
C ardiovascular magnetic resonance
(CMR) imaging is playing a rapidly
expanding role in twenty-first cen-

tury cardiology, with extensive clinical ap-
plications for standard magnetic resonance
(MR) systems operating at a field strength
of 1.5 Tesla (T).1 Recently, there has been
growing clinical and research interest in
cardiac imaging at higher magnetic field
strengths (3 T or more).2,3

High field imaging is attractive because
it has the potential to improve the signal-to-
noise ratio (SNR) significantly compared to
imaging at 1.5 T, because of the increased
polarisation of spins. With novel pulse se-
quence design, this SNR boost can be used
to improve spatial and/or temporal resolu-
tion. In addition, the increased SNR allows
one to take advantage of parallel imaging
techniques, such as sensitivity encoding
(SENSE), that have emerged as major tools
for speeding up data acquisition. With re-
spect to cardiac examinations, parallel imag-
ing allows the use of shorter breath-holds;
this in turn reduces the radiofrequency (RF)
energy deposition in the subjects, which is a
concern when imaging at a higher field
strength. With parallel imaging, the gain in
speed is traded for a reduced SNR, accord-
ing to MR physics theory. The SNR loss
with parallel imaging might be compensat-
ed for by the inherent gain in SNR at the
higher static field strength.4

Apart from the advantages, several ad-
verse effects of higher field strengths should

be taken into account. These drawbacks
include mainly increased static field (B0)
inhomogeneities and shorter T2

* values,
which may cause dark banding and suscep-
tibility artefacts, and RF power deposition
limitations which may remove flexibility for
general sequence design (specific absorption
rate should not exceed 4 W/Kg).3,5 Other
potential impediments include increased T1

values, RF field (B1) distortions and chang-
ed tissue dielectric constants or body dielec-
tric resonances. Furthermore, at higher
field strengths efficient myocardial motion
suppression (reliable R-wave triggering) be-
comes more challenging as a result of the
amplified magneto-hydrodynamic effect.

In terms of comparison between stan-
dard (1.5 T) and high field strength, mor-
phological and functional cardiac imaging
using spin-echo or conventional gradient-
echo sequences, respectively, show clearly
improved results at 3 T.6,7 Currently, bal-
anced steady-state free precession (SSFP)
techniques represent the method of choi-
ce for assessing cardiac function at 1.5 T.
SSFP techniques may also benefit consid-
erably from the higher SNR at 3 T, despite
the presence of artefacts (mainly dark bands)
caused by disruption of the steady state due
to static field inhomogeneity (Figures 1 and
2).8,9 Moreover, it has been demonstrated
that the application of higher field strengths
is beneficial for myocardial tagging tech-
niques, since the saturation bands show
prolonged duration compared to 1.5 T.10 
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The advantages of high field strength have also
been demonstrated in MR coronary angiography. A
preliminary study showed that 3 T MR coronary an-

giography is feasible in humans. The enhanced SNR
facilitates acquisition with small voxel size. Extensive
proximal-to-mid coronary segments, as well as small-
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Figure 1. Short-axis steady-state free preces-
sion (SSFP) cine images from a healthy vol-
unteer, obtained on a 3 T magnetic reso-
nance system with the use of parallel imag-
ing. The endocardial contours of the left and
right ventricle have been manually traced at
end-diastole and end-systole, while the epi-
cardial outlines have been drawn in end-dias-
tole. Right and left ventricular volumes and
mass can be measured from a set of short-ax-
is slices covering both ventricles from base to
apex using Simpson’s method. The SSFP
technique is the pulse sequence of choice for
acquisition of volumetric data sets of the left
and right ventricle at 1.5 T. However, the im-
plementation of the SSFP technique in con-
junction with parallel imaging is suitable for
cardiac volumetric and functional assessment
at high field strength.

Figure 2. Four-chamber (left), two-chamber (middle) and short-axis (right) views on cine images from a healthy adult subject, acquired
with the steady-state free precession (SSFP) technique at 3 T. Balanced SSFP sequences offer excellent blood-myocardium contrast, and
this is extremely useful for functional cardiac imaging. However, this sequence is very sensitive to susceptibility effects, whereas increased
static field inhomogeneity at 3 T may disrupt the steady state causing dark banding artefacts (arrows). Several correction methods, such as
careful tuning of the resonance frequency and local optimisation of magnetic field homogeneity (shimming), are used in order to overcome
these high field strength drawbacks.



er-diameter branching vessels, can be displayed.11 A
clinical study compared directly spiral MR coronary
angiography at 1.5 T and 3 T. The coronary images at
3 T demonstrated improved SNR and contrast-to-
noise ratio with subsequent improvement in the im-
age quality at the expense of susceptibility artefacts.
Another direct comparison between 1.5 T and 3 T
demonstrated that MR coronary angiography at 3 T
using a three-dimensional breath-hold SSFP sequence
is feasible. However, image quality at 3 T was more
variable than at 1.5 T, with increased susceptibility arte-
facts and local brightening as the result of increased
B0 and B1 inhomogeneities. These findings suggest
that further methodical optimisation of pulse sequence
design is needed to enhance the use of higher field
strengths in MR coronary angiography.12,13

Promising results have been obtained in MR imag-
ing of coronary artery wall at 3 T. Because of the rela-
tively small size of coronary vessels and their central
location within the thorax, improvement in SNR is of
paramount importance. Thus, with higher field
strengths, coronary vessel wall imaging is likely to
benefit from the gain in SNR. Recent studies have
demonstrated the feasibility of in vivo high field coro-
nary vessel wall imaging, using either a free-breathing
black-blood fast gradient echo technique with respira-
tory navigator gating and real-time motion correc-
tion, or a black-blood turbo spin echo sequence under

breath-hold as well as free-breathing conditions. Fur-
ther improvements in resolution and image quality
are required to detect and characterise coronary ath-
erosclerotic plaque. 14,15

Another MR application that is likely to benefit
from high field strength is MR spectroscopy for the
detection of myocardial viability. This technique as-
sesses viability by quantifying regional myocardial
metabolism and chemistry. However, it is limited by
poor spatial resolution at 1.5 T field strength and it
has therefore not gained widespread use as a method
of detecting viable myocardium. It is anticipated that,
with magnets of higher field strength, interest in de-
tecting and quantifying subcellular myocardial con-
stituents may be further stimulated.16

Recently, it was shown that comprehensive car-
diac imaging at high field strength is feasible.17 This
comprehensive protocol included morphological and
functional cardiac imaging, phase-contrast flow mea-
surements, perfusion and viability studies and coro-
nary angiography. With regard to perfusion, it has been
shown that 3 T improves contrast in first-pass myocar-
dial perfusion imaging over a range of gadolinium dos-
es.18 Interestingly, the delayed gadolinium-contrast en-
hancement technique,19 a highly promising and power-
ful tool for the assessment of myocardial viability, may
derive benefit from the SNR gain provided by 3 T (Fig-
ure 3).
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Figure 3. Contiguous mid-diastolic short-axis
images (displayed from base to apex) ob-
tained at 3 T by using an inversion-recovery
fast gradient-echo pulse sequence after the
intravenous administration of gadolinium
contrast. With this technique, termed delayed
enhancement imaging, irreversibly damaged
myocardium (infarction) is depicted as hyper-
enhanced (bright). In this particular patient, a
chronic, subendocardial inferior infarction is
depicted (arrows). Note that the extent of the
hyperenhancement involves almost 50% of
the wall thickness, whereas the rest of the in-
ferior wall is nonenhanced (black), suggesting
viable myocardium. The major advantage of
delayed enhanced cardiovascular magnetic
resonance is its excellent spatial resolution
and the consequent ability to assess the trans-
mural extent of viability. The boost in the sig-
nal-to-noise ratio offered by 3 T field strength
may further increase this ability.



Presently, the clinical use of 3 T MR systems for
cardiac imaging is increasing in Europe and the United
States. There are important MR safety issues at high
field strengths with regard to the management of pa-
tients with metallic implants and devices. RF heating
and mechanical field interaction are related to field
strength and are likely to be more problematic at 3 T.
Certain devices, such as heart valve prostheses, appear
safe at 3 T. However, safety issues are much better doc-
umented at 1.5 T, whereas many of the current safety
assessments cannot simply be extrapolated to the high-
er field strengths and stricter safety criteria are re-
quired. 20

In conclusion, the advent of 3 T MR scanners will
make a significant contribution to CMR, in both the
clinical and research arenas, and cardiac imaging at 3
T may become an important application in the near
future. Although high-field scanners have the poten-
tial to enhance the capabilities of CMR in several im-
portant areas, some major problems at higher field
strength have to be solved before 3 T scanners can re-
ally replace the well-established MR systems operat-
ing at 1.5 T for each clinical application.
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