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Abstract

Current computed tomography (CT) technology
enables the noninvasive imaging of the coronary
arteries in daily clinical practice. Patients with a
low to intermediate likelihood of coronary artery
disease (CAD) and having equivocal findings at
electrocardiogram (ECG) or stress tests are con-
sidered suitable candidates to undergo noninva-
sive coronary CT angiography. The excellent
negative predictive value close to 100 % enables
the exclusion of obstructive CAD with certainty.
In order to obtain images without artifacts, CT
scanner systems need to provide a high tempo-
ral and spatial resolution. In addition, several
techniques must be applied and combined for
minimizing the exposure of patients to ionizing
radiation. CT data acquisition needs to be syn-
chronized to the simultaneously recorded ECG
for either retrospective, prospective, or high-
pitch scanning. Depending on the heart rate of
the patients, ECG pulsing windows must be
flexibly adjusted. Owing to the steadily increas-
ing temporal resolution of modern CT systems,
coronary CT angiography today is possible even
at high and/or irregular heart rates.

1 Introduction
According to the Centers for Disease Control and

Prevention (CDC), coronary artery disease
(CAD) is considered to be the leading cause of
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mortality in industrialized countries (Mozaffarian
et al. 2015). Prior to cardiac CT imaging, conven-
tional catheter coronary angiography (CCA) was
the only means to directly visualize the coronary
arteries. However, CCA is relatively expensive,
causes inconvenience to patients, and is associ-
ated with a small, albeit non-negligible, peripro-
cedural morbidity. Currently, about only one-third
of CCA procedures are subsequently followed by
a percutaneous coronary intervention (Maier
et al. 2006). This indicates that CCA mostly is
used as a mere diagnostic tool. The associated
economic burden of this invasive approach
prompted a search for alternative, cost-effective,
and noninvasive means for coronary imaging
(Achenbach and Daniel 2001).

Continuous technical innovations, especially
due to the introduction of multi-detector and
dual-source CT scanners, have enabled isotropic
submillimeter spatial resolution and sub-second
gantry rotation times. Various CT protocol devel-
opments and software modifications such as
automatic attenuation-based tube current modu-
lation, tube potential adaptation, electrocardiog-
raphy (ECG) pulsing, and iterative image
reconstruction enabled the decrease of ionizing
radiation dose in one order of magnitude over the
last two decades (den Harder et al. 2016).
Currently, the most common and most acknowl-
edged indication for coronary CT angiography is
in patients with stable angina having a low to
intermediate pretest probability of CAD (Taylor
et al. 2010).

2 Technical Issues

2.1 Radiation Dose

Tireless efforts to continuously lower radiation
dosages have sparked major technological
advances in CT imaging. Apart from restrictions
of the total number of cardiac CT examinations
by close adherence to guidelines and recommen-
dations, major radiation dose reduction strategies
include technological issues such as automatic
tube current modulation (or exposure control),
tube voltage optimization, scan length adjustment,
evolution of ECG gating techniques, and iterative

image reconstruction post-processing (den
Harder et al. 2016). Optimal selection and com-
bination of each of the aforementioned tech-
niques help in keeping the radiation exposure to
each individual patient “as low as reasonably
achievable” (the so-called ALARA principle).

2.1.1 ECG Gating

Combining the electrocardiogram (ECG) of the
patient with CT data acquisition allows for imag-
ing at defined time points of the cardiac cycle. At
normal heart rates, least cardiac motion occurs
during diastole, when the ventricles are passively
filling. Three approaches for so-called ECG gat-
ing are currently in use: (1) retrospective ECG
gating with spiral data acquisition, (2) prospec-
tive ECG gating with a sequential (or step-and-
shoot) data acquisition, and (3) prospective ECG
gating with spiral data acquisition and high
pitch.

In retrospective ECG gating techniques, par-
tially overlapping multi-detector CT projections
are continuously acquired in the spiral mode and
the ECG signal is simultaneously recorded.
Software algorithms are then used to sort the data
from different phases of the cardiac cycle by pro-
gressively shifting the temporal window of
acquired helical projection data relative to the R
wave. Every position of the heart is covered by a
detector row at every point of the cardiac cycle.
Therefore, the scanner table continuously moves
but advances no more than the total width of the
active detectors for each heartbeat (Desjardins
and Kazerooni 2004). For gapless volume cover-
age of the heart in each cardiac phase, a low table
feed (pitch <1) is required, which has to be
adapted to the heart rate of the patient. The
advantage of this scan mode is the availability of
image data at each time point of the cardiac cycle,
which increases the confidence of reading. In
addition, this scan mode can be applied also at
higher heart rates. The downside of this scan
mode, however, is the comparably high associ-
ated effective radiation dose ranging between 8
and 10 mSv when ECG pulsing (see below) is
used. However, combining the technique with
tube current and tube voltage optimization and
iterative reconstruction allows for lowering of the
associated effective radiation dose to 4—6 mSv.
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Prospective ECG gating uses the ECG signal to
limit scanning to time points defined prior to data
acquisition, usually during diastole. Projection
data are acquired during slightly more than half a
gantry rotation. The total number of slices pro-
duced per heartbeat during this half rotation of the
gantry is proportional to the number of rows of
active detectors. As axial (rather than helical)
scanning is used, the table is not moving during,
but only in-between data acquisition. The table has
to move by the total collimation width after each
acquisition (sequential or step-and-shoot mode). A
meta-analysis showed that prospective ECG gat-
ing is associated with an average radiation dose of
only 2.7 mSv (von Ballmoos etal. 2011). Currently,
prospective ECG gating is the most widely used
technique for data acquisition in cardiac CT (den
Harder et al. 2016; Menke et al. 2013).

Since the commercial launch of dual-source
CT technology in 2005, further reduction of ion-
izing radiation was achieved by the use of pro-
spective ECG gating with high pitch. In this
mode, data is acquired in a spiral fashion while
the table runs with a high pitch (e.g., 3.2 with
third-generation dual-source CT, equivalent to a
table feed of 737 cm/s). Using this technique
yields a “snapshot” scan of the entire heart within
one cardiac cycle, usually during diastole. While
pitch in a single-source CT is limited to values of
approximately 1.5 to ensure gapless volume cov-
erage along the z-axis, a dual-source CT system
contains a second x-ray tube at 90° offset, which
acquires scan data at the same angular position at
a quarter rotation later. This facilitates a maxi-
mum pitch of 3.2-3.4, depending on the scanner
generation, within a limited scan field of view
(FOV) covered by both detectors. A quarter rota-
tion of data per measurement system is used for
image reconstruction, and each individual axial
image has a temporal resolution of a quarter of
the gantry rotation time. The ECG is used to trig-
ger prospectively the start of table motion and the
start of the high-pitch spiral. A requirement for
usage of this technique is generally a stable sinus
rhythm with heart rates <60 bpm with
second-generation and <70 bpm with third-gen-
eration dual-source CT Associated
radiation doses of the high-pitch mode can be as
low as 0.2-0.4 mSv.

scanners.

2.1.2 ECGPulsing

The use of ECG pulsing allows for modulation of
the tube current in the retrospective ECG-gated
mode with spiral data acquisition. The peak tube
output is generated during a selected pulsing
window. During the remaining parts of the
cardiac cycle, the tube output is reduced to
approximately 25 %. Dual-source CT allows for
further reduction of the tube current to 5 % in the
remaining periods. Most scanners allow to adjust
the ECG pulsing window width according to the
heart rate, in order to be as narrow as possible for
maximal radiation exposure reduction, while
being as wide as reasonable to obtain diagnostic
image quality at the same time (Leschka et al.
2007). Modern ECG pulsing algorithms are able
to automatically detect arrhythmia and switch off
ECG pulsing during ectopic heartbeats.

2.1.3 Tube Current Modulation
and Tube Voltage Adaptation

Tube current modulation is defined as automatic
adjustment of the tube current to account for dif-
ferences in body shape and attenuation depend-
ing on the body region scanned. Lowering and
optimizing the tube voltage represent another
important approach for dose reduction, as radia-
tion dose varies with the square of the tube volt-
age. Recently, automatic tube potential selection
algorithms became available which automati-
cally lower the tube potential according to patient
size, diagnostic task, and scanner tube current
limits. This measurement is reported to yield a
dose reduction between 20 and 50 % in nonobese
patient populations.

2.2 Image Reconstruction

2.2,1 DataReconstruction

The minimum data that is required to reconstruct
a CT image is 180° of one gantry rotation with a
single-source CT and 90° with a dual-source
CT. The data may be reconstructed either utilizing
mono-segment or multiple-segment reconstruc-
tion techniques. With mono-segment reconstruc-
tions, the time needed to complete a half rotation
in single-source CT or a quarter rotation in dual-
source CT determines the temporal resolution of
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the scanner. The gantry rotation time is defined as
the time that is required to complete one full rota-
tion of the x-ray tube and detector elements
around the subject. The temporal resolution is lit-
tle greater than half the gantry rotation time in
mono-segment reconstruction. The temporal res-
olution is therefore dependent on the rotational
speed of the gantry, which is limited by consider-
able centrifugal forces of up to 28 g.

Dual-source CT scanners overcome the limi-
tation of gantry rotation speed by introducing a
second x-ray tube and corresponding detector
that is mounted with an offset of 90° to the rotat-
ing gantry (Flohr et al. 2006). With this configu-
ration, only about a quarter rotation is required
(90° plus fan beam angle) for reconstructing car-
diac CT images. Current third-generation dual-
source scanners possess a temporal resolution of
up to 66 ms at a gantry rotation time of 0.25 s.

A software-based approach to increase tempo-
ral resolution in single-source CT scanners repre-
sents the multiple-segment reconstruction
algorithms. The basic principle behind these
algorithms is that the scan projection data
required to reconstruct an axial slice are selected
from segmental scans obtained during sequential
heart cycles at the same z-position, in contrast to
mono-segment reconstructions, where data from
only a single heartbeat is reconstructed. Usually,
up to four segments can be sampled, which
results in an increased temporal resolution by the
factor of four (Herzog et al. 2007). The disadvan-
tage of multi-segment reconstruction techniques
is that any misregistration results in a degradation
of the image quality by introducing blurring arti-
facts. Thus, its use is limited in patients with vari-
able heart rates and with inter-heartbeat variability
of the coronary artery position.

23 Reconstruction Phases

Coronary artery motion shows a biphasic pattern
of rapid movement. The maximum of motion is
observed during the ventricular contraction at
early to mid-systole and during rapid filling in
early diastole. During isovolumetric relaxation at
mid-diastole and during mid- to late systole,
coronary motion is relatively quiescent. With

increasing heart rates, the minimum mid-diastolic
velocity increases, while the width of the mid-
diastolic velocity successively decreases and
eventually disappears. At heart rates greater than
approximately 80 beats per minute (bpm), the
lowest velocities occur in systole rather than in
diastole. The motion of the left anterior and left
circumflex artery follows the motion of the left
ventricle. Therefore, their best reconstruction
interval is in mid-diastole, at 50—-80 % of the R-R
interval, when the left ventricle is relatively qui-
escent. As the contraction of the right atrium is
causative for the motion of the right coronary
artery, reconstructions of the right coronary
artery are best performed at late systole and early
diastole, at 30-60 % of the R-R interval, repre-
senting a time interval with the right atrium being
relatively free of motion. Since the diastole short-
ens more than the systole with increasing heart
rates, imaging of the right coronary artery in late
systole and early diastole is less prone to motion
artifacts when shortening of the diastole occurs.

These heart rate-dependent variations in
reconstruction phases must be taken into account
when implementing the technique of ECG puls-
ing for radiation dose reduction when the retro-
spective ECG-gated mode with spiral acquisition
is applied. Then, flexible adjustments of the puls-
ing width at different heart rates are recom-
mended (Leschka et al. 2007).

2.3.1 Filtered Back Projection

Until recently, CT images were almost exclu-
sively reconstructed with filtered back projection
(FBP), largely due to the fact that FBP generates
diagnostic images at a low level of computational
complexity. In FBP the x-ray beam assumes a
pencil shape, and the x-ray source is aligned in a
parallel fashion to a linear x-ray detector array.
For image generation, the x-ray source is rotated
over a certain angle, allowing for intensities to be
measured at the detector. These intensities are
described as an integral function for a specific
angle and the shift in the position of the x-ray
tube. After this, the reconstruction process
involves solving an integral equation by inversion
or so-called back projection. Despite its ability to
rapidly reconstruct images, FBP has various limi-
tations: in particular, increased image noise,
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which is most prominent in low tube current
imaging, poor contrast resolution, and streak arti-
facts. This is primarily due to the inherent failure
of the FBP algorithm to account for image noise
that results from Poisson statistical variations in
the number of photons across the imaging plane,
leading to an inverse relationship between radia-
tion dose and image noise.

2.3.2 Iterative Reconstruction

Iterative reconstruction (IR) is a technique that
incorporates statistical modeling in image recon-
struction with the main aim to reduce image
noise. In principle, IR techniques attempt to
localize and selectively remove image noise by
frequent comparison with a canvas. This is
achieved through a process of modeling the
imaging acquisition process, including fluctua-
tions in photon statistics, the optics system, and
various aspects of x-ray interactions to generate
an expected dataset, which is then iteratively
compared to the actually acquired dataset. The
differences between these two are used to iden-
tify and remove noise, and the process is repeated
multiple times until the updated data converges
with or approximates the expected data to maxi-
mize image optimization. This technique can be
also used for reducing the radiation dose (usually
through reduced tube current) of up to 50 %,
while maintaining the image quality of the exam-
ination (Alkadhi and Leschka 2011; Gordic et al.
2016). Similar to the options tube current modu-
lation and tube voltage adaptation, IR can be
applied for all scan protocols described above.

2.3.3 Post-processing

While 2D techniques such as planar or curved
multiplanar reformations (MPR) as well as maxi-
mum intensity projection (MIP) images are
widely used in coronary imaging, 3D imaging
post-processing techniques such as volume ren-
dering (VR) are mainly used to convey complex
anatomy (Dappa et al. 2016), as it might be use-
ful for understanding the anatomy of coronary
artery bypass grafts.

The VR technique consists of two steps:
classification of each voxel and image projection.
Classification determines how each point on the
artificial rays that pass through the data contributes

to the pixel value on the picture. For separation of
different tissues (e.g., bone and soft tissue), a trap-
ezoid is used for each tissue type. The tissue repre-
sented in each voxel of the volume dataset is
determined by using predefined attenuation
threshold levels and is assigned to a specific color
and opacity. The weighted sum of the percentage
of each tissue type represented in the voxel is cal-
culated to determine the overall color and trans-
parency of each voxel. This step is performed for
each voxel and for the whole volume dataset. The
3D volume is displayed by using a projection tech-
nique. This is done by simulating rays of light,
which are projected through the 3D volume that
contains the classified voxels (Luccichenti et al.
2005; Lell et al. 2006). While helpful in visualiz-
ing 3D spatial relationships, these rendered images
are not of diagnostic quality as they may mask
anatomical information and, hence, pathology.
More recently a new technique for 3D
visualization of cross-sectional image data from
CT has been introduced: cinematic rendering
(CR). CR generates photo-realistic anatomic
depictions (Fig. 1). It works with random sampling

Fig. 1 A 50-year-old male patient after coronary artery
bypass graft surgery. 3D cinematic rendering image illus-
trates the complex anatomy of the bypass grafts in relation
to the heart and coronary arteries
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computational algorithms and uses different light
maps to generate a realistic depiction of medical
data (Dappa et al. 2016). While first studies have
started using the CR technique for visualizing
anatomy from CT data, regulatory approval for
clinical use is still pending.

3 Accuracy

The diagnostic accuracy of coronary CT angiog-
raphy is challenged by numerous factors includ-
ing the average heart rate, heart rate variability,
and vessel wall calcifications. Briefly, the higher
the spatial and temporal resolution of a CT scan-
ner, the less impact these issues have on the accu-
racy of the technique (Gordic et al. 2014). Severe
vessel wall calcifications remain an issue leading
to a reduced image quality and, hence, to a
reduced accuracy. Blooming from calcification
can obscure parts of the vessel lumen, causing an
overestimation of the stenosis assessments. As a
result, specificity of the technique is diminished
due to false-positive findings (Raff et al. 2005;
Ong et al. 2006).

Multiple single- and multi-center studies have
investigated the accuracy of coronary CT angiog-
raphy for detecting anatomically significant ste-
nosis with >50 % luminal narrowing in
comparison with CCA as a reference. Across all
published meta-analyses on the accuracy of coro-
nary CT angiography using at least 64-slice CT
systems with prospective triggering, the pooled
sensitivity was 98.7 % (Fig. 2) (Menke et al.
2013; Meinel et al. 2015). The high sensitivity
translates into an excellent negative predictive
value of 95-100 %. A fully diagnostic coronary
CT angiography that demonstrates no plaques or
stenoses can exclude obstructive CAD with cer-
tainty (Fig. 3) (Meinel et al. 2015). In contrast to
the high sensitivity and excellent negative predic-
tive value, the reported specificity (89 %) and
positive predictive value (60-80 %) remains
lower (Menke et al. 2013; Arbab-Zadeh et al.
2012). The main reason for that is the abovemen-
tioned overestimation of coronary stenosis and
resulting false-positive ratings in heavily calci-
fied plaques.

To ensure best performance of the involved
medical professionals, dedicated training pro-
grams and consensus guidelines were introduced.
In light of increasing demand for standardized
reporting in medical imaging, the Society of
Cardiovascular Computed Tomography (SCCT)
has recently launched a coronary CT angiogra-
phy reporting system called CAD-RADs™ (Cury
et al. 2016). It is intended to decrease variability
among medical practitioners and may provide
further benefit by linking the final imaging diag-
nosis with suggestions for further patient man-
agement. The recommendations of CAD-RADs™
for coronary CT angiography results in patients
with stable chest pain in the outpatient setting are
provided in Table 1.

4 Prognosis

In a meta-analysis of mostly symptomatic
patients (n = 7,335) with suspected CAD fol-
lowed for a median of 20 months, the presence of
any stenosis greater than 50 % at coronary CT
angiography was associated with a tenfold higher
risk of cardiovascular events. The finding of any
CAD inferred a 4.5-fold increased risk and each
coronary segment involved increased the risk for
adverse outcomes by 23 % (Bamberg et al. 2011).
In a more recent analysis from the CONFIRM
registry (n = 17,793), including mainly patients
with chronic chest pain, it was shown that the
number of proximal segments with mixed or cal-
cified plaques and the number of proximal seg-
ments with >50 % were those coronary CT
angiography parameters with the strongest pre-
dictive value for all-cause mortality at a median
follow-up of 2.3 years (Hadamitzky et al. 2013a).
The long-term prognostic value of coronary CT
angiography was seen in 1,584 patients after a
median of 5.6 years. The annual rates of major
adverse cardiac events (MACE) were 0.2 % for
patients with no CAD and 1.1 % of patients with
obstructive CAD according to CT (Hadamitzky
et al. 2013b). Similarly, in another study report-
ing the median 6.9-year follow-up in 218 patients,
annual MACE rates were 0.3, 2.7, and 6.0 % in
patients with normal coronary CT angiography,
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Fig. 2 A 55-year-old male patient with aortic stenosis. ~LAD caused by a mixed plaque (arrow), which was
Curved multiplanar reformations of the LAD (a), LCX (b), confirmed on subsequent catheter coronary angiography
and RCA (c¢) show an intermediate stenosis of the mid  (d) (arrow)
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Fig.3 A 61-year-old male patient with atypical chest pain.  significant stenosis. Images were acquired with the high-
Curved multiplanar reformations of the LAD (a), LCX (b), pitch mode on a third-generation dual-source CT scanner;
and RCA (¢) and 3D cinematic rendering (d) show no the estimated effective radiation dose was 0.4 mSv
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nonobstructive CAD, and obstructive CAD,
respectively (Dougoud et al. 2014).

The available prognostic data suggests that the
warranty period with an excellent prognosis after
a coronary CT angiography study negative for
any CAD extends beyond 5 years, and the pres-
ence of any CAD, obstructive CAD, and the bur-
den of atherosclerotic changes at coronary CT
angiography is strongly predictive for cardiac
outcomes in patients with chronic chest pain
(Dougoud et al. 2014; Meinel et al. 2015).

5 Indications

In 2010 the American College of Cardiology
reported appropriate use criteria for cardiac CT
(Taylor et al. 2010). The four main indications
were (1) the evaluation of chest pain in patients
without known CAD at low (if uninterpretable
ECG or unable to exercise) and intermediate risk
of CAD, (2) the detection of CAD in patients
without known CAD and reduced left ventricular
ejection fraction, (3) the coronary evaluation
before noncoronary cardiac surgery in patients at
intermediate risk of CAD, and (4) the assessment
of coronary anomalies (Taylor et al. 2010).

5.1 Coronary Artery Disease

Several prospective trials have evaluated the clini-
cal use of coronary CT angiography and the rele-
vance of CT findings in the context of suspected
stable coronary artery disease. They include the
PROMISE (Douglas et al. 2015) and SCOT-
HEART (Investigators S-H 2015) trials, which
demonstrated that coronary CT angiography is
clinically useful as an alternative to (PROMISE)
or in addition to functional testing (SCOT-
HEART). Four large randomized trials (CT-STAT,
ACRIN-PA, ROMICAT II, and CT-COMPARE)
compared coronary CT angiography to the current
standard of care in patients with acute chest pain
(Goldstein et al. 2011; Litt et al. 2012; Hoffmann
et al. 2012; Hamilton-Craig et al. 2014). Their
clinical implementations illustrated the reliability
of a negative coronary CT angiography in identi-
fying patients for discharge from the emergency
department (Cury et al. 2016). Here, coronary CT

angiography allows for fast and safe triage of
patients. In clinical practice, individuals demon-
strating severe coronary stenosis are often directly
referred to invasive catheter angiography, and
patients with intermediate stenosis, high overall
plaque burden, or equivocal findings typically
undergo functional testing (Taylor et al. 2010;
Meinel et al. 2015).

Coronary CT angiography can also be per-
formed after heart transplantation, as indicated
by a recent meta-analysis reporting a high sensi-
tivity and negative predictive value for the
exclusion of allograft vasculopathy with CT
(Wever-Pinzon et al. 2014).

Cardiac arrhythmias still pose a challenge
even to modern CT scanners. As radiation saving
ECG gating techniques cannot be applied, higher
radiation doses occur and the image quality
might still be non-diagnostic. Still, coronary CT
angiography may be appropriate as an alterna-
tive to CCA and/or functional testing in patients
with ventricular tachycardia, ventricular fibrilla-
tion, or frequent premature ventricular contrac-
tions (Wolk et al. 2014). Further applications are
seen in healthy patients with a new onset of atrial
fibrillation, as investigation of an underlying
ischemic cause is recommended. A meta-
analysis illustrated a high diagnostic accuracy at
the cost of increased radiation dosages for coro-
nary CT angiography in patients with atrial
fibrillation (Meinel et al. 2015; Vorre and Abdulla
2013).

5.2 Coronary Artery Anomalies
Coronary artery anomalies (CAAs) are a diverse
group of congenital disorders, whose manifestations
and pathophysiological mechanisms are highly
variable (Angelini 2007). Anomalies of the coro-
nary arteries may be found incidentally in 0.3—1 %
of healthy individuals (Angelini et al. 2002). In a
study by Eckart et al. of 126 non-traumatic sudden
deaths in young adults, cardiac abnormalities were
found in 64 cases (51 %), with coronary artery
abnormalities being the most common cardiac
abnormality found in 39 of 64 patients (61 %)
(Eckart et al. 2004).

Detecting coronary anomalies by CCA is
challenging in the diagnostic work-up of
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Fig.4 A 46-year-old female patient with coronary anomaly.
Transverse thick maximum intensity projection image (a) and
3D cinematic rendering (b) show a single left coronary artery

symptomatic patients, as coronary artery anoma-
lies are difficult to visualize and their course may
be delineated inaccurately. The latter problem is
aggravated by aberrant coronary arteries that run
retro-aortal, inter-arterial (between ascending
aorta and pulmonary artery), pre-pulmonary, or
septal. Furthermore, catheterization of the origin
of anomalous coronary arteries is technically
challenging, and the exact three-dimensional
course of the anomalous arteries is difficult to
obtain in angiography (Cheng et al. 2010).
Coronary CT angiography is superior to CCA in
defining the ostial origin and proximal path of
anomalous coronary branches (Shi et al. 2004).
3D visualization of spatial relationships to sur-
rounding structures using rendering techniques
provides valuable information to clinicians, espe-
cially prior to surgery (Fig. 4) (Alkadhi 2009).

5.3 Coronary Stents and Bypass

Grafts

The evaluation of patients with coronary stents
remains a limitation for coronary CT angiography.

with the origin of the RCA from the left main artery (arrow)
with inter-arterial course of the proximal RCA between the
ascending aorta (asterisk) and pulmonary trunk (plus)

Due to blooming artifacts from the metal strut, the
assessment of the in-stent lumen is typically lim-
ited to larger stent sizes (diameter >3 mm). For
bypass grafts, coronary CT angiography has high
accuracy in assessing the patency of grafts (see
Fig. 1) (Higashigaito et al. 2016), but the assess-
ment of the downstream native vessels is frequently
challenging because of small vessel diameters and
extensive calcifications in case of known severe
CAD. However, coronary CT angiography pro-
vides valuable information concerning anatomic
relationships between sternum and bypass grafts
before redo-sternotomies (Meinel et al. 2015;
Gasparovic et al. 2005).

6 Summary

Fast-paced technological advances have estab-
lished coronary CT angiography as a reliable and
highly accurate diagnostic tool with low radia-
tion exposure. Its approved indications include,
but are not limited to, evaluation of stable chest
pain in patients without known CAD at low to
intermediate risk, detection of CAD in patients
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without known CAD and reduced left ventricular
ejection fraction, coronary evaluation before
noncoronary cardiac surgery at intermediate risk
of CAD, and assessment of coronary anomalies.
In patients with acute chest pain, coronary CT
angiography is indicated for optimizing triage in
the emergency department. A fully diagnostic
coronary CT angiography that demonstrates no
plaques or stenoses excludes CAD with certainty.
In order to obtain a high level of diagnostic accu-
racy, CT scanner systems need to provide high
temporal and spatial resolutions, and patient
selection needs to be steered by adherence to
evidence-based indication guidelines.
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