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The various contrasts of MRI form an artist’s palette of colors which can be drawn upon
to compose the clinical protocol. In part | of this presentation, we will introduce the
component contrasts, examine their interpretation and explore properties and limits of
their implementation. The completed “palette” of contrast possibilities will then be
passed on to the clinical neuroradiologist to create disease specific protocols drawing on
the available contrast mechanisms (see Neuro I, D. Mikulis).

In particular, we will revisit T1, T2 and T2* and focus on specific neuroradiological
issues associated with each relaxation time constant. We will then proceed to examine
diffusion-weighting and MR spectroscopy. Intravenous administration of Gd-based
contrast media (“magnetic dye”) will be introduced. The associated applied use of T1
and/or T2* mechanisms will additionally allow us to develop approaches to “perfusion-
sensitive” imaging, imaging of microvascular permeability and imaging sensitive to the
oxygenation level of blood (Blood Oxygenation Level Dependent, BOLD, imaging).
Some introductory applications of these approaches will be introduced to yield maps of
white matter fiber paths (based on diffusion weighted imaging), functional brain mapping
(based on BOLD) and microvascular permeability (based on kinetic analysis of dynamic
contrast enhanced MRI). Finally recent advances in parallel imaging (with multiple
receiver coils) will be introduced as the technology pertains to implementation issues of
imaging with the above contrast mechanisms.
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T, Sequences

SE - spin echo

FSE - fast spin echo

(FRFSE)

ssFSE- single shot fast spin echo
FLAIR (after T, discussion)
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So what is the TE ?

Differently phase-encoding

each echo in a FSE echo train
aIIOWS.Seve'aI lines of_k—s_pace Center of k-space acquired with short TE
to be filled per 90° excitation

Low phase encoding early in echo train

Image contrast reflective of short TE - describe with short “TE eff”

contrast.
Long “TE eff” \.
FSE (PD) FSE (T,)

90
TE eff = 30ms TE eff = 105ms

Low phase encoding late in echo train
Center of k-space acquired with long TE

Image contrast reflective of long TE - describe with long “TE eff”

Short TE contrast

T, Sequences: CSE vs. FSE

Blur (esp. PD) with long ETL




T, Sequences: FSE and Parallel Imaging
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SAR = 1.34 W/kg

FSE: Parallel Imaging #2
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Max No. Slices = 26

Acqg. Time (2NEX) = 1'03"

SAR = 0.71 W/kg (13 s))

FSE and Parallel Imaging
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ETL=32

Max No. Slices = 13
Acqg. Time (2NEX) = 35"
SAR = 1.34 W/kg

SE - fluid hyperintensity / good resolution

FSE - similar to SE, 8x or 16x faster
(FRFSE - fast recovery)

ssFSE - single shot

FLAIR - CSF suppressed

Parallel Imaging - speeds up acquisition,

or shortens ETL
- compromise SNR,
some artifacts




T, Sequences Role of TR

Long TR
SE - workhorse (Proton density
weighted)
(IR-prep -3D) P

+ Gd - BBB disruption
TOF-MRA - MR angio

Permeability - dynamic 3D T1 + Gd

Role of TR T, Spin Echo

Short TR

Short TR ; lipid

(T,-weighted) S 7

/

/

Hyperintensity can arise from: /

Short T, {
Gd (which shortens local T;) X

Gd-enhanced \.:_/
Inflow High CBV

BBB disruption
in tumor rim

Spin-Latti
Inflow Enhancement > TOF MRA Rg:gxa%olr?e

p (\} A
4
RF pulse Inversion Recovery

brain __

Null point

vessel ~ i

_ _ Time (TI)
Rapid RF pulsing suppresses
signal from stationary tissues

Suppression increases with flip angle and with shorter TR




Inversion Recovery FLAIR: T, Contrast without the CSF

M,=0when Tl = 0.69*T, Long Tlallows

most tissues to
recover towards
equilibrium.

Signal from this T,-species goes to zero !

Long T, CSF
just gets to “null
point”

STIR — short Tl (null fat) r I Tl ~ 2secs @ 1.5T
don’t use Gad '

FLAIR —long TI (null CSF)

Dynamic T1-weighted Imaging:
MR estimation of blood volume / microvascular permeability Microvascular Permeability

normal capillary tumor capillary

N

no leakage leakage

10
time [sec]

equilibrium (T1)

kPS

Microvascular Glioblastoma multiforme, Grade IV
Permeability e
DSI (vessel wall integrity)

ratio

tissue
blood

permeability
kPS =17.5

normal tissue fBV = 8.9% /] i
/ rﬂermeabnny .| Segmentation for
BV ap \ ¢ biopsy guidance
Fractional time [secs-mins] /4
Blood Volume =

! . . MIB-1 = 23.5%
(vascularity) -> separates high BV from leakiness




T, Sequences T,* and Susceptibility

SE - workhorse GRE - hemorrhage

(IR-prep -3D) EPI - artifact, speed

+ Gd - BBB disruption Perfusion - sensitivity to Gd as a negative contrast
TOF-MRA - MR angio BOLD - fMRI / hypoxia

Permeability - dynamic 3D T1 + Gd (FIESTA, bFFE, True-FISP)

Magnetic Field Homogeneity

C

1)1 1)

Gradient reversal

_Tissue Particles / RBCs  Gradient coils
interfaces

- Signal loss

Effect of TE: GRE - Hemorrhage

T2* weighting

Magnetic susceptibility

artifact

deoxyhemoglobin
in veins (BOLD)

W 2000
L1000




Echo Planar Imaging - EPI

Spin Echo Echo Planar

- .

) 256x128
~6 minutes 40x20cm

1 NEX

EPI Requirements :

Rapid switching gradients (lots of echoes)
Rapid digitization of data (each echo short)
Large amplitude gradients (higher resolution)
128 echoes x 128 complex points per echo > 16000 data points

must be captured under the T,* curve (say 64ms)
need 16000 samplesin 64ms = 256kHz digitization (receiver)

26mT/m = 20kHz/cm
256kHz BW = 23cm FOV
and 2mm resolution

Hi-Res Single Shot EPI
"W

Sub 1mm resolution > screening T2, uncooperative patient, etc.

EPI - Multiple readout gradient reversals

90

Readout Gradient

Echo Train

EPI: Fast Receivers and Parallel Imaging

Fast Receiver made
this good

BW = 250kHz

TE = 69ms

Acc x2-EPI

Parallel imaging
made this better

Shorter ETL

Shorter TE (60ms)

Perfusion Imaging
Rapid injection of bolus GADTPA (0.1 or 0.2 mmol/kg)

Dynamic imaging during first pass

Observe negative

enhancement (T,* effect)
using gradient recalled echo

or EPI (not T, weighted)

artery

occlusion

Hi-Res Acc x2- EPI
v
BB
O
Y e ly
Both made this Best
Short ETL
Short TE (65ms)

High matrix



MRI Perfusion
Gadolinium Bolus Tracking
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MRI Perfusion MRI Perfusion
Gadolinium Bolus Tracking Gadolinium Bolus Tracking
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T2* Image Slvs Time Curve T2* Image Slvs Time Curve

MRI Perfusion
Gadolinium Bolus Tracking

derive ?R,* from ?SI

NI (rCBV)

(proportional to
concentration)

fMRI - BOLD Effect
venule Blood as a
Contrast Agent

fMRI - Hemodynamic
Response

To Neuronal
Activation

Field

2 ) Disturbance
Activated Neurons Due to
Paramagnetic deoxygenated

Deoxyhemoglobin

arteriole Resting Activated -
More Oxygenated Blood




Correlation Method stimulation state

if r > (e.g.) 0.5 then ACCEPT as activated

Word Generation

T,* and Susceptibility Diffusion

GRE - hemorrhage - principles

EPI - artifact, speed - stroke

Perfusion - sensitivity to Gd - T2 shine through
BOLD - fMRI / hypoxia - anisotropy

(FIESTA, bFFE, TrueFISP) - fiber tracking

) ) Diffusion Weighted Imaging
Relevance of Diffusion

T,W image with two equal and opposite

,??\ hindered diffusion dephasing gradient pulses separated in

free diffusion time

deciemsed
Clsagnys

47 ]
high ADC low ADC gephass incomplgigly rephase

LY ” oving Malecule
“apparent diffusion coefficient” é{lanon 8% MOﬁGCUle




Spin Stuff \gradient Diffusion weighted Spin Echo Imaging

diffusion

Diffusion Weighted Images

as a function of b-value Effect ?']‘Ab—value: WM conspicuity
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Hi-res Single Shot Diffusion EPI

256 x 256

- Small lesion conspicuity

Anisotropic Diffusion

Can evaluate the components
of the ADC in 3 directions
(slice, phase, read: e.g. X, y, 2)

If ADC, = ADC, = ADC,,
we call the tissue isotropic

free fluids are isotropic,
also gray matter

</ Rapid diffusion

If one direction is preferred, along axons

we call the tissue anisotropic

(e.g. white matter) Slow diffusion \

across axons

Diffusion — Embolic Lesion

' ‘) 128x128 DWI-EPI

128x128 DWI-EPI with Acc x2

256x256 DWI-EPI with Acc x2

Diffusion weighted Spin Echo Imaging  read

Anisotropic Diffusion in Celery
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Anisotropic Diffusion in White Matter
Wk 4

Fiber Density Index

Summary

T, sequences (SE, FSE, long TE)

T, sequences (SE, GRE, short TR)
—

T,* and Susceptibility (GRE, EPI)

Diffusion (DWI, DTI)

'

Protocols

Diffusion Tensor Imaging

Probe components of diffusion tensor with (at least) 6 DWI's with
gradient pulses applied along x, y, z and combinations (e.g. xy, yz and zx)

Diffusion

- principles

- stroke

- T, shine through
- anisotropy

- fiber tracking

Protocols —drawing from the palette

Protocols
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