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Summary

Coronary CT angiography (CTA) is emerging
as a highly effective alternative imaging tech-
nique for the assessment of coronary artery
disease (CAD). The rapid evolution of multide-
tector CT scanners has lead to major improve-
ment in temporal resolution of image acquisi-
tion allowing high-resolution images of coro-
nary arteries to be acquired even in patients
with fast and irregular heart rate. So far the
clinical value of coronary CTA was mainly 
enforced by its high negative predictive value
allowing to exclude coronary disease with high
degree of accuracy in patients with low proba-
bility for CAD. With the ability of CTA to pro-
vide anatomical and functional information 
of the heart and great vessels, there are nu-
merous additional applications of CTAfor eval-
uating cardiac function, valvular disease, cal-
cifications, and characterisation of vascular
plaques. With the advent of dual energy imag-
ing and hybrid scanners, combining PET and
CT imaging modalities, additional potential
applications of CTA in cardiology are pre-
dictable. The main limiting factor for broader
adoption of CTA in clinical practice is the lag
between conclusive clinical trials and the rapid
advancement of technology that render clini-
cal trials performed with earlier generation of
machines obsolete even before the trials are
completed.
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Introduction

The rapid development of multi-detector CT
scanners in the past decade has lead to faster
acquisition capabilities at higher resolution al-
lowing for gated images of the heart to be ac-
quired at a rate sufficiently fast for obtaining
still images at different phases of the heart cy-
cle. This technology was rapidly adopted to
generate high-resolution contrast-enhanced

angiograms of the heart and coronary arteries
[1–4]. While the first generation of scanners
equipped with 12 and 16 rows of detectors were
barely sufficient to obtain adequate images,
they often failed to generate clinically inter-
pretable images in a large proportion of pa-
tients with fast or irregular heart rate (fig. 1).
With the increasing performance obtained by
higher number of detectors (64 to 256 detec-
tors) as well as the advent of scanners
equipped with dual X-ray beams that can re-
duce acquisition time by half, the accuracy and
performance of the scanners to properly visu-
alise coronary arteries even in presence of fast
and irregular heart rate have become a reality.
Recent publications [5] have shown that dual
source scanners can generate reliable and di-
agnostic-quality CT coronary angiograms even
in patients with fast heart rates without beta
blockade. More recent scanners using large de-
tectors arrays allow nowadays to acquire the
whole heart in a single heart beat, allowing for
adequate image quality even in presence of 
irregular heart rate or atrial fibrillation [6].

This new modality has triggered major
controversies regarding its value in the
workup of coronary artery disease patients
and its potential role in replacing more inva-
sive coronary angiography. The emergence of
this controversy is also fuelled by recent stud-
ies that challenge the established belief that
traditional coronary angiography offers the
advantage of performing therapeutic interven-
tions such as angioplasty and stenting of le-
sions that are identified during the same diag-
nostic procedure. Recent outcome analysis
studies have shown however that stenting
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anatomically significant coronary lesions in
patients with stable CAD may not have any
impact on patient outcome in absence of proof
of myocardial ischaemia and assessment of the
haemodynamic significance of the coronary
stenosis [7–9]. These studies suggest that
therapeutic interventions should only be ap-
plied to patients that have proven haemody-
namically significant alterations induced by a
given vascular stenosis, and therefore such in-
terventions should not be performed based
only on morphological assessment of the ves-

sel lumen. That challenges the concept that
every significant lesion identified on the coro-
nary angiogram should undergo percutaneous
dilatation and stenting in the same session.
De-coupling the diagnostic from the therapeu-
tic procedures to allow for adequate assess-
ment of the haemodynamic significance of
coronary lesions will then lead to alternative
clinical pathways that include less invasive
procedures such as coronary CTA to be appli-
cable in selected categories of patients.

The role of coronary CTA

Coronary CTA can play a significant role in 
diagnosis of coronary artery disease particu-
larly in patients with low probability of CAD
with unspecific symptoms and/or non-conclu-
sive functional tests such as exercise, stress
echocardiography or scintigraphy [10, 11]. The
strength of coronary CTA early in the diagnos-
tic workup is its negative predictive value that
can exclude with high degree of confidence pa-
tients that do not have CAD. Non-invasive as-
sessment of coronary arteries and cardio-tho-
racic structures with CTA in patients with
acute chest pain is highly recommended in pa-
tients with intermediate probability for CAD
and no enzyme or ECG changes. It is also ap-
plicable in patients with typical or atypical
chest pain and intermediate probability for
CAD where more traditional tests remain
equivocal or in patients unable to exercise or
undergo a stress test (fig. 3).

Coronary CTA is also highly recommended
for follow-up evaluation of coronary bypass
grafts. Unlike invasive coronary angiograms it
does not require accurate localisation of ostia
of venous grafts for selective contrast injec-

Figure 1
Evolution of image quality
from 16 row detector scan-
ners to dual beam scanner
technology allowing ultra-
fast acquisition of images 
at rates that are adequate
even for patients with fast
and irregular heart rates.

non-conclusive or equivocal stress 
scintigraphy/Echo/MRI scan 

CT angiography 

significant 
stenosis 

percutaneous angioplasty 
(or CABG) 

high calcium 
score >400 

conservative treatment and 
lowering risk factors 

negative 
finding 

no treatment coronary 
angiography 

vessel stenosis
>50% 

vessel stenosis
<50% 

 

Figure 2
Proposed clinical pathway for use of coronary CTA in patients with symptoms and equivocal
non-invasive stress imaging tests. This pathway is also applicable to patients with low 
or moderate probability for CAD and inability to undergo a stress test.
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tions. CTA was shown to be accurate and reli-
able test for detection of bypass grafts stenosis
as well as patency of surgical anastomosis with
native coronary arteries. With appropriate im-
aging protocols, both arterial grafts from
mammary arteries and venous grafts can be 
visualised and evaluated within a single acqui-
sition with a single bolus of contrast agent.
With volume rendering of the 3D data acquired
by CTA, the topology and localisation of grafts
is more accurate than traditional 2D coronary
angiograms. Also, the same data acquired for
evaluating the bypass grafts allow simultane-
ous evaluation of the native coronary arteries
and assessment of their segmental lesions
proximal or distal to the site of graft anasto-
mosis.

With the ability to clearly identify vascu-
lar calcifications, coronary CTA provides addi-
tional valuable information on plaque charac-

terisation. Detection and quantification of
coronary calcium score have been well estab-
lished as reliable criteria for evaluating risk
factors of coronary artery disease. The latest
generations of CT scanners also provide im-
ages that allow differentiating between differ-
ent types of vascular plaques based on their
tissue density ranging from lipid to fibrous to
calcified plaques. While extreme calcifications
of the coronary arteries may alter the accuracy
of quantitative analysis of the degree of vascu-
lar stenosis it remains indicative of the sever-
ity of coronary disease. 

All coronary CTA studies are acquired in
ECG-gated dynamic mode where different im-
age sets are obtained at different times in the
cardiac cycle. While individual time windows
of end-systolic and end-diastolic phases are
usually used for adequate visualisation of the
coronary arteries at times where they present

Figure 3
Quantitative analysis of
coronary CTA provides a
means for mapping coro-
nary arteries along the cen-
terline of the vessel for
more accurate evaluation of
vessel diameter and plaque
characterisation. This tech-
nique is more accurate than
conventional projection im-
ages from invasive coronary
angiograms for measure-
ment of changes in vessel
lumen diameter.

Figure 4
Gated coronary CTA studies
provide excellent image for
assessment of ventricular
function and cardiac mor-
phology. Oblique reformat-
ting of the 3D data set 
allows generating dynamic
cine sequences along the
different anatomical axes 
of the heart.
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minimal velocity, it is also possible to recon-
struct the data for all phases of the cardiac cy-
cle from the same original dataset. It is thereby
possible to generate dynamic cine sequences of
the whole heart and to select oblique reformat-
ted planes along standard anatomical axis 
of the heart (fig. 4). These reconstructed data
provide high quality images for the assess-
ment of heart anatomy and ventricular func-
tion. Ventricular volumes and ejection fraction
as well as regional wall motion and wall thick-
ening parameters can be measured quantita-
tively with high degree of accuracy due to the
high spatial resolution of the images [12–14].

Evolution of coronary CTA
technology

Early publication on coronary CTA were per-
formed on scanners with limited number of de-
tectors and resulted in relatively poor results,
mostly when the number of coronary segments
that could be visualised were considered. The
limitation in temporal resolution of the early
scanners prevented this technique to be reli-
ably applicable in patients with high heart
rate or with irregular rates. Up to the genera-
tion of scanners with 16 slice detectors, the ra-
tio of non-conclusive studies was still in the
range of 20 to 30% of the patients who had at
least one coronary segment that could not be
adequately evaluated despite the use of beta
blockers in all patients for reduction of their
heart rate during the study.

The recent advent of 64 slice scanners fol-
lowed by new dual beam and 256 slice scan-
ners have led to a quantum leap in temporal
and spatial resolution with much higher per-
formance allowing imaging patients with fast
and irregular heart rates. Dual beam scanners
essentially double the speed of acquisition
while maintaining the same spatial resolution
of a 64-slice scanner [5, 15, 16]. With two X-ray
beams and detectors rotating simultaneously
on the same gantry, the double amount of data
are acquired on each rotation. Furthermore,
the ability of having each individual generator
set to a different energy with different tissue
penetration opens new perspectives in better
tissue characterisation that would potentially
allow a better assessment of composition of
vascular plaques. It is also possible using dual
energy imaging to separate calcifications from
contrast agent to generate images of the vas-
cular lumens without interference from calci-
fied plaques. Dual energy imaging has already
been explored in peripheral vessels both for

generating better calcium-free angiograms as
well as assessing the tissue characteristics of
vascular plaques. These techniques may in the
future be also applicable to coronary arteries.

Today’s latest generation of scanners have
matured to provide reliable and reproducible
coronary angiograms in all categories of pa-
tients at any heart rate [17, 18]. While the abil-
ity of this technique to exclude coronary artery
disease due to its high negative predictive
value is well established, the accuracy of iden-
tifying and measuring coronary stenosis com-
pared to conventional coronary angiograms
has not been well document with this genera-
tion of scanners yet. The latest generation of
dual beam and 256 slice scanners have only ap-
peared on the market recently and were not
available long enough to allow sufficient clini-
cal studies to be performed. Studies performed
on earlier generations of scanners cannot be
extrapolated to the new scanners due to the
significant change in image quality that the
latest generation provides.

While the major limitation of coronary
CTAis its radiation exposure dose, a significant
effort was invested in the recent years to de-
velop techniques that can dramatically reduce
the effective dose to the patient. With higher
number of detectors, images can be generated
with higher exposure rate if full spatial and
temporal resolution over the complete heart
cycle is pursued. At full dose over the whole
chest area, a 64 slice scanner can easily deliver
between 15 and 20 mSv. Full CTA dose aver-
age the double of conventional coronary an-
giogram averaging between 9 and 12 mSv
However most clinical CTA protocols used to-
day apply prospective or retrospective gating
with pulsed radiation synchronous to the ECG
that delivers lower radiation dose outside a se-
lected window in diastolic phase. A prospective
gate window of 20% over diastole in patients
with a heart rate around 60 bpm can reduce
the total dose to the patient by 80%. At higher
heart rates the reduction of dose may be less
and still achieve 55 to 60% of dose reduction.
Furthermore, the area covered for a coronary
CTA can be reduced to the heart only instead
of covering the whole chest further reducing
the exposure by half or more. Recent publica-
tions have shown that by using prospective
gating and proper imaging protocol, accurate
images of the coronary arteries can be obtained
at doses as low as 1 or 2 mSV [19, 20]. With 
256 detectors and higher, scanners can acquire
full 3D images of the whole heart in a single
rotation avoiding spiral averaging of multiple
heart cycles. This can significantly reduce the
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dose down to 2.8 mSv with pulsed exposure
over diastole and about 5 mSv for full dynamic
assessment of LV function over the whole
heart cycle [6, 21]. These recent technical ad-
vances and use of appropriate protocols have
significantly reduced the exposure dose of
coronary CTA way below the dose of a conven-
tional coronary angiogram.

Alternative clinical pathways

The ability to determine non-invasively with
high degree of accuracy the presence of coro-
nary disease with CTA introduces a new para-
digm in clinical decision pathways [11]. Its
high negative predictive value makes it an
ideal alternative to invasive coronary an-
giograms in patients with low or medium prob-
ability for coronary artery disease. Its use in
those patients should lead to a significant 
reduction of normal coronary angiograms. 
Recent statistics still show that in most car-
diac centres between 30% and 40% of coronary
angiograms performed show normal coronary
arteries [10]. This means that in these cases
one patient out of three undergoes unneces-
sary risks and side effects of invasive proce-
dure that could be replaced advantageously by
non-invasive coronary CTA with the same ac-
curacy for excluding significant coronary ar-
tery disease. To get the best risk-benefit ratio
of coronary CTA versus conventional coronary
angiograms it is important to establish appro-
priate selection criteria of patients that have
the lowest probability of getting a second coro-
nary angiogram following the diagnostic coro-
nary CTA examination. Thereby one could
maximize the number of patients that benefit
from CTA while minimising the number of pa-
tients that will have positive findings on CTA
and would require additional coronary an-
giogram (fig. 2). It is also important to apply
this technique in cases where CT images can
provide additional information that conven-
tional angiograms cannot provide. CT an-
giogram can provide anatomical and func-
tional information about the heart and great
vessels as well as the assessments of calcifica-
tions of the valves and thoracic vessels that
can otherwise not be seen on conventional con-
trast angiograms (fig. 3).

CT angiograms of the heart and thoracic
vessels can also be applicable to other clinical
indications besides evaluating coronary arter-
ies. According to the appropriateness criteria
recently established by the American College
of Cardiology [22], the use of cardiac CTAis ap-

propriate (with a score between 7 and 9 on a
scale of 1 to 9) in the following conditions:
(1.) Detection of CAD in patient with chest

pain with:
– intermediate pre-test probability of CAD
– ECG uninterpretable or unable to exercise
(2.) Evaluation of suspected coronary anoma-

lies
(3.) Evaluation of acute chest pain syndrome

in patient with:
– intermediate pre-test probability of CAD
– no ECG changes and serial enzyme nega-

tive
(4.) Detection of CAD in patients with chest

pain syndrome with:
– uninterpretable or equivocal stress test

(exercise, perfusion or stress echo)
(5.) Evaluation of cardiac morphology, struc-

ture and function:
– assessment of complex congenital heart

disease
– evaluation of coronary arteries in onset of

heart failure to assess aetiology
– evaluation of cardiac masses in patient

with limited echo, MRI or TEE
– evaluation of pericardium in patient with

limited echo, MRI or TEE
– arterial mapping including internal mam-

mary arteries prior to repeat cardiac sur-
gical revascularisation

– evaluation of pulmonary veins prior to ra-
diofrequency ablation

– coronary vein mapping for placement of bi-
ventricular pacemaker

(6.) Evaluation of aortic and pulmonary
disease

– evaluation of suspected aortic dissection
– evaluation of suspected pulmonary embo-

lism
Several multicentric clinical trials are under-
way to establish the true clinical benefits and
advantages of coronary and cardiovascular
CTA in clinical practice. Alternative pathways
in patient management and clinical decision-
making are foreseen with a major role as-
signed to cardiac CTA.

The advent of hybrid imaging

A new generation of hybrid scanners combin-
ing multidetector CT scanners with positron
emission tomography (PET) scanners were re-
cently introduced by different manufacturers.
This new generation of combined PET/CT
modalities allow for acquiring simultaneous
anatomical images from CT and metabolic im-
ages from PET scans [23–25]. PET imaging
has evolved to become the reference technique
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for measurement of tissue viability and myo-
cardial blood flow with short-lived radionu-
clides labelled with positron emitting isotopes.
The use of fluorodeoxyglucose (FDG) labelled
with 18F, an analog of glucose, has been well
documented as a tracer of myocardial viability
allowing to identify myocardial infarcts and
differentiate scar tissue from viable or hiber-
nating myocardium (fig. 4). PET scans per-
formed with FDG have become the method of
choice for identifying the extent of residual vi-
able myocardium that can benefit from revas-
cularisation and interventions following acute
myocardial infarcts. Quantitative analysis of
the extent of viable myocardium was shown to
be a good predictor of the effect of coronary
revascularisation on myocardial contractility
and ventricular function recovery after myo-
cardial infarction. Furthermore, using other
tracers to evaluate myocardial perfusion such
as 13N labelled ammonia and 86Rb rubidium
with PET imaging provide improved quantita-
tive techniques for evaluation of regional myo-
cardial blood flow more accurately than tra-
ditional scintigraphy techniques. With these
tracers, PET scans can be performed at rest
and after stress or exercise to detect stress-
induced myocardial ischaemia and determine
the severity of coronary artery disease [24].

While extensive research over the past
decades has shown the advantages of PET
imaging over other diagnostic techniques, its
widespread clinical use was limited by the lim-
ited availability of PET scanners and their rel-
atively high cost. With the advent of hybrid
scanners combining multidetector CT and
PET scanners in one single machine, it is pos-
sible today to combine the anatomical informa-

tion of coronary CT angiography with myocar-
dial metabolism and perfusion from PET im-
ages in a single examination. These combined
imaging devices open new perspectives on al-
ternative clinical pathways for evaluating pa-
tients with CAD. 

Awider adoption of these new hybrid scan-
ners in the market due to their ability to per-
form different types of examinations is leading
to a wider availability of the PET imaging tech-
niques as well. It is anticipated that in the fu-
ture a wider adoption of combined PET/CT
techniques in cardiology will lead to better as-
sessment of the severity and haemodynamic
significance of coronary artery lesions prior to
therapeutic interventions.

Discussion and conclusion

With the emergence of every new diagnostic
tool comes the controversy of challenging the
established methods and techniques. Coro-
nary CTA is one among a constellation of new
imaging modalities that will reshape clinical
practice in cardiology and offer alternative
pathways for diagnosis of coronary artery dis-
ease. The rapid evolution of the technology has
exceeded the most optimistic predictions and
has taken the whole medical community by
surprise. 

Coronary CTA adoption is rapidly growing
while clinical evidences gathered from con-
trolled studies lag behind the rapid evolution
of the technology [26–28]. In most cases, while
clinical trials are undertaken, by the time suf-
ficient results are obtained, the technology has
already undergone a quantum leap in perform-
ance that renders the data obsolete. Sufficient

Figure 5
Hybrid PET/CT images of the
heart provide additional in-
formation on myocardial vi-
ability allowing differentiat-
ing segments with residual
viable tissue (yellow arrows)
from non-viable scar tissue
(read arrow) in areas of myo-
cardial infarction identified
on CT images with signifi-
cant wall thinning and hy-
pokinesis (bottom row).



Review article Kardiovaskuläre Medizin 2008;11: Nr 6

208

data, however, have been published showing
that the technique has reached a level of per-
formance that establishes its value as a reli-
able alternative to coronary angiograms for 
diagnosis of coronary artery lesions. Further
technical improvement of imaging devices can
only improve its accuracy and help address 
remaining drawbacks such as radiation dose
and irregular heart rates.

There is no doubt however that coronary
CTA will have a significant impact on reducing
the number of unnecessary invasive coronary
arteriograms in patients with normal or non-
significant coronary artery lesions [4, 11, 12].
With the growing clinical evidence that not all
coronary stenoses require therapeutic inter-
ventions and outcome studies showing that
conservative treatment of significant lesions
with minimal haemodynamic effect has the sa-
me outcome as invasive therapeutic interven-
tions [9, 29], coronary CTA will play an increa-
sing role in clinical decision making [27, 30]. 

References
1 Lim MC, Wong TW, Yaneza LO, De Larrazabal C, Lau JK,

Boey HK. Non-invasive detection of significant coronary 
artery disease with multi-section computed tomography an-
giography in patients with suspected coronary artery disease.
Clin Radiol. 2006;61(2):174–80.

2 Mollet NR, Cademartiri F, van Mieghem CA, Runza G,
McFadden EP, Baks T, et al. High-resolution spiral computed
tomography coronary angiography in patients referred for dia-
gnostic conventional coronary angiography. Circulation. 2005;
112(15):2318–23.

3 Leschka S, Alkadhi H, Plass A, Desbiolles L, Grunenfelder J,
Marincek B, et al. Accuracy of MSCT coronary angiography
with 64–slice technology: first experience. Eur Heart J.2005;
26(15):1482–7.

4 Kuettner A, Kopp AF, Schroeder S, Rieger T, Brunn J, Meis-
ner C, et al. Diagnostic accuracy of multidetector computed to-
mography coronary angiography in patients with angiogra-
phically proven coronary artery disease. J Am Coll Cardiol.
2004;43(5):831–9.

5 Scheffel H, Alkadhi H, Plass A, Vachenauer R, Desbiolles L,
Gaemperli O, et al. Accuracy of dual-source CT coronary 
angiography: First experience in a high pre-test probability
population without heart rate control. Eur Radiol. 2006;
16(12):2739–47.

6 Motoyama S, Anno H, Sarai M, Sato T, Sanda Y, Ozaki Y, 
et al. Noninvasive coronary angiography with a prototype
256–row area detector computed tomography system: compa-
rison with conventional invasive coronary angiography. 
J Am Coll Cardiol. 2008;51(7):773–5.

7 Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ,
Kostuk WJ, et al. Optimal medical therapy with or without
PCI for stable coronary disease N Engl J Med. 2007;356(15):
1503–16.

8 King SB, 3rd. Five-year follow-up of the Medicine, Angiopla-
sty, or Surgery Study (MASS-II): prologue to COURAGE. Cir-
culation. 2007;115(9):1064–6.

9 King SB, 3rd. The COURAGE trial: is there still a role for PCI
in stable coronary artery disease? Nat Clin Pract Cardiovasc
Med. 2007;4(8):410–1.

10 Pugliese F, Mollet NR, Runza G, van Mieghem C, Meijboom
WB, Malagutti P, et al. Diagnostic accuracy of non-invasive
64-slice CT coronary angiography in patients with stable an-
gina pectoris. Eur Radiol. 2006;16(3):575–82.

11 Ohnesorge BM, Hofmann LK, Flohr TG, Schoepf UJ. CT for
imaging coronary artery disease: defining the paradigm for its
application. Int J Cardiovasc Imaging. 2005;21(1):85–104.

12 Mollet NR, Cademartiri F, Van Mieghem C, Meijboom B, 

Pugliese F, Runza G, et al. Adjunctive value of CT coronary
angiography in the diagnostic work-up of patients with 
typical angina pectoris. Eur Heart J. 2007;28(15):1872–8.

13 Gaemperli O, Schepis T, Koepfli P, Valenta I, Soyka J, Leschka
S, et al. Accuracy of 64-slice CT angiography for the detection
of functionally relevant coronary stenoses as assessed with
myocardial perfusion SPECT. Eur J Nucl Med Mol Imaging.
2007;34(8):1162–71.

14 Schepis T, Gaemperli O, Koepfli P, Valenta I, Strobel K, Brun-
ner A, et al. Comparison of 64-slice CT with gated SPECT for
evaluation of left ventricular function. J Nucl Med. 2006;47
(8):1288–94.

15 Matt D, Scheffel H, Leschka S, Flohr TG, Marincek B, Kauf-
mann PA, et al. Dual-source CT coronary angiography: image
quality, mean heart rate, and heart rate variability. AJR Am
J Roentgenol. 2007;189(3):567–73.

16 Flohr TG, Schoepf UJ, Ohnesorge BM. Chasing the heart: new
developments for cardiac CT. J Thorac Imaging. 2007;22(1):
4–16.

17 Laufs U, Nef H, Mollmann H, Custodis F, Bohm M. Clinical
trial updates and hotline sessions presented at the Scientific
Session 2007 of the American Heart Association. Clin Res Car-
diol. 2008;97(1):1–11.

18 Ehara M, Surmely JF, Kawai M, Katoh O, Matsubara T, Te-
rashima M, et al. Diagnostic accuracy of 64-slice computed to-
mography for detecting angiographically significant coronary
artery stenosis in an unselected consecutive patient 
population: comparison with conventional invasive angiogra-
phy. Circ J. 2006;70(5):564–71.

19 Husmann L, Valenta I, Gaemperli O, Adda O, Treyer V, Wyss
CA, et al. Feasibility of low-dose coronary CT angiography:
first experience with prospective ECG-gating. Eur Heart J.
2008;29(2):191–7.

20 Husmann L, Valenta I, Kaufmann PA. Coronary angiography
with low-dose computed tomography at 1.4 mSv. Herz. 2008;
33(1):75.

21. Kido T, Kurata A, Higashino H, Sugawara Y, Okayama H, Hi-
gaki J, et al. Cardiac imaging using 256-detector row four-
dimensional CT: preliminary clinical report. Radiat Med.
2007;25(25):38–44.

22 Hendel RC, Patel MR, Kramer CM, Poon M, Hendel RC, 
Carr JC, et al. ACCF/ACR/SCCT/SCMR/ASNC/NASCI/
SCAI/SIR 2006 appropriateness criteria for cardiac computed
tomography and cardiac magnetic resonance imaging: a re-
port of the American College of Cardiology Foundation Qua-
lity Strategic Directions Committee Appropriateness Criteria
Working Group, American College of Radiology, Society of Car-
diovascular Computed Tomography, Society for Cardiovascu-
lar Magnetic Resonance, American Society of Nuclear Cardio-
logy, North American Society for Cardiac Imaging, Society for
Cardiovascular Angiography and Interventions, and Society
of Interventional Radiology. J Am Coll Cardiol. 2006;48(7):
1475–97.

23 Namdar M, Hany TF, Koepfli P, Siegrist PT, Burger C, Wyss
CA, et al. Integrated PET/CT for the assessment of coronary
artery disease: a feasibility study. J Nucl Med. 2005;46(6):
930–5.

24 Di Carli MF, Dorbala S, Meserve J, El Fakhri G, Sitek A,
Moore SC. Clinical myocardial perfusion PET/CT. J Nucl Med.
2007;48(5):783–93.

25 Di Carli MF, Dorbala S. Cardiac PET-CT. J Thorac Imaging.
2007;22(1):101–6.

26 Thilo C, Auler M, Zwerner P, Costello P, Schoepf UJ. Coronary
CTA: indications, patient selection, and clinical implications.
J Thorac Imaging. 2007;22(1):35–9.

27 Shapiro MD, Butler J, Rieber J, Sheth TN, Cury RC, Feren-
cik M, et al. Analytic approaches to establish the diagnostic
accuracy of coronary computed tomography angiography as
a tool for clinical decision making. Am J Cardiol. 2007; 99(8):
1122–7.

28 Janne d’Othee B, Siebert U, Cury R, Jadvar H, Dunn EJ, Hoff-
mann U. A systematic review on diagnostic accuracy of CT-
based detection of significant coronary artery disease. Eur J
Radiol. 2008;65(3):449–61.

29 Kereiakes DJ. Interpreting the COURAGE trial. PCI is no
better than medical therapy for stable angina? Seeing is not
believing. Cleve Clin J Med. 2007;74(9):637–8, 640–2.

30 Weintraub WS, Barnett P, Chen S, Hartigan P, Casperson P,
O’Rourke R, et al. Economics methods in the Clinical Outco-
mes Utilizing percutaneous coronary Revascularization and
Aggressive Guideline-driven drug Evaluation (COURAGE)
trial. Am Heart J. 2006;151(6):1180–5.


