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Introduction

The first manuscripts regarding the ap-
plications of magnetic resonance (MR) for
diseases of the cardiovascular system were
published in the early ’80s1. Over the fol-
lowing years, cardiovascular MR proved to
be an extremely flexible tool, far more ver-
satile than any other technique currently
used in the clinical practice2-7.

In fact, cardiovascular MR could be
widely used to study both the heart mor-
phology and function, i.e. the quantifica-
tion of the left ventricular mass, wall thick-
ness, systolic myocardial thickening,
chamber volume, ejection fraction, and
other parameters of global and regional
systolic and diastolic functions8-10. Further-
more, cardiovascular MR provides an opti-
mal tool for the assessment of myocardial
ischemia, postinfarction scars, left ventric-
ular remodeling, aneurysms, septal defects,
mural thrombi, valvular regurgitations, and
the patency of bypass grafts11-14. High res-
olution MR is also used for the imaging and
quantification of atherosclerotic plaque
composition in vivo. Recently, intravascu-
lar MR devices to be used when performing

imaging-guided balloon angioplasty have
been developed15-17.

However, the most attractive fields for
cardiovascular MR applications are the as-
sessment of myocardial perfusion and non-
invasive coronary angiography18-21. Current-
ly, the only clear indication for magnetic res-
onance coronary angiography (MRCA)
consists of the visualization of congenital
coronary anomalies. On the other hand,
conventional coronary angiography is con-
sidered the gold standard for the detection
of coronary artery stenoses in patients with
ischemic heart disease22-24. Nevertheless,
coronary angiography is invasive, expen-
sive and it requires a substantial X-ray ex-
posure for patients and operators. It is not
risk-free, bearing the risk of arrhythmias,
stroke and adverse reactions to contrast
agents. Furthermore, it necessitates patient
hospitalization15,16,25.

In view of the above-mentioned rea-
sons, many researchers are currently exam-
ining alternative, non-invasive clinical
tools and, among them, MRCA is consid-
ered the most promising method. The ad-
vantage of this technique lies in its flexibil-
ity and it allows the evaluation of both the
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Coronary angiography is presently considered the gold standard test for the assessment of coronary
artery disease. However, owing to the exposure to ionizing radiations, the invasiveness, and the incidence
of major complications (0.3-1.1%), investigators are attempting to develop safer, non-invasive tech-
niques. Cardiovascular magnetic resonance proved to be an extremely safe tool with a wide range of
clinical applications. Its flexibility and non-invasiveness allow the evaluation of the heart and coronary
arteries in one single setting, with the possibility of quantifying several cardiac physiological parame-
ters. Multiple techniques have been applied to overcome the substantial difficulties in coronary artery
imaging: respiration artifacts are suppressed by breath-holding or respiratory gating, cardiac motion
artifacts are reduced by diastolic gating with ultra fast sequences and the signal-to-noise ratio can be in-
creased with contrast agents. In several clinical trials, magnetic resonance coronary angiography has
been successfully used to assess coronary artery stenoses, coronary artery bypass grafts and anomalous
coronary artery origins and course. Considering the continuing developments in magnet coils, in soft-
ware technology and in innovative imaging approaches, it is likely that magnetic resonance coronary an-
giography will in the future play an important role in the evaluation of coronary artery disease.
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anatomy and function of the heart. However, some im-
pediments limit the routine clinical use of MRCA: dif-
ficulties are due to cardiac and respiratory movements,
to the small size and tortuous course of coronary arter-
ies, and to the low contrast between vessels and sur-
rounding structures such as the epicardial fat and my-
ocardium26.

New technologies have been introduced with the
aim of overcoming these problems: the development of
cardiac and respiratory gating, of an ultra fast two- or
three-dimensional gradient system, of echoplanar, spi-
ral or parallel imaging sequences and of contrast agents
have significantly changed the diagnostic potential of
cardiovascular MR.

Moreover, the injection of paramagnetic contrast
agents can be used for the assessment of myocardial
perfusion, a crucial step in the management of patients
with ischemic heart disease. Indeed, nuclear medicine
perfusion techniques are widely used, although they are
burdened by a limited spatial resolution.

Therefore, cardiovascular MR could become, in this
field, an effective and valid clinical tool15-17.

Anatomical and physiological aspects of coronary
artery disease

The left main coronary artery (LMCA) arises from
the left aortic sinus and then passes behind the right ven-
tricular outflow tract to give rise to the left anterior de-
scending (LAD) and circumflex (LCx) arteries. In nor-
mal subjects its diameter is between 3 and 6 mm. From
the LMCA bifurcation, the LAD passes down towards
the apex of the heart in the anterior interventricular
groove. The right coronary artery (RCA) arises from the
right aortic sinus and passes down along the anterior
atrioventricular groove towards the crux of the heart.

During the cardiac cycle, especially in mid systole
and early diastole, the coronary arteries undergo sub-
stantial displacement producing vessel blurring. To
avoid that, images are acquired in mid-late diastole,
during a period of relative cardiac stasis. In general, the
acquisition time should be limited to < 100 ms. Strate-
gies to achieve this temporal resolution include seg-
menting “k-space” (the multiple data acquired for the
creation of the image) or acquiring “k-space” with ei-
ther spiral or echoplanar techniques15,16,26.

Besides, even the respiratory cyclic movements, re-
lated to the diaphragmatic vertical excursions, influ-
ence the quality of the image by producing respiratory
artifacts and vessel blurring. To solve this problem, re-
searchers initially used two-dimensional breath-hold
gradient-echo strategies, based on multiple thin slice
acquisitions aligned in plane with the artery. This ap-
proach requires several breath-holds and some patients
with cardiorespiratory diseases are unable to comply
with this technique. Moreover, breath-holds at different
levels produce image misregistration. Following these

initial attempts, an alternative strategy based on respi-
ratory-gating was developed. Liu et al.27 introduced a
two-dimensional radiofrequency pulse (navigator
echo) to monitor the diaphragmatic motion during res-
piration. By setting a narrow navigator acceptance win-
dow in which data are accepted, the patient can breath
freely, without changing the quality of the images ob-
tained. Furthermore, the scan times are prolonged, es-
pecially in patients with bradycardia and variable res-
piratory patterns16,26-28.

The two-dimensional approach has a low spatial
resolution, with poor depiction of small and tortuous
vessels and with the incorrect evaluation of stenoses
(for example, interpretative difficulties related to con-
tiguous sections misregistration due to inconsistent
breath-hold positions). On the other hand, the three-di-
mensional technique has a higher spatial resolution be-
cause it is based on the acquisition of volumetric data-
sets of the heart in a single breath-hold or using respi-
ratory gating29.

Another problem arises from the differentiation of
the coronary arteries from surrounding structures.
Spin-echo techniques produce a “black-blood” vessel
against the perivascular fat and arterial wall. Gradient-
echo techniques produce a “white-blood” vessel: the
signal regained from blood can be amplified with addi-
tional suppression of the perivascular fat and my-
ocardium or with the administration of gadolinium-
based contrast agents17,26,30,31 (Figs. 1 and 2).

Clinical indications for magnetic resonance
coronary angiography

The development of MRCA in coronary artery dis-
ease is currently the primary goal of the research en-
deavor: in fact, this technique may be employed for pa-
tients with ischemic heart disease, to detect coronary
artery stenoses, for preoperative screening and for the
follow-up of myocardial revascularization procedures
(coronary angioplasty or coronary artery bypass graft-
ing). The sensitivity of MR angiograms is such that the
identification of significant stenoses within two thirds
of the major coronary artery course is possible; in fact,
MRCA permits adequate visualization of the following
segments: the LMCA, the proximal and mid tracts of
the LAD and of the LCx arteries and the RCA as far as
the crux of the heart. The visualization of the coronary
arteries, even if limited to the proximal and mid seg-
ments, provides sufficient information for a clinical as-
sessment. For example, the tortuosity of these vessels is
an index of atherosclerosis, such that if MRCA is sug-
gestive of linear and non-stenotic arterial tracts, it may
be assumed that in 85% of these patients the entire
coronary artery tree is free from atherosclerotic lesions.
Thus, MRCA may be employed for screening purposes
in selected groups of patients with two or more cardio-
vascular risk factors32.
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Recent studies of atherosclerotic plaques demon-
strate that high resolution MRCA permits the non-inva-
sive visualization of the artery wall and the assessment
of plaque composition. It is thus conceivable that in
the future vulnerable plaques will be identified before
their rupture, thus preventing acute coronary syn-
dromes17,27,33,34.

Yet, phase-contrast MR could be used for the non-
invasive detection of restenoses in patients with recur-
rent chest pain after percutaneous revascularization
(such an event occurs in 25 to 60% of subjects having
a successful percutaneous coronary arterial revascu-
larization procedure). When a hemodynamically sig-
nificant stenosis is present, phase-contrast MR evalu-
ation is sufficiently accurate for the correct identifica-
tion of a reduced flow reserve in the distal vessels and
of an increased blood velocity at the site of stenosis.
This technique is particularly useful in patients with

coronary stents, because the metal causes a signal void
and conventional gradient-echo techniques do not per-
mit the correct assessment of the severity of steno-
sis16,34,35.

Coronary artery bypass grafts. With the increase in
coronary artery bypass surgery, a higher frequency of
graft stenoses and occlusion due to early thrombosis,
intimal hyperplasia and accelerated atherosclerosis has
been observed. At the moment, the only tool available
for the assessment of graft disease is X-ray cardiac
catheterization. Different types of MR techniques have
been tested as non-invasive alternatives to X-ray an-
giography of grafts. Spin-echo techniques depict grafts
as black vessels, but stenoses cannot be reliably as-
sessed (the sensitivity for the detection of graft paten-
cy was 86-98%, the specificity was lower at 59-85%).
In contrast, using cine gradient-echo sequences, patent
grafts appear white (with this approach the sensitivity
is reported to be as high as 88-98%, with a specificity
of 86-100%). The addition of gadolinium-based con-
trast agents with rapid breath-hold three-dimensional
sequences can produce angiographic quality images of
the aorta and grafts, although the assessment of the
distal insertion and the detection of significant
stenoses remain limited. However, both techniques
provide some functional information about the flow
down the grafts: preliminary studies have suggested
that MR flow measurements may differentiate grafts
with significant stenoses and patent grafts. Thus, the
combined use of MR angiography techniques and
phase-contrast flow velocity mapping offers the poten-
tial of a safe, non-invasive diagnostic tool for the de-
tection of graft dysfunction15,17,27,36-38. Furthermore,
with the increasing use of intracoronary stents in inter-
ventional cardiology, it will be important that MRCA
be improved so as to permit accurate assessment of the
blood flow proximal and distal to a patent or stenosed
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Figure 1. By using the spin-echo sequence, it is possible to obtain a “black-blood” image of the coronary arteries. Cx = left circumflex coronary artery;
LM = left main coronary artery; RCA = right coronary artery.

Figure 2. By using the gradient-echo sequence, a “white-blood” image
of the coronary lumen is visualized.



stent. Even if the stents may produce some artifacts,
MRCA is safe for the patient, even if performed soon
after stent implantation15,17. The accurate flow assess-
ment in combination with intravascular contrast agents
will allow a wider utilization in the evaluation of
stents.

Anomalous coronary arteries. The incidence of
anomalous coronary arteries in patients with a normal
cardiac anatomy is 0.3-0.9%. This condition is clinical-
ly benign in the majority of cases, but it is associated
with sudden death if the LAD passes between the pul-
monary artery and ascending aorta. Because of the lack
of three-dimensional information about the anatomical
relationship with the great vessels, the assessment of
anomalous coronary vessels at conventional X-ray an-
giography can be incomplete. MRCA can be orientated
in any spatial plane and allows optimal definition of the
relationship of the anomalous vessel with the aorta and
right ventricular outflow tract. So, MRCA has been rec-
ognized as a valuable tool for the identification of
anomalous coronary arteries15-17,25,39,40.

Contraindications. Electromagnetic interference causes
malfunction of implanted devices; therefore, MR is
contraindicated in patients with: a) pacemakers; b) de-
fibrillators; c) metallic vascular clips (especially in-
tracranial); d) cochlear implants.

Dental or hip prostheses may provoke image degra-
dation, but they do not constitute an absolute con-
traindication to MR.

Patients with claustrophobia cannot be studied us-
ing the MR technique unless under sedation41,42.

Magnetic resonance coronary angiography
sequences

Both spin-echo and gradient-echo techniques have
been employed for the imaging of the heart and coro-
nary arteries. With spin-echo imaging, the signal from
blood-filled compartments can be suppressed, produc-

ing “black-blood” images. On the contrary, the gradi-
ent-echo technique provides the opposite contrast by
making use of the signal enhancement possible from
the inflow of non-saturated blood to the region of inter-
est, to produce “white-blood” images. This method
provides greater flexibility for MRCA. Several variants
have been explored using two- and three-dimensional
scans combined with breath-hold and free-breathing
measurements15,17,26,30.

Breath-hold techniques. Three breath-hold tech-
niques have been conceived: 1) two-dimensional; 2)
spiral; 3) echoplanar.

The two-dimensional breath-hold fat-suppressed
gradient-echo technique represents the first attempt to
resolve the coronary arteries. It is based on the acquisi-
tion of image planes oriented parallel to each of the
coronary vessels; scans are performed while the patient
holds his breath; images are reviewed in situ so as to
evaluate the entire course of the studied coronary ves-
sel. In case of interpretative difficulties (for example,
MR signal inhomogeneity), it is possible to acquire ad-
ditional images in planes perpendicular to the vessel; in
fact, such images take full advantage of the inflow ef-
fects, achieving a higher flow signal and better resolu-
tion for the visualization of any possible narrowing
along the way43. In 1993, Manning et al.22 presented the
initial encouraging results on a group of adult volun-
teers. This clinical study was performed on 39 patients,
74% of whom presenting with coronary artery
stenoses. Stenoses were identified as signal loss in the
vessel lumen. The degree of vessel stenoses was taken
to be proportional to the degree of signal loss. In a
blinded analysis, the overall sensitivity and specificity
were 90 and 92% respectively. However, trials per-
formed by Post et al.24 and by Sardanelli et al.30 point-
ed out a large variability in the results obtained16,43,44. In
our recent clinical study45 on 40 patients, the overall
sensitivity and specificity were 79 and 78% respective-
ly (Figs. 3-5).

Two-dimensional MRCA has many limits: low sig-
nal-to-noise ratio, low spatial resolution and difficult
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Figure 3. A: magnetic resonance coronary angiography of a 52-year-old male patient, showing a long stenosis of the right coronary artery (arrow).
B: conventional coronary angiogram showing the corresponding stenosis.



differentiation of the LAD and of the LCx from the great
cardiac veins; besides, it requires significant operator
experience for the differentiation of real from spurious
information. In fact, focal coronary stenoses are per-
ceived indirectly through signal fluctuations along the
vessel or through the absence of any signal because of
flow turbulence. Sometimes, in case of tortuous vessels
or of an inconstant breath-hold position, it is possible to
observe false stenoses. Instead, three-dimensional
MRCA allows the acquisition of a volume slab contain-
ing several thin slices and consequently a high spatial
resolution. It allows an operator-independent setup and
the image review can be performed after the acquisition
has been completed. At present, the trend in MRCA
techniques is to acquire a volume data set in a single
breath-hold. One of the most promising methods is
“volume coronary angiography with targeted scans”,
which allows the acquisition of small three-dimension-
al slabs along the course of the coronary vessels during
breath-holds. Breath-hold techniques also include spiral
and echoplanar scans. Since the arterial movement dur-
ing the acquisition causes image degradation, the se-
quence acquisition speed is important. Segmented gra-
dient-echo techniques have an acquisition duration of
100 ms; spiral and echoplanar sequences are much
faster, with a duration of 30-40 ms. These techniques

produce higher quality coronary artery images but re-
quire specialized scanner hardware43,44.

Free-breathing techniques. Many patients perform
badly with breath-holds, especially if they suffer from
impaired cardiac or respiratory function. To improve
patient comfort, several free-breathing schemes were
evaluated, using both two- and three-dimensional tech-
niques. These comprise: a) averaging multiple acquisi-
tions; b) retrospectively ordered respiratory gated data;
c) prospectively synchronized respiratory data collec-
tion. The latter two use navigator echoes to monitor the
diaphragm position46.

The method of averaging acquisitions without res-
piratory synchronization was among the first three-di-
mensional MRCA techniques used. Because averaging
does not provide images at any particular diaphragm
position, significant blurring was reported. Respiratory
navigator gating synchronizes the acquisition of the
MR signals with the cardiac and respiratory cycle: on-
ly data acquired at a predefined diaphragm position
(usually end-expiration) are used for image reconstruc-
tion. This approach allows the visualization of the coro-
nary arteries while the patient breathes freely, produc-
ing high resolution images, but its clinical use is limit-
ed by the long scan times (up to 30-40 min)29.
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Figure 5. A: magnetic resonance coronary angiography of a 65-year-old female patient, showing two significant long distance stenoses of the left an-
terior descending coronary artery (LAD, black arrows) and of the circumflex artery (LCx, white arrow). B: the corresponding stenoses as visualized at
conventional angiography. LMCA = left main coronary artery.

Figure 4. A: magnetic resonance coronary angiography of a 58-year-old male patient, showing two stenoses in the right coronary artery (arrows).
B: conventional coronary angiogram showing the corresponding stenoses.



New techniques in magnetic resonance coronary
angiography

Fat-suppressed three-dimensional volume sequence.
The coronary arteries are embedded in pericardial fat
through most of their course. Fat-suppression tech-
niques enhance the signal of the coronary artery lumen
from the surrounding perivascular fat and improve ves-
sel visibility. With the recent introduction of fat-sup-
pressed three-dimensional volume sequences, it is pos-
sible to produce high quality, non-contrast-enhanced
images of the coronary arteries.

Volume selective imaging with tracking. The ability
to selectively excite a small volume within an imaging
plane can allow the acquisition of a reduced number of
lines of “k-space” and also reduce image blurring.
When combined with slice tracking, a wider navigator
acceptance window may be used to increase the effi-
ciency of data acquisition whilst achieving an optimal
image quality.

Parallel imaging techniques. In standard sequences,
the data from separate coils in a phased-array device are
summed to produce the final image. “Simultaneous ac-
quisition of spatial harmonics” and “sensitivity encod-
ing” take advantage of arrays of small coils to increase
image efficiency. Normally, image acquisitions with a
small field of view will result in wrap-around or fold-
over artifacts due to aliasing. However, parallel imaging
techniques use the spatial arrangements of multiple
coils to eliminate these aliasing artifacts thus increasing
imaging efficiency. This improved efficiency reduces
the imaging time and increases the spatial resolution in
a constant imaging time. This has been demonstrated,
for example, with the use of a three-dimensional con-
trast-enhanced MRCA sequence to acquire a volume
data in half the normal time or else to double the spatial
resolution in a constant breath-hold time.

Vessel wall imaging. Conventional coronary angiogra-
phy does not provide information about the vessel wall
and about the atheroma and cannot differentiate stable
atherosclerotic plaques from vulnerable ones. With the
development of new techniques, MRCA now allows
the assessment of atherosclerotic plaques on the vessel
wall by using long-echo-train-length fast spin-echo
imaging with inversion preparatory pulses to null the
blood signal as well as additional selective perivascular
fat suppression. This may be useful to monitor disease
treatment or for improving the delineation of potential
lesions identified as areas of signal loss at gradient-
echo coronary angiography33-35.

Magnetic field strength. For over a decade, 1.5 Tesla
has been the gold standard magnetic field strength for
clinical MR systems. The use of higher fields was con-
fined to research and not designed for routine clinical

use. The introduction of the 3.0 Tesla MR system offers
a higher potential for MRCA: the increase in field
strength provides a higher signal-to-noise ratio and en-
hances image contrast. So, scan times could be short-
ened substantially, delivering an increased diagnostic
certainty and patient throughput.

Contrast agents in magnetic resonance coronary
angiography

Dynamic MRCA has been improved by using ex-
tracellular gadolinium-based paramagnetic contrast
agents; however, the short intravascular half-life of
these agents limits the resolution and the possibility of
repeated scans. To overcome this problem, intravascu-
lar contrast media have been tested both in MRCA and
in the cardiovascular MR evaluation of myocardial per-
fusion47,48. The advantages of blood pool contrast
agents are: a) blood pool retention allowing the use of
a contrast agent at a lower concentration; b) prolonged
blood pool enhancement allowing a longer acquisition
time; this may be used to increase the signal-to-noise
ratio and image resolution or to take multiple scans af-
ter one contrast injection.

The first gadolinium-based blood pool contrast
agent applied was Angiomark (MS-325). This is a
small chelate molecule that permits an excellent visual-
ization of the vessels; it reversibly binds to human
serum albumin, has a long half-life and is eliminated by
the kidneys. Clariscan (NC100150) is an ultrasmall su-
perparamagnetic iron particle (USPIO), with a half-life
of 3-4 hours, is taken up by macrophages and is metab-
olized by the liver. Both gadolinium-based and USPIO
agents can reduce the T1 of blood to values < 100 ms;
however, gadolinium-based agents are more advanta-
geous because they maintain a longer T2 in blood with
similar T1 shortening (shortening the T2 results in a de-
creased signal intensity).

No serious side effects have been reported after the
injection of blood pool contrast agents. Transient nau-
sea and paresthesia were reported in one third of pa-
tients after bolus injection of Angiomark over 30 s.

Similar to other iron oxide-based contrast agents,
Clariscan interferes with iron metabolism; moreover, it
has been occasionally associated with mild headache
and abdominal pain35,41,44,49-53.

A new group of MR contrast agents is the necrosis-
specific agents that bind to necrotic tissue or cellular
debris and are thus distinct from the inert extracellular
MR contrast agents. These tissue specific contrast
agents can provide persistent enhancement of acutely
infarcted myocardium54, but at present, owing to their
high toxicity they are not approved for clinical use.

Another approach to the imaging of cell death is the
use of antibodies such as monocristalline iron oxidate
nanoparticle-antimyosin, a superparamagnetic iron ox-
ide agent containing antibodies against myosin55.
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Assessment of myocardial perfusion

Cardiovascular MR techniques allow the study of
myocardial perfusion and should be designed to
demonstrate: a) the extent of the ischemic area; b) the
distinction between occlusive and reperfused infarc-
tions, even after coronary artery bypass grafting or
coronary angioplasty (Fig. 6); c) the distinction be-
tween healthy and infarcted, non-viable myocardium;
d) the differentiation between stunned and hibernated
myocardium; e) myocardial viability.

The “bolus tracking technique” is the most widely
used protocol in MR perfusion studies designed to fol-
low the first-pass distribution of a contrast agent in the
myocardium. This can be achieved by applying ultra-
fast MR sequences (FLASH, turboFLASH, ECHO-
PLANAR)46,56.

The turboFLASH technique provides repeated sub
second acquisitions at the same slice (usually the mid
left ventricular short-axis) in 1-2 s. Even if the anatom-
ical study is limited to one or a few tomograms, the
short-axis plane imaged at the mid ventricular level
usually reveals perfusion defects in the major coronary
regions.

A new technique, ECHOPLANAR imaging, has
been recently implemented with the aim of imaging the
whole heart with an improved temporal resolution.
With ECHOPLANAR imaging, acquisition times can
be decreased to 40-80 ms, thus allowing the coverage
of 8-10 contiguous short-axis sections in 1-2 R-R inter-
vals.

The MR contrast agents currently applied in these
studies are “extracellular relaxation agents”, employ-
ing the T1 shortening effects of gadolinium. “Relax-
ation” agents increase the signal intensity in normally
perfused myocardium while the ischemic zone appears
with a delayed and lower signal enhancement. The ad-
dition of stress agents (dipyridamole, adenosine) im-
proves the evaluation of perfusion defects56.

MR contrast agents have been used for the quantifi-
cation of the regional blood flow: after injecting a con-
trast agent, the first-pass enhancement of the myocardi-
um is imaged and the signal intensity measured. Wilke
et al.57 provided quantitative values of myocardial per-
fusion using MR.

However, there is growing evidence in the literature
that MR is at least as effective as radionuclide studies,
but MR has a higher spatial resolution, uses no radio-
pharmaceuticals and can be combined with functional
studies. The ultimate goal is to combine the assessment
of myocardial perfusion with the visualization of the
coronary vessels21,34,58-61.

Conclusions

Cardiovascular MR is a rapidly developing field. By
allowing a combination of morphologic and functional
images, flow and perfusion data, non-invasive visual-
ization of the coronary arteries and in vivo metabolic
information, cardiovascular MR could be the most
complete examination tool of the heart. Its flexibility

C Gaudio et al - Magnetic resonance coronary angiography

503

Figure 6. Dynamic first-pass magnetic resonance study of the myocardial perfusion in a 61-year-old male patient during the adenosine stress test
before (A) and after (B) a revascularization procedure (coronary angioplasty + stent) on the anterior descending coronary artery.



and non-invasiveness open the door for the evaluation
of the heart and of the coronary arteries in one single
setting with a high anatomical definition. Finally,
MRCA has the potential to be used as a unique screen-
ing non-invasive tool in preventive medicine for the de-
tection of significant atherosclerotic lesions in patients
with one or more risk factors.

The progress made over the past 15 years in the de-
velopment and applications of cardiovascular MR in-
dicate the areas of future developments if the clinical
usefulness of cardiovascular MR is to be further im-
proved. A critical point consists in the standardization
of the examination protocol; researchers should com-
pare the different protocols currently used among the
various cardiovascular MR centers. MR systems
should be optimized in order to reduce the imaging
processing time and thus provide very fast and inter-
active scans.

For being experts in this technique that requires the
combined study of physics, chemistry and medicine,
training activities are recommended to both cardiolo-
gists and radiologists. In view of the continual im-
provements made in cardiovascular MR, the next years
will possibly witness the routine clinical use of this
unique technique.
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