
Acute chest pain is one of the most frequent symptoms reported by patients
evaluated in emergency departments. Annually, about 6 million people
with acute chest pain visit emergency rooms (ERs) throughout the USA.
Diagnosis of an acute coronary syndrome (ACS) is often difficult: studies
have suggested that 2–6% of patients with an ACS are inappropriately sent
home from the ER, leading to increased morbidity and mortality. This is al-
so an increasing motive for malpractice claims. Protocols for the evalua-
tion of ACS patients include ECG and assessment of markers of myocar-
dial damage (including CK-MB and troponin). Unfortunately, there is a mi-
nority of patients with normal ECG and cardiac enzymes at admission who
still have ACS. These patients require a time-consuming and expensive
protocol, with serial ECG and cardiac-enzyme assessments. Patients with
persistently negative results often undergo a stress test, while sometimes
additional tests are also performed to rule out other, possibly fatal causes
of chest pain (including aortic dissection and lung embolism). Yet, mis-
takes are still possible even after this complex protocol, which has an esti-
mated annual cost of $10–13 billion in the USA alone. Finally, a large
number of patients with no serious disease are held for many hours in the
ER, leading to overwork, the need for larger staff, and longer waiting times
for other ER patients.

Recently, multi-slice computed tomography (MSCT) scanning was intro-
duced into the diagnostic assessment of acute chest pain in ER patients. The
technology is used to obtain an anatomic assessment of the coronary arteries,
which may allow a quick diagnosis and early patient discharge. MSCT may
also help in identifying patients with other serious conditions, including aortic
dissection and lung embolism. In this chapter, we review the current evidence
on the use of MSCT scanning in this setting and its pro and cons compared
with other widely used diagnostic techniques.
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Causes of Acute Chest Pain

In clinical practice, the large majority of patients coming to medical attention
for acute chest pain do not have cardiac disease. In published registries, only
15–20% of patients seeking the help of a general practitioner for acute chest
pain have heart disease. Heart disease is a more common cause of chest pain
in patients seen in the ER (Table 15.1), although the majority of patients still
have non-cardiac causes of chest pain. Furthermore, data from a US registry
(> 10 000 patients who visited the ERs of 10 different US hospitals) showed
that, in patients with chest pain who visited the ER, only 17% ultimately met
the criteria for cardiac ischemia (8% with myocardial infarction and 9% with
unstable angina). More disturbingly, 2.1% of patients with acute myocardial
infarction and 2.3% of those with unstable angina were mistakenly dis-
charged. Not surprisingly, mortality among patients with acute myocardial in-
farction who were discharged home was about twice as high as expected.
Most of these patients had a non-diagnostic or normal ECG. Indeed, the ECG
is non-diagnostic in many patients with acute myocardial infarction and in
most patients with unstable angina. Thus, according to ACC/AHA guidelines,
all patients presenting in the ER with acute chest pain should be assessed by
ECG and for cardiac biomarkers (preferably, cardiac-specific troponin, i.e.,
troponin-I or troponin T). Patients with negative ECG should undergo a serial
ECG assessment to evaluate dynamic ECG changes (initially at 15- to 30-min
intervals), whereas in patients with normal cardiac biomarkers the test should
be repeated 8–12 h after symptom onset. Negative ECG and normal troponin
identify a low-risk population; however, even patients with persistently nor-
mal troponin may have significant coronary disease. In these patients, a diag-
nosis of coronary disease may require other functional tests, such as ECG
stress test, stress-echocardiogram, or nuclear imaging. None of these tests has
optimal sensitivity or specificity (Table 15.2). Accordingly, up to 10–15% of
patients with a diagnosis of ACS who undergo coronary angiography have
normal coronary arteries. This confirms the limits of the current diagnostic
methods.

A number of risk assessment tools have been introduced to predict the
global risk of the patient by taking into account not only ECG findings and
biomarkers, but also clinical presentation, previous history, risk factors, age,
etc. However, their predictive ability for detecting patients at risk of clinical
events is at best only moderate. In particular, although it can be relatively
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Table 15.1. Final diagnosis of patients with acute chest pain who were seen by a general practitioner and
at emergency departments. Modified from Erhardt L.  et al (2002)

General practitioner (%) Emergency department (%)

Cardiac 20 45
Musculoskeletal 43 14
Gastrointestinal 5 6
Psychiatric 11 8
Pulmonary 4 5
Other 16 26



easy to identify subgroups of patients at high risk, it is quite difficult to identi-
fy correctly those at low risk (and, ideally, zero risk). The most widely used
risk score for patients presenting with chest pain and ACS is the TIMI risk
score, validated in the TIMI 11B trial and recently studied in an unselected
ER population, with results similar to those reported in the original paper
(Fig. 15.1). A modified score, the TIMI risk index (including also systolic
blood pressure, age, and heart rate), can be useful in predicting 30-day mor-
tality not only in patients with unstable angina and non-ST-elevation myocar-
dial infarction, but also in patients with ST-elevation myocardial infarction
(the TIMI risk calculator is available at www.timi.org). Other risk scores have
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Table 15.2. Diagnostic accuracy of 64-slice CT scan for identifying coronary stenosis > 50%. Modified
from Rubinstein R. et al (2007)

Study (year) Number Specificity (%) Sensitivity (%) Negative predictive
of patients value (%)

Leschka (2005) 67 94 97 99
Raff (2005) 70 86 95 98
Leber (2005) 59 73–88 97 99
Mollet (2005) 52 99 95 99
Ropers (2006) 82 95 93 99
Fine (2006) 66 95 96 95
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Fig. 15.1. The TIMI risk score for unstable angina and non-ST-elevation myocardial infarction (MI) is de-
termined by the sum of seven factors present at admission (1 point for each variable): age 65 or older, at
least three risk factors for coronary disease, evidence of prior coronary stenosis  50%, use of aspirin in the
7 days before admission, elevated serum biomarkers, ST-segment deviation on ECG at presentation, at least
two episodes of angina in the previous 24 h. It is important to note that the risk of serious cardiac events is
not negligible even in the lowest risk subgroup. Data from Antman E.M. et al (2000)



been developed from the database of the PURSUIT and GRACE trials. 
PURSUIT identified factors associated with increased risk of death at 30
days: age, heart rate, systolic blood pressure, ST-segment depression, signs of
heart failure, and abnormal cardiac biomarkers (in order of relative strength).
The GRACE clinical model can be used to predict mortality 6-months after
patient discharge from the ER. However, although these risk scores can be
helpful to identify the very-high-risk patient requiring aggressive treatment,
they are less helpful in the screening of the large population of ER patients
with chest pain, in whom it is important to rule out the presence of significant
disease and to identify patients who can be safely discharged. Patients with a
previous history of coronary disease, signs of heart failure, ECG changes or
positive biomarkers, high heart rate, and low blood pressure are clearly at in-
creased risk and are usually admitted to the hospital to undergo invasive treat-
ment. By contrast, in apparently healthy patients with no previous history of
heart disease, brief episodes of chest pain at rest are more difficult to manage.

Multislice CT Scanning in Acute Chest Pain

There are over 30 published studies assessing the diagnostic accuracy of CT
scanning in identifying coronary disease, enrolling over 2,000 patients. Stud-
ies using a per-patient analysis (1,329 patients, examined by 16- or 64-slice
CT scan) reported a mean sensitivity and specificity of 97 and 84%, respec-
tively, with a sensitivity and specificity of 98 and 93%, respectively, for stud-
ies using 64-slice CT (Table 15.3). As shown in a recent meta-analysis, com-
pared with previous scanner generations, 64-slice CT significantly improved
the accuracy of detection of coronary artery stenoses. The weighted mean sen-
sitivity for the detection of coronary artery stenoses increased from 84% for 
4-slice CT and 83% for 16-slice CT to 93% for 64-slice CT, whereas the
 respective specificities were 93, 96, and 96%. However, the most interesting
result was the negative predictive value of > 97%, much better than that
 reported for any other non-invasive diagnostic test. This excellent negative
predictive value makes CT scan very attractive as an ER tool to rule out coro-
nary disease. CT scan may have a lower diagnostic accuracy in patients with
pre-existing coronary disease, who often have extensive coronary calcifica-
tions and coronary stents (which may produce artifacts on CT scan). However
these patients are already included in a high-risk group when they come to the
ER, because of their previous history of coronary disease. CT scan may be an
invaluable asset for low to intermediate-risk patients with acute chest pain
(i.e., the large majority of ER patients).
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Table 15.3. Diagnostic accuracy of non-invasive tests for identifying coronary disease. Modified from
 Rubinstein R. et al (2007)

Specificity (%) Sensitivity (%)

ECG-stress test 50–77 68–90
Echo-stress test 90 90
Nuclear imaging 87 64



This hypothesis has led to several studies aimed at assessing the specific
role of CT scan in patients with acute chest pain. Six studies on 64-slice
CT scan, enrolling a total of 376 ER patients, have been published. All of
them included low- to intermediate-risk patients with acute chest pain but
normal cardiac biomarkers and no ischemic ECG changes (two studies
 actually excluded patients with a previous history of coronary disease). 
CT scan results correctly ruled out significant coronary disease, with a
mean negative predictive value of 99%. These findings strongly support
the use of CT scan to identify low-risk patients who can be safely dis-
charged from the ER.

In a blinded study, were made attempted to rule out ACS in 103 patients
with acute chest pain who presented to the ER (none of the patients had
 ischemic ECG-confirmed changes and negative initial biomarkers). The ab-
sence of both significant coronary artery stenosis and non-stenotic coronary
atherosclerotic plaque accurately predicted the absence of an ACS (negative
predictive value 100%). However, in this study, the positive predictive value
was rather low, indicating false-positive results (47% for the detection of sig-
nificant stenoses, 14/30 positive scans), and only a small percentage of pa-
tients with acute chest pain were actually included in the study (103 of 305
initially screened patients). The group from William Beaumont Hospital
(Royal Oak, MI) reported a trial on 197 patients randomized to early CT scan
in the ER vs. standard diagnostic protocol (ECG, serial cardiac biomarkers,
and nuclear stress test). Of the patients undergoing CT scan, those who had
coronary arterial stenosis < 25% were eligible for immediate discharge, while
those with stenosis > 70% were referred for invasive coronary angiography,
and patients with intermediate lesions (stenosis 26%–70%) or non-diagnostic
scans (severe coronary calcifications, excessive motion artifact, or poor con-
trast-to-noise signals) underwent nuclear stress testing. In patients randomized
to the standard diagnostic protocol, those with normal serial ECG, cardiac
biomarkers, and stress test were discharged, whereas patients who developed
ECG changes, had increased biomarkers, or abnormal nuclear stress studies
were referred for invasive angiography. In the CT-scan group, two-thirds of
patients were discharged immediately after the scan and none of these pa-
tients suffered an adverse event at 6-months follow-up (negative predictive
value 100%). CT scan was non-diagnostic (because of the presence of inter-
mediate lesions or suboptimal imaging) in 24% of the patients, while in 8% it
identified significant coronary lesions (with a positive predictive value of
85%). The approach with CT scan was much quicker (time to diagnosis 3.4 h
vs. 15.0 h in the standard diagnosis group) and significantly reduced costs
(–15%) (Table 15.4). This study also obtained a good positive predictive
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Table 15.4. Comparison of 64-slice CT scan vs. standard diagnostic protocol in the ER. Modified from
 Goldstein J.A. et al (2007)

64-slice CT scan Standard diagnostic protocol P 

Time to diagnosis 3.4 h 15.0 h < 0.001
Total cost $US 1586 $US 1872 < 0.001
Re-evaluation at 6 months 2% 7% 0.10



 value, but it should be noted that patients with intermediate stenosis or with
non-diagnostic scans underwent nuclear imaging (24% of all patients random-
ized to CT scan).

Conversely, simple assessment of calcium score by CT is insufficient to
correctly identify ER patients with coronary disease, since patients with acute
chest pain have mostly non-calcified coronary plaques, which can be identi-
fied only by MSCT.

The possible limits of MSCT (as reported in other chapters) include fast
heart rate (> 65 beats/min) and arrhythmias (in particular, atrial fibrillation).
Although it is common to treat patients undergoing MSCT with beta-blockers
to reduce heart rate to < 65 beats/min, in up to 15% of ER patients these drugs
are contraindicated. Finally, all patients should be screened for a history of io-
dine allergy and for renal failure.

The “Triple Rule Out” Protocol

MSCT (64-slice and over) allows rapid scanning not only of the heart and
coronary arteries, but also of the entire lung and thoracic aorta; indeed, a
complete scan of all these areas can be performed in < 20 s. These technical
improvements have led to the use of MSCT to identify coronary disease, aor-
tic dissection, and lung embolism. Thus, a single scan can rule out three po-
tentially fatal causes of acute chest pain (the so-called triple rule out). These
scans can be technically challenging because they require optimal and simul-
taneous contrast intensity in both the left (coronary and aorta) and the right
(pulmonary) circulation, while avoiding artifacts generated by the presence of
contrast in the right atrium and ventricle (which may reduce the accuracy of
coronary imaging). Use of a dedicated protocol of contrast injection with two
contrast boluses (one for the coronary arteries and one for the pulmonary ar-
teries) followed by saline injection (to clear contrast material from the right
heart chambers) yields good imaging of all three arteries in a single scan. This
approach seems very attractive and it has been introduced in several hospitals,
although it has yet to be tested in clinical trials. In particular, since aortic dis-
section and lung embolism are much less frequent than coronary disease, it is
unclear whether the large-scale use of this protocol (which requires an in-
creased radiation dose) has a positive risk/benefit ratio in an unselected popu-
lation, while it may be a truly important asset for patients with clinical suspi-
cion of aortic dissection or lung embolism.

Conclusion

Multislice CT scan is an ideal diagnostic test to rule-out coronary disease
(and possibly other vascular thoracic disease) in low-risk patients. Diagnos-
tic assessment in the ER of acute chest pain seems to be one of the best set-
tings to use this new diagnostic method. Randomized studies have confirmed
that integrating MSCT in the diagnostic protocols of the ER not only results
in excellent diagnostic accuracy, but also in shorter hospital stay and reduced
costs. Although ACC/AHA guidelines for the assessment of patients with
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acute chest pain do not include yet MSCT scan, recent studies have indicated
how this new diagnostic tool could become part of ER protocols.

Clearly, patients coming to the ER with acute chest pain should first under-
go a complete clinical assessment, with ECG and cardiac biomarkers. High-
risk patients with ischemia, as indicated by ECG and/or positive biomarkers,
do not require MSCT and should be immediately admitted and treated; pa-
tients with negative ECG and biomarkers at admission could receive a diag-
nostic CT scan (avoiding the wait for serial ECG and biomarkers). This ap-
proach would allow the early identification of patients with no coronary dis-
ease who could be discharged (Fig. 15.2). The traditional diagnostic protocol
with serial ECG, biomarkers, and possible stress testing should be reserved
for patients with suboptimal imaging at MSCT scan or with evidence of inter-
mediate stenosis.
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Fig. 15.2. Flow chart for the ER diagnosis of acute chest pain. The approach integrates CT scan with cur-
rent clinical practice


