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Atypical Chest Pain in a Patient with Multiple Cardiovascular
Risk Factors: CT Coronary Angiography Is the Route to Go
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Introduction

The feasibility of computed tomography angiography
(CTA) for coronary imaging was first described in 1995
where electron beam CT was used to image the coronary
arteries in 27 patients (1). The technology while providing
high temporal resolution had substantial limitations in
spatial resolution and image noise. The introduction of
the first four-slice multidetector CT in the late 1990s
provided improved spatial resolution and shorter
acquisition times, allowing for the rapid advancement
in this technology over recent years. Current-generation
64-detector scanners allow imaging of the entire heart
over 5 to 7 beats, with newer generation scanners
allowing imaging of the entire heart in a single cardiac
cycle.

Cardiac CT imaging is ideally performed in those in
sinus thythm with heart rates <65 beats per minute to
provide optimal image quality. Oral or intravenous beta-
blockade, in the absence of contraindications, may be
administered to achieve such heart rates. Sublingual
nitrates are often administered at most institutions, to
provide maximal coronary vasodilatation at the time
of coronary imaging. lodinated contrast is required to
provide visualization of the coronary arteries and hence
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contrast allergy or significant renal impairment would
represent relative contraindications to the procedure.

Acute Chest Pain

Coronary CT has been demonstrated to have a role in
the assessment of acute chest pain presentations to the
emergency department. The high negative predictive
value and sensitivity for detection of coronary plaque,
as illustrated in the ROMICAT trial (2, 3), allows for
earlier risk stratification and discharge from hospital
in the absence of coronary plaque. Additionally,
emergency department presentations with acute
chest pain syndromes are not infrequently related to
noncardiac causes, making the use of cardiac CT in a
“triple rule-out” fashion appealing for the exclusion of
other significant pathologies, particularly pulmonary
embolism and aortic dissection. Takakuwa et al. (4)
demonstrated in their cohort that 11% of patients studied
using a “triple rule-out” had an identifiable noncoronary
source for their symptoms. Additionally, it is suggested
that coronary CT in the emergency department setting
may be more cost and time efficient when compared
to standard functional assessments. While significant
differences exist in costs across different institutions and
countries and depending on the stress testing modality of
choice, the CT-STAT trial (5) suggests that coronary CT
may carry significant cost reductions and time savings
when compared to current standard of care.

CTA Diagnostic Accuracy

Current international consensus guidelines, including
both North American and European societies, suggest
that cardiac CT has a role in the diagnosis and risk
assessment of patients with low or intermediate risk
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for coronary artery disease; the assessment of coronary
arterial graft patency; and the evaluation of suspected
coronary anomalies (6, 7). Additionally, it is also useful
in cardiac structural and functional evaluation. Cardiac
CT has been studied extensively over the years with
strong data to support its use in these settings.

Cardiac CT had been extensively evaluated against
the current gold standard of conventional invasive
coronary angiography across numerous single center
and multicentre trials. Trials have recurrently shown
that the absence or presence of mild coronary disease
on coronary CT is associated with a very high negative
predictive value for more significant disease. However,
the positive predictive value of this technology is
lower, resulting from overestimation of disease burden
and positive vessel remodeling. A meta-analysis of 28

Table 1.
Comparison of CT Coronary angiography with exercise ECG stress testing.

Debate

studies by Mowatt et al. (8) illustrated this, showing a
pooled sensitivity of 99%, specificity of 89%, positive
predictive value of 93%, and negative predictive value
of 100%. These results were later confirmed by the larger
multicenter trials; ACCURACY (9), CORE 64 (10) and
that published by Meijboom et al. (11). These studied
a total of 880 patients, again illustrating the test’s high
sensitivity (95%,85%and 99%,respectively)andnegative
predictive value of (99%, 83% and 97%, respectively);
while suffering from issues related to overestimating
disease resulting in modest specificity (83%, 90% and
64%, respectively) and positive predictive values (64%,
91% and 86%, respectively) (9—11). These findings
compare favorably with functional stress imaging studies
which report sensitivities and specificities of 68% and
77%, respectively, for ECG stress testing; 80—85% and
84-86% for exercise stress echocardiography; 85-90%

Significant
Author disease CTCA CTCA CTCA CTCA EST EST
on invasive sensitivity  specificity PPV NPV sensitivity  specificity
angiogram
> 0,
gejl";y S;eflgs/i"s 91% 83% 98% 91% 73% 31% 67% 65%
0,
levtl‘;lllf:t Sfei g S/;’S 100% 87% 96% 100% 78% 67% 89% 47%
) .
Z‘Z‘;‘;‘" s?ezg S/;’s 96% 24% 34% 949% 80% 64% 53% 86%
11 0,
gajfglam“ Sfefl ?, S/;’S 100% 90% 97% 100% 89% 67% 88% 50%
3 0,
Varte! Sfe;g s/fs 96% 65% 74% 94% 47% 53% 51% 49%
1 1 0,
fth;;‘ga‘yan ;eflgg’s 93.7% 37% 70.6% 79.1% 69.4% 40.0% 62.5% 47.6%
CTCA , computed tomography coronary arteries; EST, exercise ECG stress test; PPV, positive predictive value; NPV, negative predictive value.

and 70-75% for exercise myocardial perfusion imaging;
40-100% and 62—100% for dobutamine stress echo; and
83-94% and 64-90% for vasodilator stress myocardial
perfusion imaging (12) (Table 1).

CTA Compared to other
Noninvasive Imaging

Coronary CT carries advantages over echocardiographic
stress imaging, as imaging is not limited to suitable
acoustic windows and ultrasonographic tissue properties,

which does not infrequently make imaging and test
interpretation technically difficult. The disadvantages
of coronary CT include an inability to provide
physiological data, such as exercise capacity, heart rate
and blood pressure response to exercise, which has been
previously demonstrated to carry prognostic information
in the setting of functional stress testing. This, however,
makes coronary CT well suited to the assessment of
patients who have a poorer functional capacity or other
conditions which would limit their exertional tolerance,
as this group frequently requires the administration
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of pharmacological stress agents with which such
physiological parameters would be uninterpretable.
Other limitations include artifact caused by coronary
stents and significant coronary arterial calcification
which can make luminal interpretation suboptimal,
and this group of patients may be better assessed by
functional stress imaging.

Coronary CT angiography has been compared to nuclear
myocardial perfusion imaging (13, 14) to cardiac
magnetic resonance (15, 16) and MR stress perfusion
(17), to intravascular ultrasound (18, 19) and to stress
echocardiography (20, 21). These tests, however,
are answering different questions: CCTA provides
information on coronary anatomy, plaque and stenosis;
whereas stress nuclear/MR/echo provide information
on myocardial perfusion. “Anatomy versus function”
has been an ongoing debate in the cardiology literature
for decades. The PROMISE trial (clinicaltrials.gov
NCTO01174550) is an NIH-sponsored multicenter
comparative effectiveness trial enrolling 10,000 patients,
and is expected to define the cost-effectiveness and
prognostic value of anatomic assessment with CCTA
versus functional assessment with conventional stress
testing.

Table 2.
Comparison of CT coronary angiography with myocardial perfusion imaging.

Chan et al

Direct comparison between coronary CT, stress imaging
and invasive coronary angiography has primarily
involved exercise stress with SPECT myocardial
perfusion imaging. Exercise stress ECG has been
demonstrated to be inferior to coronary CT across
numerous studies, as illustrated in Table 1, with both
poorer sensitivity and specificity. Comparative data for
stress echocardiography demonstrated that coronary
CT is more sensitive but less specific in the detection
of hemodynamically significant lesions causing a >70%
luminal stenosis, when compared to dobutamine stress
echocardiography (91% vs. 70% and 74% vs. 84%,
respectively) (22). Stress echocardiography, however,
fared less well when a lower cut-off of >50% coronary
stenosis was used at invasive angiography (sensitivity
93.7% vs. 40.8%, specificity 37.9% vs. 48.9%) (23).
Coronary CT also compares favorably with myocardial
perfusion imaging with improved sensitivity and
specificity as illustrated in Table 2. Interestingly, in the
study by Kajander etal. (24) comparing positron emission
tomography (PET), myocardial perfusion imaging
and coronary CT to invasive fractional flow reserve
assessments, PET performed superiorly compared to
other published studies using single-photon emission
computed tomography (SPECT) scanning. In this

Significant
Author disease CTCA CTCA CTCA CTCA EST EST
on invasive sensitivity ~ specificity PPV NPV sensitivity ~ specificity
angiogram
SChuUf 0, 1 0, [ 0, 0, 0, V) [ 0,
ot al® > 50% stenosis 100% 81% 82% 100% 59% 48% 55% 62%
> 70% stenosis
> 0,
B“doflf (el 94% 96% 92% 97% 81% 78% 89% 64%
etal. for left main
stenosis)
ijﬁ‘;?f > 50% stenosis |  100% 73% 92% 100% 69% 36% 78% 27%
H:f;;?;“ > 70% stenosis | 89.7% 86.4% 92.1% 82.6% 57.7% 43.2% 64.3% 36.5%
Kaiander > 50% stenosis
etJal - with positive 95% 87% 81% 97% 95% 91% 86% 97%
’ FFR testing
Ch:t“;?‘z-‘ﬁan > 50% stenosis | 93.7% 37% 70.6% 79.1% 64.7% 29.4% 59.2% 34.5%
CTCA, computed tomography coronary arteries; MPI, myocardial perfusion imaging; PPV, positive predictive value; NPV, negative predictive value;
FFR, fractional flow reserve.
*Positron emission tomography (PET) scanning used in this paper. All other cases used single-photon emission computed tomography (SPECT) scanning.
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single trial, though both PET and coronary CT showed
excellent negative predictive value, coronary CT was
less useful in assessing the severity of coronary stenosis.
Overall results for the multicenter ACIC registry (23),
while subject to the biases of only evaluating abnormal
noninvasive imaging tests with invasive angiography
and assessing stenosis >50% on invasive angiography
as hemodynamically significant, demonstrate superior
sensitivity and specificity for coronary CT when
compare to all forms of stress testing (60.4% and 34.2%
vs. 93.7% and 37.9%, respectively).

Studies have also demonstrated additive benefit from
combining the functional assessment provided by
functional stressing testing with anatomical information
provided by coronary CT (23, 24, 34-36). De Azevedo
and colleagues (36) demonstrated that in patients with
inconclusive stress tests, coronary CT could be used to
further risk stratify patients: with those with no disease on
coronary CT having an excellent long-term prognosis.

Function versus Anatomy

Newer CT perfusion techniques allow the combined
assessment of anatomy and perfusion using coronary CT.
Images are acquired early during first-pass circulation as
contrast transits through the coronary arteries into the
myocardium (37). Myocardial CT perfusion protocols
comprise rest and stress phase acquisitions, utilizing
vasodilators such as adenosine, regadenoson, or
dipyridamole. Unlike myocardial perfusion scanning,
the time between the acquisitions is short and contrast
from the first acquisition may still be present within
the myocardium during the second acquisition (37).
Reduced myocardial perfusion is represented as
hypoattenuated areas. CT perfusion scanning has
been subject to numerous studies with comparisons
made against various reference standards including
myocardial perfusion imaging, magnetic resonance
imaging with myocardial perfusion imaging, invasive
angiography with myocardial perfusion imaging, and
invasive fractional flow reserve assessment. These are
well summarized in a review by Ko et al. (37), with CT
perfusion having a sensitivity between 79% and 97%
and specificity of 72% to 98%. Two studies, published
by Bamberg et al. (38) and Ko et al. (39), have directly
compared CT perfusion with invasive fractional flow
reserve assessment. Bamberg et al. (38) reported a per-
vessel sensitivity of 93%, specificity of 87%, positive
predictive value of 75%, and negative predictive value

Debate

of 96.7% when combination CT angiography and
perfusion was used, with a radiation exposure of 12—13
mSv. Ko et al. (39) reported a per-vessel sensitivity of
76%, specificity of 84%, positive predictive value of
82%, and negative predictive value of 79% when CT
perfusion was used alone. Specificity rose significantly
when this was used together with CT angiography: with
the combination of a >50% stenosis with associated
perfusion defect were associated with 98% specificity
for detection of myocardial ischemia, and <50% stenosis
on CTA and normal perfusion being 100% specific for
the exclusion of ischemia. The mean radiation dose for
CT perfusion alone and combined CT angiography with
perfusion was 5.3 and 11.3 mSy, respectively.

Further work has evaluated dynamic real-time (as
opposed to static) CT stress perfusion myocardial
imaging, with promising results (40). Dual-energy
CT, harnessing the differential attenuation of iodine
when exposed to beams of differing kV, also offers the
ability to evaluate myocardial viability using computed
tomography (16).

CTA and Prognosis

Prognostic implications of coronary CT findings have
been definitively demonstrated in the large prospective
CONFIRM registry (41) studying 23,854 patients across
multiplecenters, clearly demonstratingthatnoidentifiable
coronary artery disease on coronary CT is associated
with an excellent long-term prognosis (annualized
mortality 0.28%). Unsurprisingly, those with obstructive
coronary disease were associated with a significantly
worse prognosis with a 2.6 times higher risk of death,
with long-term outcome inversely related to the number
of coronary arteries demonstrating obstructive lesions.
While similar data exist supporting the prognostic value
of stress imaging (42), limited head-to-head comparison
data exist comparing the prognostic value of coronary
CT with stress imaging. Three such studies comparing
coronary CT lesions of less than 50% severity with no
evidence of inducible ischemia on myocardial perfusion
imaging demonstrated an excellent long-term prognosis
in both groups with no statistically significant difference
in patient long-term outcomes (43-45). However, the
CONFIRM registry (41) also demonstrated that those
patients with mild nonobstructive coronary disease
carried a worse prognosis than those with normal
coronaries, with a 1.6 times higher mortality risk. This
group would not otherwise be identifiable on stress
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imaging and may highlight a role for coronary CT in the
further risk stratification of lower risk groups. While no
data is currently available directly demonstrating the value
of treating this mild coronary disease identified on coronary
CT, it is conceivable from available primary prevention
data that the early treatment of this cohort of patient may be
associated with improved longer term prognosis.

Radiation

Concerns exist over patient radiation exposure in all forms of
medical imaging (46). Retrospective-ECG gated coronary CT
acquisitions have previously been associated with an effective
radiation dose of 12.5 + 5.6 mSv, which are comparable to
those found using SPECT myocardial perfusion imaging
with effective radiation doses of 7.2-17.6 mSv (47, 48).
However, current techniques including tube modulation
and prospective ECG gating have resulted in significant
decreases in the effective radiation dose without reduction
in image quality, as demonstrated in the PROTECTION I,
11, and I1I trials (49—-52). Tube-current modulation allows for
a reduction in the tube current and radiation exposure during
systole, where cardiac motion would otherwise prevent
successful coronary arteries reconstruction. The use of this
technique reduces the effective dose by 33% for retrospective
acquisitions (47). Prospective-gated acquisitions are useful
in those patients with regular and slow heart rates, allowing
imaging to be performed in diastole alone with the tube
switched off in between acquisitions, also known as a
“step and shoot” acquisition. This allows mean effective
radiation doses to be reduced to just 3.4 = 1.4 mSv, which is
considerably less than achievable with myocardial SPECT
imaging (47, 52). Newer technologies such as dual-source
high-pitch and broad detector (256- and 320-slice scanners)
enable the entire heart to be imaged in a single heartbeat.
This allows for further improvements in radiation dose while
maintaining diagnostic imaging quality (53-55).

Conclusion

Coronary CT angiography has a significant role to play in
the assessment of chest pain syndromes. It is both a useful
standalone investigation and can be complementary to
information provided by stress imaging, particularly in the
noninvasive diagnosis of atheroslerosis. Coronary CT is
particularly useful in patients with low or intermediate risk
of coronary artery disease. In this group of patients where
coronary CT is likely to demonstrate normal coronaries
or mild disease, anatomical assessment with coronary CT
provides patients with definitive confirmation of the absence

Chan et al

of flow limiting coronary disease with high negative
predictive values. It allows the identification of mild disease,
which may otherwise be missed on stress imaging due to
the lack of hemodynamic significance, so as to allow the
earlier implementation of aggressive risk factor modification
with the hope of altering longer term prognosis. As with
all technologies, technical limitations do nonetheless exist
and users need to be aware of these in order to ensure the
appropriate and optimal use of available techniques. Further
data, especially the “PROMISE” trial, will clarify the role of
anatomic versus functional imaging in the patient presenting
with chest pain.

References

1. Moshage WE, Achenbach S, Seese B, Bachmann K, Kirchgeorg M. Coronary
artery stenoses: three-dimensional imaging with electrocardiographically
triggered, contrast agent-enhanced, electron-beam ct. Radiology. 1995;
196:707-14.

2. Hoffmann U, Bamberg F, Chae CU, Nichols JH, Rogers IS, Seneviratne SK,
Truong QA, Cury RC, Abbara S, Shapiro MD, Moloo J, Butler J, Ferencik
M, Lee H, Jang IK, Parry BA, Brown DF, Udelson JE, Achenbach S, Brady
TJ, Nagurney JT. Coronary computed tomography angiography for early
triage of patients with acute chest pain: the romicat (rule out myocardial
infarction using computer assisted tomography) trial. J A4m Coll Cardiol.
2009; 53:1642-50.

3. Hoffmann U, Nagurney JT, Moselewski F, Pena A, Ferencik M, Chae CU,
Cury RC, Butler J, Abbara S, Brown DF, Manini A, Nichols JH, Achenbach
S, Brady TJ. Coronary multidetector computed tomography in the assessment
of patients with acute chest pain. Circulation. 2006; 114:2251-60.

4.  Takakuwa KM, Halpern EJ. Evaluation of a “triple rule-out” coronary
ct angiography protocol: use of 64-section CT in low-to-moderate risk
emergency department patients suspected of having acute coronary syndrome.
Radiology. 2008; 248:438—46.

5. Goldstein JA, Chinnaiyan KM, Abidov A, Achenbach S, Berman DS, Hayes
SW, Hoffmann U, Lesser JR, Mikati IA, O’Neil BJ, Shaw LJ, Shen MY,
Valeti US, Raff GL, Investigators C-S. The CT-stat (coronary computed
tomographic angiography for systematic triage of acute chest pain patients to
treatment) trial. J Am Coll Cardiol. 2011; 58:1414-22.

6. Schroeder S, Achenbach S, Bengel F, Burgstahler C, Cademartiri F, de Feyter
P, George R, Kaufmann P, Kopp AF, Knuuti J, Ropers D, Schuijf J, Tops
LF, Bax JJ, Working Group Nuclear C, Cardiac CT, European Society of C,
European Council of Nuclear C. Cardiac computed tomography: Indications,
applications, limitations, and training requirements: report of a writing
group deployed by the working group nuclear cardiology and cardiac ct of
the European society of cardiology and the European council of nuclear
cardiology. Eur Heart J. 2008; 29:531-56.

7. American College of Cardiology Foundation Task Force on Expert Consensus
D, Mark DB, Berman DS, Budoff MJ, Carr JJ, Gerber TC, Hecht HS, Hlatky
MA, Hodgson JM, Lauer MS, Miller JM, Morin RL, Mukherjee D, Poon
M, Rubin GD, Schwartz RS. Accf/acr/aha/nasci/saip/scai/scct 2010 expert
consensus document on coronary computed tomographic angiography: A
report of the American college of cardiology foundation task force on expert
consensus documents. Circulation. 2010; 121:2509-43.

8. Mowatt G, Cook JA, Hillis GS, Walker S, Fraser C, Jia X, Waugh N. 64-
slice computed tomography angiography in the diagnosis and assessment of
coronary artery disease: systematic review and meta-analysis. Heart. 2008;
94:1386-93.

[ 138 ]



Atypical Chest Pain: CT Coronary Angiography

10.

11.

13.

14.

15.

16.

17.

18.

20.

Budoff MJ, Dowe D, Jollis JG, Gitter M, Sutherland J, Halamert E,
Scherer M, Bellinger R, Martin A, Benton R, Delago A, Min JK.
Diagnostic performance of 64-multidetector row coronary computed
tomographic angiography for evaluation of coronary artery stenosis
in individuals without known coronary artery disease: results from the
prospective multicenter accuracy (assessment by coronary computed
tomographic angiography of individuals undergoing invasive coronary
angiography) trial. J Am Coll Cardiol. 2008; 52:1724-32.

Miller JM, Rochitte CE, Dewey M, Arbab-Zadeh A, Niinuma H, Gottlieb
I, Paul N, Clouse ME, Shapiro EP, Hoe J, Lardo AC, Bush DE, de Roos
A, Cox C, Brinker J, Lima JA. Diagnostic performance of coronary
angiography by 64-row CT. N Engl J Med. 2008; 359:2324-36.

Meijboom WB, Meijs MF, Schuijf JD, Cramer MJ, Mollet NR, van
Mieghem CA, Nieman K, van Werkhoven JM, Pundziute G, Weustink
AC, de Vos AM, Pugliese F, Rensing B, Jukema JW, Bax JJ, Prokop
M, Doevendans PA, Hunink MG, Krestin GP, de Feyter PJ. Diagnostic
accuracy of 64-slice computed tomography coronary angiography: a
prospective, multicenter, multivendor study. J Am Coll Cardiol. 2008;
52:2135-44.

Fox K, Garcia MA, Ardissino D, Buszman P, Camici PG, Crea F, Daly C,
De Backer G, Hjemdahl P, Lopez-Sendon J, Marco J, Morais J, Pepper
J, Sechtem U, Simoons M, Thygesen K, Priori SG, Blanc JJ, Budaj
A, Camm J, Dean V, Deckers J, Dickstein K, Lekakis J, McGregor K,
Metra M, Morais J, Osterspey A, Tamargo J, Zamorano JL, Task Force
on the Management of Stable Angina Pectoris of the European Society
of C, Guidelines ESCCP. Guidelines on the management of stable
angina pectoris: executive summary. The task force on the management
of stable angina pectoris of the European society of cardiology. Eur
Heart J. 2006; 27:1341-81.

Kiriyama T, Toba M, Fukushima Y, Hayashi H, Takano H, Mizuno K,
Kumita S. Discordance between the morphological and physiological
information of 64-slice MSCT coronary angiography and myocardial
perfusion imaging in patients with intermediate to high probability of
coronary artery disease. Circ J. 2011; 75:1670-7.

Schuijf JD, Wijns W, Jukema JW, Atsma DE, de Roos A, Lamb HJ,
Stokkel MP, Dibbets-Schneider P, Decramer I, De Bondt P, van der
Wall EE, Vanhoenacker PK, Bax JJ. Relationship between noninvasive
coronary angiography with multi-slice computed tomography and
myocardial perfusion imaging. J Am Coll Cardiol. 2006; 48:2508—14.

Hamilton-Craig C, Strugnell W, Raffel OC, Porto I, Walters D, Slaughter
R. CT angiography with cardiac MRI: non-invasive functional and
anatomical assessment for the etiology in newly diagnosed heart failure.
Int J Cardiovasc Imaging. 2011 [ePub ahead-of-print].

Hamilton-Craig C, Seltmann M, Ropers D, Achenbach S. Myocardial
viability by dual-energy delayed enhancement computed tomography.
JACC Cardiovasc Imaging. 2011; 4:207-8.

van Werkhoven JM, Heijenbrok MW, Schuijf JD, Jukema JW, van
der Wall EE, Schreur JH, Bax JJ. Combined non-invasive anatomical
and functional assessment with MSCT and MRI for the detection of
significant coronary artery disease in patients with an intermediate pre-
test likelihood. Heart. 2010; 96:425-31.

Petranovic M, Soni A, Bezzera H, Loureiro R, Sarwar A, Raffel C,
Pomerantsev E, Jang I-K, Brady TJ, Achenbach S, Cury RC. Assessment
of nonstenotic coronary lesions by 64-slice multidetector computed
tomography in comparison to intravascular ultrasound: evaluation of
nonculprit coronary lesions.[see comment]. J Cardiovasc Comput
Tomogr. 2009; 3:24-31.

Ginns J, Hansen M, Pincus M, Slaughter R. Assessment of indeterminant
coronary artery stenosis: a comparison of ct coronary angiography with
intravascular ultrasound. Heart Lung Circulation. 2008; 17:S64-5.

Hansen M, Boga T, Hamilton-Craig C, Ginns J, Burstow DJ, Slaughter
R. CT coronary angiography versus stress echocardiography — a

[ 139 ]

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Debate

prospective comparative trial of 82 patients. Heart Lung Circ. 2009;
18:S28.

Mastrobuoni S, Bastarrika G, Ubilla M, Castano S, Azcarate P, Barrero
EA, Castellano JM, Herreros J, Rabago G. Dual-source ct coronary
angiogram in heart transplant recipients in comparison with dobutamine
stress echocardiography for detection of cardiac allograft vasculopathy.
Transplantation. 2009; 87:587-90.

Nixdorff U, Kufner C, Achenbach S, Stilianakis N, Voigt JU,
Flachskampf FA, Daniel WG, Ropers D. Head-to-head comparison of
dobutamine stress echocardiography and cardiac computed tomography
for the detection of significant coronary artery disease. Cardiology.
2008; 110:81-6.

Chinnaiyan KM, Raff GL, Goraya T, Ananthasubramaniam K, Gallagher
MJ, Abidov A, Boura JA, Share D, Peyser PA. Coronary computed
tomography angiography after stress testing: results from a multicenter,
statewide registry, acic (advanced cardiovascular imaging consortium).
J Am Coll Cardiol. 2012; 59:688-95.

Kajander S, Joutsiniemi E, Saraste M, Pietila M, Ukkonen H, Saraste
A, Sipila HT, Teras M, Maki M, Airaksinen J, Hartiala J, Knuuti J.
Cardiac positron emission tomography/computed tomography imaging
accurately detects anatomically and functionally significant coronary
artery disease. Circulation. 2010; 122:603—13.

Dewey M, Dubel HP, Schink T, Baumann G, Hamm B. Head-to-
head comparison of multislice computed tomography and exercise
electrocardiography for diagnosis of coronary artery disease. Eur Heart
J.2007; 28:2485-90.

Mollet NR, Cademartiri F, Van Mieghem C, Meijboom B, Pugliese F,
Runza G, Baks T, Dikkeboer J, McFadden EP, Freericks MP, Kerker JP,
Zoet SK, Boersma E, Krestin GP, de Feyter PJ. Adjunctive value of CT
coronary angiography in the diagnostic work-up of patients with typical
angina pectoris. Eur Heart J. 2007; 28:1872-8.

Nieman K, Galema T, Weustink A, Neefjes L, Moelker A, Musters P, de
Visser R, Mollet N, Boersma H, de Feijter PJ. Computed tomography
versus exercise electrocardiography in patients with stable chest
complaints: real-world experiences from a fast-track chest pain clinic.
Heart. 2009; 95:1669-75.

Cademartiri F, La Grutta L, Palumbo A, Maffei E, Martini C, Seitun S,
Coppolino F, Belgrano M, Malago R, Aldrovandi A, Mollet N, Weustink
A, Cova M, Midiri M. Computed tomography coronary angiography vs.
Stress ECG in patients with stable angina. Radiol Med. 2009; 114:513—
23.

Maftei E, Palumbo A, Martini C, Cuttone A, Ugo F, Emiliano E,
Menozzi A, Vignali L, Brambilla V, Coruzzi P, Weustink A, Mollet N,
Ardissino D, Reverberi C, Crisi G, Cademartiri F. Stress-ECG vs. CT
coronary angiography for the diagnosis of coronary artery disease: a
“real-world” experience. Radiol Med. 2010; 115:354-67.

30. Schuijf JD, Wijns W, Jukema JW, Atsma DE, de Roos A, Lamb
HIJ, Stokkel MP, Dibbets-Schneider P, Decramer I, De Bondt P, van der
Wall EE, Vanhoenacker PK, Bax JJ. Relationship between noninvasive
coronary angiography with multi-slice computed tomography and
myocardial perfusion imaging. J Am Coll Cardiol. 2006; 48:2508—14.

Budoff MJ, Rasouli ML, Shavelle DM, Gopal A, Gul KM, Mao SS,
Liu SH, McKay CR. Cardiac CT angiography (CTA) and nuclear
myocardial perfusion imaging (MPI) — a comparison in detecting
significant coronary artery disease. Acad Radiol. 2007; 14:252-7.

Ravipati G, Aronow WS, Lai H, Shao J, DeLuca AJ, Weiss MB, Pucillo
AL, Kalapatapu K, Monsen CE, Belkin RN. Comparison of sensitivity,
specificity, positive predictive value, and negative predictive value
of stress testing versus 64-multislice coronary computed tomography
angiography in predicting obstructive coronary artery disease diagnosed
by coronary angiography. Am J Cardiol. 2008; 101:774-5.



Journal of Clinical and Preventive Cardiology
July 2012 | Number 3

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Hamirani YS, Isma’eel H, Larijani V, Drury P, Lim W, Bevinal M,
Saeed A, Ahmadi N, Karlsberg RP, Budoff MJ. The diagnostic accuracy
of 64-detector cardiac computed tomography compared with stress
nuclear imaging in patients undergoing invasive cardiac catheterization.
J Comput Assist Tomogr. 2010; 34:645-51.

Rispler S, Keidar Z, Ghersin E, Roguin A, Soil A, Dragu R, Litmanovich
D, Frenkel A, Aronson D, Engel A, Beyar R, Israel O. Integrated single-
photon emission computed tomography and computed tomography
coronary angiography for the assessment of hemodynamically significant
coronary artery lesions. J Am Coll Cardiol. 2007; 49:1059-67.

Gaemperli O, Husmann L, Schepis T, Koepfli P, Valenta I, Jenni W,
Alkadhi H, Luscher TF, Kaufmann PA. Coronary CT angiography
and myocardial perfusion imaging to detect flow-limiting stenoses: a
potential gatekeeper for coronary revascularization? Eur Heart J. 2009;
30:2921-9.

de Azevedo CF, Hadlich MS, Bezerra SG, Petriz JL, Alves RR, de Souza
O, Rati M, Albuquerque DC, Moll J. Prognostic value of ct angiography
in patients with inconclusive functional stress tests. JACC Cardiovasc
Imaging. 2011; 4:740-51.

Ko BS, Cameron JD, Defrance T, Seneviratne SK. CT stress myocardial
perfusion imaging using multidetector CT — a review. J Cardiovasc
Comput Tomogr. 2011; 5:345-56.

Bamberg F, Becker A, Schwarz F, Marcus RP, Greif M, von Ziegler
F, Blankstein R, Hoffmann U, Sommer WH, Hoffmann VS, Johnson
TR, Becker HC, Wintersperger BJ, Reiser MF, Nikolaou K. Detection
of hemodynamically significant coronary artery stenosis: incremental
diagnostic value of dynamic CT-based myocardial perfusion imaging.
Radiology. 2011; 260:689-98.

Ko BS, Cameron JD, Meredith IT, Leung M, Antonis PR, Nasis A,
Crossett M, Hope SA, Lehman SJ, Troupis J, DeFrance T, Seneviratne
SK. Computed tomography stress myocardial perfusion imaging in
patients considered for revascularization: a comparison with fractional
flow reserve. Eur Heart J. 2012; 33:67-77.

Weininger M, Schoepf UJ, Ramachandra A, Fink C, Rowe GW, Costello
P, Henzler T. Adenosine-stress dynamic real-time myocardial perfusion
ct and adenosine-stress first-pass dual-energy myocardial perfusion CT
for the assessment of acute chest pain: initial results. Eur J Radiol. 2010
[ePub ahead-of-print].

Min JK, Dunning A, Lin FY, Achenbach S, Al-Mallah M, Budoff
MJ, Cademartiri F, Callister TQ, Chang HJ, Cheng V, Chinnaiyan
K, Chow BJ, Delago A, Hadamitzky M, Hausleiter J, Kaufmann P,
Maffei E, Raff G, Shaw LJ, Villines T, Berman DS, Investigators C.
Age- and sex-related differences in all-cause mortality risk based on
coronary computed tomography angiography findings results from the
international multicenter confirm (coronary CT angiography evaluation
for clinical outcomes: an international multicenter registry) of 23,854
patients without known coronary artery disease. J Am Coll Cardiol.
2011; 58:849-60.

Metz LD, Beattie M, Hom R, Redberg RF, Grady D, Fleischmann KE.
The prognostic value of normal exercise myocardial perfusion imaging
and exercise echocardiography: a meta-analysis. J Am Coll Cardiol.
2007; 49:227-37.

Shaw LJ, Berman DS, Hendel RC, Borges Neto S, Min JK, Callister
TQ. Prognosis by coronary computed tomographic angiography:
matched comparison with myocardial perfusion single-photon emission
computed tomography. J Cardiovasc Comput Tomogr. 2008; 2:93—101.

van Werkhoven JM, Schuijf JD, Gaemperli O, Jukema JW, Boersma
E, Wijns W, Stolzmann P, Alkadhi H, Valenta I, Stokkel MP, Kroft LJ,

[ 140 ]

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Chan et al

de Roos A, Pundziute G, Scholte A, van der Wall EE, Kaufmann PA,
Bax JJ. Prognostic value of multislice computed tomography and gated
single-photon emission computed tomography in patients with suspected
coronary artery disease. J Am Coll Cardiol. 2009; 53:623-32.

Dedic A, Genders TS, Ferket BS, Galema TW, Mollet NR, Moelker A,
Hunink MG, de Feyter PJ, Nieman K. Stable angina pectoris: head-to-
head comparison of prognostic value of cardiac CT and exercise testing.
Radiology. 2011; 261:428-36.

Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, Shah ND,
Nasir K, Einstein AJ, Nallamothu BK. Exposure to low-dose ionizing
radiation from medical imaging procedures. New Engl J Med. 2009;
361:849-57.

Efstathopoulos EP, Pantos I, Thalassinou S, Argentos S, Kelekis NL,
Zografos T, Panayiotakis G, Katritsis DG. Patient radiation doses in
cardiac computed tomography: comparison of published results with
prospective and retrospective acquisition. Radiat Prot Dosimetry. 2012;
148:83-91.

Hesse B, Tagil K, Cuocolo A, Anagnostopoulos C, Bardies M, Bax J,
Bengel F, Busemann Sokole E, Davies G, Dondi M, Edenbrandt L,
Franken P, Kjaer A, Knuuti J, Lassmann M, Ljungberg M, Marcassa
C, Marie PY, McKiddie F, O’Connor M, Prvulovich E, Underwood
R, van Eck-Smit B, Group EE. EANM/ESC procedural guidelines for
myocardial perfusion imaging in nuclear cardiology. Eur J Nucl Med
Mol Imaging. 2005; 32:855-97.

Bischoff B, Hein F, Meyer T, Hadamitzky M, Martinoff S, Schomig
A, Hausleiter J. Impact of a reduced tube voltage on CT angiography
and radiation dose: results of the protection I study. JACC Cardiovasc
Imaging. 2009; 2:940-6.

Bischoff B, Hein F, Meyer T, Krebs M, Hadamitzky M, Martinoff
S, Schomig A, Hausleiter J. Comparison of sequential and helical
scanning for radiation dose and image quality: results of the prospective
multicenter study on radiation dose estimates of cardiac CT angiography
(protection) I study. AJR Am J Roentgenol. 2010; 194:1495-9.

Hausleiter J, Martinoff S, Hadamitzky M, Martuscelli E, Pschierer I,
Feuchtner GM, Catalan-Sanz P, Czermak B, Meyer TS, Hein F, Bischoff
B, Kuse M, Schomig A, Achenbach S. Image quality and radiation
exposure with a low tube voltage protocol for coronary CT angiography
results of the protection II trial. JACC Cardiovasc Imaging. 2010;
3:1113-23.

Hausleiter J, Meyer TS, Martuscelli E, Spagnolo P, Yamamoto H,
Carrascosa P, Anger T, Lehmkuhl L, Alkadhi H, Martinoft S, Hadamitzky
M, Hein F, Bischoff B, Kuse M, Schomig A, Achenbach S. Image quality
and radiation exposure with prospectively ECG-triggered axial scanning
for coronary ct angiography: the multicenter, multivendor, randomized
protection III study. JACC Cardiovasc Imaging. 2012; 5:484-93.

Zhang C, Zhang Z, Yan Z, Xu L, Yu W, Wang R. 320-row CT coronary
angiography: effect of 100-kv tube voltages on image quality, contrast
volume, and radiation dose. /nt J Cardiovasc Imaging. 2011; 27:1059—
68.

Scheffel H, Alkadhi H, Leschka S, Plass A, Desbiolles L, Guber I,
Krauss T, Gruenenfelder J, Genoni M, Luescher TF, Marincek B,
Stolzmann P. Low-dose ct coronary angiography in the step-and-shoot
mode: diagnostic performance. Heart. 2008; 94:1132-7.

Achenbach S, Goroll T, Seltmann M, Pflederer T, Anders K, Ropers
D, Daniel WG, Uder M, Lell M, Marwan M. Detection of coronary
artery stenoses by low-dose, prospectively ECG-triggered, high-pitch
spiral coronary CT angiography. JACC Cardiovasc Imaging. 2011;
4:328-37.



