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Current Clinical and Research Developments in Cardiovascular
Multi-Detector Computed Tomography

P Schoenhagen

Cleveland Clinic, Cardiovascular Imaging

Computed tomography (CT) was introduced
into medical imaging in the 1970s." Across
multiple medical specialties, it has since ena-
bled novel diagnostic approaches for a variety
of clinical conditions. Technical advances, in-
cluding fast gantry rotation and multi-detector
technology, subsequently allowed cardiovas-
cular applications including imaging of the cor-
onary arteries.??

Current multi-detector scanners allow fast
data acquisition during continuous rotation of
the gantry and continuous movement of the
patient table (“spiral acquisition”). Data are
acquired through the entire cardiac cycle dur-
ing simultaneous recording of the ECG signal.
State-of-the-art 64-detector scanners cover a
few centimeters per rotation and therefore re-
quire 3-5 gantry rotations to cover the entire
coronary tree. Following image acquisition,
data from specific periods of the cardiac cycle
(most commonly late diastole, when cardiac
motion is the least) are reconstructed by retro-
spective referencing to the ECG signal (“spiral
acquisition with retrospective ECG-gating”).*
Although the tube current (and therefore ra-
diation exposure) is reduced outside the se-
lected phase (“dose modulation”), the continu-
ous x-ray exposure during the entire cardiac
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cycle results in an increased patient radiation
dose.® Alternatively, data acquisition can be
performed by selectively turning the x-ray tube
on only in the selected phase, triggered by the
ECG signal, and coordinated with stepwise
advancement of table position. This acquisi-
tion mode is called “sequential imaging with
prospective triggering” and has recently been
described with current multi-detector scan-
ners.® An important advantage is the lower
radiation dose, because the x-ray exposure
only occurs during the selected cardiac phase
rather than throughout the entire cardiac cycle.

Scanners with significant further increase in
the number of detectors will allow imaging of
the entire heart in one rotation, therefore obviat-
ing the need to move the patient table. A recent
study describes the initial experience with such
a 320-detectorrow CT system.” The system has
a craniocaudal coverage of 16 cm in a single
gantry rotation, which allows coronary imaging
in a single heartbeat in a majority of patients.
This eliminates potential artifacts at the tran-
sitions zone between gantry rotations, which
are still seen with current state-of-the-art 64-
slice systems. Coupled with prospective image
acquisition,®” the radiation exposure appears
to compare favorably to current CT systems.

Other recent technological developments
include faster gantry rotation times, dual-
source technology,® and more efficient detec-
tors and are associated with improved image
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quality. However, despite this technical evolu-
tion, imaging of the small, rapidly moving cor-
onary arteries remains challenging because
of the limited spatial and temporal resolution
and impaired visibility of densely calcified seg-
ments, which are an integral part of advanced
atherosclerotic lesions. Plaque calcification
of the vessel wall frequently precludes ac-
curate visualization of the artery lumen, be-
cause dense calcification of the plaque leads
to overestimation of luminal stenosis (“calcium
blooming artifact”). These limitations are re-
flected in the results of single and multi-center
studies comparing coronary CT angiography
(CTA) to conventional coronary angiography,
which consistently demonstrate a high nega-
tive predictive value (i.e. ability to rule out
significant disease), but a lower positive pre-
dictive value to identify high-risk lesions.®°

Based on the accumulating experience,
consensus guidelines for appropriate diagnos-
tic use of CTA are evolving." In contrast to con-
ventional coronary angiography, which is most
useful for symptomatic, higher-risk populations
with suspected high-grade stenosis, CTA is
recommended for intermediate risk popula-
tions, which are alternatively examined with
stress testing. The diagnostic goal includes the
identification or exclusion of luminal stenosis,
but also assessment of long-term cardiovascu-
lar risk.'>'3 Risk assessment with CT is already
established with non-contrast CT (calcium scor-
ing), which has demonstrated a prognostic role
of calcium burden independent of conventional
risk factors in intermediate risk populations.'#'5
More recently CTA studies have demonstrated
the potential of CTA to visualize calcified and
non-calcified atherosclerotic plaque of the
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vessel wall'®'8, CT atherosclerosis imaging is
a major area of imaging research with CTA.

By simultaneously assessing luminal steno-
sis and plaque burden, CTA allows the descrip-
tion of atherosclerotic disease patterns.’® A
pattern of ‘absence of disease’ (no atheroscle-
rotic plaque and no luminal stenosis) appears
to be associated with a very low risk for future
events. No further tests are necessary and risk
factor modification should follow established
preventive guidelines. A pattern of ‘non-ob-
structive disease’ (calcified or non-calcified
plaque in the vessel wall with estimated <50%
stenosis) is likely associated with intermedi-
ate risk. Depending on clinical suspicion, ad-
ditional functional stress tests can be justified
and this pattern should trigger a review of po-
tentially more aggressive risk factor manage-
ment. In patients with a pattern of “suspected
obstructive disease’ (suspected >50% luminal
stenosis), calcified lesions frequently preclude
precise quantification of luminal stenosis, and
further evaluation of hemodynamic signifi-
cance is necessary. The exclusion of hemo-
dynamic significant stenosis should be based
on initial correlation with functional stress test
results in most patients.? If clinical symptoms,
and stress testing suggest a high likelihood of
significant stenosis, cardiac catheterization is
justified. Only in a few, highly selected situa-
tions, in particular if proximal disease is iden-
tified, cardiac catheterization without stress
testing appears appropriate. Lastly, the identifi-
cation of significant plaque burden, regardless
of the presence or absence of associated he-
modynamic stenosis, requires a more aggres-
sive approach to risk factor modification. The
clinical significance of these disease patterns
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and appropriate clinical management ap-
proach needs to be further evaluated and evi-
dence-based data is necessary.?' In particular,
there is need for epidemiologic data correlating
results from CTA to stress-testing,?? and even-
tually clinical outcome.®

CTA is not recommended for low-risk popu-
lation (screening) because of its associated ra-
diation exposure, and contrast administration.
The increased use of CT over the last decades
has already been associated with a significant
increase in radiation exposure with uncertain
long-term implications.?*2® There is also a risk
of false-positive test results with potential for
unnecessary down-stream procedures. CTA is
not recommended in high-risk patients, where
conventional angiography remains the test of
choice and CTA would only confirm the subse-
quent need for catheterization.

Other indications are evolving. Examples
are the potential use of CTA in patients pre-
senting with chest pain in the emergency de-
partment.?® CTA is also becoming a tool in
atherosclerosis imaging research.?” Similar to
invasive modalities including IVUS, OCT, and
non-invasive imaging with MRI, CT has poten-
tial to assess plaque burden and composition
as an endpoint in clinical trials.

Beyond coronary imaging, there are many
other clinical applications of cardiovascu-
lar MDCT, many of which are already clinical
standard.®2?° A particular innovative area of
research is the planning of endovascular and
surgical procedures based on advanced re-
constructions of CT data. A distinct advantage
of computed tomographic angiography (CTA)
is the routine acquisition of high-resolution
3-D/4-D datasets. Modern, computer-based
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Figure 1: This figure shows MDCT images of the heart and coronary

arteries. Volume-rendered images of the heart are shown on the left and
curved MPR images of the coronary arteries are shown on the left.

analysis software allows unlimited oblique re-
construction for precise measurement in the
axial plane and along the centerline of vas-
cular structures. Additional volume-rendered
images provide a 3-D/4-D display of complex
cardiovascular anatomy. This information al-
lows optimization of fluoroscopic view selec-
tion, planning of surgical access, guidance
of device selection, and device customiza-
tion. While data for coronary intervention is
still limited,**2 the potential of image guid-
ance has already been demonstrated by the
experience with aortic endovascular stent
procedures. Pre-procedural planning with
CT is a critical part of clinical routine.®34 It is
used for the design of custom-made stents,*
which accommodate vessel tortuosity and side
branches e.g. in the aorta arch and proximal
abdominal aorta. More recently, this approach
has been described in the context of novel
surgical and interventional procedures, includ-
ing hybrid surgical/endovascular procedures,
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and robotic surgery.**3” Other clinical applica-
tions are stenting of the pulmonary veins af-
ter atrial fibrillation treatment,*® reoperative
cardiothoracic surgery®®* and most recently
percutaneous aortic valve replacement.*4!

Imaging research will identify novel appli-
cations supporting innovative approaches to
cardiovascular disease, including applications
of nanotechnology in atherosclerosis imag-
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the demonstration of technical feasibility is not
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rigorous scientific evaluation. The ultimate goal
will be to demonstrate an impact on clinical de-
cision-making and eventually patient outcome.
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