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Abstract

Multislice computed tomography (CT) angiography has
been increasingly used in the detection and diagnosis
of coronary artery disease because of its rapid techni-
cal evolution from the early generation of 4-slice CT
scanners to the latest models such as 64-slice, 256-slice
and 320-slice CT scanners. Technical developments of
multislice CT imaging enable improved diagnostic value
in the detection of coronary artery disease, and this in-
dicates that multislice CT can be used as a reliable less-
invasive alternative to invasive coronary angiography in
selected patients. In addition, multislice CT angiography
has played a significant role in the prediction of disease
progression and cardiac events. Despite promising re-
sults reported in the literature, multislice CT has the
disadvantage of having a high radiation dose which
could contribute to the radiation-induced malignancy. A
variety of strategies have been currently undertaken to
reduce the radiation dose associated with multislice CT
coronary angiography while in the meantime acquiring
diagnostic images. In this article, the author will review
the technical developments, radiation dose associated
with multislice CT coronary angiography, and strategies
to reduce radiation dose. The diagnostic and prognostic
value of multislice CT angiography in coronary artery
disease is briefly discussed, and future directions of

(49

Jgu;;:fe..g@ WJC | www.wjgnet.com

multislice CT angiography in the diagnosis of coronary
artery disease will also be highlighted.
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INTRODUCTION

Coronary artery disease (CAD) is the leading cause of
death in Western countries. Conventional coronary angi-
ography is the gold standard technique for diagnosis of
CAD, due to its supetior spatial and temporal resolution.
The diagnostic value of conventional coronary angiogra-
phy has been challenged by the emergence and fast grow-
ing use of a less invasive imaging technique, multislice
computetized tomography (MSCT) angiography" . The
diagnostic accuracy of MSCT angiography in CAD has
been significantly augmented with the increased perfor-
mance of MSCT from eatly generation of the 4-slice CT
to 16-slice, 64-slice, dual-source CT and the latest models
such as 256-slice and 320-slice CT scanners”®. This is
mainly demonstrated by the improved spatial and tempo-
ral resolution from the latest MSCT scanners such as 64
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or more slice scanners. In particular, MSCT angiography
has been reported to demonstrate a very high negative
predictive value (more than 95%), indicating that it can
be used as a reliable technique for excluding patients sus-
pected of CAD, thereby reducing the need for invasive
coronary angiography.

While the number of MSCT examinations in cardiac
imaging continues to increase, the potential risk of radia-
tion exposure associated with CT' should not be ignored,
given the fact that CT is a high-radiation imaging modality.
The radiation risks arising from cardiac CT angiography
have raised setious concerns in the medical field as CT is
associated with a non-negligible life attributable risk of
cancet'”. Therefore, the benefit of the use of multislice
CT angiography in the diagnostic workup and patient
management must be weighed against the potential risks
related to radiation exposure. In this review article, I will
introduce the technical developments of MSCT in cardiac
imaging, focusing on the diagnostic and prognostic value
of MSCT angiography in CAD, followed by the strategies
currently available to address radiation dose reduction.
Future directions, including justification of use of MSCT
in cardiac imaging, will be highlighted.

MULTISLICE CT ANGIOGRAPHY IN
CARDIAC IMAGING-TECHNICAL

EVOLUTION OF CT SCANNERS

Traditionally, electron-beam CT (EBCT) with high tem-
poral resolution (50-100 ms) makes this technique well
suited for imaging the coronary tree, with capability of
evaluating tiny abnormalities such as coronary calcium
deposits and plaques, even with the motion of a rapidly
beating heart. However, the inferior spatial resolution
(1.5 mm) of EBCT limits its diagnostic value in the detec-
tion of CAD as the coronary artery is a very small struc-
ture ranging from 1.5 mm to 3.0 mm in diameter, thus,
image quality of both normal and abnormal coronary
arteries is degraded to a greater extent. The introduction
of MSCT scanners in 1998 represented a significant tech-
nical improvement in the CT' imaging technique because
imaging of the heart was made possible with MSCT as
multiple images could be acquired in a single breath-hold
within a very short time'"”,

The significant application of 4-slice CT in clinical
practice is in cardiac imaging with the aid of an electro-
cardiographic (ECG)-gating technique. The ability of
4-slice CT (gantry rotation time, 500 ms with temporal
resolution of 250 ms) to image the coronary arteries and
detect CAD less invasively has attracted much attention
from physicians in the medical field, and this is repre-
sented by the increasing number of publications on 4-slice
CT coronary angiography in the literature™'"'?, Earlier
studies with 4-slice CT were promising as a less-invasive
technique in cardiac imaging, although the diagnostic
value was insufficient to replace conventional coronary
angiography in the diagnosis of CAD'"™. With expetrience
gathered, it was found that the image quality of coronary
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Figure 1 Three-dimensional volume rendering of the left and right coro-
nary arteries and their branches acquired with 64-slice computed tomogra-
phy angiography in a 61-year-old diagnosed with coronary artery disease.
Extensive calcification is present in the coronary artery wall which is shown as
the white dots.

arteries was impaired in many cases with 4-slice CT due to
limited spatial and temporal resolution, and the unassess-
able segments could be more than 20% in 4-slice stud-
ies"”. Thus 4-slice CT is unsuitable for imaging patients
with heart rate higher than 60 bpm.

With the introduction of 16-slice and 64-slice CT,
image quality in coronary MSCT has become more con-
sistent with improved results''Y, With gantry rotation
times down to 330 ms for 64-slice CT, temporal resolu-
tion for cardiac ECG-gated imaging was further markedly
improved, allowing evaluation of both the main coronary
artery and its side branches, including the distal artery
segments. In contrast to early generations, 64-slice CT
showed improved diagnostic accuracy in CAD because of
improved spatial and temporal resolution. Isotropic vol-
ume data (0.6 mm X 0.6 mm X 0.6 mm) is possible with
64-slice CT, and the scanning time is reduced to less than
15 s, allowing a decreased breath-hold time, better utiliza-
tion of contrast medium with fewer enhancements of
adjacent structures, and a lower dose of applied contrast
medium™"™. An improvement in image quality has also
been reported in the visualization of all coronary artery
branches, with high sensitivity and specificity achieved"” "
(Figure 1).

Further technical improvement in cardiac imaging was
achieved with the development of dual-source CT (DSCT)
due to its high temporal resolution of 83 ms, thus increas-
ing visualization of coronary arteries in patients with high
heart rate by reducing motion artifacts' . Studies have
shown that the cardiac CT image quality of the coronary
artery is independent of heart rate, and high diagnostic
accuracy is achieved with DSCT!"*" (Figure 2). There
is no doubt that DSCT represents another technical de-
velopment with its superior temporal resolution which
contributes specifically to the assessment of patients with
high heart rate.

Expansion of MSCT systems from 64-slice to the lat-
est models of 256-slice and 320-slice systems has allowed

whole heart coverage in one gantry rotation with a slice
thickness of 0.5 mm'®”. With 320-slice CT, 16 cm of cra-
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Figure 2 Three-dimensional volume rendering of the left coronary artery is
acquired with dual-source computed tomography angiography in a 47-year-
old woman suspected of coronary artery disease. Left anterior descending
and left circumflex are clearly demonstrated without any sign of lumen stenosis or
calcification.

Figure 3 Three-dimensional volume rendering of the coronary arteries
and side branches are clearly visualized with use of 320-slice computed
tomography angiography in a 58-year-old man presenting with chest
pain. Volumetric data were acquired within a single heartbeat with excellent
image quality.

niocaudal coverage can be obtained in a single heartbeat,
with excellent image quality and demonstration of the
entire coronary arteries, and therefore, the entire cardiac
volume data can be acquired within 1 s without of the
need for patient movement during the scan™” (Figure 3).
Table 1 lists the developments of MSCT scanners from
4-slice to 320-slice CT in terms of spatial and temporal
resolution when compared to the gold standard technique,
conventional coronary angiography.

MULTISLICE CT ANGIOGRAPHY IN CAD-
RADIATION DOSE

Despite the above-mentioned promising results of MSCT
angiography in CAD, MSCT has the disadvantage of re-
quiring a high radiation dose. Conventional coronary an-
giography is effective at a radiation dose from 3 to 9 mSy,
while MSCT coronary angiography delivers a radiation dose
as high as 20 mSv according to eatly studies”". Moreover,
the average dose per site was reported to demonstrate
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Imaging modalities Spatial Temporal
resolution (mm) resolution (ms)
EBCT 1.5-3.0 50-100
4-slice CT 1.0-1.25 250
16-slice CT 0.75 165-188
64-slice single-source CT 0.5-0.6 165
64-slice dual-source CT 0.5-0.6 75-83
256/320-slice CT 0.5-0.6 135-175
Invasive coronary angiography 0.2 20

CT: Computed tomography; EBCT: Electron-beam CT.

Beam on during entire
cardiac phase

Q/V

Figure 4 Diagram showing retrospective electrocardiogram-gating with-
out tube current modulation in multislice computed tomography coronary
angiography. An X-ray beam is turned on during the entire cardiac cycle with-
out adjusting the tube current.

significant variability ranging from 5 to 30 mSv™. Thus,
reduction of the radiation dose in MSCT' coronary angiog-
raphy is of paramount importance to ensure that it is a safe
technique for use in clinical application.

There are a number of strategies that have been un-
dertaken to reduce the radiation dose from cardiac MSCT,
and the most commonly used approaches include: ad-
justment of tube voltage (kVp) and tube current (mAs),
increasing pitch value and choosing different ECG-gating
methods (prospective »s retrospective gating). Effective re-
duction of radiation dose can be achieved by changing or
selecting appropriate parameters without compromising
diagnostic image quality.

MULTISLICE CT ANGIOGRAPHY IN
CAD-RADIATION DOSE REDUCTION
STRATEGIES

ECG-controlled tube current modulation

One of the most effective approaches for dose reduc-
tion is adjustment of the tube current according to ECG
signal, which is defined as ECG-controlled tube current
modulation. Traditionally, cardiac MSCT angiography is
performed using a retrospective ECG-gating technique,
which indicates that the volume data are acquired during
the entire cardiac cycle within a single breath-hold helical
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Figure 5 Diagram showing retrospective electrocardiogram-gating with the
use of tube current modulation in multislice computed tomography coronary
angiography. Normal tube current is applied only during the image reconstruction
phase (late diastolic phase), while the tube current is reduced significantly during
the systolic phase.

scan (Figure 4). This ensures acquisition of volumetric
data during systolic and diastolic cardiac cycles, thus re-
construction of images at the diastolic phase allows us to
generate images with the least motion artifacts. However,
image reconstruction of the volume data only occurs in
a specific phase of the cardiac cycle (end systole or mid
diastole). Thus, not all of the data is used for diagnostic
purposes, but the patient is exposed to X-rays during the
entire cardiac cycle. This implies that the tube current can
be adjusted in different cardiac phases so that high-quality
diagnostic images of coronary arteries during the recon-
struction window, and low-quality, higher noise images of
the cardiac chamber and cardiac valves during the rest of
cardiac cycle can be acquired (Figure 5).

ECG-controlled tube current modulation represents
the most significant improvement in minimizing radiation
exposure from CT technology and is the only one dedicat-
ed to cardiac imaging, It has been reported that radiation
dose can be reduced by 30%-50% through modulation of
the tube current output to decrease the dose given dur-
ing the systolic phasem’zs]. The estimated radiation dose
reduction is similar to or less than that of a conventional
coronary angiography examination with use of this dose-
saving strategy[24’26].

Automatic exposure control

Automatic exposure control (AEC) is regarded as another
effective approach to reduce radiation dose for coronary
cardiac CT examination. AEC takes this into consider-
ation by automatically adjusting the tube current in the x,
y plane (angular modulation) or along the scanning direc-
tion (z-axis modulation) or both (combined modulation)
according to the anatomic geometry of the body region
to be scanned to obtain diagnostic image quality while
lowering radiation dose”*. Deetjen e# 2/ studied differ-
ent groups of patients undergoing 16-slice and 64-slice
coronary angiography examinations and showed signifi-
cant reduction of radiation dose (42.8%) with AEC. This
is consistent with a recent report involving a comparison
of 4 different CT manufacturers with different AEC sys-
tems®”. Séderberg et al” found that the magnitude of
dose saving was considerable, ranging from 35% to 60%,
with the use of AEC systems with similar performance
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of tube current modulation dynamics among the different
CT scannets.

Adjustment of tube voltage

Lowering the tube voltage is widely undertaken in clini-
cal practice to reduce radiation dose, since radiation dose
varies with the square of the kVp. Modern CT scanners
include tube voltages of 120 or 140 kVp, reflecting the
settings most often resulting in adequate image quality.
However, cardiac CT' acquisition with 100 kVp, or even
lower, is possible and has been recommended as an ef-
fective means to reduce radiation dose in cardiac CT
imaging™!. Previous studies have shown that decreasing
the X-ray tube voltage from 120 to 100 kVp or 80 kVp
resulted in up to a 70% reduction in radiation exposure
for a constant tube current using 16-slice and 64-slice CT,
with increased image noise and unchanged contrast-to-
noise ratio”!!, Studies utilizing dual-source CT compared
a 100 kVp protocol to the routine 120 kVp for cardiac
CT, and demonstrated a 25%-54% teduction in radiation
dose, depending on the tube current time product[32’33j.

It should be emphasized that changing tube voltage
needs to be correlated with patient’s body mass index
(BMI). Lowering tube voltage from 120 to 100 kVp can be
performed when the patient’s BMI is less than 25 kg/m’.
Reduction of the tube voltage to 80 kVp should be con-
sidered in children and slim young adults with BMI below
20 kg/ m”. It has been reported that the tube voltage can
be lowered to 80 kVp without impairing image quality
while the radiation dose was reduced by up to 80% in
normal weight patients”™. Therefore, tube voltage can be
adjusted in cardiac CT angiography without affecting diag-
nostic image quality, and this should be applied whenever
possible in clinical practice.

High pitch value

It is well-known that radiation dose is inversely propor-
tional to the pitch value. A high pitch (1.0-2.0) is recom-
mended for helical CT angiography with the aim of
reducing radiation dose without affecting image quality.
However, for MSCT coronaty angiography, a very low
pitch (0.2-0.4) is routinely used to produce volume cover-
age without gaps in each phase of the cardiac cycle with
multiple overlapping regions, thus resulting in high radia-
tion exposure. Increasing pitch to a higher value is made
possible with the development of a second generation of
dual-source CT scanner” ", which enables high detector
coverage with the use of two 128-section detectors. This
dual-source CT system allows coronary CT angiography
to be performed at high pitch value of up to 3.4 with sig-
nificant reduction of radiation dose. By combining high
pitch and large detector coverage, the acquisition time of
coronary CT angiography is reduced from the previous
5-10 s to a quarter of a second, allowing depiction of the
entire heart within a single heartbeat. More than 90% of
all coronary segments were assessable with dual-source

CT coronary angiography at a high pitch of 3.4, result-
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Figure 6 The diagram shows prospective electrocardiogram-triggering
with X-ray beam on during a portion of the cardiac cycle, while in the re-
maining cardiac phase, the X-ray beam is turned off.

ing in a radiation dose less than 1 mSv, The new scan

mode with a temporal resolution of 75 ms is regarded as
an extremely attractive alternative to invasive coronary
angiography because of the very low radiation dose and

high image quality.

Prospective ECG-triggering

Prospective ECG-triggering with axial non-helical scan
was used a long time ago with electron-beam CT for cal-
cium scoring, but was proposed recently for cardiac imag-
ing, and this imaging protocol is increasingly reported in
the literature because of its very low radiation dose"*",
The principle of prospective ECG-triggering is different
from that of retrospective ECG-gating as the former is
used to acquire data by selectively turning the X-ray tube
on only in the selected cardiac phase, triggered by the
ECG signal, and turning off during the rest of the R-R
cycle (Figure 6). This is also referred to as sequential or
step-and-shoot acquisition with prospective triggering,
and the effective pitch is 1.0. The main advantage of this
scanning protocol is the lower radiation dose as X-ray
exposure only occurs during the selected cardiac phase
rather than throughout the entire cardiac cycle. Therefore,
a significant reduction in radiation dose can be achieved
from prospective ECG-triggering, which is the most at-
tractive side of this scanning protocol compared to retro-
spective ECG-gating,

Studies using prospective ECG-triggering showed
significant dose reduction when compared to the con-
ventional retrospective ECG-gating, with up to 90% dose
reduction achieved in some studies"*"". Even if the pub-
lished results concerning image quality have generally been
satisfactory, there is concern about the negative effect of
low-dose scanning protocols which may affect image qual-
ity of cardiac CT examination. A “staged” protocol was
recently introduced by researchers to address the situation
when image quality may be suboptimal[49]. Pflederer ¢z al”
evaluated the staged low-dose methods for coronary CT
angiography compared to standard protocols and reported
an 86% reduction of the effective dose with use of a pro-
spective triggering approach. However, a higher number
of unevaluable coronary segments and impaired image
quality was noticed in this group. An additional standard
sequence was added to the patients with non-diagnostic
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images and the overall radiation dose reduction still re-
mained significant (1.5-3.4 mSv for low-dose protocols
5 9.8 mSv for the standard protocol). Thus, the staged
strategy with an initial low-dose CT protocol should be
encouraged to be used as a dose-saving algorithm.

DIAGNOSTIC VALUE OF MULTISLICE CT
ANGIOGRAPHY IN CAD

Over the last decade much interest has been focused on
imaging and diagnosis of CAD with MSCT as it is a less
invasive and faster scanning technique with extended
z-axis coverage when compared to single slice CT. Ear-
lier studies with 4-slice CT showed moderate diagnostic
accuracy with pooled sensitivity and specificity of 78%
and 93%, respectively because the spatial and temporal
resolution is limited, resulting in a high number of unas-
sessable segmentsm. With the introduction of 16-slice
CT, the diagnostic value of MSCT angiography in CAD
has been much improved, with more coronary segments
assessable. Studies using 16-slice CT with acquisition and
rotation times of < 400 ms have reported sensitivities
between 83% and 98% and specificities between 96% and
989,11, Despite improvement in both spatial and tem-
poral resolution, isotropic volume data is still not possible
with 16-slice CT. Moreover, the temporal resolution is
insufficient to ensure acquisition of diagnostic images in
patients with high heart rate.

MSCT examination times were reduced with further
improvement in scanning techniques with 64-slice CT
because of improved spatial and temporal resolution
compared with 16-slice and 4-slice CT. Acquisition of
isotropic volume data is possible with 64-slice CT, thus
detection of main and side coronary artery branches is
significantly improved when compared to eatlier genera-
tions of MSCT scanners. Several meta-analyses of 64-slice
CT studies reported sensitivities and specificities ranging
from 86% to 99% and 88% to 97%, respectivelym’sﬂ.
These studies indicated that MSCT, especially with 64-or
more CT, has high diagnostic accuracy for detection of
CAD and could be used as an effective alternative to inva-
sive coronary angiography in selected patients.

One of the difficulties for MSCT cardiac imaging is
that image quality highly depends on heart rate. Despite
technical improvements in MSCT scanners with subse-
quent improvement in temporal resolution, the assessable
segments and diagnostic accuracy are still higher in pa-
tients with a lower heart rate, and lower and deteriorated
in patients with a higher heart rate. Therefore, an aggres-
sive approach such as the use of [-blockers in patients
with a heart rate more than 70 bpm has become a part
of the routine procedure prior to CT scanning. With the
advent of dual-source CT, temporal resolution has been
increased to 83 ms, indicating that image quality is less
dependent on the heart rate, thus potentially obviating the
need for B-blockers before scanning,

In a recent study, Donnino et al™! compared dual-
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Figure 7 Characterization of coronary plaques. RCA-right coronary artery. A: Curved planar reformatted image acquired with 64-slice computed tomography angi-
ography shows a non-calcified plaque at the mid-segment of the right coronary artery in a 57-year-old man suspected of coronary artery disease; B: Calcified plaques
(arrows) are found at the proximal and middle segments of the right coronary artery; C: Mixed type plaques are shown in the left anterior descending (LAD) artery in a
59-year-old man suspected of coronary artery disease; the long arrow indicates the calcified plaque, while the short arrows indicate non-calcified components.

source with single-source CT for assessment of diagnos-
tic image quality of coronary artery examinations. Their
results showed a significant improvement in image quality
with dual-source CT over single-source CT, in the absence
of pre-examination use of B-blockers, and higher heart
rate in the dual-soutce group. Reports by others also sup-
ported the improved diagnostic value of dual-source CT
in cardiac imaging”*’. Dual-source CT was reported to
be superior to single-soutrce 64-slice CT for the detection
of CAD with a sensitivity and specificity of 100% for
both in a small group of patients™, whereas the G4-slice
scanner achieved a sensitivity of 100%, but a reduced
specificity of 90%.

Latest models such as 256-slice and 320-slice CT scan-
ners allow for longer z-axis coverage ranging from 12.8 to
16 cm on one gantry rotation, so it is possible to achieve
full cardiac coverage in one gantry rotation within a very
short period, thus eliminating the restrictions and limita-
tions associated with 64-slice CT scanners”™. de Graaf
et al””" reported that a high diagnostic value, especially
a 100% negative predictive value (including the non-
diagnostic images) and diagnostic accuracy of 95%, was
achieved with 320-slice CT angiography for detection of
significant coronary stenosis in a patient-based analysis.
This indicated that 320-slice CT angiography is a highly
sensitive modality for the detection of significant CAD.
Pasticha ¢z al™ compared image quality of 320-slice CT
in patients with atrial fibrillation with that acquired from
the group with sinus rhythm. In this study, 96% of the
coronary segments were assessable with sufficient quality
for diagnosis in patients with atrial fibrillation, and this
showed the potential application of 320-slice CT in this
patient group. Although 320-slice CT' shows very promis-
ing results, more data are needed to confirm its diagnostic
accuracy in CAD.

PROGNOSTIC VALUE OF MULTISLICE CT
ANGIOGRAPHY IN CAD

MSCT is not only able to evaluate the coronary luminal
changes, but also visualize the coronary artery wall mor-
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phology, identify and characterize coronary plaques, espe-
cially the non-stenotic plaques that may be undetected by
conventional coronary angiography. Thus, MSCT could
be used as a non-invasive technique to provide prognostic
information in patients suspected of having CAD.

MSCT also allows for non-invasive detection of plaque
morphology and composition (calcified »s non-calcified
atherosclerotic plaques), as well as the assessment of the
extent of vascular remodeling[s()]. Atherosclerotic plaque
size and geometry play an important role in the natural
progression of the disease process and may have impor-
tant clinical predictive value. Schmid ef o/ in their study
concluded that a significant increase in the amount of
noncalcified plaque was observed with 64-slice CT over a
mean interval follow-up of 17 mo, and their results indi-
cated that MSCT may be used as a tool to study the pro-
gression of coronary atherosclerosis.

Coronary artery plaque is characterized into 3 types
based on the CT attenuation®’: non-calcified plaques refer
to plaques having lower density compared with the con-
trast-enhanced vessel lumen (Figure 7A); calcified plaques
indicate plaques with high density (Figure 7B); mixed
plaques refer to plaques with non-calcified and calcified
components within a single plaque or within a segment of
the coronary artery (Figure 7C). Accurate identification of
the type of plaques as well as demonstration of coronary
luminal changes is important for prediction of disease
progress based on 2D and 3D CT visualizations. In con-
trast to conventional 2D or 3D extraluminal visualizations,
the 3D virtual intravascular endoscopy has been reported
to provide additional information about the intraluminal
appearance of coronary plaques (Figure 8), and corre-
sponding luminal changes due to the presence of plaques
in the artery wall®!. Virtual intravascular endoscopy also
helps to confirm the degree of coronary stenosis as severe
calcification sometimes results in a false positive sign of
lumen occlusion on 2D views (Figure 9).

Preliminary reports have shown that MSCT angiogra-
phy is able to provide independent prognostic informa-
tion for predicting cardiac events and mortality in patients
with known or suspected CAD at short-term follow-up.
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Figure 8 Virtual endoscopy visualization of coronary plaques. A: Extensive
calcified plaques in the left anterior descending (LAD) are observed on curved
planar reformatted view with more than 70% luminal stenosis in a 52-year-old
man with chest pain; B: Corresponding virtual intravascular endoscopy visual-
ization demonstrates irregular intraluminal appearance with significant stenosis
of the coronary artery.

Gilard e al* reported that a normal MSCT in a popula-
tion of 141 patients with suspected CAD was associated
with a low rate of cardiac events (mortality 0%, myocar-
dial infarction 0.7%, coronary angiography 3.5%) at 1-year
follow-up. Similar results were reported by other studies
demonstrating that obstructive plaque, particulatly in the
left main or left anterior descending arteries, had the high-
est risk (up to 34% cardiac event rate), while in contrast,
a normal coronary CT anglography was associated with
a 0% event rate”*. However, these studies have been
largely limited by small sample sizes, single centre evalu-
ations and short follow-up periods. Two recent studies
based on a large cohort of patients offered indepen-
dent and additional prognostic information of MSCT
angio%(f()ao%hy for the prediction of incidence of cardiac

Hadamitzky ez a/*” in their recent report assessed the
prognostic value of MSCT angiography in the predic-
tion of cardiac events in asymptomatic patients. They
retrospectively analyzed 451 asymptomatic patients with
16-slice and 64-slice CT angilography during a median
follow-up of 27.5 mo. Their study confirmed that MSCT
angiography could be reliably used to predict further
cardiac events, despite the low cardiac event rate in as-
ymptomatic patients. Min ¢ a/°" in a large cohort of 5330
patients without known CAD determined the prognostic
value of MSCT angiography by measuring the left ven-
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Figure 9 Virtual endoscopy confirmation of plaque stenosis. A: A calcified
plaque (arrow) is present in the left anterior descending with more than 90%
lumen stenosis in a 51-year-old man presenting with symptoms of chest pain;
B: Corresponding virtual intravascular endoscopy shows intraluminal protrusion
caused by the plaque, but the luminal stenosis is less than 70%; arrows indicate
the intraluminal appearance of calcified plaque. RI: Ramus intermedius; LCX:
left circumflex; D1: Diagonal branch.

tricular ejection fraction (LVEF) in addition to the tradi-
tional criterion of presence of obstructive CAD. Their
study demonstrated that MSCT angiography successfully
identified individuals at higher risk of all-cause death at a
follow-up of 2.3 years. The presence of obstructive CAD
in an increasing number of coronary arteries indicated
a particularly poor prognosis. In addition, measures of
LVEF were found to add incremental prognostic values
above and beyond CAD detection with patients without
obstructive CAD or with normal LVEF and a low risk of
death.

MULTISLICE CT ANGIOGRAPHY IN CAD-

FUTURE DIRECTIONS

Future directions of MSCT angiography in the diagnosis
of CAD lie in 3 main aspects: improvement of temporal
resolution, reduction of radiation dose and judicious use
of MSCT. The MSCT scanning technique has improved
significantly over the last decade, with acquisition of iso-
tropic volume data in patients with high heart rate. How-
ever, the current temporal resolution of MSCT imaging
(75-83 ms with dual-source CT, 135-175 ms with 256-slice
and 320-slice CT) is still inferior to that of invasive coro-
nary angiography (20 ms), thus further technical improve-
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ment in temporal resolution is necessary so that MSCT
can be applied in more patients, especially for those with
high or irregular heart rate. Control of high heart rate
with the use of B-blockers is still commonly performed in
many cardiac MSCT examinations, including scans with
the use of 320-slice CT, and further improvement in tem-
poral resolution will contribute to the elimination of the
aggressive procedure of heart rate control in patients with
heart rate more than 70 bpm.

As already discussed above, radiation exposure associ-
ated with MSCT angiography is relatively high and poses a
potential risk of radiation-induced malignancy. Although
dose-saving strategies have been recommended to reduce
the radiation dose from MSCT angiography, CT scanning
protocols across institutions are widely variable and could
contribute to the high radiation exposure to patients. Two
recent studies highlighted the importance of standardiza-
tion of common CT scans including cardiac CT imaging,
as well as the cancer risk associated with the radiation®”.
Smith-Bindman e /” | in their prospective study involv-
ing 4 institutions, collected data on radiation doses for the
most common CT scans and found a significant variation
in radiation dose, a mean 13-fold variation between the
highest and lowest dose for each CT type studied (range, 6-
to 22-fold difference across study types). They estimated
that 1 in every 270 40-year-old women undergoing CT
coronary angiography will develop cancer from the pro-
cedure. In another study, Berrington de Gonzilez ef a/®
estimated that CT scans performed in 2007 could have led
to 29000 excess cancers, which will appear in the next 20
to 30 years and by the authors’ estimates, at a 50% mortal-
ity rate, will cause approximately 15000 deaths annually.

There is no doubt that, with increasing technological
improvements, MSCT will continue to play an important
role in the diagnosis of CAD. Judicious use of MSCT in
cardiac imaging is essential to maximize its clinical ap-
plications while minimizing the potential risk of radia-
tion exposure. This is particularly important for young
individuals, especially women, for whom alternative diag-
nostic modalities that do not involve the use of ionizing
radiation should be considered, such as echocardiography,
or magnetic resonance imagingmj. Physicians need to be
aware of the potential risk of radiation dose associated
with CT cardiac imaging. It has been reported that 47%
of radiologists and 9% of emergency department physi-
cians believed that there was an increased risk of cancer
associated with CT scans'”. Thus, thete is an urgent need
for physicians to educate themselves and increase their
awareness about ionizing radiation from CT and its associ-
ated risks”". The benefit-to-risk ratio for imaging patients
suspected of CAD must be driven by the benefit and ap-
propriateness of the cardiac MSCT examination requested
by the cardiologists. The main purpose of utilizing MSCT
imaging is to address specific medical questions without
allowing concerns about radiation exposure to dissuade
cardiologists or their patients from obtaining or undergo-
ing the needed MSCT examination””
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CONCLUSION

Multislice CT' angiography, as a less-invasive imaging mo-
dality has demonstrated high diagnostic value in the detec-
tion and diagnosis of CAD. In particular, the very high
negative predictive value of MSCT angiography allows it
to be used as a reliable technique for screening purposes.
With continued technical improvements in the scanning
technique, MSCT will play an increasing role in the detec-
tion and characterization of coronary plaques. Moreovert,
MSCT is regarded as a reliable modality for prediction of
disease prognosis in patients suspected of CAD.

Serious concerns have recently been raised about the
radiation dose from MSCT angiography in clinical prac-
tice, as it has been confirmed to be related to a potential
risk of inducing cancer. MSCT coronary angiography
should be performed with dose-saving strategies whenever
possible to reduce the radiation exposure to patients. Mul-
tislice CT' scanning protocols in cardiac imaging should be
standardized across institutions with the aim of reducing
dose variation across patients and facilities. Utilization of
coronary MSCT angiography must be considered with
care as to whether it leads to an overall benefit or whether
the radiation risk may be greater than the benefit expected
from the CT examinations. Physicians, especially cardiolo-
gists, should be aware of the potential risk from CT scans,
and consider reducing unnecessary CT examinations or
replacing CT with other alternative modalities, such as ul-
trasound or magnetic resonance imaging.
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