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H Patient example of a stress CMR study demonstrating complementary information of stress/rest perfusion and DE-MRI. Note that the
subendocardial perfusion defect seen during stress (A) matches in spatial extent the scarred area on DE-MRI (B) indicating that there is infarct
but no ischemic viable myocardium. Rest perfusion images (C) can be useful for differentiation of true perfusion defects from artifacts.

DE-MRI provides an
important non-invasive
tool for studying
associations between
scar characteristics

and arrhythmic risk.

DE-MRI can be performed
as a stand-alone procedure
and takes less than 30
minutes.

image acquisitions if imaging parameters are kept
unchanged. Therefore we acquire for every pa-
tient both stress and rest perfusion images and
compare these to DE-CMR findings. The only physi-
ological scenarios where myocardial perfusion is
thus severely reduced to cause rest defects are a)
resting ischemia and b) infarcts. In the former sce-
nario, the patient would likely be symptomatic at
rest, thus not a good candidate for stress testing.
In the latter scenario, which is more common in
clinical practice, we have an independent tech-
nique for infarct detection to confirm our perfu-
sion findings: DE-CMR. Consequently, if matched
defects are not confirmed to be infarcts on DE-
CMR they can be identified as artifactual. We
found that considering these physiologic princi-
ples when interpreting the multi-component CMR
stress test can increase the accuracy significantly
(see recommended reading for details).

DE-CMR for assessment of patients with
arrhythmias

Myocardial scar forms a substrate for ventricular
tachyarrhythmias, with a relationship between
scar morphology and arrhythmic risk demonstrated
in both experimental and epidemiologic studies.
Data from animal studies indicates that both scar

20 MAGNETOM Flash - 2/2007 - www.siemens.com/magnetom-world

size and scar morphology influence arrhythmic
risk. DE-MRI evidenced hyperenhancement pro-
vides highly accurate assessment of both scar size
and morphology, with improved scar detection in
comparison to other modalities such as myocardial
scintigraphy (SPECT). Thus, DE-MRI provides an
important non-invasive tool for studying associa-
tions between scar characteristics and arrhythmic
risk. Interesting insights into the relationship be-
tween hyperenhancement and arrhythmogenic
potential has been provided in several investiga-
tions and has started to transition into clinical trials
to investigate the potential of this technique for
prediction of clinical SCD risk.

DE-MRI imaging protocol - as simple as it is

A DE-MRI scan can be performed in a single brief
examination which requires only a peripheral intra-
venous catheter which is placed before the patient
enters the MRI scanner, and does not require phar-
macologic or physiologic stress. After obtaining
scout images to delineate the short and long axis
views of the heart, cine images are acquired to pro-
vide a matched assessment of left ventricular (LV)
morphology and contractile function with the
viability characterization from DE-MRI. Short-axis
views (e.g. 6 mm slice thickness with 4 mm gap to



match contrast-enhancement images) are taken
every 10 mm from mitral valve insertion to LV
apex along with two to three long-axis views in
order to encompass the entire LV. The patient is
then given a bolus of 0.10—-0.20 mmol/kg intrave-
nous gadolinium by hand or power injection. After
a 10-15 minute delay to allow the contrast media
to distribute, high spatial resolution delayed en-
hancement images of the heart are obtained at
the same slice locations as the cine images, using
a 2D segmented inversion recovery fast gradient-
echo (seg IR-GRE, e.g. 2D IR TurboFLASH) pulse
sequence. For patients who are acutely ill and un-
able to perform breath-holds an alternative is
offered by using a subsecond “snapshot” imaging
technique. This single-shot, inversion-recovery,
steady state free-precession sequence can be used
in analogy to the segmented gradient echo se-
quence. Parallel Acquisition Techniques (iPAT) are
used to speed up imaging. This technique has
been shown to be highly accurate with only mildly
reduced sensitivity and possible underestimation
of the transmural extent of infarction. Another op-
tion is a 3D sequence during free breathing using
the navigator technique to account for breathing
motion.

The pulse sequence parameters are set up similar
to any other cardiac MRI sequence, the only spe-
cific parameter to DE-MRI is the inversion time (TI).
This is the time required from the inversion pre-
pulse (which provides T1-weighting) to the center
of the read-out portion of the sequence and should
be set to “null” signal from normal myocardium.
What that means is that the signal from myocardi-
um is minimized i.e. black, thereby the infarct
which has different T1-characteristics than normal
myocardium has the largest difference in signal
and appears bright on the image. The correct Tl
has to be determined for each scan and depends
on factors such as the contrast dose and timing of
imaging after administration of contrast. Obtain-
ing the correct Tl can be accomplished with little
training. For those starting with DE-MRI the cardiac
pulse-sequence package includes tools to allow
the beginner to identify the right Tl time: the TI-
Scout displays the identical scan location with an
array of different TI-times, which allows the scanner
operator to determine the correct TI (where myo-
cardium appears black) for subsequent acquisitions
using the IR-GRE sequence. Alternatively a phase-
sensitive IR-GRE (e.g. PSIR) sequence can be used
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which can be used over a broad range of TI-time,
thus making it unnecessary to optimize the TI.

In general, most delayed enhancement images are
acquired during an 8-10 s breath-hold, single shot
phase-sensitive IR-GRE (PSIR) images in even less
than 4 seconds. The imaging time for the entire ex-
amination is under 30 minutes. Figures 3, 5and 6
demonstrate DE-MRI images from typical patient
scans.

Summary

Delayed enhancement MRI provides clinically
important information in a wide range of cardiac
pathologies, in those frequently encountered in
cardiology practice such as coronary artery dis-
ease and heart failure as well as less common
problems such as in patients with cardiomyopathies
or ventricular arrhythmias. It provides in-vivo
information to the clinician that used to be only
available to the pathologist on macroscopic explo-
ration. In our institution DE-MRI is part of every
cardiac exam. DE-MRI is a very robust technique
and can be performed easily on a standard MRI
scanner equipped with a cardiac package.

Single-shot PSIR sequences
can be used for accurate
DE-MRI especially in pa-
tients with breath-holding
difficulties or arrhythmia.

DE-MRI provides in-vivo
information to the clinician
that used to be only
available to the pathologist
on macroscopic exploration.
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