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The diffusion rate of water molecules in different tissues
correlates with their physiological state, and may be
altered in disease.

Diffusion-weighted imaging (DWI) enables visualization
and measurement of abnormal diffusivity, revealing
lesions which may go unnoticed with conventional
anatomical MR or CT imaging alone. The practical clinical
value of DWI is well established. Despite some challenges
in certain body regions, particularly at higher field
strengths, DWI is now broadly used in clinical routine.

syngo RESOLVE is a revolutionary new approach for
obtaining high quality DWI images even in body regions
strongly affected by susceptibility artifacts.

The clinical impact of syngo RESOLVE has been shown
in a variety of examinations, including the brain,

skull base, spine, breast, prostate, pelvis and rectum.
syngo RESOLVE can be particularly useful in the
evaluation of smaller lesions especially in regions
strongly affected by susceptibility artifacts.

Compared to alternative methods (see glossary, p.17),
syngo RESOLVE brings the best balance of imaging
speed and quality.
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Hippocampal lesion
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Brain tumor




Conventional DWI syngo RESOLVE

Spine
Post accident,
TH6 and TH12 fracture




“syngo RESOLVE is a
useful sequence for
acquiring high-quality
diffusion-weighted
images thanks to the
reduction of suscep-
tibility distortion,
reduction of T2*
blurring, shorter TE
(and hence high SNR),
and robust correction
for motion induced
artifacts.”

Prof. Dr. Julien Cohen-Adad,
MGH Martinos Center, Charlestown, USA |
Ecole Polytechnique de Montreal, QC, Canada
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Prostate Carcinoma




“syngo RESOLVE provides

two very important advantages
in comparison to conventional
DWI sequences. First,
RESOLVE gives ADC maps with
significantly higher spatial
resolution on a smaller FoV.
Second, it eliminates the
susceptibility artefacts at

the interfaces between the
endorectal coil, the rectal
wall, and the prostate.

This significantly improves
diagnostic confidence in the
peripheral zone, the key region
of interest. Therefore, for
examinations performed with
the endorectal coil, syngo
RESOLVE is one of the main
tools to delineate the lesion
contour and define the target
for biopsy.™

Pr. Marc Lemort
Jules Bordet Institute
Brussels, Belgium
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Abstract

In this paper we present some applica-
tions of the syngo RESOLVE' sequence
that enable high-resolution diffusion-
weighted imaging. The sequence is
based on a readout-segmented EPI strat-
egy, allowing susceptibility distortions
and T2* blurring to be minimized. The
RESOLVE' sequence can be combined
with other acquisition strategies such as
reduced field-of-view (FOV) and parallel
imaging, to provide state-of-the-art trac-
tography of the full brain and cervical
spinal cord. The RESOLVE' sequence
could be of particular interest for ultra
high field systems where artifacts due

to susceptibility and reduced T2 values
are more severe. At all field strengths,

Raw data

the sequence promises to be useful in
a number of clinical applications to
characterize the diffusion properties of
pathology with high resolution and a
low level of image artifact.

1. Introduction

1.1. Diffusion-weighted imaging
Diffusion-weighted MRI makes it possible
to map white matter architecture in the
central nervous system based on the mea-
surement of water diffusion [11]. The
technique works by using MRI sequences
that are sensitized to the microscopic
motion of water molecules, which are in
constant motion in biological tissues
(Brownian motion). Using the well-known

Corrected data

Tractography in a healthy subject, overlaid on a distortion-free anatomical image (fast spin

echo). (1A) shows tractography performed on the raw data

without correction). (1B) shows

tractography performed on the same dataset, after distortion correction using the reversed-
gradient technique [13]. A false apparent interruption of the tracts is observed on the data
hampered by susceptibility distortions. Acquisition was performed using the standard EPI
sequence with the following parameters: sagittal orientation, TRITE = 4000/86 ms, 1.8 mm
isotropic, R = 2 acceleration. Tractography was seeded from a slice located at C1 vertebral level.

The software is pending 510(k) clearance, and is not yet commercially available in the United States

and in other countries.
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pulse sequence introduced by Stejskal
and Tanner in 1965 [29], it is possible to
quantify the extent of water displacement
in a given direction. This sequence con-
sists of magnetic field gradient pulses
(diffusion-encoding gradients) that are
applied before and after a 180° radiofre-
quency (RF) refocusing pulse. The first
gradient pulse dephases the precessing
nuclear spins that generate the signal

in MRI. In the theoretical case of static
molecules, the second gradient pulse
completely rephases the spins and there
is no attenuation due to the application
of the gradients. However, if water mol-
ecules move during the application of
this pair of gradients, spins are dephased
and signal decreases as a function of the
magnitude of the displacement, leading
to a so-called diffusion-weighted signal.
The magnitude by which the signal is
weighted by diffusion is dictated by the
so-called b-value, which depends on

the length and amplitude of the applied
diffusion-encoding gradients, as well as
the duration between the first and the
second gradient pulse (also called diffusion
time). By applying diffusion gradients in
various directions (e.g., 20 directions
equally sampled on a sphere), it is possi-
ble to estimate the rate and direction of
water diffusion. For example in pure
water, molecules diffuse equally in all
directions, hence the diffusion is described
as isotropic. Conversely, in mesenchymal
structures such as the white matter or
muscles, water diffuses preferentially
along the direction of the fiber. In such a
case, the diffusion is anisotropic [3].
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Glossary:
Diffusion-weighted techniques

syngo RESOLVE A readout-segmented, multi-shot EPI sequence where the k-space trajectory is divided
(readout- into multiple segments in the readout direction, reducing TE and encoding times to
segmented EPI) increase image quality. syngo RESOLVE provides high-quality, high-resolution, distortion-

minimized DWI of challenging body regions, including the skull base, spine, breast and
pelvis. High-resolution DTl imaging can also be achieved for the brain and spine.

Motion correction is performed using a 2D navigator to correct for motion-induced, non-
linear phase errors. Robust image quality is further enhanced by the use of a real-time
navigator-based reacquisition technique to replace uncorrectable data with severe phase
errors.

Imaging can be performed in all orientations and the sequence is compatible with
parallel imaging, providing a further reduction in susceptibility-based distortions.

Single-shot EPI The sequence conventionally used in clinical imaging which samples the entire
k-space in a single readout. While fast and relatively motion-insensitive, it is prone to
susceptibility artifacts at tissue interfaces, especially at higher field strengths. Spatial
resolution is limited by the T2* decay during the long readout time. Image distortion
makes it particularly difficult to achieve diagnostic DWI of the spine.

Phase encode Multi-shot EPI with segmentation applied in the phase-encoding direction, so that all
segmented EPI readout points are sampled at each shot, but with a reduced number of phase encoding
(interleaved EPI) points. While the sequence can provide higher spatial resolution and imaging in all

orientations, the sampling scheme used cannot be easily combined with 2D, non-linear,
navigator phase correction. As a consequence, when combined with diffusion-
weighting, the sequence is prone to motion-induced aliasing artifacts. Spine DWI is of
insufficient image quality and it remains to be seen if high quality DTI can be enabled.

BLADE diffusion For this sequence, the k-space is sampled in a radial fashion. Images may be high-

(TSE-based) resolution and relatively motion-insensitive. However, the acquisition time may be
comparatively long and imaging can only be acquired in the axial plane. Spine DWI is of
insufficient image quality and it remains to be seen if high quality DTI can be enabled.
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