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Introduction

High-Performance Low-Field-Strength (HPLFS) MR, i.e. <1T magnets driven by
modern hardware and software systems, may make MRI more widely available
and offer new clinical opportunities (Campbell-Washburn, 2019). Here we
explore low-field neuroimaging (Marques, 2019) with a simple model of a
gradient echo sequence and compare predicted and measured performance at
0.35T and 3T using images of the same healthy volunteer, acquired as part of
technical development studies in line with our institution’s ethics guidelines.

Theory

Reducing the field strength alters the tissue relaxation times and reduces the
overall MR signal, increasing the impact of noise on the SNR and CNR.
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Noise estimation
We can estimate the ratio of the high- (H) and low-field (L) noise as follows:
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Thus the low-field noise can be estimated from the high-field noise data.

0.35T Image Acquisition

Low-field images were acquired on the imaging
system of a clinical MR-Linac (MRIdian® system;
ViewRay Inc., Cleveland, OH, USA) using two five-
element phased-array head and neck coils and a
T1-weighted RF-spoiled gradient echo sequence
with parameters TR/TE = 20/6.23ms and a flip
angle of 30 degrees.

No. slices x matrix:

144 x 180 x 188

Acq. time:

5351s

(5 min. 515s)

Voxel size:

1.5mm

(isotropic)

R’ MRIDIAN::

Acq. speed:

46,052

voxels/s

Acq. speed:

13,883

voxels/s

WM SNR:

21.5

GM SNR:

13.7

WM-GM CNR

4.9

The 3T pure WM/GM masks from FAST were
transformed to the 0.35T image space. Note that

slices are not registered, so appear slightly different.

these
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3T Image Acquisition

High-field images were acquired on a research 3T
Siemens MAGNETOM Prisma (Siemens Healthcare,
Erlangen, Germany) using a 32-channel phased-

array head coil and the UK Biobank standard T1-

weighted MP-RAGE sequence (Alfaro-Almago,
2018) with parameters TR/TE/TI: 2000/2.03/880ms
and a flip angle of 8 degrees.

Acq. time:

296s

(4 min. 56s)

No. slices x matrix:

208 x 256 x 256

Voxel size:

1.0mm

(isotropic)

ICV:

1.563dm?

Image Processing, Harmonisation, and Analysis Methods

Distorted

Gradient distortions
are corrected either
on-scanner (0.35T) or
with gradunwarp (37)
(Jovicich, 2006).

Brain extraction is
performed with FSLanat,
as per the UK Biobank
processing pipeline
(Alfaro-Almagro, 2018),
(Jenkinson, 2012).
Mask volume provides
the Intracranial Volume
(ICV) measurement.

Undi§torted

Brain

FSLanat also runs FAST
(Zhang, 2001) for bias
field correction and
tissue segmentation.
Intensities are
harmonised by aligning
pure WM peaks.
Registration perfomed
with FLS's FLIRT.
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Results

Representative axial slices, along with key results, are shown in the panels to
the left. For the high-field images, the mean and s.d. of the pure tissue
intensities are used for SNR and CNR calculations (Alfaro-Almagro, 2018).
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The low-field brain was registered to the high-field image (FSLs FLIRT, 6
d.o.f.), and the transformation was then applied to the 3T pure tissue masks.
These masks were used to extract the 0.35T pure tissue properties.

Conclusions

For similar scan times (~5 min.), the SNR and CNR for WM and GM were
predicted to reduce by roughly half and a third respectively with a field strength
of 0.35T. While the 0.35T data slightly improved on these predictions, a
reduction in performance was confirmed. Although the particular low-field
sequence used here may not be suitable for e.g. quantitative structural analysis,
the techniques presented could be used in the evaluation of more efficient
sequences, such as the non-Cartesian schemes proposed in (Campbell-
Washburn, 2019). Such improvements could pave the way for deploying HPLFS
MRI systems in harder-to-reach locations (e.g. critical care wards for strokes),
portable permanent magnet-based systems, or MR-quided Proton Therapy
systems where lower magnetic field strengths are desirable.
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