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Outline

ÅStrengths and weaknesses of 7T (ultra high field) MRI/MRS

Å²ƘƻƭŜ ōǊŀƛƴ ǎǳōƳƛƭƭƛƳŜǘǊŜ ƛƳŀƎƛƴƎ ŀǘ т¢Χ

ÅAdvanced imaging studies in OMAS

ÅMaking use of routine clinical imaging

ÅA multimodal imaging study of NMDA receptor antibody encephalitis 
in children and young adults



Why do MR at high field (7T)? 

ÅTo improve image quality by increasing Signal to Noise Ratio (SNR)

ÅTo increase / alter contrast (sensitivity and specificity)

ÅTo increase the dispersion of the NMR spectrum (i.e. distinguish peaks 

more easily)

Why 7T MRI 



No magnetic field: Magnetic field:

B = 0           M = 0 M

No net magnetization

Ý no signal detection

Net magnetization parallel to B

Ý signal detection possible

Why 7T MRI: Measuring the bodys magnets
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B=7T

B=3T

VWe can make spectra less noisy higher SNR

V Increase dispersion

- Electron orbitals shield nucleus from the magnetic field

- B=B0(1-ů), ɤ=ɔB

- ůdepends on 1H environment

- ɤproportional to field strength

Why 7T MRI: Measuring the bodys magnetsWhy 7T MRI: Greater signal with          means         
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VWe can make images less noisy (grainy) higher SNR

V Increase resolution

Why 7T MRI: Measuring the bodys magnetsWhy 7T MRI: Greater signal with          means         



ÅWavelength of the RF used at 7T is very close to the size of the head in tissue
ÅLeads to standing wave effects if only a single transmit coil is used

ÅRF power absorption per kg tissue. Limits set out by IEC for different body parts/whole body
Å Proportional to Square of Frequency used

Ą 3T to 7T increase of >4x in SAR

Why 7T MRI: Measuring the bodys magnetsProblems: B1 (transmit-receive) field

ÅHigh Specific Absorption Rate

Slide from Jon Cleary



VWe can make images less noisy (grainy) higher SNR

V Increase resolution

× Image uniformity

Solutions

1. Parallel Transmit

2. Dedicated RF coils

3. Pulse sequences

Why 7T MRI: Measuring the bodys magnetsProblems: B1 effects



VWe can make images less noisy (grainy) higher SNR

V Increase resolution

Why 7T MRI: Measuring the bodys magnetsWhy 7T MRI: Greater signal with          means         

Current Protocols

Å3D T1W (MP2RAGE)

Å3D FLAIR

Å2D/3D T2W 

ÅT2* /QSM



Structural imaging I: T1 MP2RAGE UNI

Sila Dokumaci



MP2RAGE1 Sequence  

1st GRE Block 2nd GRE Block

RF 180° мhΩ hмΩ hмΩΧΦ h1            hнΩ hнΩ hнΩΧΦ h2 

TI1 TI2

INV1 INV2 UNI

TR

/( ) =

J insensitive to receive field (B1
-) inhomogeneity, proton density, 

and T2* effects
L transmit field (B1

+) inhomogeneity challenge at 7T

Maximum CNRWM-GM and CNRGM-CSF

1) Marques JP, et al. Neuroimage. 2010;49:1271-1281. 2) Tanner M, et al. J Magn Reson Imaging. 2012;35:1063-1070. 1

time ( ms)



time ( ms)

MP2RAGE1 Sequence  

RF 180° мhΩ hмΩ hмΩΧΦ h1            hнΩ hнΩ hнΩΧΦ h2 

INV1 INV2 FLAWSmin

TR

,MIN( ) =

1) Marques JP, et al. Neuroimage. 2010;49:1271-1281. 3) Chen X, et al. Neuroimage: Clinical.2018;20:388-397. 4) Beaumont J, et al. Magn Reson Med. 2020;00:1-15. 1

1

J Potential utility for clinical applications3

WM suppression in INV1 and CSF suppression in INV2

ἐἘἋἥἡἰἫ
ἓἚἤ ἓἚἤ

ἓἚἤ ἓἚἤ

ἐἘἋἥἡἰἫἷ
ἓἚἤ ἓἚἤ

ἓἚἤ ἓἚἤ

Possible additional contrasts4 from the same scan:



Multiple T1 contrasts 
via different 
combinations of the 
two inversion times 

Sila Dokumaciin-press MRM
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8

Paediatric Patient Images at TR = 4000ms

TR (ms) 4000 
TI1/TI2 (ms) 650/2280

1hκ2h 4°/5°

FOV (mm2) 208 x 208

Slices per slab 256

Resolution (mm3) 0.65

Slice Partial Fourier 6/8

GRAPPA Factor 4

Scan Duration (min:s) 7:18

INV2INV1 UNI

FLAWShcFLAWSmin FLAWShco



Key details

Long and short versions ~7 
and ~9 minutes

Motion correction (FatNavs)

0.65mmisotropic



Structural imaging II: FLAIR

19

Å0.8mm iso ~8 minutes, T2prep, óSPACEô 3D readout (TSE with variable flip angles)

ÅChallenging owing to SAR and B1 non-uniformity (transmit and receive)

1Tx PTx



Key details

~8 minutes

PTxrecommended for 
homogeneity 

0.8mm isotropic



Structural imaging III: 3D T2

21

ns_tse_vfl_pat4_0.55iso_TR8
TR 5000.0 ms
TE 320 ms
0.55 x 0.55 x 0.55mm
B1 field correction on

PTxǳƴƛǾŜǊǎŀƭ ǇǳƭǎŜǎ Ψ{t!/9Ω ǎŜǉǳŜƴŎŜ
Overall good homogeneity, residual fall off in performance 
in cerebellum in some individuals  



Key details

~9 minutes

PTxrecommended for 
homogeneity 

0.55mm isotropic



t2_tse_tra_p3_DiSCoVER-on_edited
TR 8100.0 ms
TE 82 ms
0.4375 x 0.4375 x 2mm

Sub4
ses1

Sub2 Sub3 Sub4 Sub5
ses2

Structural imaging III: 2D T2

Tomi-Tricot R. et al., Fully 
Integrated Scanner 
Implementation of Direct Signal 
Control for 2D T2-Weighted TSE 
at Ultra-High Field, Proc. Intl. 
Soc. Mag. Reson. Med. 29, 2021. 



Key details

~3 minutes per plane

PTxrecommended for 
homogeneity 

0.4mm in-plane 

1-2mm slices



fMRI & connectivity 

7T fMRI [1.25mm EPI; TR 3.14s]
highly-specific result to the hand area of motor strip during finger tapping



fMRI & connectivity 

Whole-body somatotopicmaps in the cerebellum revealed with 7T fMRI
YohanBoillatPierre-Louis BazinWietskevan der Zwaag, Neuroimage, 2020



VWe can image rarer nuclei 

VNa, Sodium MRI

VSNR 1.5T ï3T

VT2(slow) ŷ

Why 7T MRI: Measuring the bodys magnetsWhy 7T MRI: Greater signal with          means         

Jon Cleary GSTT, 
Yasmin Blunck& Leigh Johnston University of Melbourne



Na imaging

28

Å~12 minutes, Radial readout 

ÅImplementing T2* multi-echo (3D Merina)

ÅMore specific to intracellular 

compartment

ÅPilot funding for SCN1A related epilepsies

Å Dr Shan ShanTang    



Voxel-based morphometry: reduced 
cerebellar grey matter in OMS

Cortical thickness: reduced across 
whole cortex and visual ROI in OMS

Cerebellar spectroscopy: not 
significant

Diffusion tensor imaging: increased 
mean diffusivity in cerebellar tracts

DMCN 2014

Å 9 OMS patients (mean age 14y, range 12-30) vs 10 controls (12y, range 10-23)
Å Median age at onset 18 months (range 11-28)
Å Median OMS severity score 2 (range 0-7)



J Neurol 2017

22-year-old woman with acute OMS and ovarian teratoma
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FDG-PET:

J Neurol 2017

22-year-old woman with acute OMS and ovarian teratoma
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ҧ ƳŜǘŀōƻƭƛǎƳ ƛƴ ŘŜŜǇ ŎŜǊŜōŜƭƭŀǊ ƴǳŎƭŜƛ όŀƴŘ 
ƳƻŘŜǊŀǘŜ Ҩ ƛƴ ƻŎŎƛǇƛǘŀƭ ƭƻōŜǎύ ƛƴ ǘƘŜ ŀŎǳǘŜ ǇƘŀǎŜ

Inverted in the chronic phase



Kayser & Dalmau Curr Psychiatry Rev 2011

Kayser & Dalmau Curr Psychiatry Rev 2011

Key challenges

Variable and difficult-
to-predict outcome

Prolonged recovery 
with significant 

impacts on 
education, 

employment and 
quality of life

Limited treatment 
options beyond 

immunotherapy?

Bartels Ann 
Neurol 2020

Heine Ann 
Neurol 2021

1ST STUDY VISIT
2ND STUDY VISIT

NMDA receptor antibody encephalitis

Heine 
Neuroimage 
Clinical 2020

Finke Ann 
Neurol 2013

Peer Lancet 
Psychiatry 2017



Advanced neuroimaging Predicting disease outcome

Developing Advanced Neuroimaging for Clinical Evaluation of AE (DANCE-AE)
Michael Eyre, Enrico De Vita, Sarah Rudebeck, Ming Lim, David Carmichael

1. To develop quantitative measures of 
neurobiological dysfunction at early 

recovery from NMDARE

7-Tesla MRI and MR 
spectroscopy

Cognition and mental health

2. To pilot these measures as 
predictors of adverse functional 

outcome one year later

Study aimsKey challenges

Variable and difficult-
to-predict outcome

Prolonged recovery 
with significant 

impacts on 
education, 

employment and 
quality of life

Limited treatment 
options beyond 

immunotherapy?

3-Tesla fMRI-EEG



7 Tesla (7T) MRI : London Collaborative Ultrahigh field Scanner (LoCUS)
Pip Bridgen, Sharon Giles, ShaihanMalik, Jo Hajnal

Cambridge
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Glasgow
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London (UCL)

Nottingham

Oxford



Why fMRI-EEG?

SejnowskiNat Neurosci 2014

The spatiotemporal domain of neuroscience methods



Study 
team 

invited 
to make 
contact

Treating 
clinician 
discusses 
study with 

patient 
and family

Visit 1

Study design

+1 year

Visit 2 (next day) Visit 3 (patients only)

Consent

Cognitive tests and 
questionnaires

3T MRI + EEG

List A 1 2 3 4 5
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# correct

7T MRI/MRS

Cognitive tests and 
questionnaires

Cognitive tests and 
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NMDARE patients (n=25)
Age 8-24 years
Disease onset in last 12mo

Volunteers from
ÅFriends and siblings of 

patients
ÅLocal schools/colleges
ÅKCL volunteer 

database
ÅInternal KCL email

Healthy controls (n=25)
Age matched to patients


