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Outline

AStrengths and weaknesses of 7T (ultra high field) MRI/MRS
A2 K2fS ONIYAY &dzooYAffAYSUONB AYI3IA
AAdvanced imaging studies in OMAS

AMaking use of routine clinical imaging

AA multimodal imaging study of NMDA receptor antibody encephalitis
In children and young adults



ING'S

Why 7T MR Ko

ATo improve image quality by increasing Signal to Noise Ratio (SNR)
ATo increase / alter contrast (sensitivity and specificity)

ATo increase the dispersion of the NMR spectrum distinguish peaks

more easily)



ING'S

Why 7T MRI: Measuring the bodys magnets s Golege

No magnetic field: Magnetic field:

No net magnetization
Y no signal detection

Net magnetization parallel to B
Y signal detection possible
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ING'S

Why 7T MRI: Greater signal Wit means s Golege

V We can make spectra less noisy higher SNR

V Increase dispersion

- Electron orbitals shield nucleus from the magnetic field
- B=BO0O(1-u), ¥ =2B B=7T {

- depends on 'H environment 5737 p _®

@
- ¥ proportional to field strength J’N



ING'S

Why 7T MRI: Greater signal with neans s Golege

V We can make spectra less noisy higher SNR

V Increase dispersion

1.5 Tesla
Glutaming --------- Av,z = 3.0 Hz

Glutamate

7 Tesla
Avis = 9.5 Hz

%
a

4.0



ING'S

Why 7T MRI: Greater signal with neans [N College

V We can make images less noisy (grainy) higher SNR

V Increase resolution

—
N A g . .
Inverted Carmichael et al
w greyscale Neuroimage 2006



ING'S

Problems: B1 (transmit-receive) field s Golege

A Wavelength of the RF used at 7T is very close to the size of the head in tissu

A RF power absorption per kg tissue. Limits set out by IEC for different body parts/whole body
A Proportional to Square of Frequency used
A 3T to 7T increase of >4x in SAR

Slide from Jon Cleary



ING'S

Problems: B1 effects Lo%/é‘gﬁ

V We can make images less noisy (grainy) higher SNR
V Increase resolution

X |mage uniformity

Solutions
1. Parallel Transmit

2. Dedicated RF coills

3. PU|Se Sequences Clement et al, MRM 2019;81:1447-1458



ING'S

Why 7T MRI: Greater signal Wit NEERE [N College

V Increase resolution

V We can make images less noisy (grainy) higher SNR
Current Protocols
A 3D T1W (MP2RAGE)

A 3D FLAIR ' ,
A 2 D/3 D T2W “""":"“""““' ' 4T Inverted Carmichael et al
w greyscale Neuroimage 2006

A T2* IQSM
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ING'S

MP2RAGE! Sequence L Glese

INV1

J insensitive to receive field (B) inhomogeneity, proton density,
» and T,* effects
L transmit field (B*) inhomogeneity challenge at 7T

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



IN(E
MP2RAGE! Sequence College

LONDON

INV1

MIN( » J Potential utility for clinical application3

WM suppression in INV1 and CSF suppression in INV2

RF180°hMPZMBM§<dD1 hHBHBH%dDZ
I LCLCLCLCLCLEREUTREREREURERE AR

Possibleadditional contrast$ from the same scan:
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Longitudinal Magnetization (M,)

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.



Multiple T1 contrasts
via different
combinations of the
two Inversion times

SilaDokumacin-press MRM




Multiple T1 contrasts
via different
combinations of the
two Inversion times

SilaDokumacin-press MRM
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Paediatric Patient Images at TR = 4000ms ;N e

TR (ms) 4000
TIL/TI2 (Ms) 650/2280
h.KY 4°/5°
FOV (mr) 208 x 208
Slices per slab 256
Resolution (mnj) 0.65
Slice Partial Fourier 6/8
GRAPPA Factor 4

Scan Durationrfin:s) 7:18




Long and short versions ~7
and ~9 minutes

Motion correction FatNav$

0.65mmisotropic




Structural imaging Il: FLAIR

AO.8mm iso ~8 minutes, T2prep, OSPACES®
A Challenging owing to SAR and B1 non-uniformity (transmit and receive)




ING'S
College

LONDON

~8 minutes

Key detalls

PTxrecommended for
homogeneity

0.8mm isotropic



Structural imaging Ill: 3D T2

w

PTxdzy A SNBE I £ LdzZ aSa WwW{t!/ 9Q a
Overall good homogeneity, residual fall off in performance
in cerebellum in some individuals

ns_tse vfl pat4 0.55iso TRS8
TR 5000.0ns

TE 320ns

0.55 x 0.55 x 0.55mm

B1 field correction on




ING'S
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LONDON

~9 minutes

Key detalls

PTxrecommended for
homogeneity

0.55mm isotropic



Structural imaging lll: 2D T2

t2_tse tra_p3 DiSCoVEdh_edi
TR 8100.0ns

TE 82ns

0.4375 x 0.4375 x 2mm

TomiTricot R. et al., Fully
Integrated Scanner
Implementation of Direct Signal
Control for 2D T2Veighted TSE
at Ultra-High FieldProc. Intl.

i Soc. Mag. Reson. Med. 29, 2021.




Key detalls

ING'S
College

LONDON

~3 minutes per plane

PTxrecommended for
homogeneity

0.4mm inplane

1-2mm slices



fMRI & connectivity

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



fMRI & connectivity

NMR
RESEARCH ARTICLE IN BIOMEDIINE

A local multi-transmit coil combined with a high-density
receive array for cerebellar fMRl at 7 T

Mikos Priovoulos® @ | Thomas Roos® | Ozlem lpek® | Ettore F. Meliado® |
Richard O. Nkrumah® | DennisW. ). Klomp® | Wietske van der Zwaag®
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Whole-bodysomatotopicmaps in the cerebellum revealed
YohanBoillatPierreLouisBazin Wietskevan derZwaag Neuroimage 2020




ING'S

Why 7T MRI: Greater signal Wit means LONDON

V We can image rarer nuclei
V Na, Sodium MRI

V SNR 1.5T17T 3T
VT2(sl ow) vy

&%~  JonCleary GSTT,
4 YasmirBlunck& Leigh Johnston University of Melbourne



Na imaging

A ~12 minutes, Radial readout
A Implementing T2* multi-echo (3D Merina)
A More specific to intracellular

compartment

A Pilot funding for SCN1A related epilepsies
A Dr SharShanTang




DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Diffusion tensor imaging: increased
Cerebellar and cortical abnormalities in paediatric mean diffusivity in cerebellar tracts
opsoclonus-myoclonus syndrome

Tracts with reduced mean diffusivity in OMS group v comparison

GEETHA ANAND'" | HOLLY BRIDGE?" | PETER RACKSTRAW? | ADAM M CHEKROUD® | JEAN YONG' | p=0.01

CHARLOTTE J STAGG® | MICHAEL PIKE'

A 9 OMS patients (mean age 14y, range3D2 vs 10 controls (12y, range-28) l
p=0.05

A Median age at onset 18 months (range-29)

[é)]

(b) [ Comparison [ JJAll patients (c) [ Mild patient [ ] Severe patient

. . X=— ——64 Z=—
A Median OMS severity score 2 (rang&)0 % ” v
Voxelbased morphometry: reduced Cortical thickness: reduced across Cerebellar spectroscopy: not
cerebellar grey matter in OMS whole cortex and visual ROl in OMS significant
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ORIGINAL COMMUNICATION

Longitudinal multi-modal neuroimaging in opsoclonus—myoclonus

syndrome

Sun-Young Oh'*? - Rainer Boegle*® - Peter zu Eulenburg’™” + Matthias Ertl** -

. . 7 . . + 1.3.4.5.6
Ji-Soo Kim' - Marianne Dieterich™*>*

22-yearold woman with acute OMS and ovarian teratoma

fMRI(T1) PET1

Ly

6th day 1 wk
e e
THERAPIES

Symptom onset

fMRI(T2) fMRI(T3) PET2 fMRI(T4)

] ] ||

2 mon. 10 mon. 12 mon.

walk with assistance
(discharge from the hospital)

walk independently
no opsoclonus

Immunotherapies & Tumor removal

(opsoclonus/myoclonus/ataxia(SARA 30/40)) (@ IV methylprednisolone @ immunoglobulin @) tumor removal)
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ORIGINAL COMMUNICATION

fMRI(TT) PET1 fMRI(T2) fMRI(T3) PET2 fMRI(T4)
Longitudinal multi-modal neuroimaging in opsoclonus—-myoclonus | | | Y | B |
Syndrome 6t" day 1 wk® ® 3 A 2 mon. 10 mon. A 12 mon.
THERAPIES walk with assistance walk independently
Sun-Young Oh'?7 - Rainer B()egle"'s_' Peter zu Eulenburg™* + Matthias Ertl** - (discharge from the hospital) no opsoclonus
Ji-Soo Kim’ - Marianne Dieterich™**
Symptom onset Immunotherapies & Tumor removal

22—yeal‘-0|d woman Wlth aCUte OMS and Ovarlan tel’atOma (opsoclonus/myoclonus/ataxia(SARA 30/40)) (@ IV methylprednisolone @ immunoglobulin @) tumor removal)
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Key c,hal\Le,ngeéY -
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Prolonged recovery
with significant
Impacts on
education,
employment and
guality of life

{ Variable and difficuit
to-predictoutcome

Limited treatment
options beyond
immunotherapy

NMDA receptor antibody encephalitis

Baseline

~1 week

Psychosis

Coma

Viral prodrome (Phase 1)

Illness Phase (Phase 2)

1-3 weeks

Neuropsychiatric
symptoms
Delusions,
hallucinations,
mania, agitation,
changes in speech,
disorganisation

weeks-months

Kayser & DalmaGurr Psychiatry R&011

Late phase

months-years

Prolonged deficits
Executive dysfunction, impulsivity,
disinhibition, sleep abnormalities

Recovery and Relapse (Phase 3)
Recovery tends to

occur in reverse order

of symptom

presentation

Neurologic
complications
Movement abnormalities,
dysautonomia,
hypoventilation, seizures

BartelsAnn
Neurol2020

Time

p <005 N p <0001

HeineAnn
Neurol2021
Deficits on domain level (% of patients, N=40)
Executive 1ST STUDY VISIT 80%
function 60%
working [ 5%
memory 55%
Verbal I, 72.5%
memory 40%
visuospatial [N <0%
memory 20%
atenton MR 5
35%

Heine
Neuroimage FinkeAnn PeerLancet
Clinical2020 Neurol2013 Psychiatry2017



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

Key challenges 4 Study aims A
1. To develop quantitative measures of 2. To pilot these measures as
Prolonged recovery neurobiological dysfunction at early predictors of adverse functional
with significant recovery from NMDARE outcome one year later
impacts on - /
education, _ _ o _
employment and Advanced neuroimaging | > Predicting disease outcome
uality of life = —
h Y , 7-Tesla MRI and MR -
7~ spectroscopy
. e = . |} -~ 3-Tesla fMREEG
Variable and difficult o Sy |l
to-predictoutcome — S —
Cognition and mental health
) .,_\ TH
Limited treatment T
options beyond R A
immunotherapy 0
ok S Ana o mpeers o, 0




7 Tesla (7TYIRI : London Collaborative Ultrahigh field Scarie€(5
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Why fMRIEEG?
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1,000 4 PET imaging = 1,000
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The spatiotemporal domain of neuroscience methods
SejnowskNat Neurosc2014



Study design

NMDARE patients (n=25) Visit 1 Visit 2 (next day) Visit 3 (patients only)

Age 824 years D Cognitive tests and i
: : =] Consent gl : Cognitive tests and
Disease onset in last 12mo . @ questionnaires questionnaires

@ Cognitive tests and I — +1 year
kemm \ questionnaires O _ // o
Treating Study ' ; Cofiee -
clinician team e

discusses invited

study with to make

Moon
Garden

patient contact
and family

Hat
Farmer

Nose
Turkey
Colour
House
River
# correct List A 1 2 3 4 5
Drum
Curtain

@ 7T MRI/MRS Bel

Healthy controls (n=25)
Age matched to patients

Coffee
School

Volunteers from

A Friends and siblings of
patients

A Local schools/colleges

A KCL volunteer
database

A Internal KCL email

Parent
Moon
Garden
Hat
Farmer
Nose
Turkey
Colour
House
River

# correct




