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Introduction

Readout-segmented echo-planar imaging (RESOLVE)
produces sharp diffusion-weighted images with high
spatial resolution, while GRAPPA (GeneRalized Autocali-
brating Partially Parallel Acquisition) and Simultaneous
Multi-Slice (SMS)" acquisition significantly reduce scan
times in clinical MRI.

The clinical benefit of diffusion-weighted imaging
(DWI) with isotropic resolution is the volumetric infor-
mation, e.g., better grading of the progression of an

epidermoid cyst, tumor, or stroke area. High resolution
(1.1 mm isotropic) scanning will create severe susceptibili-
ty artifacts in single shot EPI. Therefore, RESOLVE is a good
alternative, but would require very long scan times on
systems with low gradient system configurations. With
the 3T MAGNETOM Cima.X?, the acquisition time for a
RESOLVE sequence with an isotropic resolution of 1.1 mm
will be reduced to under 10 minutes, making it applicable
for clinical examinations.

'Simultaneous Multi-Slice (SMS) is part of the Turbo Suite Excelerate package or available as a single chargeable license.
2Work in progress: This product is still under development and not yet commercially available. Its future availability cannot be ensured.

n RESOLVE with isotropic 1.1 mm resolution; b-value 1000 s/mm?; representative transverse slices show a very homogeneous DWI of the brain.
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Material and methods

The shown RESOLVE sequence was set up with 7 segments,
using GRAPPA (p) and SMS (s), both with an acceleration
factor of 2, 100 slices, distance factor (DF) = 0,1 average
for b-value 0 sfmm? (b0) and 2 averages for the b-value
1000 s/mm? (b1000), resulting in a scan time of 9:57 min
(Fig. 2); acquisition was performed using the BioMatrix
Head/Neck 20 coil (BM HN20).

Our preference for the phase-encoding direction is
posterior-anterior rather than anterior-posterior, since
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susceptibility artifacts in the mastoid and sella turcica
regions are reduced. Also, the frontal lobe area benefits
from this change. In any case, the choice of phase-encod-
ing direction has to be considered (Fig. 3).

The expansion of susceptibility artifacts in the slice
direction can be reduced by thinner slices, since this
reduces the through-plane effect.

It might be tempting to further shorten the measure-
ment time by using higher acceleration factors, such as
p3 and/or s3, or readout partial Fourier, or the acquisition

MAGNETOM Cima.X
MR XA81

RESOLVE with isotropic 1.1 mm resolution;
i b1000 with TR 7090 ms and TE 59 ms, with an
4 acquisition time of 9:57 minutes.

RESOLVE with isotropic 1.1 mm resolution, b-value 1000 si/mm?, (3A) AP encoded; (3B) PA encoded — the areas most affected by susceptibility
artifacts can be compared.
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n RESOLVE with isotropic
1.1 mm resolution;
b-value 1000 s/mm?;
without (4A) and with (4B)
readout partial Fourier 6/8,
respectively. 5 instead of
7 readout segments;
TA: 9:57 minutes vs.
7:21 minutes.

B RESOLVE with an isotropic resolution of 1.8 mm; b1000 image with
TR 3910 ms, TE 39 ms, and an acquisition time of 3:17 minutes.

W Cima.X
MR XAB1

n RESOLVE with an isotropic resolution of 1.8 mm; representative transversal slices of b1000 s/mm?.
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of fewer segments. All these methods reduce the scan
time, indeed — but the resulting images suffer from

less SNR (Figure 4 shows a comparison of 7 vs. 5 readout
segments, using phase partial Fourier 6/8). Our preferred

choice for the high isotropic resolution of 1.1 mm?3is p2s2.

From a practical point of view, and to find the best
compromise between resolution and acquisition time, our
recommendation for clinical routine examinations would
be a protocol with an isotropic resolution between 1.5
and 2 mm. With MAGNETOM Cima.X, the acquisition time
for a RESOLVE with an isotropic resolution of 1.8 mm can
be reduced to 3:17 minutes with p3s2, b0 and b1000,
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with one average each and 80 slices for whole-brain
coverage (Figs. 5, 6).

A possible approach might be to acquire the brain
sagittally instead of transversally, since sagittal acquisition
has the advantage that probably fewer slices are needed
for whole-brain coverage. And as far as isotropic resolution
is concerned, there should be no significant difference.
Due to the weaker susceptibility effects at 1.5T the MRP
reconstructions of the 1.5T scans show slightly better
image quality than those of the 3T scans. However, the
image quality of the acquired slices is very comparable
(Figs. 7, 8).

RESOLVE with an
isotropic resolution
of 1.5 mm; b-value
1000 s/mm? from
3T MAGNETOM Vida;
representative
transversally and
sagittally acquired
slices.

n (8A) Transversal and
coronal multiplanar
reconstructions (MPR)
from sagittal acquisition
show impairing stripes.
(8B) Sagittal and coronal
MPRs from transversal
acquisition do not show
stripes.
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n 1.5T MAGNETOM Altea; RESOLVE with an isotropic resolution of 1.8 mm; b-value 1000 simm?; representative transversal slices with coronal
and sagittal MPRs.

m 1.5T MAGNETOM Sola with XQ gradient system; RESOLVE with an isotropic resolution of 1.8 mm; b-value 1000 s/mm?, p2s2, 90 slices, DF =0,
TA: 5:36 minutes; representative transversal slices.
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m 1.5T MAGNETOM Sola with XQ gradients; RESOLVE with an isotropic resolution of 1.8 mm; b-value 1000 s/mm?; representative slices
from coronal MPR.

1.5T MAGNETOM Sola with XQ gradient system; RESOLVE with an isotropic resolution of 1.8 mm; b-value 1000 s/mm?; representative slices
from sagittal MPR.
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Diffusion-weighted imaging at 3 Tesla is affected to a
greater or lesser extent by susceptibility, as seen above.
By comparison, a 1.5 Tesla scanner reduces this effect
significantly. The image gallery (Figs. 9—-13) shows exam-
ples of isotropic RESOLVE-scans acquired on the 1.5 Tesla
scanners MAGNETOM Altea and MAGNETOM Sola. It is
remarkable that almost no susceptibility artifacts occur.
We acquired the isotropic RESOLVE sequence typically
with b0 and b1000, an ADC map, a calculated b1500 and,
in addition, inline generated MPRs (Fig. 13) using the
add-ins “MPR Planning” and “MPR Assignment” to obtain
consistent results.

Conclusion

A diffusion-weighted measurement with isotropic voxel-
sizes at high resolution and convincing image quality —

also for the multiplanar reformations (MPR) — in an accept-

able acquisition time can be achieved with the RESOLVE
sequence using GRAPPA and SMS.
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1.5T MAGNETOM
Sola with XQ
gradient system;
(13A) shows b0
and b1000 s/mm?
and the ADC map;
(13B) shows
the calculated
b1500 s/mm?,
sagittal and
coronal MPRs of
b1000 s/mm?.
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