspecific electrocar-
diogram changes, and negative cardiac biomarkers. (A) Axial 5-mm maximum intensity projection images show
uniform enhancement of the ascending aorta and main pulmonary artery bifurcation. Bilateral large pulmonary
emboli are seen, as well as (B) marked right heart enlargement. The patient was also noted to have � 50% mixed
calcified and noncalcified plaque in the proximal left anterior descending coronary artery.

Imaging the noncardiac thoracic structures contained in the CCTA field of
view provides the opportunity to make alternative diagnoses.
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and to administer sublingual nitro-
glycerin to patients to enhance
image quality. We surveyed our re-
search logs and noted that about 15%
of screened patients had some con-
traindication to �-antagonists. Newer
technology such as dual-source
CCTA nearly eliminates the need for
�-blocker administration, improving
resolution even at higher heart rates
and improving resolution in irregular

rhythms, including atrial fibrillation.
As with any contrast study, it is es-
sential to screen patients in the ED
for a history of iodine allergy, and to
avoid administration of contrast in
patients with diminished glomerular
filtration rates.

Most importantly, CCTA provides
data regarding the anatomy of le-
sions only, not their physiologic im-
pact on coronary blood flow. It was
for this very reason our previous
clinical trials protocolized additional
noninvasive stress imaging for inter-
mediate severity lesions detected on
CCTA, which occurred in 15% of our
subjects. Finally, the importance of a
team approach to implementation of
a CCTA ED triage protocol cannot be
overstated. ED physicians and cardi-
ologists must be well educated re-
garding the application and inherent
limitations of CCTA, and a complete
review of cardiac and adjacent struc-
tures available from the CT data
should be performed by physicians
with appropriate background and
level of experience.

Currently, over 30 published studies
encompassing over 2000 patients
have compared CCTA to quantitative
invasive coronary angiography.9,10,42-45

Eighteen studies included per-patient
analyses (totaling 1329 patients un-
dergoing either 16- or 64-slice CT); the

mean subject-weighted sensitivity
and specificity for the detection of 
� 50% luminal stenosis was 97% and
84%, respectively.46 The sensitivity
and specificity improved to 98% and
93%, respectively, when only the 
64-slice CTs were analyzed. These
data support the hypothesis that a
normal CCTA obviates the need
for invasive angiography in these
appropriately selected circumstances.

These studies further validate that
patients at the opposite ends of the
disease spectrum (ie, those with �

25% vs � 70% maximal luminal
stenoses) can be accurately triaged
by CCTA alone, whereas patients
with lesions of intermediate severity
(50%-70% stenosis) may require
functional testing. There is an

opportunity in the intermediate-
severity patient for the inclusion of
multibiomarker panels or ultrasensi-
tive Tn that could potentially obvi-
ate the need for further provocative
testing to rule out induced ischemia.

Conclusions
CCTA has evolved into a powerful
imaging tool that has validated its
clinical accuracy as a highly sensitive
and reliable technique to confirm or
exclude significant coronary stenosis
in patients with suspected coronary
artery disease. CCTA is an accurate
and efficient test to triage appropri-
ately selected acute chest pain pa-
tients to early discharge or further
inpatient diagnosis and treatment.
ED patients with a low to intermedi-
ate pretest likelihood of coronary
disease and negative initial cardiac
biomarkers and electrocardiograms
are the group currently best suited
for CCTA-based triage. Figure 5
provides a template on how this

Figure 5. Protocol for suggested use of CTA in the evaluation of chest pain patients in the emergency department
(ED). 2DE, 2-dimensional echocardiography; a-FIBB, atrial fibrillation; ACC, American College of Cardiology; BMI,
body mass index; CAD, coronary artery disease; Cath, catheterization; CTA, computed tomography angiography;
ECG, electrocardiography; ETT, exercise treadmill test; Hx, history of.

ETT/Cath

Acute Chest Pain in the ED

Prior Hx CAD

Initial ECG and Enzymes Normal

Risk Factor Profile

*High Risk ACC Low ACC Risk
Tech Good CTA Candidate***
Creat Clearance >60cc/min

CTA

Interpretable & NO stenosis
over 50% and no calcium
lesions that obstruct the
ability to determine
vessel diameter 

Not Fully Interpretable

Stenosis > 25%, >100 Agatston units 

Home

High Risk
Known vascular disease
Age > 70
Advanced diabetes
Indeterminate troponin I (0.01–0.1)
and mild diabetes consider on per
case basis
**Fertile Women
***BMI < 39, no a-FIBB, NO RECENT
CONTRAST  

**Women < 40 y

Stress 2DE 

Newer technology such as dual-source CCTA nearly eliminates the need for
�-blocker administration, improving resolution even at higher heart rates
and improving resolution in irregular rhythms, including atrial fibrillation.
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technology can be incorporated into
the evaluation of chest pain patients
presenting to the ED. Technical ad-
vances now permit acquisition of
well-opacified images of the coro-
nary arteries, thoracic aorta, and
pulmonary arteries from a single CT
scan protocol. Although this triple
rule-out technique can potentially
exclude fatal causes of chest pain in
all 3 vascular beds, the attendant
higher radiation dose of this method
precludes its routine use.

Drs. O’Neil and Peacock have no real or ap-
parent conflicts of interest to report. Funding
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MedReviews, LLC, by Alere (San Diego, CA).
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