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New Developments in Cardiac Imaging: The Role of MDCT
A. F. Kopp!, A. Kuettner!, S. Schroeder?, M. Heuschmid!, Cl. D. Claussen!

Recently, mechanical multidetector-row CT (MDCT) systems with simultaneous acquisition of four slices and half-second
scanner rotation have become available. Multidetector-row acquisition with these scanners allows considerably faster coverage
of the heart volume compared to single-slice scanning. This increased scan speed can be used for retrospective gating together
with 1 mm collimated slice widths. This allows coverage of the entire cardiac volume in one breath-hold and provides improved
spatial resolution for MDCT angiography of the coronary arteries in comparison to electron beam computed tomography. The
gantry rotation speed of 500 ms together with dedicated reconstruction algorithms make a temporal resolution of up to 125 ms
feasible. A new imaging protocol using a highly concentrated contrast medium (400 mg/ml) permits depiction of smaller
vessels and facilitates post-processing. This new method has the potential to rule out coronary artery disease. Preliminary
results from studies in correlation with intracoronary ultrasound suggest that MDCT-technology not only offers the possibil-
ity to visualise intracoronary stenoses non-invasively, but also to differentiate plaque morphology. J Clin Basic Cardiol 2001; 4:
253-60.
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C oronary artery disease (CAD) is one of the leading causes
of death in Europe and USA. In 1998, 600 thousand
deaths caused by CAD were reported in Europe [1]. Almost
50 % of these patients died without prior symptoms. Direct
visualization of the epicardial coronary arteries is necessary to
establish the presence and focal severity of coronary lumen
disease [1]. The gold-standard modality for diagnosis of CAD
is coronary angiography. In 1995 over 1 million diagnostic
coronary angiograms were performed in Europe, only 28 %
of them with subsequent percutaneous transluminal coro-
nary angioplasty (PTCA) [2]. These facts show the high need
for reliable non-invasive imaging tools for early and preven-
tive diagnosis of CAD.

Achenbach and Moshage introduced intravenous electron
beam computed tomography (EBCT) coronary angiography
as a non-invasive imaging modality for the diagnosis of coro-
nary artery disease [3]. With EBCT imaging of the coronary
arteries, data acquisition is triggered only prospectively with
the patient’s electrocardiogram by selecting one point in the
cardiac cycle. This time point is fixed as soon as the data have
been acquired. The timing for all cardiac vessels is identical
with prospective triggering [3]. From conventional angiogra-
phy [4, 5] as well as from EBCT [6] it is well known that the
motion pattern of each of the three major coronary arteries
during the cardiac cycle is different. If imaging is done only at
one time point in the cardiac cycle, the results can be optimal
for only one of the three major coronary arteries. This is
probably the major reason for the high number of individual
vessels that cannot be evaluated because of motion artifacts.
This is especially true for the left circumflex and right coro-
nary arteries. Furthermore, because of the restriction to axial,
non-spiral scanning in ECG-synchronized cardiac investiga-
tions, acquisition of 3D-volume images by using EBCT can
only provide limited z-resolution within a single breath-hold
scan [7, 8].

Recently, mechanical multidetector-row CT (MDCT)
systems with simultaneous acquisition of four slices and half-
second scanner rotation have become available for general-
purpose scanning [9]. Multidetector-row acquisition with
these scanners allows for considerably faster coverage of the

heart volume, compared to single-slice scanning [7]. This
increased scan speed can be used for retrospective gating to-
gether with 1 mm collimated slice widths. This allows cover-
age of the entire cardiac volume in one breath-hold and pro-
vides improved spatial resolution for multidetector-row CT
angiography (MDCTA) of the coronary arteries in compari-
son to EBCT [7, 10]. The gantry rotation speed of 500 ms
together with dedicated reconstruction algorithms make a
temporal resolution of up to 125 ms feasible [7].

Data Acquisition with Multislice CT

Multislice cardiac imaging can be done using two basic modes
of operation for image acquisition: prospective triggering and
retrospective gating:

Prospective triggering is used for sequential imaging. Com-
pared to single slice CT and EBCT the major advantage of
MDCT is the simultaneous acquisition of 4 slices per pro-
spective ECG-trigger. The scan time to cover heart anatomy
over a 120 mm volume is reduced to about 15 sec, ie well
within a single breath-hold (the exact time depends on the
heart rate). A sample protocol on the SIEMENS Somatom
Volume Zoom for sequential cardiac CT is: 4 X 2.5 mm colli-
mation, 500 ms rotation, 250 ms temporal resolution, a cycle
time of 1.5 sec (the actual value depends on heart rate), z-
coverage of 120 mm in 18 sec.

Retrospective gating is needed for spiral scanning. ECG-
gating can be performed with a “relative” or “absolute” ap-
proach. In a “relative” ECG-gating approach the time delay is
determined for each heart cycle individually as a certain frac-
tion of the RR-interval. For “absolute” gating reconstruction
data is picked starting with a fixed time delay after a R-peak
(“absolute-delay”) or at a fixed time interval before a R-peak
(“absolute-reverse”). Retrospective ECG-gating was observed
to improve cardiac image quality compared to prospective
ECG-triggering techniques due to overlapping image recon-
struction and reduced sensitivity to cardiac arrhythmia. With
four-slice spiral scanning it is now for the first time possible
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to cover the entire volume of the heart within reasonable scan
times using the technique of retrospective gating (Fig. 1). For
continuous volume coverage without gaps the table speed
(pitch) is adapted to the minimum heart rate of an individual
patient [11].

Adaptive Image Reconstruction

The cardiac MDCT algorithm provides a continuous volume
image of the heart with a temporal resolution equal to half
the rotation time (T1o/2) in the individual slices. With un-
changed rotation time the temporal resolution can be im-
proved by using scan data from more than one heart cycle for
reconstruction of an image (“segmented reconstruction”).
The partial scan data set for reconstruction of one image then
consists of M projection sectors from different heart cycles
[7]. Depending on the relation of rotation time and patient
heart rate a temporal resolution within the interval [To/2,
Tro/2M] (M equals number of used heart cycles) can be
achieved. However, for a given heart rate, segmented recon-
struction requires lower spiral pitch to maintain gap-less vol-
ume coverage. The resulting increase in scan time usually
needs to be compensated by thicker

Arterial calcification is not necessarily a relentlessly pro-
gressive process. Arterial calcification is an actively regulated
process. Just as eliminating osteoprotegerin, a secreted pro-
tein, which inhibits osteoclast formation, will result in mas-
sive arterial calcification in a mouse model, it is conceivable
that activation of osteoclast activity within atherosclerotic le-
sions might result in a net loss of calcific deposits [13]. Thus
serial reproducible evaluation of arterial calcification by
MDCT may provide important new information about the
factors influencing the development of such lesions. Fur-
thermore, when considering the mechanism of many sudden
coronary events (rupture of a vulnerable non-obstructing
plaque with subsequent thrombus formation), detection of
accelerated progression of coronary calcification by serial CT
could add to the risk stratification in older adults thought to
be at high risk. There is currently no consensus about the
meaning of the results in those individuals being evaluated:
Does an increase in coronary arterial calcium in an individual
patient imply an increased likelihood of future coronary
events, or is it simply the case that previously unstable lesions
are stabilizing? Does a decrease in coronary arterial calcifica-
tion in an individual patient foretell a decreased likelihood of
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Figure 1. Reconstruction procedure with retrospectively ECG-Gated 4-Slice Spiral Scanning

resolution for imaging in the systolic
phase where compromises on spatial

resolution may be acceptable [7].

Clinical Applications

Calcium Scoring
EBCT measurement of coronary arte-

Z - Position

rial calcification in large groups of indi- - T - 2-Sector

viduals has provided important epide- Ry T - up to 125ms

miologic statistics regarding the rela- =T _ - : -

tionship between coronary arterial cal- R |

cification and coronary events [12, 13]. _~--1 Lowbpm High bpm High bpm

In contrast to more traditional non-in- \/\/’ \/\f \A/ \Af
vasive testing methods such as tread- -

mill exercise, stress echocardiography Time

and stress thallium 201, CT can be
performed in patients with resting
ECG abnormalities or digitalis medi-
cations, as well as those unable to exer-
cise [12, 13].

(black bar) for heart rates

rows travel along z-axis at

Figure 2. Retrospectively ECG-gated 4-slice spiral reconstruction with 1-sector reconstruction

< 70 bpm and 2-sector reconstruction (2 grey bars are used for

one reconstruction) for heart rates > 70 bpm. The dashed lines indicate how the four detector
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volume reconstruction is possible with pitch 1.5 for all heart rates > 40 bpm.
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an acute coronary event? All these questions cannot be ad-
dressed with an inter-study variability of up to 70 % for EBCT.
The problem of inter-study variability has to be resolved first.

There have been several attempts to improve reproduc-
ibility of EBCT. Kajinami et al. recommended for clinical use
that two scans be performed in rapid succession, using the
average of the two scores [14]. Smemesh et al. suggested us-
ing an average instead of conventional peak density score to
provide better reproducible measurements of calcium by
double helical CT [15]. Wang suggested the acquisition of
thicker (6 mm) sections [16]. Callister et al. described a volu-
metric method for improving the reproducibility of scoring
of coronary arterial calcifications detected with electron-
beam CT. They applied a post-processing technique called
isotropic interpolation by using specialized software and a
dedicated workstation [17]. Their method demonstrated a
statistically significant improvement over the standard cal-
cium scoring method when the latter was applied to the same
data sets. Callister et al. studied an additional 27 patients on
two separate occasions (1 year apart) who had known cardiac
risk factors; they found changes in coronary arterial calcium
scores that were significantly greater than the determined
interscan variability of the technique. The volumetric score
described by Callister et al. improves interscan reproducibil-
ity in the scoring of coronary arterial calcification. The tech-
nique refines the traditional calcium scoring method in two
ways. First it eliminates the attenuation-scaling factor that ar-

bitrarily gives greater weight to atherosclerotic plaques with
greater attenuation (Hounsfield units). Second, by using iso-
tropic interpolation techniques, the CT data set is recon-
structed into a more precise volumetric map of coronary ar-
terial calcium. However, the section misregistration prob-
lems encountered with electron-beam CT persist, imposing a
limit on the precision of calcium scores.

Non-overlapping sequential scanning is the most impor-
tant contributor to the interscan variability of Agatston- and
volumetric Ca-Scores due to partial volume errors in plaque
registration [18]. Coupling the technique of retrospective
gating with nearly isotropic volumetric imaging data with the
advent of multidetector-row spiral CT provides the best in-
put data for the quantification of coronary arterial calcium
volume. ECG-gated volume coverage with multidetector-
row spiral CT and overlapping image reconstruction (2.5 mm
collimation, 1 mm increment) was found to significantly im-
prove the reliability of coronary calcium quantification espe-
cially for small plaques. The interscan variability could be re-
duced from 35 % (* 6 %) (Agatston Score, standard EBCT
scan) to 4 % (% 2 %) for a volumetric score calculated from
an ECG-gated multidetector-row spiral scan [19]. A spiral
scan using a 2.5 mm collimation at a pitch of 2 allowed cover-
age of the entire z-volume of the heart in just 12 sec. Using
EBCT equivalent results in terms of reproducibility could
only be realized acquiring scans with “true” 1 mm feed at the
expense of a scan time of approx. 90 sec and a significantly

increased radiation dose due to
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2 mm overlapping. Obviously, no
patient can hold his breath for
90 sec, which makes this EBCT
scan protocol not feasible for
clinical practice. With the advent
of MDCT technology true vol-
ume data acquisition has become
feasible. Thus, this new technique
yields significant reduction of
interscan misregistration per se
without need for mathematical in-
terpolation [9, 20]. We can now
begin to define the effects of treat-
ment regimens on coronary arte-
rial calcification and to determine
whether changes in coronary arte-
rial calcification in individual pa-
tients have predictive value for fu-
ture coronary events. If these dif-
ferences in calcium score over
time result in a difference in event
rates it is conceivable that serial
measurements of calcium score by
MDCT will provide a powerful
and much needed predictive tool.

SERIES 3

SERIES 3|

CT Coronary Angiography

A challenging application for car-
diac CT imaging is the non-inva-
sive assessment of the coronary ar-
teries for diagnosis of CAD (Fig. 3,
4). Limited temporal resolution of
current CT technology requires
synchronization of the image ac-

Figure 3. MDCT angiography (collimation 4 x 1 mm, pitch 1.5, 120 cc Imeron® 400). (a) Anterior
view of left coronary artery with LAD in volume rendering technique. (b) Lateral view of left coronary
artery with LAD and circumflex branch. (¢) Maximum intensity projection of right coronary artery with
calcified plagues (arrow). (d) Diaphragmatic surface with posterolateral and interventricular

branches of RCA (arrows).

quisition to the movement of the
heart by using ECG-information
to provide phase consistent data in
phases of low cardiac motion [7].
For sequential imaging, a prospec-
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tive trigger is derived from the ECG-trace to initiate the CT-
scan with a certain, user selectable delay time after the R-
wave. The delay time for scan acquisition after an R-wave is
calculated from a given phase parameter (eg a percentage of
the RR-interval time as delay after an R-wave) for each car-
diac cycle individually based on a prospective estimation of
the RR-intervals. Usually, the delay is defined such that the
scans are acquired during the diastolic phase of the heart
cycle. From cineangiographic studies [4, 5] however, it is
known that each of the coronary arteries has a distinct mo-
tion pattern in the course of the cardiac cycle. Because of
their position in the coronary groove, the right coronary and
the left circumflex artery have more rapid diastolic motion
than the left anterior descending artery. The motion is caused
mainly by atrial contraction during end-diastole [3]. This
corresponds to the fact that in most EBCT studies the results
for the right coronary arteries in regard to motion artifacts
and image quality were worse than for the LAD [3, 21]. Re-
cently Achenbach et al. analyzed the pattern of coronary arte-
rial movement using EBCT [6]. They confirmed the finding
that each of the three major coronary arteries has a different
motion pattern during the cardiac cycle.

Contrast Administration Protocol

The different motion pattern of the individual coronary ves-
sels calls for an individual reconstruction for each vessel in
regard to position in the cardiac cycle. This can only be ob-
tained if the data set contains data from all phases of the car-
diac cycle. EBCT imaging only allows for sequential pro-
spectively triggered acquisition [3]. The user has to select the
phase of reconstruction in advance without being able to
adapt or optimize it afterwards. Only one phase can be se-

lected for all three vessels, ie a compromise has to be made in
regard to optimal time point for the individual vessels. The
only means to achieve a reconstruction adapted to the phase
to the cardiac cycle is retrospective gating [22].

In addition to the advantages of phase selective image re-
construction, ECG-gated spiral scanning provides continu-
ous volume coverage and better spatial resolution in the pa-
tients’ longitudinal direction as images can be reconstructed
with overlapping increment. A 3D-volume image can be re-
constructed with a voxel size of about 0.5 X 0.5 x 1.0 mm
based on a scan with 1 mm slice-collimation and reconstruc-
tion with submillimeter image increment [7]. This is impor-
tant for visualization of the right and left circumflex coronary
arteries, which run perpendicular to the imaging plane. With
EBCT these vessels are visualized with lower spatial resolu-
tion than the LAD, which is oriented parallel to the imaging
plane [3]. ECG-triggered sequential scanning is restricted to
non-overlapping adjacent slices. ECG-gated spiral acquisi-
tion allows for imaging in a complete cardiac cycle using the
same scan data set, thus providing cardiac function informa-
tion. ECG-triggered acquisition targets only one specific
phase of the cardiac cycle. Furthermore, retrospective analysis
of the ECG with manual repositioning of the R-wave indica-
tors results in less sensitivity to heart rate changes during the
scan. With prospective ECG-triggering, the estimation of the
next RR-interval may be wrong when heart rate changes are
present (eg arrythmia, vasalva manoeuvre) and scans may be
placed in inconsistent heart phases.

The imaging protocol for multislice CT angiography of
the coronary arteries is relatively straightforward. To estab-
lish the scan delay time a test bolus of 15 ml CM and 20 ml
saline chaser bolus is used. The circulation time is deter-

mined by measurements of CT
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stenotic CAD.

Figure 4. Male 72-year old patient with known
coronary anomaly (RCX originates from right
coronary sinus) and absent CAD. Patient
presented with recurrent chestpain. Stress-
ECG up to 250 W showed no signs of
ischaemia. (a) LAO cranial view in Volume
Rendering mode. (b) “Left posterior oblique”-
view depicts the small distal RCX. (c) View
from dorsal. Note the vessel caudal of the
aortic bulb. The distal vessel is accompanied
by a coronary vein, which runs cranial to the
artery (arrow). Absence of signs indicating a

density values in the ascending
aorta. Imaging commences at the
circulation time plus 3 s. A bolus
of 120 ml non-ionic contrast
(400 mg I/ml) is injected through
an 18-gauge catheter into an an-
tecubital vein at 4 ml/sec followed
by a 50 ml saline chaser bolus [20].

The concentration of 400 mg I/
ml was selected for the imaging
protocol, because it is important
to achieve a high concentration
rapidly. Higher attenuation values
are thus achieved in the arteries
with the same amount of contrast
medium as compared to the stan-
dard iodine concentration (300 mg
I/ml). This permits depiction of
smaller vessels, facilitates postpro-
cessing and reduces the overall
volume of contrast medium re-
quired by approximately 30 %.
The methodological details re-
lated to the protocol and the main
advantages of high concentration
contrast agents are summarized in
Table 1 and 2.

SERIES 3

Scan Protocol

The scan protocol for the CTA per
se is a spiral scan using 4 X 1 mm
collimation (resulting in 1.25 mm
slice-width), 500 ms rotation time

(with ACV up to 125 ms temporal
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resolution), 120 kV, 300 mA and 0.6 mm image reconstruc-
tion increment. With pitch 1.5 the scan time for a 100 mm
scan range is = 33s, the effective patient dose is = 6 mSv. A
virtually “frozen” 3D-volume image can be reconstructed in
the diastolic phase with a voxel size of about 0.6 X 0.6
x 1.0 mm based on a contrast enhanced scan with 1 mm
slice-collimation and reconstruction with submillimeter im-
age increment. Data from the CT angiography is transferred
to a computer workstation for postprocessing. The method
of choice for display is volume rendering and maximum in-
tensity projection (MIP) and not surface rendering as used by
most investigators for EBCT angiography. In surface render-
ing, much of the volumetric data is lost. Volume-rendering
uses the information from all the voxels in a stack of images
in order to create a space-filling picture, meaning data are not
lost during the rendering process (Fig. 5, 6). MIP images are
used for the temporal and spatial resolution of cardiac
multislice image data, which even allows for virtual angio-
scopy of the coronary arteries.

MDCT demonstrated high overall sensitivity and speci-
ficity of 0.86 and 0.96, respectively, and high negative predic-
tive value (0.98) for coronary angiography using retrospective
gating to detect significant stenoses (> 50 % reduction in di-
ameter) in the proximal, middle and distal coronary arteries
[23]. This study included the distal segments in the evalua-
tion. In addition, all vessels were included in the evaluation,
no segment was excluded due to technical limitations [23].
Achenbach et al. reported a sensitivity of 92 % for detection of
high grade stenoses in only the proximal and middle coronary
arteries when excluding vessels that could not be evaluated,
however, when including all vessels the sensitivity was only
69 % for just the proximal and

investigated the method’s ability to identify high- grade coro-
nary artery stenoses and occlusions [25]. They studied a total
of 64 consecutive patients by MDCT. All coronary arteries
and side branches with a luminal diameter > 2.0 mm were
assessed concerning evaluability and the presence of high-
grade stenoses (> 70 % diameter stenosis) or occlusions. Of
256 coronary arteries (left main, left anterior descending, left
circumflex and right coronary artery, including their respec-
tive side branches), 174 could be evaluated (68 %). In 19 pa-
tients (30 %), all arteries were evaluable. Artifacts caused by
coronary motion were the most frequent reason for
unevaluable arteries. Overall, 32 of 58 high-grade stenoses

Table 1. Protocol MDCTA Coronary Arteries

Precontrast scan (low dose, collimation 4 x 2.5 mm)
Circulation Time: 20 cc CM (400 mg/cc), 20 cc NaCl

CT density in ascending aorta over 20 sec following 10 sec pi,
every 2 sec

Antecubital vein

lomeron 400 (400 mgl/cc)

Biphasic injection: 50 cc@ 4cc/sec, then 2.5 cc/sec

Volume: 120-140 cc

Table 2. High Concentration Contrast Agents

High concentration of iodine must be rapidly reached
Increase of attenuation values in the arteries with the same
amount of iodine compared to standard iodine concentration
(800 mgl/ml)

Depiction of smaller vessels

Facilitates postprocessing

Reduction of the overall amount of c.m. of approx. 30 %

middle segments [3]. Image
quality and diagnostic accuracy in
CTA of the coronary artery can
be significantly improved by high-
resolution MDCT with individual
selection of different time points
for reconstruction during the car-
diac cycle for each of the three
major coronary arteries, using a
non-ionic contrast medium with
high iodine content. Nieman et
al. studied 35 patients without
previous surgery using iomeprol
(350 g per L). In the 31 patients
without previous coronary sur-
gery, 173 (73 %) of the 237 proxi-
mal and middle coronary seg-
ments were assessable. In the as-
sessable segments, 17 of 21 sig-
nificant stenoses (> 50 % reduc-
tion of vessel diameter) were cor-
rectly diagnosed. The non-as-
sessable segments included four
lesions. Misinterpretations were
mainly the result of severe calcifi-
cation of the vessel wall. Seg-
ments with implanted stents
were poorly visualised, but stent
patency could be assessed in all
cases. Of the 17 segments of by-
pass grafts, 15 were assessable and
four of five graft lesions were de-
tected. Two cases of anomalous
coronary anatomy could be visu-
alised well [24]. Achenbach et al.

Figure 5. Male patient, age 62, known 2-
vessel-disease, s/p PTCA of proximal LAD.
Patient presented with recurrent chest-pain
and angina. (a) RAO-projection of conven-
tional angiogram reveals high grade stenosis
of descending RCA. (b) LAO projection of
RCA by MDCT (collimation 4 x 1 mm, pitch
1.5, 120 cc Imeron® 400) depicts the
proximal lesion as well as wall changes
throughout the vessel. (c) Axial CT image of
the mid-lesion region: the degree of stenosis
is estimated to 80 % (arrow).
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and occlusions were detected by
MSCT (58 %). In evaluable ar-
teries, 32 of 35 lesions were de-
tected, and the absence of steno-
sis was correctly identified in
117 of 139 arteries (sensitivity,
91 %; specificity, 84 %). If analysis
was extended to all stenoses with
> 50 % diameter reduction, sen-
sitivity was 85 % (40 of 47) and
specificity was 76 % (96 of 127)
[25].

In the presence of intracoro-
nary stents, high-density arti-
facts combined with partial vol-
ume effects may prevent ad-
equate assessment of the small
vessel lumen within the struts of
the stent. However, patency can
be assessed if enhancement by
contrast medium is observed in
the vessel segment distal to the
stent. Assessability of the stented
segments is expected to increase
with the improvement of spatial
resolution and the use of less ra-
dio-opaque alloys for stents. Coro-
nary-artery bypass grafts, be-
cause of their size and relative
immobility, can be reliably imag-
ed. In patients with an anoma-
lous origin or course of the coro-
nary arteries, MDCT displays,
in contrast to conventional angi-
ography, a three-dimensional
map of the coronary anatomy,
which allows easy identification

<« Figure 6. Male patient, age 55, with
“situs inversus” and 2-vessel-disease,
s/p PTCA of proximal RCA and prox.
LAD, a 60 % lesion of distal RCA was
left untreated. (a) Anterior view (vol-
ume rendering mode) of thorax with
ventral thorax wall cut away depicts
situs inversus. (b) RAO projection of
RCX and prominent marginal branch
in volume rendering mode. No high-
grade lesion can be readily appreci-
ated. (c) MIP of RCX clearly shows a
lesion (arrow). The degree of stenosis
is estimated at 70 %. (d) RAO cranial
view of proximal LAD in volume ren-
dering mode. The high-grade lesion
was not clearly delineated in this view.
(e) MIP-image clearly depicted the le-
sion of the proximal LAD. (f) MIP of
RCA in “left posterior oblique”-projec-
tion. The arrow depicts the distal RCA
lesion. The black arrow shows the
area of the former dilatation, no
restenosis present. (g) LAO cranial
view of LAD and RCX with conven-
tional angio. The arrows depict the le-
sions in each of the vessels. (h) RAO
view of RCA by conventional angiog-
raphy. Note the progress of the for-
mer 60 % lesion to a high-grade le-
sion and the absent restenosis of the
proximal RCA.
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of a high-risk course of a coronary artery between the pulmo-
nary artery and the aorta. Despite these satisfying initial re-
sults, some technical limitations remain. Although manual
repositioning of the R-wave indicators during retrograde
gating improves the synchronisation of acquisition intervals
between consecutive heartbeats, cardiac motion artifacts can-
not be entirely prevented. Especially absolute arrhythmia and
atrial fibrillation as well as frequent extrasystoles might cause
artifacts. Movement of the patient, such as breathing, also
causes motion artifacts, which can be reduced by thorough
instruction before scanning. The presence of extensive calci-
fications can complicate correct assessment of the lumen of
the coronary arteries. The high-contrast calcium depositions
cannot be sufficiently isolated from the contrast-enhanced
vessel lumen and may result in non-assessable segments or
misinterpretation. Nevertheless, severe calcification of the
coronary arteries is related to coronary-artery disease, and its
detection will contribute to clinical decision-making.

Plaque Imaging

One of the most important findings, however, of the ongoing
studies is that MDCTA allowed detection and assessment of
non-calcified lipid-rich plaques [26]. Preliminary results
from studies in correlation with intracoronary ultrasound
suggest that MDCT-technology not only ofters the possibil-
ity to visualise intracoronary stenoses non-invasively, but
also to differentiate plaque morphology [27]. Lesion compo-
sition and severity of stenoses were compared to the findings
of intracoronary ultrasound, which currently represents the
gold-standard for in vivo analysis of coronary plaque mor-
phology [28]. The MDCT criteria based on density meas-
urements expressed by Hounsfield units showed good corre-
spondence with the criteria of echogenity used for intra-
coronary ultrasound [29]. Thus, this new technology holds
promise to allow for the non-invasive detection of rupture-
prone soft coronary lesions and may have the option to lead
to early onset of therapy [30, 31].

Functional Imaging

With ECG-gated multsilice spiral scanning 2D or 3D images
can be reconstructed in incrementally shifted heart phases
with a temporal resolution of up to 125 ms. With multiplanar
reformation, the heart can be displayed in any desired plan,
such as the short and long axis. This allows functional analy-
sis in a one stop shopping approach for every patient under-
going CTA of the coronary arteries. From the same spiral
data a 4D reconstruction of the beating 3D-heart is feasible
that covers a complete heart cycle.

Patient Dose

During ECG-gated spiral imaging of the heart data are ac-
quired with overlapping spiral pitch and continuous X-ray
exposure. Thus, ECG-gated spiral acquisition requires higher
patient dose than ECG-triggered sequential acquisition for
comparable signal-to-noise ratio. When performing multiple
reconstructions in different cardiac phases for optimal image
quality of individual vessels all spiral data are used for image
reconstructions and no data are omitted. To obtain the same
diagnostic information multiple sequential acquisitions would
have be to performed with repeated injections of contrast
material. This would eventually result in the same or even
higher X-ray exposure. However, developments are under
way that allow for a reduction of X-ray exposure for ECG-
gated spiral acquisition by prospectively ECG-controlled on-

line modulation of the tube output [32]. By reduction of the
tube output during heart phases that are not likely to be tar-
geted by the ECG-gated reconstruction dose savings up to
50 % are possible. This technique promises to maintain the
important benefits of ECG-gated spiral scanning with X-ray
exposure comparable to ECG-triggered sequential acquisi-
tion.

Conclusion

In conclusion, the emergence of MDCT will have significant
impact on cardiac imaging. This new method has the poten-
tial to rule out coronary artery disease. Cardiac calcium scor-
ing and CTA of the coronary arteries as well as functional
analysis are no longer limited to a dedicated EBCT scanner
only available at a few major medical centers. Imaging can be
performed in a one-stop shopping approach on a standard
body CT scanner. With further technical improvements, this
non-invasive method might become an alternative diagnostic
approach in patients with known or suspected coronary ar-
tery disease.
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