Clinical advances in imaging: how useful
Is computed tomography for guiding
and evaluating cardiac interventions

Multislice computed tomography (MSCT) has emerged as a noninvasive imaging modality allowing
anatomical imaging of the heart. The presence of coronary artery stenosis can be reliably ruled out,
without development of cardiovascular events on follow-up, which currently makes MSCT particularly
useful for the evaluation of patients with chest pain and low-to-intermediate pretest likelihood of coronary
artery disease. In addition, MSCT may be useful for guiding interventions such as those for cardiac valves
or treating cardiac rhythm disorders. Since the technology behind MSCT continues to evolve at a rapid
pace and the radiation doses decrease, further expansion of the applications of MSCT across the clinical

practices is expected.
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Following its introduction in the late 1990s and
during the subsequent decade, multislice com-
puted tomography (MSCT) has rapidly evolved
as a modality allowing imaging of the heart.
3D imaging of the entire heart during a single
breath hold is now possible. In particular, the
potential of MSCT to visualize the coronary
artery lumen and wall in a noninvasive manner
has gained tremendous interest. Indeed, MSCT
coronary angiography may be performed to
assess coronary artery stenosis in symptomatic
patients with suspected coronary artery disease
(CAD) 11.2]. Moreover, MSCT coronary angi-
ography may potentially be useful for guiding
coronary interventions and in the evaluation
of the results of treatment [1,2]. In addition, 3D
anatomical information obtained during the
examination may be clinically useful in guiding
interv-entions of the cardiac valves or treating
rhythm disorders [1,2].

In this review we provide an overview of the
current applications of MSCT, discussing the
areas in which MSCT may replace invasive
imaging and areas in which MSCT may be
useful in guiding cardiac interventions.

Principles of imaging of the heart
with MSCT & safety issues

MSCT scanners consist of an x-ray source and
detectors mounted on opposite sides of a gantry
that continuously rotates around the patient.
The scans are performed as the patient moves
through the gantry. Computer systems can
process these data to generate 3D volumetric
information, which in turn can be viewed from
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multiple different projections on workstation
monitors.

The most important parameters related to
computed tomography (CT) image quality are
the ability to depict differences between tissues,
that is, spatial resolution as well as temporal
resolution, and volume coverage during a sin-
gle gantry rotation. The temporal resolution is
essentially determined by the rotation speed of
the gantry, the number of x-ray sources (single
vs dual source MSCT) and the number of heart
cycles used in a reconstruction. Indeed, the
development of dual source MSCT, incorporat-
ing two x-ray tubes mounted at approximately
90°, allows images to be obtained during one
fourth of a gantry rotation. Since the introduc-
tion of MSCT, the number of detector rows has
grown from four to as many as 320, allowing
the coverage of 16 c¢m in a single gantry rota-
tion. A reduction in slice thickness, increase in
gantry rotation speed and an increased number
of detector rows were paralleled by a signifi-
cantly improved image quality. With a spatial
and temporal resolution of 0.4—0.6 mm and
83-175 ms, respectively, 64-slice MSCT scan-
ners are currently considered a minimum pre-
requisite for noninvasive imaging of coronary
arteries [3].

The beating heart can be scanned in two
ways [4]. The first method is ECG-triggered
prospective axial sequential scanning, whereby
acquisition is triggered by the ECG signal in
a predefined phase of the cardiac cycle. After
individual axial image acquisition, the table
moves (along the z-axis) to the next position for
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the next scan, which is repeated until the entire
heart is scanned. The second method involves
scanning with an application of an ECG-gated
retrospective spiral mode with continuous data
acquisition while the patient moves through the
gantry, until the entire heart is covered.

Currently, invasive coronary angiography
(ICA) is the gold standard technique for the
detection of CAD. However, MSCT may serve
as an alternative in certain patient populations,
particularly due to its noninvasive approach
(associated with a lower risk of procedural com-
plications) and lower costs. Nevertheless, it is
important to realize that the spatial and tempo-
ral resolution of invasive angiogram is superior
compared with MSCT (0.2 mm and 20 ms,
respectively). Accordingly, in order to acquire
accurate results, it is important to understand
which factors may influence the image quality
of MSCT and how the drawbacks of MSCT
may be overcome. This is particularly import-
ant for the visualization of the small, fast mov-
ing coronary arteries. A regular cardiac heart
thythm and a slow heart rate are prerequisites
to achieve an appropriate image quality. A heart
rate below 65 beats per minute (and even below
60 beats per minute with the new flash CT sys-
tems) is required, which is often achieved with
the administration of B-blockers. Moreover,
MSCT may be rejected in obese patients, as
diagnostic image quality may be unacceptable
due to high amounts of image noise. In addition,
extensive calcifications may negatively influ-
ence the diagnostic accuracy of MSCT coro-
nary angiography by increasing the chance of
false-positive findings.

The disadvantages of MSCT include the
necessity of iodinated intravenous contrast
agent and radiation exposure [5]. Iodinated
contrast agents may cause allergic reactions in
a minority of patients (<1%) and are potentially
associated with the development of renal dys-
function. Indeed, the administration of contrast
exhibits a risk of significant contrast-induced
nephropathy, although the risk is low even in
patients with moderate-to-severe renal insuf-
ficiency [6]. Radiation exposure is of consider-
able concern with the growing use of imaging
modalities involving ionizing radiation, since
it may be associated with the development of
malignancies. Consequently, enormous atten-
tion has been paid to dose-reduction measures.
First, avoiding unnecessary MSCT studies is the
most powerful strategy in reducing radiation
exposure and MSCT should be used accord-

ing to the appropriateness criteria [1]. Second,
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tube voltage determines the radiation exposure
and adjusting the voltage depending on patient
size is feasible. The most frequently applied
tube voltage is 120 kV, however, adequate
image quality may be achieved using 100 kV
in non-obese adults [5,78]. Even further reduc-
tion of tube current to 80 kV may be feasible
in patients with a body mass index < 22.5 kg/
m? [9]. Moreover, distinctive scan modes may
have an important impact on radiation dose.
Indeed, prospective ECG-triggered scanning
may significantly reduce radiation exposure.
Bischoff ez al. observed a significant reduction
of radiation dose, while maintaining image
quality, when applying prospective as compared
with helical scanning mode (3.6 vs 11.2 mSy;
p < 0.001) [4]. Additionally, scan modes that
cover the entire heart during a single heart-
beat considerably reduce radiation dose. Novel
256- and 320-row CT systems allowing up to
16 cm z-axis coverage allow scanning of the
entire heart during a single gantry rotation and,
without loss of image quality, effective radiation
doses of 1.7-2.1 mSv may be achieved [10,11].
High table speed through the gantry may be
applied with the newest dual-source MSCT
systems. These new-generation MSCT systems
have an increased number of detectors and
faster gantry rotation speed, allowing a tempo-
ral resolution of as low as 75 ms. Using spiral
scanning mode with a high table speed, the
entire heart may be scanned within one cardiac
cycle, allowing radiation exposure in selected
patients, even below 1 mSv [12]. Importantly,
those values are lower than the values obtained
with conventional ICA, which range between
2 and 15.8 mSv [13,14].

Areas in which MSCT can be superior
to invasive imaging

B Evaluation of coronary artery
stenosis

Currently, conventional ICA is considered
the gold standard for the detection of coro-
nary artery stenosis. Nevertheless, noninvasive
MSCT has recently been proven a good alter-
native to ICA in certain patient populations.
Several meta-analyses that evaluated the diag-
nostic performance of 64-slice MSCT and more
recent scanners have been performed, demon-
strating high per-patient sensitivity and specific-
ity ranging from 97 to 100% and 82 to 91%,
respectively [15-20]. Nevertheless, most studies
were retrospective analyses in small samples of
patients with high pretest likelihood of CAD,

whereas the results were influenced by numerous
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biases. Accordingly, multicenter studies were
performed to overcome the above limitations.
In the recent multicenter trials aimed at identi-
fying patients with coronary artery stenosis with
64-slice MSCT among individuals at low-to-
intermediate pretest likelihood for CAD and
quantitative ICA serving as a standard of refer-
ence, MSCT was reported to have a sensitiv-
ity of 95-99% and a specificity of 64-83%,
whereas the negative predictive value (NPV)
was 97-99% (Tasie 1) [21,22]. In another recent
multicenter, multivendor trial, the sensitivity
and NPV of 64-slice MSCT angiography for
detecting obstructive CAD were 85 and 83%,
respectively (Taste 1) [23]. Based on these data, it
may be suggested that the diagnostic accuracy of
MSCT is strongly influenced by the pretest like-
lihood of CAD, as also recently demonstrated by
Meijboom et al. Indeed, in patients with vary-
ing degrees of pretest likelihood of CAD, the
sensitivity, positive predictive value and NPV
were 100, 75 and 100% for low, 84, 80 and
100% for intermediate and 98, 93 and 89% for
high pretest likelihood of CAD, respectively
(24]. Accordingly, MSCT angiography may be
particularly suitable to exclude CAD in patients
with low-to-intermediate pretest likelihood of
CAD (Ficure 1). As a result, with the applica-
tion of MSCT coronary angiography in clini-
cal practice, the number of diagnostic catheter-
izations associated with high costs and a cer-
tain risk of complications may be substantially
decreased. MSCT coronary angiography may
also be considered appropriate for the evaluation
of patients who are unable to perform an exercise
test or patients with equivocal test results. In
a recent study including patients with incon-
clusive exercise tests, MSCT coronary angio-
graphy resulted in major cost savings, whereas
the rate of ICA was reduced with no occurrence
of adverse events [25]. Finally, the modality may
also become an alternative to ICA in patients
requiring coronary evaluation before non-
coronary cardiac surgery or in patients with
a new onset of heart failure of unknown
etiology (1.
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The advantage of MSCT coronary angiogra-
phy to rule out CAD is supported by prognos-
tic studies performed in patients with suspected
CAD. An important finding in these studies
is that a normal MSCT coronary angiogram
indicates an excellent prognosis. Indeed, in the
meta-analyses including 7335 and 9592 patients
with a median follow-up of 26.4 and 20 months,
the annualized event rate (including death,
myocardial infarction and revascularization) in
patients with a normal MSCT coronary angio-
gram was as low as 1.1 26] and 0.17%, respec-
tively [27]. On the other hand, the presence of
obstructive lesions is clearly associated with a
worse prognosis. The presence of 21 significant
coronary artery stenosis was associated with a
tenfold higher risk for cardiovascular events [26].
Moreover, the risk of cardiovascular events may
be increased with increasing severity of CAD.

B Clinical implications of evaluation of
coronary artery stenosis in patients
with stable CAD

The recent publication of the results of multicenter
trials evaluating the outcomes in patients under-
going medical therapy compared with revascu-
larization in nondiabetic and diabetic patients
presenting with stable CAD, triggered a discus-
sion on the role of medical therapy in the above
patient population. In the COURAGE trial,
2287 patients with stable significant CAD and
myocardial ischemia were included and random-
ized for an optimal medical therapy alone or in
combination with percutaneous coronary inter-
vention (PCI). Surprisingly, at 4.5 years, PCI did
not reduce the risk of death, myocardial infarc-
tion or other cardiovascular event [28]. Similarly,
in the BARI 2D trial, 2368 with Type 2 diabetes
and stable CAD were stratified to undergo either
prompt revascularization along with medical
therapy or intensive medical therapy alone. At
5 years, no significant difference was observed
in the rates of death and major cardiovascular
events between patients undergoing revascular-
ization and optimal medical therapy alone [29].
Even if the above studies have important limit-

Study No. of patients Prevalence of Sensitivity Specificity PPV
(author) CAD (%) (%;95% CI) (%; 95% CI)

Budoff et al. 230 25 95 (85-99) 83 (76-88)

Miller et al. 291 56 85 (79-90) 90 (83-94)

Meijboom et al. 360 68 99 (98-100) 64 (53-73)

CAD: Coronary artery disease; NPV: Negative predictive value; PPV: Positive predictive value.
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64 (53-75)
91 (86-95)
86 (53-73)

NPV Ref.

(%; 95% Cl)

99 (96-100) 1)

83 (75-89) [23]

97 (94-100) [22]
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Figure 1. Example of multislice computed tomography angiography used to diagnose coronary artery disease. A 64-year-old
woman presented to the outpatient clinic for evaluation of atypical chest pain in combination with a positive family history for coronary
artery disease. Risk stratification resulted in an intermediate pretest likelihood for coronary artery disease. Bicycle exercise test was
inconclusive and subsequently a multislice computed tomography angiography was performed. Curved multiplanar reconstructions of
(A) the left anterior descending artery, (B) the right coronary artery and (C) the left circumflex coronary artery revealed normal coronary
arteries.
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ations, the results of the studies may have impli-
cations also for the application of MSCT in
clinical practice. In the COURAGE and the
BARI 2D trials, the patient inclusion was based
on the findings on ICA. Accordingly, the data
may not be generalized to patients with lower
risk coronary anatomy who do not undergo an
initial ICA. As the reported diagnostic accu-
racy of MSCT coronary angiography to detect
obstructive CAD is high, it is suggested that
noninvasive MSCT may play a role in an ini-
tial evaluation of CAD in patients with stable
angina in order to rule out three-vessel or left
main disease. Indeed, based on the results of the
COURAGE and BARI 2D trials, the need for
intervention in patients with stable CAD may
be decreased. Moreover, MSCT also allows
detection of borderline obstructive or nonob-
structive lesions, which may be considered for
noninvasive management.

Nevertheless, several important issues need to
be taken into consideration. First, due to the lim-
ited spatial resolution of MSCT compared with
ICA, a number of false-positive findings may be
observed on MSCT. Accordingly, an accurate
assessment of severity of individual stenosis may
be difficult in patients with extensive coronary
artery calcifications, which is usually the case in
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patients with Type 2 diabetes. Second, high diag-
nostic accuracies of MSCT angiography have
been reported in the studies performed in the
centers of excellence. Nevertheless, one should
realize that the diagnostic accuracy of MSCT
coronary angiography may be substantially lower
in the real world when it is performed in the
centers with limited experience in performing
and assessing MSCT coronary angiograms [30].
Future studies are clearly necessary to investigate

this approach.

B Evaluation of patients with
suspected acute coronary syndromes
The majority of studies evaluating the diag-
nostic accuracy of MSCT coronary angiogra-
phy are performed in the patients presenting
with chest pain, not in the emergency setting.
Nevertheless, another possible application of
MSCT is the diagnosis/exclusion of CAD in
the clinical setting of suspected acute coronary
syndromes (ACS). Indeed, up to 8% of patients
with ACS are misdiagnosed and inappropri-
ately discharged home [31]. A number of stud-
ies were performed with the aim of evaluating
the effectiveness of MSCT in the eatly triage
of patients with suspected ACS [32,33]. The abil-
ity of MSCT to exclude ACS after a normal
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MSCT scan or nonobstructive coronary lesions
has been observed [33]. Moreover, Goldstein et al.
compared two diagnostic strategies (standard of
care vs MSCT coronary angiography), where
the diagnostic efficiency, safety and cost-effec-
tiveness of both strategies in patients present-
ing with low-risk ACS (no ECG changes and
no elevation of cardiac enzymes) were eval-
uated [32]. The standard of care involved clinical
observation, as well as serial testing with ECG
and cardiac enzymes, followed by a myocardial
perfusion scan with single photon emission CT
(SPECT) for the evaluation of myocardial isch-
emia. The MSCT arm included initial MSCT,
followed by ischemia testing with SPECT in the
case of intermediate coronary lesions or non-
diagnostic MSCT scans. The median diagnostic
work-up duration in the standard of care arm
was 15 h, compared with 3.4 h (p < 0.001) in
the MSCT arm, resulting in significantly lower
costs associated with MSCT arm (US$1872 vs
1586; p < 0.001). Nevertheless, this was at the
expense of double or triple radiation exposure
(MSCT, followed by SPECT and in some cases
by ICA) in 24% of patients in the MSCT arm.
Summarizing the above results, the experts
consider MSCT coronary angiography as an
appropriate modality for the diagnosis/exclu-
sion of CAD in patients with low-risk ACS
(1.34]. Nevertheless, as MSCT currently does
not allow evaluation of hemodynamic sig-
nificance of the lesions and because MSCT may
be inconclusive, a proportion of patients with
low probability of ACS may need additional
testing. Moreover, performing MSCT coronary
angiography in the setting of ACS may currently
be logistically challenging in many centers.
Future studies are necessary to explore differ-
ent diagnostic protocols in the early triage of
patients with ACS.

B Evaluation of coronary artery
anomalies

In a recent study, the prevalence of coronary
anomalies with MSCT was 5.7% [35]. Coronary
anomalies are reported to be correlated with
sudden cardiac death, predominantly in young
healthy individuals. Numerous studies have
reported on the accuracy of MSCT to detect
anomalous coronary arteries as compared with
ICA. Indeed, in a study including 23 patients,
the accuracy of MSCT to detect coronary artery
anomalies was 100% [36]. In addition, in a series
with 380 patients with coronary artery anom-
alies, 58 patients had MSCT performed after
ICA. Among those patients, MSCT allowed a
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better assessment of the anatomic course and ori-
gin of the coronary arteries in eight cases (14%),
whereas ICA failed to identify them in ten cases
(17%) (37]. As ICA represents a 2D lumenogram
of the coronary arteries, a reliable interpretation
of the course of anomalous coronary arteries may
be difficult. MSCT providing 3D information
may be a more robust modality for the identifica-
tion of malignant coronary anomalies requiring
treatment (FIGURE 2).

Although identification of anomalous coro-
nary arteries with MSCT is possible, the clini-
cal importance of the findings is less well estab-
lished. Surgical correction of anomalous origin
of coronary arteries is generally considered best
for children and young adults. However, in a
recent study, no positive impact on long-term
survival could be demonstrated in older adults
when surgical correction of the anomalous
course of the aberrant coronary artery was per-
formed compared with medical therapy [38]. The
topic deserves further investigation.

Areas in which MSCT may assist in
cardiac interventions

B Evaluation of chronic total occlusion
Chronic total occlusions (CTO) are common in
patients referred for ICA [39]. Successful recana-
lization of a CTO is associated with substantial
improvement in symptoms, physical limitation
and quality of life (40]. Nevertheless, recanali-
zation of a CTO remains challenging because
of the inability to visualize the vessel lumen
if the occluded segment is long and tortuous.
Accordingly, the success rates in treating CTO
still range between 55 and 85% [39].

Since MSCT allows visualization of not only
the coronary artery lumen but also composition
of the vessel wall, it may provide complemen-
tary information that could be helpful in plan-
ning the recanalization procedure and thereby
increase the procedural success. CTOs appear
as regions of the coronary artery that are not
filled with intraluminal contrast. The distal
part of the occluded vessel is filled with con-
trast through collaterals and is less intensively
opacified. Calcifications can be clearly visible
as bright structures along the occluded vessel
(Fieure 3). The factors associated with failure of
recanalization, as identified with ICA, include
occlusion length of 220 mm, severe calcification,
blunt stump, tortuosity of occluded vessel, pres-
ence of bridging collaterals, as well as side branch
at occlusion site. Several rather small studies
have attempted to investigate the value of MSCT
in predicting the outcomes of recanali-zation
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Figure 2. Left coronary artery, originating from the right coronary cusp with a retro-aortic course (between aorta and left
atrium). (A) A 3D volume rendered reconstruction shows the LCA originating from the right coronary cusp and a retro-aortic course

(arrowheads) towards the left side of the heart. (B) A maximum intensity projection image demonstrates the origin of the LCA from the
right coronary cusp. (C & D) The course of the LCA between the LA and Ao. This particular anomalous coronary artery is considered to

be benign.

Ao: Aorta; LA: Left atrium; LCA: Left coronary artery; RCA: Right coronary artery.
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of CTO [41-44]. The findings on MSCT asso-
ciated with procedural failure were various
parameters of lesion calcification, tortuosity or
bending of coronary vessel, as well as shrink-
age of the target vessel (Taste 2). Accordingly, it
seems that MSCT currently does not provide
information complementary to ICA that might
be useful in planning recanalization. Moreover,
due to superior spatial resolution, some param-
eters are even better visible on ICA (bridging
collaterals or a side-branch at the entry point
of occlusion). Keeping in mind still substantial
radiation dose of current 64-slice MSCT sys-
tems (applied to patients who will subsequently
undergo a high radiation exposure recanaliza-
tion procedure), the need to administer nephro-
toxic contrast and the lack of evidence that
MSCT improves the outcomes, its application
in planning of recanalization of CTO remains
questionable. Additionally, MSCT may be useful

Interv. Cardiol. (2011) 3(6)

in coregistration of images while performing
recanalization procedures with magnetic navi-
gation. Nevertheless, the value of MSCT in the
above procedures needs to be demonstrated [45].

B Evaluation of the aortic valve in
transcatheter valve replacement
Transcatheter aortic valve implantation (TAVI)
is a novel method to treat symptomatic severe
aortic stenosis in patients with high surgi-
cal risk [46]. Although the results of the pro-
cedure are encouraging, several issues remain
a concern [47]. A mild aortic regurgitation is
observed in 50% of patients, whereas 13-18%
of patients develop a moderate regurgitation
(46,48]. Moreover, vascular complications remain
a safety concern. Accordingly, before the aortic
valve implantation, extensive planning of the
procedure is mandatory, in order to increase the
chance of success. Currently two devices are
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used, namely the self-expandable CoreValve®
revalving system (Medtronic, MN, USA) and
the balloon expandable Edwards Sapien valve
(Edwards Lifesciences, CA, USA). Proper device
sizing and expansion, as well as vascular access,
are of particular importance in the application
of both devices.

The assessment of the aortic valve, aorta and
the peripheral vessels is usually performed using
2D transthoracic and transoesophageal echo-
cardiography and angiography. Accurate mea-
surement of the aortic annulus is one of the key
steps in selecting the correct device. Indeed, an
undersized device may lead to suboptimal expan-
sion and paravalvular regurgitation, whereas an
oversized device may increase the risk of tissue
rupture. However, the measurements with 2D
echocardiography are limited since they are based
on single annular plane, assuming the aortic
annulus is a circle. Nevertheless, using 3D imag-
ing modalities the annulus appeared to be a com-
plex oval-shaped structure (Ficurs 4) [49]. Indeed,
Messika-Zeitoun et al. evaluated 45 patients
referred for TAVI; despite good agreement of the
sagittal diameter of the aortic annulus between
transthoracic and transesophageal echo-
cardiography (the mean difference between the
measurements was 0.6 = 0.8 mm; p = NS), the
difference between MSCT and transthoracic

Figure 3. Computed tomography angiography in a 20-year-old male with known Kawasaki disease. Multislice computed
tomography was performed for follow-up of known dilated coronary arteries. (A) Multiplanar reconstruction of the LAD shows a dilated
proximal part of the coronary artery with a totally occluded segment beyond a calcified plaque. (B) Distally the coronary artery is small in
diameter. Invasive coronary angiography shows an aneurysmatically dilated LAD with a chronic total occlusion at the site where the first
diagonal branch splits from the LAD. (C) Extensive collaterals (arrowheads) from the right coronary artery allow filling the distal LAD with
contrast.
D1: First diagonal branch; LAD: Left anterior descending coronary artery; RCA: Right coronary artery.

(1.22 £+ 1.3 mm; p = 0.03) or transesophageal
echocardiography was larger (1.52 + 1.1 mm;
p < 0.001) [s0]. Moreover, Schultz ez al. sug-
gested that device selection could be more
accurate if a mean diameter of an oval-shaped
aortic annulus (a mean of sagittal and coronal
diameters, as observed on 3D examination) was
used instead of making a decision based on a
single diameter measurement (Ficure 4) [51]. In
addition, the measurement demonstrated a good
reproducibility [52].

Besides measurement of the aortic annulus, 3D
noninvasive imaging by MSCT allows for assess-
ment of extent and location of aortic valve calci-
fication, as well as evaluation of the geometry of
the aortic root and left ventricular outflow tract
(Ficure 4) [49]. Aortic valve calcifications have been
associated with the presence of postprocedural
aortic regurgitation. Indeed, John ez a/. found a
strong correlation (r = 0.86; p < 0.001) between
severity of calcification and degree of postpro-
cedural aortic regurgitation (53]. For appropri-
ate positioning of the prosthesis, the prosthetic
valve needs to be deployed perpendicular to
the annulus of the native valve. Preprocedural
assessment of the aortic root in relation to the
body axis with MSCT appears to be useful in
prediction of the angle of implant-ation. Indeed,
Kurra ez al. investigated the accuracy of MSCT
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Study (author)

Soon et al.

Garcia-Garcia et al.

Cho et al.
Ehara et al.

CT scanner type Patients (n) Lesions (n)
16-slice MSCT 39 43

16-slice MSCT 139 142

64-slice MSCT

64-slice MSCT 64 72

64-slice MSCT 110 110

CSA: Cross-sectional area;, MSCT: Multislice computed tomography.
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aortography in predicting the angiographic
planes used for TAVI procedures. No difference
was observed between the cranial angulation in
the left anterior oblique x-ray angiograms and
MSCT images, whereas a small difference was
observed between the caudal angulation in the
right anterior oblique angiograms and matched
MSCT images [54]. Accordingly, as MSCT may
accurately predict the procedural angiographic
angulations, this may decrease the need for
repeated contrast injections during the TAVI
procedure and increase the accuracy of correct
valve positioning. Gurvitch ez al. achieved excel-
lent or satisfactory final prosthesis projection in
90% of cases in patients when MSCT was used
for predicting angiographic deployment pro-
jections as compared with 65% of cases when
MSCT was not used [55].

Moreover, MSCT allows assessment of the
peripheral arteries and thoracic aorta and may
help identify patients with unfavorable anat-
omy, such as small lumen diameter, tortuosity
and extensive atherosclerosis. Indeed, Kurra
et al. observed that 35% of patients referred for
TAVI had unfavorable atherosclerotic iliofemo-
ral disease, the majority of these patients having
aluminal narrowing of <8 mm in the iliofemoral
arteries [56].

Finally, after TAVI, MSCT may be a valu-
able and complementary tool to evaluate the
procedural results (deployment and location
of the prosthesis), in order to understand the
underlying mechanisms of postprocedural aortic
regurgitation.

Currently, a novel modality to obtain 3D
information in the cardiac interventional lab-
oratory is emerging. The C-arm in the inter-
ventional laboratory can be used as a CT scan-
ner. Accordingly, the same information, which
is obtained on preprocedural MSCT, can be
obtained intra-operatively. This includes the
characterization of the aortic valve calcifi-
cation, the assessment of the relationship between
the coronary ostia and the aortic leaflets and the
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Parameters associated with Ref.
procedural failure

Calcification >50% CSA [41]
Tortuosity of coronary vessel and (42]
calcification >50% CSA

Severe calcification [43]
Vessel bending, vessel shrinkage (44]

and severe calcification

information necessary for the valve sizing and
planned localization of the implant. Moreover,
the application of the C-arm CT may enable the
coregistration of the reconstructed image with
the C-arm and fluoroscopy, such that the image
rotates with it during positioning, providing the
operator an additional information to improve
placement of the aortic valve [57).

Additional studies are necessary to establish a
reference method for preprocedural evaluation of
the patients referred for TAVI and to demonstrate
whether the risks associated with MSCT (radia-
tion exposure and administration of nephro-
toxic contrast) are justified by a better outcome
(lower postprocedural aortic regurgitation rate
and fewer vascular complications).

B Evaluation of the mitral valve in
percutaneous procedures

Despite recent advances in treatment strate-
gies, surgery is denied in 49% of high-risk
patients with severe mitral regurgitation [s8].
Consequently, transcatheter and minimally inva-
sive surgical techniques have been developed as
an alternative approach. Currently, clinical data
are available on the use of a MitraClip® device
(Abbott Vascular, CA, USA) for leaflet repair,
as well as on Carillon® (Cardiac Dimensions
Inc., WA, USA) and Monarc™ (Edwards
Lifesciences, CA, USA) devices for coronary
sinus annuloplasty. Accordingly, the broadening
options for mitral valve repair have increased the
demands on the reliability of morphologic assess-
ment of the mitral valve. Echocardiography is
currently the most widely used imaging modal-
ity in therapy decision making. However, 3D
imaging modalities such as MSCT may be use-
ful in the assessment of anatomy and geometry
of the mitral valve. Indeed, MSCT could clearly
have an additional value in the assessment of the
coronary sinus and its relationship with the coro-
nary arteries and the mitral valve annulus before
percutaneous mitral valve annuloplasty. Tops
et al. demonstrated the course of the circumflex
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coronary artery between the coronary sinus and
the mitral valve annulus in as many as 68% of
patients (which might result in acute ischemia
during the procedure) [59]. Moreover, coronary
sinus coursed superiorly to the mitral annulus
in the majority of patients. The feas-ibility of
a comprehensive mitral valve evaluation with
MSCT was nicely demonstrated in a study

Clinical advances in imaging

by Delgado et al. [60). Additionally, Feuchtner
et al. demonstrated in 112 patients a sensitivity
of 96% and a specificity of 93% in diagnosing
mitral valve prolapse with MSCT as compared
with 2D echocardiography [61]. Nevertheless,
echocardiography remains the most important
tool for the evaluation of patients referred for
mitral valve intervention, whereas MSCT may

Figure 4. Assessment of the aortic valve annulus by multislice computed tomography. Oblique transverse view allows
assessment of the degree of calcification of (A) the aortic valve (which in this case is functionally bicuspid) and (B) the oval-shaped
annulus size. The size of the aortic valve annulus is measured in the (C) coronal and (D) sagittal views, providing an estimation of the
eccentricity of the aortic valve annulus.

Ao: Aorta; LA: Left atrium; LV: Left ventricle.
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be a reserve option in case the echocardiography
fails to provide insight into the mechanisms of
mitral valve disease.

B Evaluation before catheter ablation
of atrial fibrillation

In patients with atrial fibrillation (AF) who
remain symptomatic under optimal medical
therapy, catheter ablation is an effective treat-
ment method [62]. MSCT may play a role in
patient selection during the catheter ablation
procedure, as well as in the evaluation of the
procedural complications.

MSCT may be used in the assessment of the
left atrial size as well as the presence of throm-
bus. Indeed, MSCT is a reliable method to mea-
sure the left atrial volume [63]. Nevertheless, due
to radiation exposure, the need for contrast agent
with MSCT and good results available with
echocardiography, it is not routinely performed
for the assessment of the left atrial size.

Moreover, thrombus in the left atrium or left
atrium appendage has to be excluded before abla-
tion. In a study by Dorenkamp et al. the diag-
nostic accuracy of thrombus detection by MSCT
was assessed as compared with transesophageal
echocardiography in 329 patients scheduled for
pulmonary vein isolation. MSCT showed low
sensitivity (29%) and a high specificity (98%)
among patients with a 2.1% prevalence of throm-
bus of on echocardiography [64]. Accordingly,

Figure 5. Posterior view of (A) multislice computed tomography
reconstruction and (B) electro-anatomical mapping image of the left
atrium. (C) Fusion of both images is helpful in anatomical orientation during
ablation procedures. The white dotted points represent locations where electrical
ablation was performed.
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MSCT is an inappropriate modality for left
atrial thrombus detection.

3D MSCT is a reliable modality in imag-
ing of the pulmonary veins before the catheter
ablation of AF as it allows superior accuracy of
pulmonary vein assessment as compared with
echocardiography [¢5]. In the majority of cases,
four pulmonary veins are present. Nevertheless,
anatomical variants have been described in pul-
monary vein anatomy. A recent study showed
a higher prevalence of a single pulmonary vein
ostium on the left side in patients with AF
compared with a control group (33.7 vs 19.9%;
p = 0.004) 66]. In addition, ostial diameters of
the veins were larger in case of AF.

During the ablation procedure, fluoroscopy
and electroanatomic mapping systems are used
to identify sites for ablation. Integration of these
modalities with MSCT has been introduced over
recent years and data demonstrating an improve-
ment of the procedural outcomes have become
available. In a randomized study including
290 patients (145 patients with image integra-
tion and 145 with conventional mapping), the
arthythmia-free survival rate was significantly
higher in image integration group compared
with conventional mapping group (88 vs 69%;
p= 0.017) (Ficure 5) [67].

Finally, MSCT may help detect pulmonary
vein stenosis after ablation. Indeed, pulmonary
vein stenosis may occur in up to 10% of patients
undergoing catheter ablation of AF [62].

B Evaluation in ventricular tachycardia

ablation

Patients who suffer from appropriate implant-
able cardioverter defibrillator shocks for ven-
tricular tachycardia, despite treatment with
anti-arrhythmic medications, may be candidates
for radiofrequency ablation of ventricular tachy-
cardia. Endocardial voltage mapping is normally
applied for this purpose and has a limited abil-
ity to detect intramyocardial or epicardial scar.
Moreover, suboptimal catheter contact can result
in false low-voltage measurements. Accordingly,
integration of MSCT images into the mapping
systems may facilitate the ablation of ventricu-
lar tachycardia. A recent study demonstrated
the feasibility of integration of MSCT derived
data into mapping system in guiding catheter
ablation [68]. It has also been demonstrated that
the fusion of MSCT images with real-time
electroanatomic mapping data is accurate, and
may enhance the safety of epicardial catheter
ablation procedures of ventricular tachycardia
by establishing the relationship between the
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catheter tip and coronary arteries [69]. However,
keeping in mind the emerging role of magnetic
resonance imaging, nuclear imaging and intra-
cardiac echocardiography for this purpose, more
studies are necessary before MSCT may have a
role in ablation of ventricular arrhythmias.

Other applications of MSCT related
to interventional cardiology

B Evaluation of coronary artery stents
Detection of CAD in patients with a history
of PCI may be clinically relevant. Over recent
years, the diagnostic accuracy of MSCT for the
detection of in-stent restenosis remained a topic
of investigation. Even with improved image
quality with 64-slice MSCT and dual-source
MSCT as compared with previous scanner gen-
erations, visualization of the lumen of coronary
artery stents remains a challenge. Carrabba
et al. performed a meta-analysis of nine stud-
ies with 64-slice MSCT including 598 patients
and 978 stents [70]. In total, an average of 91%
of stents were interpretable (the uninterpretable
stents ranging from 0 to 42%). In the stents
with good image quality, the sensitivity to detect
in-stent restenosis as compared with ICA was
86%, whereas a NPV was 97%. Nevertheless,
the positive predictive value was limited to 70%,
indicating that the degree of in-stent restenosis is
frequently overestimated with MSCT. The stent
diameter has been reported to be a major pred-
ictor of stent evaluability (Ficure 6) [71].
Accordingly, based on the available data, the
experts currently consider MSCT appropriate
for follow-up of asymptomatic patients after left
main coronary artery stenting if a stent diameter
is 23 mm [1].

B Evaluation of coronary artery
plagques
It is recognized that the morphology of coro-
nary plaques plays an important role in the
development of ACS [72]. The possibility of
characterizing coronary plaques with MSCT
and investigating whether there is a correlation
between certain findings and the development
of coronary events is clinically relevant.
Coronary atherosclerosis may be assessed
with MSCT in two ways. Scans performed
without contrast injection enable quantifica-
tion of calcified component of coronary plaques
(Ficure 7). Calculation of Agatston score is the
most widely accepted method for this purpose.
Calcium scoring was performed in large patient
populations and in different clinical settings
ranging from asymptomatic patients to patients

future science group
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Figure 6. Coronary computed tomography angiography evaluation of

coronary stents. Two patients, who were both evaluated for atypical complaints
and already had a history of percutaneous coronary intervention. (A) A left anterior
descending coronary artery with two stents of a diameter of 2.75 mm. It is difficult
to assess the presence of any stenosis within the stents; however, there is adequate
run-off of contrast medium distal to the stents. (B) Three stents are visible in the
left anterior descending coronary artery, two proximal stents of a diameter of 3 mm
and a distal stent of a diameter of 2.75 mm. Some growth of neo-intima (arrows)

can be assessed in both stents of 3 mm diameter.

presenting with ACS. In general, coronary calci-
fications occur almost solely as a result of athero-
sclerosis, and the amount of calcification cor-
relates approximately to the extent of athero-
sclerotic burden (73]. Currently, data from large
studies and with long follow-up are available on
the value of calcium scoring in risk stratification
of asymptomatic individuals. Indeed, a 6.8-year
follow-up of 25,253 asymptomatic individuals
by Budoff ¢t al. demonstrated an increased risk
for all-cause mortality with the increased cal-
cium scores [74]. Nevertheless, the correlation
between individual lesion severity on ICA and
the amount of coronary calcium is weak [73].
Moreover, the absence of coronary calcium does
not rule out CAD in symptomatic patients, par-
ticularly when young and presenting with acute
symptoms [75].

Another way to visualize coronary plaques
involves the use of MSCT coronary angiography,
which (due to intravenous injection of iodinated
contrast) enables characterization of calcified
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Figure 7. Visualization of coronary atherosclerotic plaques by computed tomography. (A) Visualization of coronary calcifications
by means of contrast-free scan for coronary calcium scoring, demonstrating extensive calcification in the left anterior descending
coronary artery and the first diagonal branch. (B-D) Curved multiplanar reconstructions of different types of coronary plaques, indicated
by arrow and with cross-sectional images. (B) A calcified plaque in the circumflex coronary artery, (C) a mixed plaque in the left anterior
descending coronary artery and, (D) a noncalcified coronary artery plaque in the left anterior descending coronary artery of a different
patient.
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and noncalcified plaque. Coronary plaques may
be classified into noncalcified, calcified and
mixed (containing both calcified and noncalci-
fied components) (Ficure 7). A recent meta-ana-
lysis including 22 studies demonstrated excellent
diagnostic accuracy of MSCT for the detection
of coronary plaques, with a sensitivity of 90%
(95% CI: 83-94%) and a specificity of 92%
(95% CI: 90-93%) as compared with intravas-
cular ultrasound [76]. However, if the plaques
observed on MSCT angiograms are to be used
for risk stratification and possibly going to be
treated, detection of a plaque is not sufficient
and a more detailed characterization of plaques
is necessary.

The data are currently available on the prog-
nostic value of coronary plaques observed on
MSCT. In a study including 1059 symptom-
atic patients who underwent diagnostic MSCT
coronary angiography, the presence of coronary
plaques with positive remodeling and plaques
with low attenuation were associated with the
development of ACS at 27 months of follow-
up [77]. Based on these preliminary observations,

Interv. Cardiol. (2011) 3(6)

it may be concluded that coronary plaque imag-
ing with MSCT may provide prognostic infor-
mation. Nevertheless, further research is neces-
sary to examine more detailed characterization
of coronary plaque with MSCT before the infor-
mation obtained on MSCT may be used for risk
stratification or treatment purposes.

Future perspective
Non-invasive evaluation of CAD with MSCT
will remain a topic of investigation in the near
future, especially with new scanning techniques
allowing further reduction of radiation dose.
With a low radiation exposure with the scans,
the characteristics of potentially vulnerable coro-
nary plaques will be explored, since the informa-
tion on coronary atherosclerosis obtained may
potentially become a tool in patient risk strati-
fication. Moreover, studies exploring prognostic
value of MSCT with a long-term follow-up in
various study populations are to be expected.
MSCT may provide additional information
on anatomic relations of cardiac and adjacent
structures in cardiac interventions, such as
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ablation in cardiac arrhythmias or procedures
of cardiac valves. Prospective studies exploring
the clinical advantages of use of MSCT need
to further clarify the position of MSCT in the
above procedures.

Importantly, appropriate use of MSCT which
involves x-ray exposure will remain manda-
tory. Thereby optimal image quality with low
radiation exposure will remain essential in
cardiovascular applications of MSCT.

Clinical advances in imaging
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Principals of imaging the heart with multislice computed tomography & safety issues
Appropriate use of multislice computed tomography (MSCT) in cardiovascular applications is the most powerful strategy in reducing
radiation exposure.
A regular heart rhythm and a slow heart rate are prerequisites for high image quality in MSCT scans, and in the application of low-dose
imaging protocols.

Areas in which MSCT can be superior to invasive imaging
MSCT coronary angiography may accurately exclude coronary artery disease in patients with low and intermediate pretest likelihood for
coronary artery disease, and thereby may reduce the number of diagnostic catheterizations and associated costs.

Areas in which MSCT may assist in cardiac interventions
MSCT may provide useful anatomical information for planning percutaneous procedures of the cardiac valves; it is currently unknown
whether use of MSCT in planning of aortic valve procedures leads to better outcomes.
Echocardiography remains the most important tool for planning the percutaneous mitral valve procedures.
Fusion of multiple imaging modalities, including MSCT, improves outcomes of catheter ablation of atrial fibrillation.

Other applications of MSCT related to interventional cardiology
The application of MSCT coronary angiography after revascularization procedures remains limited.
Currently, noninvasive characterization of coronary artery plagues may not be used in prediction of acute coronary syndromes or for
treatment of those plaques.
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