3D- Gradient Echo imaging
* Use phase encoding gradients along z and y.

Replace slice selection gradient with a slab salect (really thick
slice — gat you in the ballpark!)

Higher resclufion in 2 and y,

Need to collect PE, x PE, phase encode steps

Comparison with Histology

Gil-DTPA probably stains for my elin snd demse nuchd;
Luxed fast blue for myelin, Cresy] viskt (Nisd) for neurens.

Time of Flight MRA
* Presaturation pulse with G, gradient selects siice
* Spoiler gradient destroys magnelization in that siice.

* The rest of the sequence is a fast gradient echo.

« FC: Flow compensation
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MRI Imaging Methods
Magetie Resonance Anglography (MRA)
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MRI Imaging Methods
Magwethe Resonance Anglography (MBEA)
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Fhase Conirast MEA
» Fast gradient echo saquance.
* Flow encoding gradients induce additional phase.

* Magnetization in flowing spins additionally dephased by negative
gradient

=Stationary spins feel no effect

MRI pulse sequence

* Fust gradient (or spin) echo with EPI readout (echo planar imaging)

o P LI LLL L]

s‘ﬂu

N a N e
S VAR W w s w e w e w a w
s I T T I |

encoding gradient.

* Gradicnt echoes collected with cach oscillation of the readout
gradient,

Hyperfine: Portable Low Field MRI
for Peint-of-Care Imaging

Lower signal to ncise ratio (SNR)
Lower resolution and longer scan times
Dacreased gray-white contrast
Weakasr gradisnts

More restricted imaging voluma

MEI Imaging Methods - Functional MEKIL
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EPI k-space filling

* Examples of gradient waveforms needed to fill k-space
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Hyperfine: Portable MRI for Point-of-Care Imaging
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Comparison of pulse seq atO&4and 1.5 T MEL Tmaging Methods = MK speciroscopy
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MR Spectroscopy Chemical Shift

Total field around the nuchens is the sum of the applicd field and the local

o simphest form, the NME

ctrum is obizined from the Fourier tramsform of the
pubse
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Localization in Single Voxel MES: STEAM

*  STimulated Echo Acquisition Mode

+ Voxel selectivity based on application of orthoge
pulses
*  Other gradients 1o crush unwanted magneti zation

gradients during
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Localization in Single v oxe MES: PRESS

+  Point Resolved Spectmscopy

+  Double spin ccho, vaxel schection performed by gmdicats applicd during
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CSI - Chemical Shift Imaging
+ Abso called spectroscopic imaging
+ Mullivoxel spectroscopy
+ Canbe 1D, 2D or 3D CSI
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e of a cinlcal workup
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In vive "H MR Spectra from Mice with Normal and Fatty Liver
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Run mubipke spectra incrementing gradient strength, G, The fint gradicat
causes additional spin dephasing. Spins that diffusc out of the coil during TE
are ot refocused by the second diffusion gradicat. This, echo intcasity
decreancs with G and is further attcauatod for molocules. with high

58, =-{7GEFDIA-83)]

where G = gradicnt streagth, [ = diffusion coastant. I cas be calculaled from
the shape of a lincar plot of niS/Sq) vs G.

'HMRS - Human Liver
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Diffusion welghted spectroscopy in live cells
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* For examining cells in perfusion culnre

Wpm 200 pm
Tumor cell  bead support = Diffusion weighting is used 1o eliminase
— signals from flowing water and culrure
Water bath k. media
Poristaltic pump + Leaves only intracelhular metabolite
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Metabolic changes in prostale cancer cells treated with Basic Principles of MRI
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Basic Principles of MRI
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Resonance frequency

MHza 15T

Energy States

qustum mmba. 5

i machel have specific encrgy levels reled 1o the propeny called “spin

Sensitivity relative o the profon: 6.7 %

The mimber of cacrgy states of a miclons s determined by the fomula

Voxel sizes:

~2Tem' @ 1.3T3x3x3 cm)

Example © ,.Q ~Bcm' @ 30T (2x2x2cm)
Hydrogen: § = 112

Number of emergy st ) Usefial for ohserving getics, pH, phosphalipid T

P MRS spectra from the soleus muscle
Commonly observed metabolites in *'P spectra (normal volunteer)
» Nucleoside triphosphates and diphosphates (NTP and NDF)
~80% ATPIADP - encrgy matabolam
* Inorganic phosphate (Fi)
pH depeadeat
* Phosphocreatine (PCr)
Energy sorage
* Phosphomonoesters (PME)
Phas phochalinc, phos phoctkanolamine

P MR spectuim of a

Lipid synibesis DL 45 peostate flank tmor
* Phosphodiesters (PDE) st T i
Glycerophaos phocholine, glycerophos phocthanol i :
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1P MRS of non Hodgkin's L ymphoma
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DMI in rat brain after [6,6'-*H,]glucose infusion

) Commst-enbanced T weighted MR with overlaid *H NME
D3 *H NMR spectes from mormal b
G DM maps of 2H- ghocons. €

o tumes (| vanel size, 60-
ad et expressed in M.

il show i grecs

besion)

lactate/CAx represents the Wasbu g effect characlerized by high glycolysis and bow exidative

nabokism

MR using other nuclei: *Na

Spin ¥2, Namral abundance = 100%
Magnetic moment = 11.27 MH2T.
Resonance frequency =36.79 MHz at 1.5 T

Sensitivity relative to the proton: 9.25%

High levels of sodium in brain, catilage, and spinal disks

MR using other nuclei: “H

Spin 1, numsrul abundance = 0.0 1 56%

Magnetic momenl = 6.54 MH2T

Resonance frequency at 1.5 T

Sensitivity relative to the protom: 0.0065%
Chemical shin dispersion identical 1o the proton

Isotopic enrichment required in order o chserve signal

DMI in human brain after [6,6-2H,]glucose infusion
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23Na MRI in a patient with multiple sderosis
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235Na MRI of Spine and Kknee Cartilage

Healthy contrals Patients with cartitage defects

Gast et al., Prog NMR Spectrose, Vol 138-9, pl-51, 2023



