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Cardiac computed tomographic angiography (CCTA) is revolutionizing our approach 
to the identification and management of coronary artery atherosclerosis. CCTA has 
the unique ability to assess extracoronary cardiac findings within the standard field 
of view, including the anatomy of cardiac structures—the atria, ventricles, valves, peri-
cardium, great vessels, and venous anatomy—and any related abnormalities. Appro-
priate clinical applications include evaluation of intermediate-risk patients with acute
chest pain and those with suspected coronary anomalies, uninterpretable or equivocal
stress test results, or suspected cardiac morphologic abnormalities. Optimization of this
diagnostic examination requires close attention to details such as minimizing motion
and attaining sufficient contrast opacification. Iso-osmolar contrast can help achieve
maximum patient comfort with the smallest elevation of heart rate and variability, 
as well as minimize the risk of acute kidney injury. Newer scanning equipment and
protocols have improved image quality in difficult cases, including obese patients and
those with heavy coronary calcification or metal artifacts. Current imaging protocols
have reduced exposure to ionizing radiation and continue to improve safety.
[Rev Cardiovasc Med. 2008;9(4):215-224]
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Coronary atherosclerosis is anatomically present in nearly all adults, yet
a smaller proportion of people will develop symptomatic acute and
chronic coronary symptoms over the course of a lifetime. In 1965,

Eggen and colleagues1 reported autopsy results from 1242 adults and found
that about 50% of all individuals older than 40 and about 75% of those older
than 60 had atherosclerosis in the left anterior descending artery, irrespective
of the cause of death. Tuzcu and colleagues2 found that among patients who
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sustained noncardiac death and un-
derwent intravascular ultrasound
(IVUS) prior to heart donation for
transplantation, the prevalence of
coronary atherosclerosis varied from
17% in subjects younger than age 20
years to 85% in subjects aged 50 years
and older. Coronary artery disease
(CAD) is the most common cause of
death in the industrialized world and
results in more than half of the car-
diovascular deaths in the United
States. Invasive coronary angiogra-
phy, since its launch more than
30 years ago, has largely defined our
understanding of normal and patho-
logic coronary anatomy and has
been established as the reference
standard.3-5 However, because of its
attendant risks and costs, invasive
coronary angiography is appropri-
ately confined to high-risk patients.
Despite careful patient selection,
20% to 27% of the invasive an-
giograms performed for evaluation
of CAD are normal.6,7 In addition,
because only the lumen is displayed
on coronary angiography, the data
provided regarding plaque burden
and early atherosclerosis are not
complete. Diagnostic cardiac cathe-
terizations, particularly those that
might result in normal angiograms,
could potentially be replaced by a
noninvasive method such as cardiac
computed tomographic angiography
(CCTA).

Since the introduction of 4-slice
spiral CT systems in 2000, there have
been rapid and revolutionary tech-
nological advances in the spatial
and temporal resolution of multide-
tector row computed tomography
(MDCT).8 Electrocardiogram (ECG)-
triggered and ECG-gated MDCT ex-
aminations came into clinical prac-
tice with the development of 16-slice
systems. The latest generation of the
64-slice systems has reduced scan
time to 5 to 10 seconds, with a spatial
resolution of 0.4 mm. This technol-

ogy is now approaching a level of de-
tail that will allow it to guide inter-
ventional cardiologists and radiolo-
gists in pre-procedure planning for
vascular interventions.

Data Derived From CCTA
CCTA provides data that are analo-
gous to those obtained from intravas-
cular ultrasound. In addition, CCTA
provides information regarding the
presence and severity of luminal nar-
rowing (with images that are similar
to those produced by invasive an-
giography). Like IVUS, CCTA pro-
vides images with submillimeter reso-
lution of the vessel wall and insights
regarding the presence, extent, and
character of intramural plaque.9 It
can also show features such as
positive remodeling associated with
extraluminal plaque (which is not
visible on traditional coronary an-
giography). CCTA can differentiate
calcific plaque from radiolucent
fibrous plaque or lipid-rich plaque.

Although CCTA provides informa-
tion that is complementary to data
obtained by stress testing in patients
with intermediate probability of
CAD,10 anatomic data alone do not
necessarily provide insight regarding
the physiologic impact of a given
lesion on coronary blood flow, a sim-
ilarity to invasive coronary angiogra-
phy. Thus, determination of the
hemodynamic significance of inter-
mediate severity lesions (25%-70%)
on CCTA requires additional physio-
logic testing, as with invasive coro-
nary angiography.

CCTA has the unique ability to as-
sess extracoronary cardiac findings
within the standard field of view,
including the anatomy of cardiac
structures—the atria, ventricles,
valves, pericardium, great vessels,
and venous anatomy—and any
related abnormalities. CCTA is a
good technique for evaluation of
anomalous coronary artery anatomy

and assessment of structures within
the thoracic cavity, particularly
the pulmonary vasculature and
parenchyma.11-13 Evolving applica-
tions of this technology include
evaluation of pulmonary venous
anatomy before and after radiofre-
quency ablation for atrial fibrilla-
tion, noninvasive mapping of coro-
nary veins prior to biventricular
pacemaker lead placement, evalua-
tion of suspected pulmonary em-
bolism, and emergency imaging to
evaluate aortic dissection.

The ability to simultaneously
image the thorax and the coronary
arteries has allowed the development
of “triple rule-out” protocols to eval-
uate patients with chest pain who
may have CAD, aortic dissection,
and/or pulmonary embolism. The
good clinical performance of CCTA
in emergency departments for exclu-
sion of acute coronary syndrome,
as well as the widespread use and
proven clinical accuracy of CT an-
giography for diagnosis of acute
aortic dissection14,15 and pulmonary
embolism,16,17 has made the triple
rule-out protocol a feasible option.
With the development of the current
64-slice CT scanners, technical limi-
tations of this extended protocol
have been largely overcome.18 Al-
though the triple rule-out technique
can potentially exclude fatal causes
of chest pain, the associated higher
radiation dose of this method pre-
cludes its routine use except when
there is sufficient support for the
diagnosis of either aortic dissection
or pulmonary embolism.19

In centers where cardiologists in-
terpret the CCTA scans for CAD, it is
essential to have a trained radiologist
to review the noncardiac portion of
the CCTA for additional findings. At
our center, a cardiologist interprets
every CCTA for CAD, and a radiolo-
gist interprets the noncardiac find-
ings, generating 2 separate reports.
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In patients with known, complex
CAD, CCTA may aid in planning
staged percutaneous or surgical
revascularization procedures. How-
ever, the risk of radiation and con-
trast exposure must be weighed
against potential benefits. In pa-
tients with chest pain after revascu-
larization procedures, CCTA is
deemed to be of uncertain appropri-

ateness according to current criteria
(Table 1).

CCTA is also of great interest to
physicians who care for patients
with multiple risk factors for CAD,
such as internists, family practice
physicians, nephrologists, and
rheumatologists. Although CCTA is
of immense value in excluding CAD
in patients at high risk, the routine

use of this procedure in asympto-
matic patients is not recommended
(Table 1). Large scale, long-term
prognostic data would be needed be-
fore CCTA could be considered ap-
propriate for asymptomatic patients.

Limitations of CCTA
Despite rapid advances in tech-
nology and the impressive images

Table 1
CCTA Appropriateness Criteria

Criteria Symptomatic Asymptomatic Structure/Function

Appropriate

Inappropriate

Uncertain

Intermediate PTP of CAD (unable
to exercise or uninterpretable ECG)

Acute chest pain � intermediate
PTP of CAD (negative ECG 
changes � serial cardiac enzymes) 

Uninterpretable stress test

New-onset heart failure

High pretest probability of CAD
Moderate or severe ischemia on
stress test

Intermediate PTP of CAD (able to
exercise � interpretable ECG) 

Low or high PTP of CAD in acute
chest pain (negative ECG � serial
cardiac enzymes)

“Triple rule-out” with intermediate
PTP for 1 of the conditions

Chest pain post-revascularization
(surgical or PCI)

Uninterpretable or equivocal 
stress test

Detection of CAD (low or 
moderate Framingham risk score)

CCTA or invasive angiogram
within 2 years with no obstructive
disease

Evaluation of bypass grafts

In-stent restenosis after PCI

Intermediate perioperative risk for
low-risk noncardiac surgery

High CAD Framingham risk

Intermediate perioperative risk 
for intermediate or high-risk 
noncardiac surgery

Suspected coronary anomalies

Complex congenital heart disease

Cardiac masses

Pericardial pathology

Pulmonary venous anatomy prior to
RF ablation of atrial fibrillation

Coronary vein mapping prior to 
BiV pacemaker placement

Suspected aortic dissection,
aneurysm, or pulmonary embolism

Coronary arterial assessment, includ-
ing internal mammary artery prior to
repeat surgical revascularization

LV function postmyocardial infarc-
tion or in patients with CHF

Native and prosthetic cardiac valves

CCTA, cardiac computed tomographic angiography; PTP, pretest probability; CAD, coronary artery disease; ECG, electrocardiogram; RF, radiofrequency; BiV,
biventricular; LV, left ventricular; PCI, percutaneous coronary intervention; CHF, congestive heart failure. Reprinted from the Journal of the American College of 
Cardiology, Vol 48, Hendel RC, Kramer CM, Patel MR, et al. ACCF/ACCR/SCCT/SCMR/ASNC/NASCI/SCAI/SIR appropriateness criteria for cardiac computed 
tomography and cardiac magnetic resonance imaging, pages 1475-1497,39 Copyright 2006, with permission from the American College of Cardiology Foundation.
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produced by CCTA, many limita-
tions exist, particularly with respect
to data acquisition and reconstruc-
tion, which largely determine image
quality.20 Thus, an understanding
of these limitations in the context of
patient selection and optimization
of image quality is of paramount
importance.

Coronary Calcification and 
Metal Artifacts
Calcification is universally found
within atheromata at necropsy and
can be considered part of the patho-
genesis of atherosclerosis.1 On CCTA,
however, extensive coronary calcium
obscures the lumen and may sub-
stantially limit analysis of segments
or even entire arteries. Thus, CCTA
may be of limited application in pa-
tients with a high likelihood of sig-
nificant coronary calcification, such
as the elderly, those with chronic
kidney disease, or those with prior
calcium scores exceeding 1000 Agat-
ston units.21-23 Similarly, CCTA also
has technical limitations in the as-
sessment of in-stent stenoses because
the density of the equipment metal
can result in “blooming” and “beam-
hardening” artifacts.23 Although
CCTA can reliably determine the pa-
tency of stents, its use in detecting
in-stent stenosis is more challenging.
Several recent studies employing the
latest generation scanners and spe-
cialized image reconstructions report
encouraging results in analysis of
stents exceeding 2.5 mm,24-27 but
technical limitations may prevent
the confident exclusion of hemody-
namically important segmental
stenoses. Therefore, although calcifi-
cation readily identifies the presence
of coronary atherosclerosis, it limits
evaluation of luminal stenosis in
many cases.

Fast Heart Rates and Arrhythmias
Although development of the 64-
slice spiral computed tomography

(CT) systems was accompanied by an
increase in gantry rotation speed
(330 ms) and improved temporal res-
olution (165 ms with half-scan re-
construction), the scanning algo-
rithms of these systems display a
nonlinear relationship with heart
rate, making them sensitive to
changes in heart rate during image
acquisition.28 Even with the new
generation 64-slice CT scanners,
image quality is inversely correlated
to heart rate, so most patients will re-
quire premedication with �-blockers
to lower heart rates during acquisi-
tion. Recently introduced dual-
source CT systems consist of 2 x-ray
tubes and 2 opposing detector arrays
mounted onto the gantry with an
angular offset of 90 degrees, enabling
the gathering of information for an
entire slice reconstruction during a
90-degree arc around the gantry
(“quarter-scan”). The result is a re-
duction of temporal resolution from
165 ms on 64-slice CT systems to 83
ms, permitting diagnostic evaluation
at higher heart rates compared with
conventional multislice scanners.
Because ECG-gating is critical to
coronary imaging, any arrhythmias,
ectopy, or ECG artifacts result in
degradation of image quality. Al-
though some vendors offer software
to correct artifacts resulting from
these events, extreme heart rate
irregularity can result in unrecover-
able scans. Finally, use of iso-osmolar
contrast helps to minimize any
hemodynamic changes that occur
during the contrast injection.

Obesity
Obesity increases radiation scatter
within the patient’s body and, conse-
quently, degrades image quality be-
cause of a reduced signal-to-noise
ratio. Recently, dual-source CT scan-
ners have demonstrated improved
signal-to-noise characteristics when
using a special “obese mode” recon-
struction. In this mode, both x-ray

tubes are used for a full half-scan re-
construction. This approach reduces
temporal resolution to 165 ms, but it
doubles the amount of information
gathered during each gantry rota-
tion. Use of this mode requires rigor-
ous heart rate control, but it extends
effective CCTA to patients with body
mass indices over 40 kg/m2 and
achieves a significant improvement
in objective parameters of image
quality.29

Spatial Resolution
The spatial resolution (in the x and y
axes) of modern scanners is very
high (� 0.4 mm). However, in order
to obtain high-quality images of
coronary arteries, it is necessary to
use very thin slices (� 1 mm) to
avoid volume averaging and loss of
edge definition,20 as well as to create
an isotropic dataset (where the reso-
lution in the z axis or the axis of the
patient’s head-to-feet equals that of
the x and y axes). Thin image slices
result in greater image noise as well
as lower contrast-to-noise ratio,
which is problematic in morbidly
obese subjects.

Motion
Cardiac and respiratory motion re-
sults in image degradation because
the small targets (coronary arteries)
are constantly moving. There are 2
very brief opportunities for imaging
the coronaries—at the end of systole
and during late diastole, the phase of
diastasis.30 As the heart rate in-
creases, the length of diastasis de-
creases compared with the acquisi-
tion time for modern scanners. This
results in image acquisition during
cardiac motion, resulting in image
distortion.

Respiratory motion results in un-
salvageable image distortion. The
smallest amount of intrathoracic
motion results in severe misregistra-
tion artifacts due to the small size of

5. RICM0464_12-15.qxd  12/15/08  03:19 PM  Page 218



Optimizing Outcomes in Coronary CT Imaging

VOL. 9 NO. 4  2008    REVIEWS IN CARDIOVASCULAR MEDICINE    219

recently investigated the use of
“prospective” gating by itself for
patients with low and very stable
heart rate. This approach has yielded
total radiation doses of less than
5 mSv (equivalent to 10 chest 
x-rays), with no compromise in
image quality compared with retro-
spective gating.34,35

Exposure to Iodinated Contrast and
Contrast-Induced Acute Kidney Injury
All available iodinated intravascular
contrast agents cause a transient
increase in renal blood flow over a
matter of minutes followed by sus-
tained intrarenal vasoconstriction
(Figure 1). There is stasis of contrast
in the urinary and peritubular space,
which results in ischemic injury that
sets off a cascade of events causing
oxidative injury to renal tubular cells
and loss of functional nephron
units.36 The serum creatinine, which
is a crude measure of renal filtration,
elevates significantly (� 0.3 mg/dL)
from baseline in less than 5% of pa-
tients undergoing CCTA.37 This rate
is much lower than that noted with
coronary angiography because there
is greater admixture of contrast with
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Figure 1. Hemodynamic changes with the injection of iodinated contrast. IOCM, iso-osmolar contrast media; LOCM, low-osmolar contrast media;
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the coronary arteries.20 Thus, every
attempt must be made to suppress
respiration during scan acquisition.
Use of iso-osmolar contrast can be

helpful because it has the lowest
rates of patient discomfort and a
minimal influence on left ventricular
end-diastolic pressure compared
with low-osmolar contrast agents.31

Radiation Exposure
Radiation exposure has been a limi-
tation of CCTA, and it is being over-
come with modern scanning proto-
cols. Higher radiation is required
primarily because of the need for a
low pitch that results in overlapping
image acquisition. Thus, the poten-
tial radiation exposure risk that is at-
tendant to CCTA should be weighed
against potential benefits. Although
the risk of radiation-induced cancer
in any 1 person is small (the increase
in the possibility of fatal cancer is 1
chance in 2000, according to 1 esti-
mate), this risk can become a major
public health concern if large num-

bers of the population undergo CT
scans for the purposes of screening.32

Dose reduction techniques and
avoidance of technical errors are of

paramount importance, depending
on the protocol used. The radiation
dose can be modified by adjusting
the tube voltage, tube current, pitch,
and scan time. Although scan data
are acquired and available for the en-
tire phase of the cardiac cycle with
retrospective gating, in most cases,
scan data used for image reconstruc-
tion are selected only during the di-
astolic phase. Thus, a high tube cur-
rent is required only during the
diastolic phase (40%-80% of the R-R
interval), and a low tube current (de-
crease by 80%) is acceptable during
the remaining cardiac phase (“dose
modulation”). Modulating the tube
current on-line with prospective
ECG control helps to reduce radia-
tion exposure substantially (by up to
47%, depending on heart rate) with-
out decreasing diagnostic image
quality.33 Also, some groups have

Every attempt must be made to suppress respiration during scan acquisition.
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the blood pool in the venous phase
before the kidneys receive the mater-
ial in the arterial phase. In addition,
there is no superimposed atheroem-
bolism due to arterial catheter ex-
changes in CCTA. Finally, rates of
contrast-induced acute kidney injury
are probably lower in published stud-
ies because many CCTA centers have
an upper limit of acceptable serum
creatinine to proceed with the scan.

As mentioned above, iso-osmolar
contrast offers an optimal CCTA pro-
file with fewer hemodynamic effects.
In addition, iso-osmolar contrast has
the lowest rates of contrast-induced
acute kidney injury when tested in
the highest-risk patients.38 Given
this added benefit from a renal per-
spective, many CCTA programs have
adopted iodixanol (320 mg I/mL) as
the contrast agent of choice for these
studies. Iodixanol is also associated
with lower incidences of patient
discomfort as compared with other
iodinated contrast agents (Figure 2).
Comparative images using 2 dif-
ferent contrast agents are shown in
Figure 3. In patients with known
chronic kidney disease who are
under the care of a nephrologist, ad-
equate preprocedure hydration and
preparation may lower the risk of
superimposed acute kidney failure.

Optimizing Outcomes in CCTA
In order to obtain the maximal clin-
ical utility from CCTA (Figure 4), a
working knowledge of the aforemen-
tioned limitations is necessary. Clin-
ically useful information can be
gathered by giving careful attention
to the following factors that influ-
ence the quality of each scan.

Patient Selection
A joint statement of guidelines
for appropriate use of CCTA was
recently published by a collaboration
of 8 professional societies, including
the American College of Cardi-
ology and the American College of

Figure 2. Comparative incidence of patient discomfort with injections of iodinated contrast agents.
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Radiology.39 Appropriate clinical ap-
plications include evaluation of in-
termediate-risk patients with acute
chest pain and those with suspected
coronary anomalies, uninterpretable
or equivocal stress test results, or sus-
pected cardiac morphologic abnor-
malities, such as congenital heart
disease or cardiac masses. CCTA has
uncertain value in the evaluation of
asymptomatic persons, evaluation of
chest pain in patients after revascu-
larization (percutaneous or surgical),
or accurate assessment of left ven-
tricular function postmyocardial in-
farction. CCTA performs well in rul-
ing out CAD in patients with a
low-to-intermediate probability of
having the disease. However, in pa-
tients with a high pretest probability
of CAD, CCTA does not provide ad-
ditional relevant diagnostic informa-
tion.40 Thus, based on the appropri-
ateness criteria, CCTA has little or no
value in the evaluation of certain pa-
tient subgroups, such as those with a
high pretest probability of coronary
disease, those who have acute chest
pain with positive cardiac enzymes
and/or ECG changes, and those
with moderate-to-severe ischemia on
stress testing.

Noninvasive tests, such as calcium
scoring, have been shown to add

incremental value in risk assessment
for CAD and sudden death.41-44

However, calcium scoring alone may
miss occult CAD in patients with
predominantly noncalcified athero-
sclerotic plaque. Hence, the idea of
using CCTA as a screening tool is at-
tractive, particularly in women and
young individuals. A recent study
examining 1000 consecutive asymp-
tomatic subjects found that 22% of
the population had occult CAD,
among whom 5% had significant
CAD involving at least 1 artery.45

However, only 15 cardiac events
occurred during the mean follow-up
period of 15 months. Thus, al-
though CCTA can provide insight
into the presence of CAD in asymp-
tomatic individuals, the antecedent
risk of radiation exposure precludes
use of this technique as a screening
tool. Before CCTA can be recom-
mended for screening, long-term
follow-up data are required, espe-
cially for hard endpoints such as
myocardial infarction and cardiac
death. Currently, CCTA in asympto-
matic individuals is considered to be
an inappropriate indication.

Patient Preparation
Adequate patient preparation is the
key to successful CCTA outcomes. It
is desirable for the referring physi-
cian to prescribe �-blockers for the
patient to take before arrival for the
test, as this preparation may facili-
tate the scan. In addition, the indica-
tion for the scan should be clearly
stated, so that the appropriate proto-
col may be used. Intolerance to con-
trast agents and contraindications to
�-blockers (asthma, decompensated
heart failure, advanced heart block,
kidney disease) must be reported.
Additionally, patients should be
instructed to maintain adequate oral
hydration for 24 hours and avoid
food intake for 4 to 6 hours prior to
the scan. Because nitroglycerin is ad-

ministered routinely at most centers,
medications such as sildenafil must
be avoided for at least 48 hours be-
fore the scan.

Upon the patient’s arrival, the indi-
cation for the CCTA and any con-
traindications are reviewed, and vital
signs are monitored. An intravenous
catheter is then inserted (preferably
18 gauge), and intravenous �-blockers
are administered if necessary. At
our institution, metoprolol is given at
5 mg doses at 5-minute intervals, for
a total dose of up to 20 mg. When the
heart rate is at the desired level (� 65
beats/min), the patient is brought to
the CT scanner suite and positioned
in the supine, feet-first position, with
arms raised above the head. A 3-lead
ECG is placed and a stable rhythm is
confirmed before proceeding. Sublin-
gual nitroglycerin is given and local-
izing images are obtained.

Determining Scan Parameters
In planning a CCTA, knowledge of
the indication and patient character-
istics is of paramount importance.

Figure 4. Optimal cardiac computed tomographic angiography imaging using iso-osmolar iodixanol in a 70-year-
old woman with body mass index of 41 mg/kg2 and mild coronary calcification. Axial (left) and orthogonal (right)
views of the left anterior descending artery (LAD) are shown.

Adequate patient preparation is the key to successful CCTA outcomes.

www.medreviews.com

5. RICM0464_12-15.qxd  12/15/08  03:19 PM  Page 221



Optimizing Outcomes in Coronary CT Imaging continued

222 VOL. 9 NO. 4  2008   REVIEWS IN CARDIOVASCULAR MEDICINE

The main factors to consider are type
of scan (eg, coronaries only, triple
rule-out, evaluation of pulmonary
vein anatomy, congenital abnormal-
ities, evaluation of bypass grafts) and
body mass index of the patient.
These considerations may result in
modification of scan length, timing,
and infusion rate of the contrast
bolus and alteration of tube current
and voltage. Every attempt is made
to use ECG-pulsing or dose modula-
tion. At some institutions, further
attempts are routinely made to
reduce the radiation dose by utilizing
a lower tube voltage (eg, 100 kV in
nonobese patients), minimal dosing
(lowering the tube current to a mini-
mal dose in systolic phases), or
prospective gating.

Scan length can be determined in
2 ways: by the initial topogram or by
the noncontrast calcium scoring CT
scan. Scan length is decreased as much
as possible to include the heart from
the level of the origin of the left main
coronary artery to below the level of
the posterior descending artery. Scan
length is increased as necessary for
evaluation of bypass grafts (to include
origin of the left internal mammary
artery) or the aorta and pulmonary
arteries (in triple rule-out scans).

A high iodine (� 300 mgI/mL)
concentration contrast agent is in-
fused at a high flow rate (5-6 mL/sec)
to optimize coronary imaging.46-48

The volume of contrast needed is de-
termined by the scan duration. Con-
trast administration protocols vary
among institutions and include use
of contrast injection followed by a
saline chaser, contrast injection fol-
lowed by saline diluted with con-
trast, or simultaneous contrast and
saline injection. Scanning is initiated
either by a “timing bolus” method
(in which a test bolus is injected and
time to opacification of the aortic
root determines the contrast injec-
tion), or a “bolus tracking” method
(in which the scan begins automati-
cally when a preset CT number den-
sity threshold is reached in the aortic
root). When scan quality is deemed
adequate, the patient is taken off the
scanner table and discharged from
the unit after a brief hemodynamic
and clinical evaluation.

Image Reconstruction
The raw data are postprocessed with
specific CT reconstruction algo-
rithms, with the filtered backprojec-
tion method being the most widely
recognized and utilized. Images are

typically reconstructed with a slice
thickness of 0.6 mm to 0.75 mm and
50% overlap of consecutive transax-
ial slices. In obese patients, the slice
thickness is increased to 1 mm in
order to reduce image noise from
soft tissue attenuation.

Several different reconstruction
techniques are employed in CCTA
image analysis. Image postprocessing
involves reformatting the original CT
images, volume- and surface-rendered
displays, and physiologic imaging
analysis. Standard methods include
the sagittal, coronal, oblique, and
curved reformatting. Other reformat-
ting techniques frequently used in
cardiac imaging include the volume
rendering technique (VRT), maxi-
mum intensity projection (MIP), and
multiplanar reformatting (MPR). Al-
though 3-dimensional displays (VRT)
that emulate gross anatomy are visu-
ally captivating, they are rarely used
for assessment of luminal stenoses.
Two-dimensional reconstructed im-
ages (MIP and MPR) that emulate
fluoroscopic projections are predomi-
nantly used for image analysis.

Future Directions
Noninvasive imaging of atheroscle-
rotic plaque characteristics by CCTA

Main Points
• Cardiac computed tomographic angiography (CCTA) provides data that are analogous to those obtained from

intravascular ultrasound. In addition, CCTA provides information regarding the presence and severity of luminal nar-
rowing (with images that are similar to those produced by invasive angiography).

• CCTA has the unique ability to assess extracoronary cardiac findings within the standard field of view, including the
anatomy of cardiac structures—atria, ventricles, valves, pericardium, great vessels, and venous anatomy—and any re-
lated abnormalities. 

• On CCTA, extensive coronary calcium obscures the lumen and may substantially limit analysis of segments or even
entire arteries.

• Iso-osmolar contrast offers an optimal CCTA profile with fewer hemodynamic effects. In addition, iso-osmolar con-
trast has the lowest rates of contrast-induced acute kidney injury when tested in the highest-risk patients.

• Appropriate clinical applications include evaluation of intermediate-risk patients with acute chest pain and those with
suspected coronary anomalies, uninterpretable or equivocal stress test results, or suspected cardiac morphologic
abnormalities, such as congenital heart disease or cardiac masses.
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is of great interest. Invasive angio-
graphic studies have demonstrated
the role of the vulnerable plaque and
its rupture in myocardial infarction,
even in the absence of significant
luminal stenosis. Vulnerable plaques
are associated with a thin fibrous
cap, large lipid core, and inflamma-
tory cells.49-52 Some preliminary
studies have suggested that CCTA
can potentially differentiate fat from
fibrous tissue.53 Currently, however,
plaque characterization is limited to
images of very high quality and may
not be applicable in average clinical
practice.54-56

Limited spatial resolution of 64-
slice CCTA results in an inability to
differentiate total luminal occlusion
from high-grade stenosis and also
in characterization of noncalcified
plaque. The 256-slice and 320-slice
scanners promise to overcome some
of these limitations. Preliminary
studies with these scanners have
demonstrated accuracy comparable
to the 64-slice scanners, but with
single heartbeat and shorter acquisi-
tion times.57,58 A higher radiation
dose is a limitation of these scanners.

Conclusion
Current generation scanning equip-
ment and protocols can provide
striking coronary artery images in a
large proportion of patients without
invasive catheterization. Although
this technology has been hailed as
an important advance, the success of
a given scan is largely dependent
on attention to detail. Appropriate
patient selection, awareness of
limitations, and careful protocol
modification are necessary in each
case. When performed properly,
CCTA provides valuable information
in the evaluation and management
of CAD. There are a variety of emerg-
ing applications for CCTA beyond
the coronary arteries that will drive

future clinical development of this
important imaging modality.59

Acknowledgment: Supported by a grant from
GE Healthcare.

References
1. Eggen DA, Strong JP, McGill HC Jr. Coronary

calcification. Relationship to clinically signifi-
cant coronary lesions and race, sex, and topo-
graphic distribution. Circulation. 1965;32:948-
955.

2. Tuzcu EM, Kapadia SR, Tutar E, et al. High
prevalence of coronary atherosclerosis in
asymptomatic teenagers and young adults: evi-
dence from intravascular ultrasound. Circula-
tion. 2001;103:2705-2710. 

3. Sones FM Jr, Shirey EK. Cine coronary arteriog-
raphy. Mod Concepts Cardiovasc Dis. 1962;31:
735-738.

4. Schoenhagen P, Halliburton SS, Stillman AE, 
et al. Noninvasive imaging of coronary arteries:
current and future role of multi-detector row
CT. Radiology. 2004;232:7-17.

5. Wilson GT, Gopalakrishnan P, Tak T. Noninva-
sive cardiac imaging with computed tomogra-
phy. Clin Med Res. 2007;5:165-171.

6. Johnson LW, Lozner EC, Johnson S, et al. Coro-
nary arteriography 1984–1987: a report of the
Registry of the Society for Cardiac Angiography
and Interventions. I. Results and complica-
tions. Cathet Cardiovasc Diagn. 1989;17:5-10.

7. Johnson LW, Krone R. Cardiac catheterization
1991: a report of the Registry of the Society for
Cardiac Angiography and Interventions
(SCA&I). Cathet Cardiovasc Diagn. 1993;28:
219-220.

8. Flohr TG, Schoepf UJ, Ohnesorge BM. Chasing
the heart: new developments for cardiac CT. 
J Thoracic Imaging. 2007;22:4-16.

9. Raff GL, Goldstein JA. Coronary angiography
by computed tomography. Coronary imaging
evolves. J Am Coll Cardiol. 2007;49:1830-1833.

10. Schuijf JD, Wijns W, Jukema W, et al. Relation-
ship between noninvasive coronary angiogra-
phy with multi-slice computed tomography
and myocardial perfusion imaging. J Am Coll
Cardiol. 2006;48:2508-2514.

11. Schoepf UJ. CT of the Heart: Principles and Appli-
cations. Totowa, NJ: Humana Press; 2005.

12. Sato Y, Matsumoto N, Ichikawa M, et al.
Efficacy of multislice computed tomography
for the detection of acute coronary syndrome
in the emergency department. Circulation.
2005;69:1047-1051.

13. Nieman K, Cademartiri F, Lemos PA, et al. Reli-
able noninvasive coronary angiography with
fast submillimeter multislice spiral computed
tomography. Circulation. 2002;106:2051-2054.

14. Willoteaux S, Lions C, Gaxotte V, et al. Imaging
of aortic dissection by helical computed to-
mography (CT). Eur Radiol. 2004;14:1999-2008.

15. Shiga T, Wajima Z, Apfel CC, et al. Diagnostic
accuracy of transesophageal echocardiography,
helical computed tomography, and magnetic
resonance imaging for suspected thoracic aortic
dissection. Arch Intern Med. 2006;166:1350-
1356.

16. Ghaye B, Remy J, Remy-Jardin M. Non-
traumatic thoracic emergencies: CT diagnosis
of acute pulmonary embolism: the first 10
years. Eur Radiol. 2002;12:1886-1905.

17. Ghanima W, Almaas V, Aballi S, et al. Manage-
ment of suspected pulmonary embolism (PE)
by D-dimer and multi-slice computed tomogra-
phy in outpatients: an outcome study. J Thromb
Haemost. 2005;3:1926-1932.

18. Vrachliotis TG, Bis KG, Haidary A, et al. Atypi-
cal chest pain: coronary, aortic, and pulmonary
vasculature enhancement at biphasic single-
injection 64-section CT angiography. Radiology.
2007;243:368-376.

19. Gallagher MJ, Raff GL. Use of multislice CT for
the evaluation of emergency room patients
with chest pain: the so-called “triple rule-out.”
Cath Card Interv. 2008;71:92-99.

20. Weigold WG. Coronary CT angiography: in-
sights into patient preparation and scanning.
Tech Vasc Interv Radiol. 2006;9:205-209.

21. Gilard M, Cornily J, Pennec P, et al. Accuracy of
multislice computed tomography in the preop-
erative assessment of coronary disease in pa-
tients with aortic valve stenosis. J Am Coll Car-
diol. 2006;47:2020-2024.

22. Manghat NE, Morgan-Hughes GJ, Broadley AJ,
et al. 16-Detector row computed tomographic
coronary angiography in patients undergoing
evaluation for aortic valve replacement: com-
parison with catheter angiography. Clin Radiol.
2006;61:749-757.

23. Agatston AS, Janowitz WR, Hildner FJ, et al.
Quantification of coronary artery calcium
using ultrafast computed tomography. J Am
Coll Cardiol. 1990;15:827-832. 

24. Schuijf JD, Bax JJ, Jukema JW, et al. Feasibility
of assessment of coronary stent patency using
16-slice computed tomography. Am J Cardiol.
2004;94:427-430.

25. Cademartiri F, Mollet N, Lemos PA, et al. Use-
fulness of multislice computed tomographic
coronary angiography to assess in-stent
restenosis. Am J Cardiol. 2005;96:799-802.

26. Seifarth H, Ozgun M, Raupach R, et al. 64- ver-
sus 16-slice CT angiography for coronary artery
stent assessment: in vitro experience. Invest Ra-
diol. 2006;41:22-27.

27. Gaspar T, Halon DA, Lewis BS, et al. Diagnosis
of coronary in-stent restenosis with multidetec-
tor row spiral computed tomography. J Am Coll
Cardiol. 2005;46:1573-1579.

28. Achenbach S, Ropers D, Kuettner A, et al.
Contrast-enhanced coronary artery visualization
by dual-source computed tomography—initial
experience. Eur J Radiol. 2006;57:331-335.

29. Chinnaiyan KM, McCullough PA, Wegner JS,
Raff GL. Improved noninvasive coronary an-
giography in morbidly obese patients using dual
source computed tomography and half-scan
reconstruction. J Cardiovasc Comput Tomogr.
2008;2:S14.

30. Vembar M, Garcia MJ, Heuscher DJ, et al. A 
dynamic approach to identifying desired 
physiological phases for cardiac imaging using
multislice spiral CT. Med Phys. 2003;30:
1683-1693.

31. Bergstra A, van Dijk RB, Brekke O, et al. Hemo-
dynamic effects of iodixanol and iohexol dur-
ing ventriculography in patients with compro-
mised left ventricular function. Catheter
Cardiovasc Interv. 2000;50:314-321.

5. RICM0464_12-15.qxd  12/15/08  03:19 PM  Page 223



Optimizing Outcomes in Coronary CT Imaging continued

224 VOL. 9 NO. 4  2008   REVIEWS IN CARDIOVASCULAR MEDICINE

32. Budoff M. Computed tomography. In: Budoff
M, Shinbane J, eds. Cardiac CT Imaging: Diagno-
sis of Cardiovascular Disease. Godalming, UK:
Springer-Verlag London Ltd; 2006:1-18.

33. Morin RL, Gerber TC, McCollough CH. Radia-
tion dose in computed tomography of the
heart. Circulation. 2003;107:917-922.

34. Shuman WP, Branch KR, May JM, et al.
Prospective versus retrospective ECG gating for
64-detector CT of the coronary arteries: com-
parison of image quality and patient radiation
dose. Radiology. 2008;248:431-437.

35. Husmann L, Valenta I, Gaemperli O, et al. Fea-
sibility of low-dose coronary CT angiography:
first experience with prospective ECG-gating.
Eur Heart J. 2008;29:191-197.

36. McCullough PA. Radiocontrast-induced acute
kidney injury. Nephron Physiol. 2008;109:61-72.  

37. El-Hajjar M, Bashir I, Khan M, et al. Incidence
of contrast-induced nephropathy in patients
with chronic renal insufficiency undergoing
multidetector computed tomographic angiog-
raphy treated with preventive measures. Am J
Cardiol. 2008;102:353-356.

38. McCullough PA. Renal safety of iodixanol. Ex-
pert Rev Cardiovasc Ther. 2006;4:655-661. 

39. Hendel RC, Kramer CM, Patel MR, et al.
ACCF/ACCR/SCCT/SCMR/ASNC/NASCI/SCAI/
SIR appropriateness criteria for cardiac com-
puted tomography and cardiac magnetic reso-
nance imaging. J Am Coll Cardiol. 2006;48:
1475-1497.

40. Meijboom WB, van Mieghem CAG, Mollet NR,
et al. 64-slice computed tomography coronary
angiography in patients with high, intermedi-
ate or low pretest probability of significant
coronary artery disease. J Am Coll Cardiol. 2007;
50:1469-1475.

41. Nasir K, Michos ED, Blumenthal RS, Raggi P.
Detection of high-risk young adults and
women by coronary calcium and National
Cholesterol Education Program Panel III guide-
lines. J Am Coll Cardiol. 2005;46:1931-1936.

42. Akosah KO, Schaper A, Cogbill C, Schoenfeld P.
Preventing myocardial infarction in the young
adult in the first place: how do the National
Cholesterol Education Panel III guidelines per-
form? J Am Coll Cardiol. 2003;41:1475-1479.

43. Arad Y, Goodman KJ, Roth M, et al. Coronary
calcification, coronary disease risk factors, 
C-reactive protein, and atherosclerotic cardio-
vascular disease events: the St. Francis Heart
Study. J Am Coll Cardiol. 2005;46:158-165.

44. Taylor AJ, Bindeman J, Feuerstein I, et al. Coro-
nary calcium independently predicts incident
premature coronary heart disease over mea-
sured cardiovascular risk factors: mean three-
year outcomes in the Prospective Army Coro-
nary Calcium (PACC) project. J Am Coll Cardiol.
2005;46:807-814.

45. Choi E, Choi SI, Rivera JJ, et al. Coronary
computed tomography angiography as a
screening tool for the detection of occult
coronary artery disease in asymptomatic
individuals. J Am Coll Cardiol. 2008;52:
357-365.

46. Becker CR, Hong C, Knez A, et al. Optimal con-
trast application for cardiac 4-detector-row
computed tomography. Invest Radiol. 2003;38:
690-694. 

47. Cademartiri F, Mollet NR, Lugt AV, et al. Intra-
venous contrast material administration at he-
lical 16-detector row CT coronary angiography:
effect of iodine concentration on vascular
attenuation. Radiology. 2005;236:661-665.

48. Rist C, Nikolaou K, Kirchin MA, et al. Contrast
bolus optimization for cardiac 16-slice com-
puted tomography: comparison of contrast
medium formulations containing 300 and
400 milligrams of iodine per milliliter. Invest
Radiol. 2006;41:460-467.

49. Falk E, Shah PK, Fuster V. Coronary plaque
disruption. Circulation. 1995;92:657-671.

50. Little WC, Constantinescu M, Applegate RJ,
et al. Can coronary angiography predict the site
of a subsequent myocardial infarction in pa-
tients with mild-to-moderate coronary artery
disease? Circulation. 1988;78:1157-1166.

51. Naghavi M, Libby P, Falk E, et al. From vulner-
able plaque to vulnerable patient: a call for new
definitions and risk assessment strategies:
part I. Circulation. 2003;108:1664-1672.

52. Stary HC, Chandler AB, Dinsmore RE, et al. A
definition of advanced types of atherosclerotic
lesions and a histological classification of ath-
erosclerosis. A report from the Committee on
Vascular Lesions of the Council on Arterioscle-
rosis, American Heart Association. Circulation.
1995;92:1355-1374.

53. Bluemke DA, Achenbach S, Budoff M, et al.
Magnetic Resonance Angiography and Multi-
detector Computed Tomography Angiography:
A Scientific Statement From the American
Heart Association Committee on Cardiovascu-
lar Imaging and Intervention of the Council on
Cardiovascular Radiology and Intervention,
and the Councils on Clinical Cardiology and
Cardiovascular Disease in the Young. Circula-
tion. 2008;118:586-606.

54. Achenbach S, Moselewski F, Ropers D, et al. De-
tection of calcified and noncalcified coronary
atherosclerotic plaque by contrast-enhanced,
submillimeter multidetector spiral computed
tomography: a segment-based comparison with
intravascular ultrasound. Circulation. 2004;109:
14-17.

55. Kim WY, Stuber M, Börnert P, et al. Three-
dimensional black-blood cardiac magnetic
resonance coronary vessel wall imaging detects
positive arterial remodeling in patients with

nonsignificant coronary artery disease. Circula-
tion. 2002;106:296-299.

56. Leber AW, Becker A, Knez A, et al. Accuracy of
64-slice computed tomography to classify and
quantify plaque volumes in the proximal coro-
nary system: a comparative study using in-
travascular ultrasound. J Am Coll Cardiol.
2006;47:672-677.

57. Motoyama S, Anno H, Sarai M, et al. Noninva-
sive coronary angiography with a prototype
256-row area detector computed tomography
system: comparison with conventional inva-
sive coronary angiography. J Am Coll Cardiol.
2008;51:773-775. 

58. Rybicki FJ, Otero HJ, Steigner ML, et al. Initial
evaluation of coronary images from 320-detector
row computed tomography. Int J Card Imag.
2008;24:535-546.

59. Lepor NE, Madyoon H, Friede G. Priceless 
clinical pearls in the performance of car-
diac CT. Rev Cardiovasc Med. 2008;9(suppl 1):
S3-S13.

60. Tveit K, Bolz KD, Bolstad B, et al. Iodixanol in
cardioangiography. A double-blind parallel
comparison between iodixanol 320 mg I/ml
and ioxaglate 320 mg I/ml. Acta Radiol.
1994;35:614-618.

61. Manninen H, Tahvanainen K, Borch KW, et al.
Iodixanol, a new non-ionic, dimeric contrast
medium in cardioangiography: a double-
masked, parallel comparison with iopromide.
Eur Radiol. 1995;5:364-370.

62. Verow P, Nossen JO, Sheppick A, Kjaersgaard P.
A comparison of iodixanol with iopamidol in
aorto-femoral angiography. Br J Radiol. 1995;
68:973-978.

63. Palmers Y, De Greef D, Grynne BH, et al. A
double-blind study comparing safety, tolerabil-
ity and efficacy of iodixanol 320 mgI/ml and
ioxaglate 320 mgI/ml in cerebral arteriography.
Eur J Radiol. 1993;17:203-209.

64. Pugh ND, Sissons GR, Ruttley MS, et al. Iodix-
anol in femoral arteriography (phase III): a
comparative double-blind parallel trial between
iodixanol and iopromide. Clin Radiol. 1993;
47:96-99.

65. Justesen P, Downes M, Grynne BH, et al. Injection-
associated pain in femoral arteriography: a
European multicenter study comparing safety,
tolerability, and efficacy of iodixanol and
iopromide. Cardiovasc Intervent Radiol. 1997;
20:251-256.

66. Kløw NE, Levorstad K, Berg KJ, et al. Iodixanol
in cardioangiography in patients with coronary
artery disease. Tolerability, cardiac and renal
effects. Acta Radiol. 1993;34:72-77.

67. Hill JA, Cohen MB, Kou WH, et al. Iodixanol, a
new isosmotic nonionic contrast agent com-
pared with iohexol in cardiac angiography. Am
J Cardiol. 1994;73:57-63.

5. RICM0464_12-15.qxd  12/15/08  03:19 PM  Page 224


	5. RICM0464_12-15.pdf



