REVIEW ARTICLE

Coronary computed tomographic angiography:

current role in the diagnosis and management

of coronary artery disease

Andrew W. Bowman!, Birgit Kantor?, Thomas C. Gerber'?

1 Department of Radiology, Mayo Clinic, Jacksonville, FL, United States
2 Division of Cardiovascular Diseases, Mayo Clinic, Rochester, MN, United States
3 Division of Cardiovascular Diseases, Mayo Clinic, Jacksonville, FL, United States

KEY WORDS

cardiology, compu-
ted tomography,
coronary angiogra-
phy, imaging,
ionizing radiation

Correspondence to: Thomas

C. Gerber, MD, PhD, Division

of Cardiovascular Diseases, Mayo
Clinic, 4500 San Pablo Road,
Jacksonville, FL 32224, USA,
e-mail: gerber.thomas@mayo.edu
Received: April 24, 2009.
Accepted: May 1, 2009.

Conflict of interest: this

work was supported in part

by National Institutes of Health
(NIH) grant 1R01EB007986-02
(“Non-Invasive Localization

of Vulnerable Plagues”) awarded
to Dr Birgit Kantor.

Pol Arch Med Wewn. 2009;

119 (6): 381-390

Copyright by Medycyna Praktyczna,

Krakéw 2009

ABSTRACT

Advances in computed tomography (CT) technology allow images to be obtained with high spatial
and temporal resolution. These features now permit noninvasive coronary CT angiography (CCTA).
Many studies addressing proof of concept, feasibility, and clinical robustness have been published
since CCTA was first described. More recently, the scientific evaluation of CCTA has rightly fo-
cused less on technical aspects and more on multicenter trials of the diagnostic value of CCTA
and on head-to-head comparisons with other noninvasive modalities for the detection of coronary
artery disease (CAD), such as stress myocardial perfusion imaging (MPI) with radionuclides. Recent
peer-reviewed publications that compare CCTA to invasive, selective coronary angiography (SCA)
or MPI, or that address radiation protection issues related to CCTA, were reviewed and summarized.
Overall, there is high agreement between CCTA and both SCA and MPI for the presence of CAD.
However, CCTA can over- or underestimate the severity of CAD compared to SCA as a reference
standard. Initial studies that compared CCTA to MPI found their accuracies for determining the pres-
ence of high-grade luminal obstructions comparable. Limitations of CCTA include inability to reliably
assess the coronary artery lumen dimensions in patients with large amounts of coronary artery
calcium, artifacts caused by coronary and respiratory motion, and the need for ionizing radiation
and intravenous administration of iodinated contrast material. Various dose reduction methods for
CCTA now exist that may substantially lower patient dose to levels less than those of SCA or MPI.
Although current expert consensus does not call for CCTA to be a first-line test for CAD, particularly
for screening in asymptomatic individuals, current data suggest a promising role in the evaluation
of symptomatic patients for possible CAD.

Coronary artery disease (CAD) and its conse-
quences remain a leading cause of morbidity and
mortality among most age groups in the USA
and most Western countries.! In 50-65% of all
patients, myocardial infarction (MI) is the first
clinical presentation of CAD in previously asymp-
tomatic patients. Approximately 35% of these
first MIs are lethal. In symptomatic patients
with acute or chronic chest pain, establishing
the presence of myocardial ischemia secondary
to severe CAD as the cause can be challenging
and expensive.?*

Consequently, much clinical research has been
devoted to establishing “new” techniques to pre-
dict MI and sudden cardiac death in intermedi-
ate- or high-risk populations (prognostication),
and to diagnose high-grade CAD in symptomatic
patients (diagnosis). Ultimately, the clinical ob-
jective of employing these techniques is to facil-
itate patient management decisions that will im-
prove patients’ longevity or quality of life (thera-
py). Many tools exist to address prognostication
and diagnosis of CAD, which all have different
strengths and weaknesses.
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FIGURE 1 Normal
contrast-enhanced
coronary computed
tomography angiogram®?
A Axial view (similar
to horizontal long axis

at the level of the aortic
root)

B Volume rendering

Abbreviations: AO —
aorta, Diag — diagonal
branch, LA — left atrium,
LAD - left anterior
descending coronary
artery, LV — left ventricle,
PA — pulmonary artery,
RV —right ventricle,
RVOT - right ventricular
outflow tract

382

With recent progress in the technical develop-
ment of computed tomography (CT) scanners, im-
ages can now be acquired very rapidly and with
very high spatial resolution. In particular, the de-
velopment of 64-slice CT scanners allows imag-
ers to scan the heart with a temporal resolution
that is a fraction of the length of the cardiac cycle
(as little as 68 ms) and with near-isotropic spatial
resolution of less than 0.5 mm (FIGURE 1).5 Coro-
nary CT angiography (CCTA) holds the prom-
ise to noninvasively and, with little procedur-
al risk, directly identify high-grade coronary ar-
tery stenoses and characterize coronary artery
wall and plaque characteristics in hopes of iden-
tifying morphologic features that predict future
plaque rupture (FIGURE 2).87

What are our current approaches for the assess-
ment of coronary artery disease? The clinical
stratification of cardiovascular risk in asymp-
tomatic individuals currently relies on analyzing
the presence and pattern of risk factors identified

in population-based longitudinal studies such as
the Framingham study. However, approximate-
ly % of cardiovascular events are not readily ex-
plained by these “traditional” cardiovascular (CV)
risk factors.” Therefore, a large body of litera-
ture has examined the predictive value of “nov-
el” cardiac risk factors such as lipoprotein(a), ho-
mocysteine, highly sensitive C-reactive protein
(CRP), or biomarkers of atherosclerosis and in-
flammation, such as CRP, interleukin 6, or ma-
trix metalloproteinase.® Another relatively new
approach to cardiovascular risk stratification uses
imaging of “subclinical” atherosclerosis. Exam-
ples include ultrasonic measurement of carotid
intima-media thickness or scanning for coronary
artery calcium by CT.% The rationale for imaging
to find non-obstructive, clinically silent plaque
is to provide evidence for a genetic susceptibili-
ty for responding to the presence of CV risk fac-
tors with development of atherosclerosis. This
approach could theoretically identify “vulnera-
ble” patients at a time when aggressive risk fac-
tor modification can slow or halt the atheroscle-
rotic process and reduce the risk of progression
to the stage of symptomatic disease.

The noninvasive identification of ischemia
in symptomatic patients relies on stress testing.
Current guidelines by the American Heart Asso-
ciation (AHA) and American College of Cardiolo-
gy® suggest treadmill stress electrocardiography
as the test of first choice. Stress testing combined
with imaging in the form of echocardiography or
myocardial perfusion imaging (MPI) with radio-
nuclides is indicated only if the electrocardiogra-
phy cannot be reliably interpreted for ischemic
changes (i.e. ST-segment abnormalities at base-
line, left bundle branch block). Treadmill exer-
cise is recommended as stress modality of first
choice over pharmacologic stress agents such as
dobutamine or adenosine as long as the patient
is able to exercise effectively.

A great strength of stress testing lies in the func-
tional information it can provide. Common to all
stress tests is the ability to detect impaired coro-
nary flow reserve, which can serve as a “roadmap”
to plan percutaneous or surgical revascularization
if more than one anatomically “significant” steno-
sis is found eventually on selective coronary an-
giography (SCA), and has prognostic value if not
only the presence but also the extent and degree
of ischemia is considered. Unique to exercise tests
is the prognostic information conveyed by a pa-
tient’s exercise capacity.

What are the shortcomings of our current approaches?
The traditional noninvasive tests for CAD rely
on indirect evidence for high-grade coronary
artery stenoses from the “ischemic cascade”
in the form of myocardial perfusion defects
(MPI), inducible regional myocardial dysfunc-
tion (stress echocardiography) or typical elec-
trocardiographic abnormalities (treadmill exer-
cise testing) for the diagnosis of significant CAD.
Owing to this principle, imaging stress tests with
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FIGURE 2 Abnormal
coronary computed
tomography angiogram
with confirmation from
diagnostic
catheterization shows
tandem high-grade
stenoses (arrows)

in the left anterior
descending artery®3

A Coronary computed
tomography angiogram
reformatted in vertical
long axis

B Selective coronary
angiogram in similar
projection

Abbreviations: see
FIGURE 1

echocardiography or MPI are somewhat limited
in their sensitivity and specificity. For example,
in prior meta-analysis the sensitivity of stress
echocardiography was 79% (95% CI 78-81) and
the specificity, 87% (95% CI 86-89). MPI was
88% sensitive (95% CI 87-90) and 73% specif-
ic (95% CI 69-77).3

For many decades, invasive, catheter-based
SCA was the only means to directly visualize
the coronary artery lumen. To date, SCA remains
the reference standard for the evaluation of CAD,
but there is ongoing debate among clinicians as
to the appropriate indications and timing for cor-
onary catheterization.

The shortcomings of SCA are well recognized.
First, the risk of “major” procedural complica-
tions such as MI, stroke, and need for emergent
bypass surgery are low but appreciable at appro-
ximately 1in 1,000 procedures.'%"'2 Second, SCA
is a “battered gold standard” with low accuracy
compared to pathology and a worrisome degree
of interobserver variability in the determination
of the degree of luminal obstruction.'3'* Third,
the degree of luminal obstruction does not relia-
bly predict the functional significance of a steno-
sis, i.e. ischemia. The fractional flow reserve in di-
seased coronary arteries depends on many mor-
phologic parameters'®, and in studies and guide-
lines, “significant” coronary stenosis has variably
been defined as 50% or 70% luminal narrowing
compared to presumably normal reference seg-
ments'®!7. Uncertainty about the functional si-
gnificance of intermediate (50-70%) stenoses is
a well known limitation of “anatomic” imaging
modalities such as angiography. Fourth and final,
most plaque ruptures that cause acute coronary

thromboses occur in segments with no more than
moderate stenoses'$; hence, absence of high-gra-
de stenoses does not guarantee freedom from car-
diac events even in the near term.

How does coronary computed tomographic angio-
graphy compare to “traditional” diagnostic techni-
ques? Arapidly increasing body of literature is
examining the place of CCTA in the contempo-
rary clinical practice of cardiology. Although ini-
tially described in 1995 for a very specialized, rare
type of CT scanner'?, CCTA did not become possi-
ble on conventional CT scanners with mechanical
rotation gantries until the late 1990s%0. Early re-
search focused on proof-of-concept, clinical fea-
sibility and robust scanning protocols.?! Subse-
quently, experienced investigators from individ-
ual academic centers reported their experience
with the diagnostic accuracy of CCTA compared
to SCA in comparatively small numbers of pa-
tients.?2 Only more recently have multicenter tri-
als involving 250 patients or more?324 and stud-
ies comparing CCTA to other noninvasive diag-
nostic modalities?%-30 become available.

Coronary computed tomography angiography vs.
selective coronary angiography Early studies
of CCTA reported large proportions of nondiag-
nostic studies, mostly due to the comparatively
low temporal and spatial resolution. Initial me-
ta-analyses®! indicated higher diagnostic accuracy
and lower number of nondiagnostic studies with
newer compared to older CT scanners.

Most studies of CCTA have reported diagnostic
accuracy by coronary artery segment, coronary
artery, and per patient. In newly symptomatic pa-
tients without prior history of CAD, the per-pa-
tient accuracy is the most meaningful parame-
ter among these three for classifying individual
patients as having or not having CAD. A recent
meta-analysis?? of 23 single-center studies that
compared CCTA to SCA in a total of 2045 patients
noted the following findings: for a significant cor-
onary artery stenosis of 250% in patient-based
analysis (the presence of coronary disease some-
where in the coronary tree of a given patient),
vessel-based analysis (the presence of disease
somewhere in a particular coronary artery) and
segment-based analysis (the presence of disease
in a particular segment of a particular coronary
artery), CCTA had sensitivities of 290%, speci-
ficities of 88 to 290%, variable positive predic-
tive values (PPV) ranging from 69% to 93%, and
negative predictive values (NPV) ranging from
96% to 100%. Given the dependence of PPV and
NPV on the prevalence of disease, the compara-
tively high prevalence of significant CAD as de-
termined by SCA in many of these selected study
populations (61%) compared to the general popu-
lation is a problem in appraising the value of CCTA
in clinical practice. Therefore, this meta-analysis
also reported positive (+LR) and negative (-LR)
likelihood ratios as prevalence-independent in-
dicators of diagnostic accuracy. The +LR values
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TABLE 1

in patient-based and vessel-based analysis23-32

Patient-based analysis (95% Cl)
Miller et al.

Diagnostic performance of 64-slice computed tomography in detecting significant (>50% stenosis) coronary artery disease

Vessel-based analysis (95% Cl)
Miller et al.

Meijboom et al.

Meijboom et al.2

sensitivity (%) 99 (98-100) 85 (79-90) 95 (92-97) 75 (69-81)
specificity (%) 64 (55-73) 90 (83-94) 77 (74-80) 93 (90-94)
PPV (%) 86 (82-90) 91 (86-95) 59 (55-63) 82 (77-86)
NPV (%) 97 (94-100) 83 (75-89) 98 (96-99) 89 (86-92)

a segment-based analysis

Abbreviations: PPV — positive predictive value, NPV — negative predictive value

FIGURE 3 ROC curve
(solid line) describing
the diagnostic
performance of CCTA

to identify coronary
stenosis of 50% or more
in at least one vessel, as
compared with invasive
quantitative coronary
angiography at the level
of the patient. The area
under the curve was
0.93 (95% Cl, 0.90—
0.96). The dotted line
represents a calibration
curve. A corresponding
CCTA cutoff point can be
determined by extending
a vertical line from

a point on the ROC curve
to the calibration curve
and then a horizontal line
to the right ordinate,
which describes

the cutoff point.32

Abbreviations: CCTA
— coronary computed
tomographic
angiography, QCA —
quantitative coronary
angiography, ROC —
receiver-operating-
-characteristic
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ranged from 8.0 to 29.7, and the -LR was <0.1 ex-
cept for distal coronary segments. These findings

indicate that negative CCTA examinations reliably

exclude significant CAD, but abnormal CCTA ex-
aminations require further workup.?2

Two recent prospective multicenter studies
reported data on 64-slice multidetector CCTA
in 360 and 291 subjects, respectively, who were
referred for clinically indicated SCA. Using a cor-
onary artery diameter reduction of 250% as sig-
nificant, both studies found CCTA to be very sen-
sitive for detecting overall significant CAD and
at least moderately specific (TABLE 1). As stated
above, per-patient analyses referred to the pres-
ence of at least one significant stenosis anywhere
in the coronary system. This type of analysis did
not necessarily imply that significant stenoses
seen on CCTA were visible in the same coronary
segment on SCA. When analysis of diagnostic ac-
curacy was performed by vessel®? or segment?3,
the results were markedly different (TABLE 1),
though comparable to the recent meta-analysis
discussed above 2.

Receiver operator characteristics curves were
generated in the study by Miller et al. demon-
strating an area under the curve of 0.93 for
the per-patient ability of CCTA to predict pres-
ence of at least one >50% stenosis diagnosed
by SCA (FiGuRE 3).32 The severity of disease ex-
pressed as a modified Duke score3¥:34 correlated
well (r=0.81) between CCTA and SCA.

These two recent multicenter studies discussed
several methodological limitations of CCTA.
In the study by Miller et al.3?, patients with

23,32

Patient-based analysis
for stenosis >50% by QCA

1.0 ¢ 100
ROC curve
0.8 180
>
S 06 160
3
g 04 140
0.2 _ 120
calibration curve
0.0 : : : - 0
0 0.2 0.4 0.6 0.8 1.0

1-specificity

high coronary calcium scores (Agatston calcium
score of >600) were automatically excluded from
the analysis, under the argument that such levels
of calcium would obscure too much of the vessel
to accurately evaluate. In the study by Meijboom
et al.?%, no segments were automatically excluded
because of high calcium scores, but the authors
noted that such calcifications limited the accu-
racy of vessel and segment analysis. According-
ly, the typically high levels of coronary calcium
in older patients (>75 years) or patients with
known CAD limit the use of CCTA in these pa-
tient populations.

Also of importance was the high prevalence
of CAD with >50% diameter reduction of 68%
and 31% in these studies, respectively, both sub-
stantially higher than in the general population,
which also limits the ability to extrapolate their
findings to the general population.

Of concern in the study by Meijboom et al.
was the high number of false positive findings
on CCTA.35 For example, of 98 patients diagnosed
to have three-vessel disease by CCTA, only 19
were confirmed by SCA, and 9 patients had no
disease at all. The overall weighted « value for
the agreement between CCTA and SCA in the de-
termination of extent of disease was only moder-
ate at 0.47.2% This finding, together with the low
PPV of 47% in the per-segment analysis, exem-
plifies how limited CCTA was in precisely localiz-
ing significant coronary stenoses in a population
with moderate prevalence of disease. Similarly,
the study by Miller et al.>2 also shows a high rate
of misclassification of disease severity in CCTA
compared to SCA. Indeed, Miller et al. themselves
note that despite the overall excellent accuracy,
sensitivity, and specificity of CCTA, “multidetector
CT angiography cannot replace coronary angiog-
raphy in this population of patients at present.”?
Conversely, both studies confirmed the previous-
ly noted very high NPV despite the high preva-
lence of disease. In both studies, if a patient’s
CCTA was interpreted as being normal, signifi-
cant CAD on SCA was virtually excluded.

Coronary artery computed tomographic angiogra-
phy vs. stress nuclear imaging The limited PPV
of CCTA compared to SCA invites combined
“hybrid” imaging with MPI, or at least compar-
ative studies between CCTA and MPI. An initial
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TABLE 2 Diagnostic performance of multidetector computed tomography
in detecting significant perfusion abnormailites in myocardial perfusion

imaging25,26,29

Study Gaemperli Sato et al.b Gaemperli
et al. (2007)2 et al. (2008) ¢
SCA data included no no yes
sensitivity (%) 75 79 95
specificity (%) 90 92 53
PPV (%) 68 66 58
NPV (%) 93 96 94

Cl were not reported.

a Datais for >75% stenosis correlating to any perfusion deficit.

b Data is for >70% stenosis correlating to a reversible perfusion deficit.
¢ Datais for >50% stenosis correlating to a reversible perfusion deficit.
Abbreviations: SCA — selective coronary angiography, others — see TABLE 1

feasibility study of hybrid imaging of CCTA and
single photon emitted computed tomography
(SPECT)3% showed excellent results, with sub-
stantially improved specificity (63-95%) and PPV
(31-77%) in SPECT/CCTA examinations versus
CCTA examination alone in the detection of sig-
nificant (>50% narrowing) stenoses in per-seg-
ment analysis.3®

Several studies have also compared CCTA
to MPI?528.29 or to both MPI and SCAZ?6.27.30,
The studies comparing CCTA to MPI examined
how well significant stenoses on CCTA correlat-
ed with reversible myocardial perfusion defects
on MPL. In keeping with the expected differences
between anatomic and functional imaging, the re-
sults were mixed. In general, when high cut-off
values for “significant” coronary artery stenoses
(>70% or 75% stenosis, as opposed to the com-
monly used criterion of 50%) were used, these
studies found that CCTA was useful in ruling out
functionally significant CAD but was not a good
predictor of ischemia (TABLE 2).25:29

Other recent studies compared CCTA to both
MPI and SCA.26:30 Similar to the studies com-
paring CCTA to MPI only, CCTA demonstrat-
ed a high NPV for reversible perfusion defects
on MPI. However, the sensitivities and specifici-
ties varied, in some cases substantially, between
the studies. All the studies concluded, however,
that normal CCTA examinations effectively ruled
out significant functional abnormalities on MPI
or high-grade stenoses on SCA, but that the PPV
of abnormal CCTA examinations for ischemia was
limited. The overall strength of evidence provid-
ed by these studies was limited based on the low
numbers of study subjects (78-114 patients) and
the selected nature of the patient populations
based on the presence of at least intermediate
pretest likelihood of CAD.?7:30

More recently, a study comparing CCTA to MPI
and SCA was performed in low-risk emergency
room chest pain patients.?” In this nonrandom-
ized study, subjects were recruited from a popula-
tion of emergency room patients who presented
with symptoms consistent with an acute coronary

syndrome. These patients underwent both CCTA
and MPI evaluations and, if certain clinical or im-
aging criteria were met, SCA. The results suggest-
ed that the accuracy in the prediction of signifi-
cant clinical outcomes, acute coronary syndrome,
or CAD was comparable between CCTA and MPI.
CCTA was 86% sensitive and 92% specific, with

PPV and NPV of 50% and 99%, respectively. MPI

was 71% sensitive, 90% specific, and had PPV and

NPV of 38% and 97%, respectively. The overall low

prevalence of disease (8%) contributed to the low

PPV for both imaging modalities. This study was

limited in that SCA was not performed in all pa-
tients, raising the possibility of verification bias

for those patients who underwent both CCTA
and SCA. Importantly, 7 out of 96 (7%) study pa-
tients were excluded from the study due to non-
diagnostic image quality on CCTA. However, this

study overall suggests that CCTA may be useful

and clinically relevant in low-risk chest pain pa-
tients presenting to the emergency room.

The discrepancies in the studies comparing
CCTA, SCA, and MPI discussed above highlight
the conceptual differences between anatomic and
functional imaging modalities. In short, normal
MPI does not exclude the presence of coronary
atherosclerosis but does suggest a very low risk
of short- to mid-term adverse cardiac events. Con-
versely, CCTA can detect coronary artery plaques
that are not functionally significant.

But what about radiation dose? An appraisal
of the clinical value of CCTA cannot be complete
without discussion of exposure to ionizing radi-
ation. Biased reporting in the media frequently
emphasizes the potential risks of ionizing radi-
ation without addressing the potential benefits
that medical imaging can provide by offering diag-
nostic information and guidance for management.
A recent report from the National Council for Ra-
diation Protection and Measurements?’ showed
that, compared to 1986, the number of CT imag-
ing studies increased by >10% per year, and that
the collective dose received from diagnostic med-
ical radiation including radiography and nuclear
medicine studies has increased by >700% and
the annual per-capita dose, by almost 600%. How-
ever, the report also showed that 80% of the 67
million CT studies in the USA in 2006 were per-
formed in presumably very ill or at-risk patient
populations, namely in the hospital setting and
in the elderly.

In order to understand the information on ra-
diation exposure and dose that is often provided
in passing in clinical studies of CCTA, it is impor-
tant to have a basic working knowledge of radi-
ation dosimetry and radiation biology.3® While
the risk of malignancies at high radiation doses
such as those received by the survivors of atom-
ic bomb explosions or nuclear accidents is rare-
ly disputed, the risk of cancer at the radiation
dose levels in medical imaging is very controver-
sial among medical physicists. Because no defi-
nite data on the dose-response relationship exist,
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TABLE 3 Representative values and ranges of effective dose estimates reported in
the literature for selected radiological studies®8:42

Examination

Range of reported  Administered
effective dose activity

Representative

effective dose

values (mSv) (MBq)

value (mSv)

chest X-ray PA and lateral 0.1 0.05-0.24 NA
coronary calcium CT? 3 1-12 NA
64-slice CCTA> without 15 12-18 NA
tube current modulation
64-slice CCTAP with tube 9 8-18 NA
current modulation?'
prospectively triggered 3 2-4 NA
CCTAb22
diagnostic invasive 7 2-16 NA
coronary angiogram
percutaneous coronary 15 7-57 NA
intervention or
radiofrequency ablation
myocardial perfusion study
sestamibi (1-day) 9 - 1100
stress/rest SPECT
thallium stress/rest 41 - 185
SPECT
F-18 FDG PET 14 - 740
rubidium-82 PET 5 - 1480

a Data combine prospectively triggered and retrospectively gated protocols.
The representative effective dose is approximately 1 mSv for prospectively triggered
coronary calcium CT scans and 3 mSv for retrospectively gated scans.

b 64-slice multidetector-row CT and dual-source CT studies published since 2005
only; data include a survey of the literature by Gerber et al.

Abbreviations: CT — computed tomography, CCTA — coronary CT angiography, FDG —
fluorodeoxyglucose, NA — not applicable, PA — posteroanterior, PET — positron
emission tomography, SPECT — single photon emitted computed tomography
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and possibly never will, the risks of medical ra-
diation are usually discussed with the conserva-
tive assumption that there is no dose threshold
below which ionizing radiation cannot cause ma-
lignancies, and that the risk varies proportion-
ally and linearly with dose (the so-called “linear
no-threshold hypothesis”).?® Based on the lin-
ear no-threshold hypothesis, a recent study*°
modeled the lifetime attributable risk of can-
cer of a typical 64-slice CCTA: the risk varied
between 0.7% (1 in 143) for 20-year-old wom-
en to 0.044% (1 in 2273) for 80-year-old men.
However, the linear no-threshold hypothesis is
not universally supported*!.

It is important to realize that there is a differ-
ence between dosimetry parameters that can be
measured, such as the volume computed tomo-
graphic dose index or the dose length product, and
parameters that are estimated based on modeling
from complex assumptions, such as the effective
dose (E) estimate. E, perhaps the dosimetry pa-
rameter most frequently quoted in CCTA studies,
is an estimate of the biologic risk of a non-ho-
mogeneous irradiation of a part of the body (i.e.
the chest) that is typical in medical imaging. E is
a generic, not a patient-specific, estimate that is
best used to compare the potential biologic risk

between different CT imaging protocols, or be-
tween different types of radiological examinations,
including comparisons between different types
of radiation (i.e. X-ray-based CCTA vs. radionu-
clide-based MPI). It cannot be used to compare
radiation doses between patients for the same
imaging procedure. Given the various uncertain-
ties related to the modeling process used to esti-
mate E, E should be quoted as ranges, not num-
bers with several decimal places. TABLE 33842 lists
the representative values and ranges of E report-
ed in the literature for selected radiological stud-
ies. For comparison, the average annual back-
ground exposure in the USA due to natural sourc-
es of radiation such as radon is approximately 3
mSv (range: 1-10 mSv).

The radiation output of CT scanners, and hence
radiation dose estimates for CCTA, are related
to several modifiable scanner settings. There is
an inverse relationship between radiation dose
and image noise. Radiation protection for the pa-
tient includes the challenge to keep patient dose
as low as reasonably achievable while maintain-
ing the image quality at a level that allows confi-
dent interpretation.

Traditionally, coronary multidetector CT an-
giography uses retrospective gating. In this mode,
radiation is produced for the entire cardiac cycle
over several cardiac cycles, until the patient table
has moved through the gantry enough for the en-
tire heart to be covered from its cranial to its cau-
dal end. Planar, transaxial images are then recon-
structed from the projection data at a retrospec-
tively defined window during the cardiac cycle.
This reconstruction window is chosen at a phase
where cardiac motion is minimal, typically dur-
ing mid-diastole just after passive ventricular fill-
ing is complete (diastasis, 60-70% of the R-to-R
interval on the electrocardiogram). The remain-
der of the projection data, and the radiation in-
vested to acquire it, is not used.

Several techniques exist to reduce patient dose
from CCTA. Electrocardiographically controlled
tube current modulation (ECTCM) reduces radia-
tion output by approximately 80% during the por-
tions of the cardiac cycle unlikely to be used for
image reconstructions (i.e. typically during most
of systole). In a recent international, multicenter
survey of radiation dose*? in CCTA, ECTCM low-
ered E by 25% and was used in 73% of patients.
Sequential scanning, sometimes also referred
to as “prospective triggering,” is a new CT scan-
ning technique that entirely shuts off the X-ray
tube during the portions of cardiac cycle unlikely
to be used for image reconstruction. Sequential
scanning lowered E by 78% and was used in 6%
of patients.*3 Reduction of tube voltage from 120
to 100 kVp reduced E by 46% and was used in 5%
of patients.*? The low utilization of the techniques
that reduced radiation dose the most, namely se-
quential scanning and tube voltage reduction, are
likely related to the facts that sequential scanning
was not widely available in 2007, when the survey
was conducted, and to concerns among the cardiac
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FIGURE 4 Coronary
computed tomography
angiogram demonstrating
aberrant origin of the RCA
from the left sinus

of Valsalva, coursing
between the PA and AO.
A Horizontal long axis
at the level of the aortic
root

B Vertical long axis.

The potential for
compression of the
anomalous RCA between
the PA from anteriorly and
the AO from posteriorly
becomes apparent.5*

Abbreviations: RCA —
right coronary artery,
others — see FIGURE 1

imaging community that use of these techniques
might reduce image quality and diagnostic accu-
racy. Studies currently under way will hopeful-
ly alleviate these concerns and lead to wider ac-
ceptance of these highly effective means of radi-
ation dose reduction.

So what are the recommended indications for coro-
nary computed tomographic angiography?
the limited evidence base to date, no guidelines

by any professional associations of healthcare pro-
viders in the USA exist for the use of CCTA in clin-
ical practice. A scientific statement by the AHA®

summarized clinical studies predating the in-
formation discussed above. This statement con-
sidered the evaluation of the proximal course

of known coronary anomalies (FIGURE 4) a mean-
ingful indication for CCTA, based on expert con-
sensus among the Writing Group. Coronary mag-
netic resonance (MR) angiography, where avail-
able, was recommended over CT angiography

for this indication in younger patients because

of the potentially harmful consequences of ex-
posure to ionizing radiation. There was also con-
sensus that CCTA was indicated as a second-line

test in symptomatic patients who remained at in-
termediate probability of having CAD after initial

evaluation by history taking, physical examina-
tion, and conventional stress testing. For this in-
dication, CCTA was considered better suited than

MR angiography given the higher diagnostic ac-
curacy of the former.**

Given

The AHA scientific statement specifically dis-
couraged use of CCTA for screening for subclin-
ical CAD in asymptomatic patients, but encour-
aged research into the potential of CCTA to char-
acterize and quantify coronary plaque burden as
ameans of risk stratification. Similarly, CCTA was
not recommended for symptomatic patients with
high probability of CAD because these patients
were likely to need SCA given the fact that CCTA
currently cannot be combined with percutane-
ous coronary revascularization.

The newer data discussed above?2:23:32 do not
warrant revision of these recommendations
at the current time. However, given the consis-
tently high NPV at many levels of disease prev-
alence, CCTA could perhaps in the future prove
useful for “ruling out” significant coronary stenos-
es in patient groups where the predictive value
of stress imaging is limited or where SCA is cur-
rently performed as a matter of course.* Such sce-
narios include ruling out CAD in patients with un-
explained left ventricular dysfunction®t, left bun-
dle branch block*, before non-coronary cardiac
surgery*8, or after heart transplantation*?.

Conclusions  Finding the place for CCTA in cur-
rent clinical practice means weighing its known
strengths against its potential risks. There are
currently no generally accepted first-line indica-
tions for CCTA except for the evaluation of con-
genitally abnormal coronary arteries.

The value of atherosclerosis imaging in gen-
eral (not limited to CCTA but also including cor-
onary artery calcium scanning or carotid inti-
ma-media thickness by ultrasound) for prognos-
tication and for improving patient outcomes as
discussed above is controversial because no data
from controlled randomized trials exist.?0 In par-
ticular, the rapidly increasing use of CCTA in pa-
tients with risk factors for CAD but no symptoms
has drawn criticism in the USA for its high cost
in the face of unproven value.*"%? The optimal
management of non-obstructive, subclinical CAD
is not established. On this background, we believe
that the small hypothetical risk outweighs the un-
proven, potential benefit, and we advise against
the use of CCTA for risk stratification in asymp-
tomatic patients.

CCTA is clearly not useful in patients with en-
zymatic or electrocardiographic evidence for myo-
cardial compromise where SCA should be used
because it can readily be combined with percu-
taneous coronary revascularization if indicated.
The limitations imposed by high levels of coro-
nary calcium on confident image interpretation
makes CCTA unsuitable for the assessment of pa-
tients with established CAD. Assessment of cor-
onary artery bypass grafts is an interesting but
currently unproven use of CCTA.

In symptomatic patients in whom the diag-
nosis of CAD remains unclear after convention-
al evaluation, the high sensitivity of CCTA in our
opinion more than balances the potential risk
of future malignancies, considering the possibly
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catastrophic consequences of missing high-grade

coronary stenoses. This is particularly true for pa-
tients who present to the emergency department

acutely. In addition, the typical chest pain patient

with intermediate probability of CAD is at an age

where they are likely to die of other causes be-
fore the 10-30 year latency period of radiation-
-induced malignancies has passed. Other poten-
tial indications that exploit the high NPV of CCTA
await further study.

The substantial reduction of radiation dose
to be expected from widespread implementa-
tion of current and future dose-sparing scan-
ning protocols may well shift the risk-benefit
balance for many patient groups, but concerns
about cost-efficiency remain. Studies of the value
of detecting and treating subclinical atheroscle-
rosis in the form of noncalcified plaque for im-
proving longevity are pivotal if the use of CCTA
in asymptomatic patients with risk factors is to be
justified.
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STRESZCZENIE

Postep w technologii tomografii komputerowej (computed tomography — CT) pozwala na uzyskiwanie
obrazéw o wysokiej rozdzielczo$ci przestrzennej i czasowej. Obecnie cechy te umozliwiaja wykonywa-
nie nieinwazyjnej angiografii tetnic wiencowych metodg tomografii komputerowej (coronary CT
angiography — CCTA). Od momentu opisania CCTA opublikowano wiele badan oceniajacych dowody
stusznos$ci koncepcji, wykonalno$¢ oraz solidno$¢ metody. W ostatnim czasie w ocenie techniki CCTA
stusznie skoncentrowano si¢ nie na jej technicznych aspektach, a bardziej na wieloo$rodkowych
badaniach analizujgcych warto$¢ diagnostyczng metody i na bezpos$rednim poréwnaniu z innymi
nieinwazyjnymi technikami oceniajacymi obecno$é choroby wiencowej (coronary artery disease
— CAD), takimi jak wysitkowa scyntygrafia perfuzyjna serca (myocardial perfusion imaging — MPI)
z uzyciem radionuklidéw. Dokonano przegladu i podsumowania artykutéw recenzowanych poréwnu-
jacych CCTA z inwazyjna, wybidrczg koronarografig (selective coronary angiography — SCA) lub MPI
oraz badan dotyczacych zagadnien ochrony radiologicznej zwiazanej z CCTA. Istnieje wysoki stopien
zgodno$ci pomiedzy CCTA oraz SCA, jak i MPI w rozpoznaniu CAD. Jednakze CCTA moze zbyt wy-
soko lub zbyt nisko oszacowaé stopien zaawansowania CAD, w poréwnaniu z SCA uznawanym jako
standard postepowania. We wstepnych badaniach poréwnujacych CCTA z MPI stwierdzono podobna
trafno$¢ obu technik w ocenie obecnos$ci istotnych zwezen w $wietle naczynia. Ograniczeniami CCTA
sg niemozno$¢ wiarygodnej oceny wymiaru $wiatta naczynia wiencowego u pacjentéw z duzg liczbg
zwapnien tetnic wiencowych, obecno$é artefaktéw spowodowanych ruchem naczyn wieficowych
i oddychaniem oraz konieczno$¢ stosowania promieniowania jonizujgcego i jodowych $rodkéw kon-
trastowych. Obecnie istniejg rézne sposoby zmniejszenia dawki promieniowania w metodzie CCTA,
co moze istotnie wptyngé¢ na zmniejszenie porcji napromienienia pacjenta nawet ponizej dawek
stosowanych w SCA lub MPI. W oparciu o obecne stanowisko ekspertdw nie zaleca sie stosowania
CCTA jako testu diagnostycznego z wyboru w CAD, gtéwnie w badaniach przesiewowych u pacjen-
téw bezobjawowych. Jednak aktualne dane wskazuja, ze CCTA moze odegrac¢ istotna role w ocenie
obecnosci prawdopodobnej CAD u chorych objawowych.
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