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Introduction
Fast Field-Cycling (FFC) MRI is a new technology that allows measuring quantitative information
on molecular dynamics time scales, from tens of nanoseconds to a few milliseconds,
non-invasively 1 . This technique consists in varying the magnetic field during a pulse sequence,
which allows generating T 1 -based contrast. In biological tissues, T1 is closely linked to the
autocorrelation function of water and fatty molecules so its field-dependant spectrum, also called the
T1 dispersion curve, provides a direct view of the motion of water and fatty molecules over a range
of time scales that is determined by the strength of the magnetic field, via the Larmor frequency of
the spin system observed. The T 1 dispersion curve has been used for decades to study materials and
various models exist that predict the dispersion profiles in particular microscopic
environments2–6 . It follows that the shape of the dispersion profiles provides a unique insights of
tissue architectures and our efforts over the last years have focused on developing a system able to
measure T1 dispersion curves in vivo to exploit this source of information in medicine.

Methods
The FFC-MRI scanner we have developed has a bore size of 50 mm and a length of 2 m (see

Figure). it can image at 0.2 T and can reach any field down to 20 μT by switching at 16 T/s, so full
field can be obtained in 12.5 ms (with 15 ms more to allow for ringing damping). It can therefore
produce T 1 -weigthed images at different magnetic fields to measure T1 dispersion and we
typically measure T 1 at five field strengths within 30 min to complete a complete scan within 45
min, which is comparable to usual MRI scans. We have used this FFC-MRI scanner to measure T 1
dispersion curve in vivo and non-invasively in volunteers, including patients (studies approved by
the North of Scotland Research Ethics Committee). Images from standard modalities including CT
and 3T MRI were compared to FFC-MRI images obtained from the same patients. FFC-MRI images
were acquired using a spin-echo sequence with Cartesian encoding and T1 weighted contrast, using
different evolution fields.

Results
Despite the narrow bore of the magnet we imaged 60 % of the volunteers recruited into the study, the
remaining 40 % could not be imaged because of their size or because of claustrophobia. Image
contrast derived on T1 was found to be larger at lower field in general, with good correlation with
clinical images and in particular with diffusion weighted imaging. Interestingly, T 1 contrast at 0.2 T
was usually found to be less informative than at fields below 20 mT, at least in the pathologies
investigated to date. Early results from T1 dispersion curve measured in vivo show good agreement
with ex-vivo data, opening the way to in vivo molecular dynamics biomarkers and characterisation
of molecular motions.

Conclusions
The device we constructed is an exceptional research tool to investigate pathological modifications
that are difficult to detect and analyse using conventional imaging methods. Our prototype scanner
provides low-resolution but usable images and can be largely optimised. Large changes in the
dispersion curve were often observed at low magnetic fields, typically below 20 mT, and other
studies using cell models of breast cancer lines have already showed links between such variations
and cellular activity7 , 8 . Several studies are under way to exploit this new source of information in
acute stroke, brain glioma, breast cancer, deep vein thrombosis and osteoarthritis.
Keywords:
Dynamic Molecular Imaging,Low-field Mri,Mri
References:
1. Lurie DJ, Aime S, Baroni S, et al. Fast field-cycling magnetic resonance imaging. Comptes
Rendus Physique. 2010;11(2):136-148. doi:10.1016/j.crhy.2010.06.012 2. Kimmich R, Anoardo E.
Field-cycling NMR relaxometry. Progress in Nuclear Magnetic Resonance Spectroscopy.
2004;44(3–4):257-320. doi:10.1016/j.pnmrs.2004.03.002 3. Korb J-P, Bryant RG. Magnetic field
dependence of proton spin-lattice relaxation of confined proteins. Comptes Rendus Physique.
2004;5(3):349-357. doi:10.1016/j.crhy.2004.03.001 4. Koenig SH, Brown RD. A molecular theory
of relaxation and magnetization transfer: application to cross-linked BSA, a model for tissue. Magn
Reson Med. 1993;30(6):685-695. 5. Kruk D, Herrmann A, Rössler EA. Field-cycling NMR
relaxometry of viscous liquids and polymers. Progress in Nuclear Magnetic Resonance
Spectroscopy. 2012;63:33-64. doi:10.1016/j.pnmrs.2011.08.001 6. Fries PH, Belorizky E. Simple
expressions of the nuclear relaxation rate enhancement due to quadrupole nuclei in slowly tumbling
molecules. The Journal of Chemical Physics. 2015;143(4):044202. doi:10.1063/1.4926827

Presenter Biography:
Dr Lionel Broche is a research assistant at the University of Aberdeen working in the group led by
Prof. David Lurie for the development of FFC-MRI. His work encompasses technology and clinical
research and he has been responsible for the organisation and conduct of trials at the site as well as
for the commissioning of the scanner.
Dr Broche graduated from the PHELMA school of physics engineering in 2005 with a specialisation
in biomedical technologies. He obtained a PhD in Biophysics in 2010 on the topic of
dielectrophoresis and automated measurements of electric properties of living cells, following which
he started a position at the University of Aberdeen as a research fellow for the clinical investigations
of FFC-MRI.
Since then he has been actively developing and promoting this technology, taking an active role in
the development of research networks and education around Fast Field-Cycling technologies, in
particular amoungst the EURELAX research network (COST action CA15209).
Image/Figure:

Persuasive Data:
View File - GA192_PersuasiveData_0410041611.pdf
Awards:
Decline to All - I understand I will not be considered for any awards with this submission
FDA Disclosure:
I do not have any drugs and/or devices to disclose.
Assignment of Copyright Rights:
I agree.
Author Disclosures:
I agree.
Presentation Commitment:
I agree.
Publication of Abstracts and Presentations:
I agree.
Double Submission:
I agree.
Consent to WMIS Terms and Agreements:

I agree.
Ownership of Work:
I agree.
Research Disclosures:
I agree.
Permission to Capture Content:
I agree.
Interviews and Media Attention:
MRI uses very strong magnetic fields to make high-resolution images that are now part of standard
care in many hospitals. A new technology, named Fast Field-Cycling MRI, has been developed by
our team that extends the capabilities of MRI to add a new dimension to the images. This additional
dimension allows probing molecular motions below the scale of living cells, providing new insights
in pathological modifications. This new technology is being developed and explored at the
University of Aberdeen, UK, and early results show promising applications in brain pathologies and
cancer.
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