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Learning objectives for today Rz,

* Short repetition of the basics G
* What do we need to create images?
* Some basic image weighting
* T2 weighting
* T1 weighting
* Diffusion weigthed imaging
* Principles
¢ Acquisition
* Artifacts

* Another point of view
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& Replay: Hardware and its function

* Static field B, * Preparation

 Alignment of spins

* High frequency field B, * Excitation

* Energy deposition

B NN\ UK Minster

* Gradientfields

. Signal encoding

(& Replay: Basic sequences
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encode gradients ) i
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encode gradients
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Gradient echo Spin echo 180°
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(> Replay: Basic contrast generation
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T2*<T2<T1

Water/CSF
Gray matter
Muscle
Liver

Fat

Tendon
0.1-1.0
0.001

Proteins.

Ice 5000

Relaxation times depend on
velocity of molecular motion

> Replay: Basic weightings

Short TR
Short TE

TR <500 ms
TE<20 ms

CSF
White matter
Gray mater

very-dark Long TR

bright Long TE

dark
TR <1800
ms
TE <90 ms

White matter
Gray mater

T1

CSF
White matter
Gray mater

very bright
dark
bright
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R

Long TR
Short TE

TR <1800 ms
TE<20 ms
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Principle of diffusion

* Brownian motion

* Motion of particles in medium

+ lons in water 4 Most |mp.0|.'tant in blologlc.al systems
Driving force of all life!

¢ Pollen in water

¢ Dust particles and aerosols in air
¢ Gasesinair

¢ Tea
* Mass transport: mixing without bulk motion

* Diffusion at thermal equilibrium is a passive process
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Principle of diffusion

* Driving forces: temperature, concentration (density) and charge gradients
Amount of substance that flows trough an area over time (mol m2s1)

dc J particle current density
] — _D _ ¢ concentration (mol m?3)
ox X position/length (m)
D diffusion coefficient (m2 s1)

 Diffusion coefficient D describes area displacement over time
(how fast can an area be passed)

k Boltzmann constant

r radii of particles
n viscosity of medium CSF

Gray matter
White matter

a 671N
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kT T temperature Diffusion coefficient of water in the brain

approx. 3« 102 mm2/s
approx. 0.8x 1073 mm?/s
as a function of direction
0-1.1:107F mm?/s
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Diffusion Weighted Imaging (DWI)
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* Diffusion weighted MRI measures self diffusion of water molecules

S

free diffusion diffusion hindered or directed by structures
(isotropic) (anisotropic)
s
o\> oy _@

Diffusion weighted imaging

using additional diffusion gradients

90° 180°

rRe —J\

EPI
readout

Stejskal-Tanner 1965
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* Principle: creating a signal decrease in tissues with high diffusion

b-values

— w2 (G282 (A
b=y*G?6%(0-6/3)

diffusion time T,

magnitude (G), duration (5) separated
by time interval (4).

b-value reflects the degree
of diffusion weighting
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Diffusion weighted imaging &

180°

90°

The signal attenuation depends on:

* the distribution of displacements
during the diffusion time (A) along
the axis of the applied gradient

* the gradient strength (magnitude
G) and duration &

* determine the sensitivity of the signal
phase towards displacement

EPI
readout

Diffusing * DWI only measure diffusivity

PRASE st o s W sl
* DWI reflects the amount of

Stationary hindrance/restriction

Echo-Planar-Imaging EP! el

= o * Rapid switching gradient
— r\ﬂp * Each phase blip covers a line in k-

Slice —/ M/ Space

Phase LI * complete k-space
Besdout qiaiaipipipe

Echo AM—LW

time '

o4

TE

Very fast

Needs high performance hardware (gradients)
Sensitive to field inhomogenities
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b-value

Sii =S, e bPDi

25

20 -
15

10

0 0,001 0,002

D; (mm?s?)

*b=0 eb=500 b =1000 b =1500 b =2000
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DWI| = Apparent Diffusion Coefficient &

* ten 30 mL vials

* Protocol: SE-DWI, min. 2 b-values « filled with aqueous PVP solutions
e varying concentrations from 10% up to 50%

* Assumption: Diffusion is isotropic
* A=5/S, = exp(-b ADC)
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Applications — ischemic stroke

Acute:
Hyperintense in DWI
- cell swelling

hypointense in ADC map
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Chronic:
Hypointense in DWI
- lesion
- intrusion of CSF

8 hyperintense in ADC map

Dmytriv et al. 2017

Forming a tensor

readout

e

faster
slower diffusion

diffusion
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* n slices

* n b-values

* n diff. directions

[T T

low anisotropy high anisotropy
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Fractional anisotropy FA K e

_ [(A1=22)2+(A2-23)%+(A1-13)?
FA= \[ 2(A1242,°+25%)

Diffusion Tensor Imaging K e

Color:
Main diffusion direction

Shape/elongation:
Diffusion magnitude
Degree of anisotropy
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Advanced DTI

Atlas-based fibertracking,
Inferior-Fronto-Occipital-Fasciculus

Connectom based analysis

Multi shell acquisition
257 diffusion directions,
23 b values,

b max = 4000 s/mm?
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Some artifacts and how to deal with it & wse

Artifact
* EPI distortions (susceptibility artifacts)
* Eddy currents

* induced by conductors in a changing magnetic field

* Motion

(some) solutions

* Postprocessing solution: blip up / blip down
* Phase enconding swap (180°) in additional b0 acquisition

* Registration
* Field map

Jochen Bauer: Advanced Methods of MRI
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Susceptibility Artifacts

Any object in an MR scanner
distorts the field because its
(magnetic) susceptibility is
different from the surrounding
medium (air in medical imaging).

104 T:oﬂ 102 100 1 10 102 10° [104 108
Palladium Silicon Steel

(B06x10%)

Watsrsottssie)
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AD; S0, iron overioad '1"‘“
H&:n Hﬁ Aﬂ' / :% ‘*”! ’}”
206108 -15x100 -onlg“ Sx108 0 5x10¢ 10:10-/

1 \

Cortical Auminum
W WEE W am
Region of "MRI Compatibility”

Resonance condition depends on the location
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Susceptibility Artifacts R

Depends on your scanner/system

e.g. 3 Tesla-System, 1.5 Tesla-System

e.g. long TE = more ,time for” dephasing
A - signal loss

A Susceptibility ) XBy¥Echotime TE
Bandwidth -

Susceptibility Artifact Size ~

Jochen Bauer: Advanced Methods of MRI
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Susceptibility artifacts K e

(A Susceptibility x) * B, * Echotime TE

Susceptibility Artifact Size ~ Bandwidih

High bandwidth reduces Susceptibility
artifacts but decreases SNR

Susceptibility artifacts Rz,

a: Geometric distortion induced by magnetic susceptibility differences among brain tissue (frontal lobe), bone, and air-filled sinuses. b:
The phase map clearly shows how the BO field homogeneity is destroyed near the interfaces. Such phase maps can be used to unwrap
distortions.
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Susceptibility artifacts Rz

Susceptibility artifacts in EPl-readout are dominant in Phase encoding direction

90° 180°

RF —f\,ﬂf‘ ﬂﬂﬁ EPI needs fast switching gradients
Slice —/ \
Phase MUULLULLULLLIL Small slope = faster switch
Readout I|| ||||| - .
but small bandwidths

Echo
time } }

0 TE

Susceptibility Artifacts - Solution KR o,

Additional (short)
acquisition with
switched Phase-
encoding direction

blip-up  blip-down corrected

Jochen Bauer: Advanced Methods of MRI
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Eddy current Q&

contraction

* result of rapidly changing gradient
magnetic fields that in turn induce stray
currents in the surrounding conducting
materials

* in all forms of echo-planar imaging, eddy
current gradients and field shifts produce
distinctive geometric image distortions.
These include:

* 1) image shearing artifacts (from induced gradients
in the frequency-encode direction);

* 2)image scaling artifacts (from induced gradients in
the phase-encode direction), and

* 3) global position shifts (from homogenous shifts in

the B, field).
The best sequence protocol .... R,

s always a com
sufficient SNR

Scantime
Data quality

L Directions? J

Single shell or
tween 7 multi shell?

Jochen Bauer: Advanced Methods of MRI
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MRI—alink to ... e

Morphology /
Anatomy

MRI —a link to ... KR o

Structural
Integrity

Jochen Bauer: Advanced Methods of MRI 15
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MRI—alink to ... e

MRI — a direct link to ... KR o

Metabolic
Integrity

Jochen Bauer: Advanced Methods of MRI
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MRI vs. MRS

* MRI: spatial intensity distribution (x,y,z)
= morphological / anatomical information
= information about frequency and phase are , destroyed” by
the gradients

* MRS: distribution of frequencies
= frequency pattern = biochemical information
= quantitative information
{
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Basic principle - Chemical shift

R
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Inselglioma

PRESS TE 30ms, lesion
Translational Research Radiology Imaging Center (TRIC), UKM - H. Raum
8  LCModel (Version 6.3-1N) Copyright: S.W. Provencher.  Ref.: Magn. Reson. Med. 30:672-679 (1993).
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DWI / ADC

MRS as a predictor for IDH-Mutation? K e

UK Miinster

Histology ffuse astrocytic or oligodendroglial glioma
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Oligodendroglioma, PRESS, TE 97 ms

* Radiotherapy (54 Gy) 2016
* Resection 2021

e Chemotherapy 2021

e Chemotherapy 2022
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' Oligodendroglioma, IDH-mutated, 1p/19g-kod. (WHO Grad 2)

Thank you for your attention!
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