
In 2006, criteria for cardiac computed tomography and cardiac magnetic reso-
nance imaging were published by the American College of Cardiology
(ACC). Since then, technological developments and the results of the most
 recent studies have led to the review of these recommendations and to previ-
ously drawn conclusions.

On June 27, 2008, a Scientific Statement from the American Heart Associ-
ation Committee was published online (Circulation 2008; 118:586-606).
Here, we refer to this statement in analyzing the ACC/AHA’s classification of
recommendations and levels of evidence:

According to the ACC/AHA, there are three classes (and two subclasses)
and three levels of evidence:
– Class I: Conditions for which there is evidence for and/or general agree-

ment that the procedure or treatment is beneficial, useful, and effective.
– Class II: Conditions for which there is conflicting evidence and/or a diver-

gence of opinion about the usefulness/efficacy of a procedure or treatment.
– Class IIa: Weight of evidence/opinion is in favor of usefulness/efficacy.
– Class IIb: Usefulness/efficacy is less well-established by evidence/opinion.
– Class III: Conditions for which there is evidence and/or general agreement

that the procedure/treatment is not useful/effective and in some cases may
be harmful.

– Level of Evidence A: Data derived from multiple randomized clinical
trials.

– Level of Evidence B: Data derived from a single randomized trial or non-
randomized studies.

– Level of Evidence C: Only consensus opinion of experts, case studies, or
standard of care.
Although no codified indications on coronary computed tomography (CT)

are available, the major practical applications thus far include:
– Diagnosis of stenosis in patients with low and intermediate risk of cardio-

vascular disease.
– Evaluation of bypass patency.

16
Current Recommendations 

for Coronary CT Angiography
Massimo Fioranelli, Francesca Sbandi

P. Pavone, M. Fioranelli, D.A. Dowe, CT Evaluation of Coronary Artery Disease. 
© Springer-Verlag Italia 2009



– Unsolved diagnostic situations in patients who have undergone intracar-
diac catheter angiography.

Technical Considerations

Some technical aspects need to be taken into consideration regarding the
clinical usefulness of coronary CT. The minimal technical prerequisite for
the application of contrast-enhanced multidetector-row CT (MDCT) to
coronary CT angiography (CTA) is a 16-slice CT device with a gantry rota-
tion time of 500 ms and slice collimation of 1.0 mm. Most CT scanners cur-
rently in use are 64-slice, with a spatial resolution of 0.4 mm and a temporal
resolution of 165 ms. The spatial resolution of the machines used in catheter
coronary angiography is 0.2 mm, which is twice the CT value, and the tem-
poral resolution is around 8 ms, corresponding to 12–30 images per second.
Therefore, even though images are captured by sophisticated software, the
CT images are not as detailed as those obtained during catheter coronary
 angiography. Furthermore, a regular cardiac rhythm is a primary require-
ment to capture images with an adequate resolution.

CT analysis is only applicable to coronary segments > 1.5–2 mm in diame-
ter. The spatial resolution of CT restricts quantitative analysis of the severity
of coronary stenosis, even if the sensitivity to identify a hemodynamically
significant stenosis is 73–100%. The percentage of coronary segments that
cannot be screened is between 0 and 12%. In the literature, a high negative
predictive value (95–100%) has been consistently reported. A description of
coronary CT results should include any factors that have limited the technical
quality of the examination, as well as the size of the vessels, the presence of
coronary anomalies, left or right dominance, coronary stenosis, the presence
of non-calcified and/or calcified plaque, presence, location and size of any
coronary aneurysmal or pseudoaneurysmal dilatation, and significant non-car-
diac findings (class I, level of evidence A).

Evaluation of Coronary Stenosis in Patients at Low or Intermediate
Risk of Cardiovascular Disease

Many studies have demonstrated that coronary CT angiography (CTA) is a vi-
able diagnostic option to detect the presence of coronary plaques (calcific and
non-calcific) and to rule out significant stenosis. Meta-analyses of 64-slice
MDCT studies found a sensitivity of 86–93% and a specificity of about 96%.

Coronary CTA provides useful information about positive coronary remodel-
ing, which has a relevant role in atherogenesis and offers insight into the tissue
composition of the coronary atherosclerotic plaque. However, compared to in-
travascular ultrasound, coronary CTA substantially overestimates plaque vol-
ume per segment in a calcific plaque, but underestimates plaque volume in a
non-calcific plaque. The potential benefit of non-invasive coronary CTA is like-
ly to be greatest and is reasonable for symptomatic patients who are at interme-
diate risk for coronary artery disease after initial risk stratification. This includes
patients with equivocal stress-test results (class IIa, level of evidence B).
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A patient with chest pain and low cardiovascular risk can be dismissed
from the ER, without further invasive tests, if a coronary CT of good quality
excludes the presence of an atherosclerotic lesion.

Coronary CTA is useful in the peri-operative cardiovascular evaluation and
care of patients undergoing non-cardiac surgery; a rapid and non-invasive test
does not delay surgery. In patients with syncope or ventricular arrhythmias,
coronary CTA is a useful, non-invasive test to detect or to exclude the pres-
ence of coronary disease.

In the presence of a chronic coronary atherosclerotic plaque, coronary CTA
can provide information about the composition (calcific and non-calcific) of
the plaque and then the success of a coronary angioplasty.

Evaluation of Coronary Artery Bypass Patency

Coronary bypass grafts are larger, extracardiac, and less mobile than native
coronary arteries; this has the advantage of allowing a better quality analysis.
Multislice CT is emerging as a realistic investigative tool in patients with
grafted coronary arteries. One of its major advantages is that it is a non-inva-
sive diagnostic approach, which is desirable in patients with bypass grafts as
they are at high risk for complications arising from invasive angiography. In-
deed, the incidence of so-called major adverse events (death, myocardial in-
farction, or stroke) during or within 24 h of selective coronary angiography is
reported to be 0.2–0.3%, and the incidence of so-called minor complications
(most of which are related to problems with the peripheral vessels through
which the catheters are inserted) is 1–2%.

The complex course of coronary grafts makes three-dimensional imaging a
valuable method to assess the status of the graft as it travels parallel and per-
pendicular to the axial images. These advances, as well as the capacity for inte-
grated functional cardiac assessment, may change the referral patterns in pa-
tients who have had previous bypass surgery. Bypass conduits typically have a
luminal diameter of 4–6 mm. Since they are wider than most native coronary
arteries, this allows good spatial resolution, vital to an accurate evaluation. As-
sessment of anastomosis is improved with three-dimensional technologies, as
they offer the ability to view the anastomosis from multiple angles.

High-density surgical clips may cause partial-volume and beam-hardening
effects, image-quality degradation, and unreliability in determining stenosis
grade. Clip artifacts vary with surgical technique but are generally greater
around arterial grafts and may increase if the slice thickness is very small. CT
evaluation of coronary artery bypass grafts yields consistently excellent im-
age quality, but the clinical value is limited by difficulties in assessing the na-
tive coronary arteries downstream of the graft anastomosis. However, the oc-
clusion and patency of arterial and venous bypass grafts can be determined
with high accuracy (sensitivity of 100% for detection of bypass occlusion in
three studies performed with 16-slice MDCT).

Coronary CT is also a viable diagnostic modality in symptomatic patients
with previous bypass surgery but whose stress-test results are non-diagnostic.

Sometimes, catheter coronary angiography cannot visualize a bypass con-
duit; in this setting, coronary CT is a useful alternative.
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Other Frequent Uses of Coronary CT Angiography

Coronary CTA is sometimes applied in situations in which catheter coronary
angiography is non-diagnostic. It is very useful in identifying the origin and
anatomic course of a coronary segment in case of suspected coronary anom-
alies (class IIa, level of evidence B).

Assessment of complex congenital heart disease, including anomalies of
the coronary circulation, great vessels, and cardiac chambers and valves, are
areas in which coronary CTA has had good results. In addition, it is useful in
the evaluation of specific cardiomyopathies (amyloidosis, hypertrophic car-
diomyopathy, drug toxicity), cardiac and pericardiac neoplasms, aortic dissec-
tion, and identification of pulmonary veins before ablative procedures.

In patients with aortic dissection, including those with Marfan syndrome, a
coronary CTA is a valid alternative to catheter coronary angiography.

Contraindications to Coronary CT Angiography

It is of pivotal importance to identify those conditions in which coronary CTA
is not appropriate. For example, it cannot be used in patients with ACS, in pa-
tients with high probability of coronary artery disease, and or those with ECG
or biochemical markers indicating myocardial necrotic modifications (class
III, level of evidence C).

Catheter angiography remains the gold standard for the detection of coro-
nary arteries stenosis during an ACS or in patients at high risk for cardiovas-
cular diseases.

Arrhythmias, a heart rate > 70 beats per minute (for 64-slice equipment),
an adverse reaction to contrast agent, renal or respiratory insufficiency, preg-
nancy, and heart failure are other contraindications for coronary CTA.

Future Directions in Non-invasive Coronary Artery Imaging with 
Coronary CT Angiography

Coronary CTA is a rapidly evolving technology and the indications for its use
are changing at nearly the same speed.

The evaluation of coronary vessels in re-vascularized patients, either fol-
lowing PTCA or surgery, is now a clinical option. It is possible to evaluate the
patency of stents with good accuracy and thus to follow up these patients.

At present, assessment of non-calcified plaque remains limited to studies
in which very high image quality is possible. However, the clinical applica-
tions of the technique will no doubt soon expand to include the detection of
unstable plaques, and, more generally, the characterization and measurement
of atherosclerotic plaque burden, as well as its changes over time or in re-
sponse to therapy.

Continued innovations in coronary CTA will rapidly change our view of
this technology. The new 128-slice machines speed the acquisition of heart
images from the current 10–15 s for 64 slice machines to 4 s. This velocity
can better “freeze” the heart. The gantry rotation of the 128-slice CT is 0.3 s,
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and the temporal resolution 150 ms, allowing acquisition of the entire heart in
4–5 s. With a spatial resolution of 0.24 mm, very small anatomic structures
can be analyzed. Moreover, the tunnel is larger (78 vs. 65 cm) so that it will
also be possible to evaluate obese or claustrophobic patients. By applying a
few technical “tricks” (step and shoot, adaptive techniques, ECG-controlled
tube-current modulation, protective filters, etc.), radiation exposure can be re-
duced to a range of 2–3 to 6–12 mSv instead of 15–20 mSv.

While coronary CTA is still an emerging technology, in the next decade it
will no doubt become a major cardiovascular imaging option.
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