Contrast Agents for MERIL: Gadolininm
GA(DTPA) DTPA is a highly flexible chelate that forms a rigid and exceedingly stable

complex with GiP* jons.

A smgle iE water molecule is to the metal won (i.c. GADTPA) has one
coordination site ).

The Larger the number of coondination sites. the sire
relaxation time of the surmunding water, but the less st

the infleence gadolinium has on the
le the complex.

GHDTPA) has mine coordination sites in all but eight are occupied by the chelate.
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The DTPA chelate is jonic and highly hydrophilic and does not bind to protein in the blood,

ensuring rapid d. in the i and fast the kidmeys.

F d studies have confirmed d in vivo in

simmations whene G{D'TPA) has a long residence time (e.g. severe renal faihure)

Contrast Agents for MRI: Gadolinium
Low Osmolality Chelates Gd-DTPA has an osmolality approcimately seven times higher
than plasma osmolality since the three positive charges of gadolinmm do not balance the
charges of the five carbox i goups.

The excess negative charges results in the need for cations (e g, meglumine)

In ome variant of the DTPA stracture there are only three negative gromps, the other two have
b placed by non-ioaizing methylamide groups (Gd-DTPA-BMA)

Imthe structure Gd-DTPA-BMA the metal jon is coonfinated by three amimo nitrogens. the three
carboxylic oxygen stoms., and the two amide cartbonyl atoms.

As with Gd-DTPA, this leaves the way open for a single waler molecule

Gd-DTPA-BMA also has similar stability as Gd-DTPA.

NOTE: Although G is just 2 hypertonic as X-ray agents, the dose typically used is
significantly

Contrast Agents lor MR Gadolinium

Pharmacokinetics of Gd-Chelates The ionic and non-ionic gadolinium chelstes have

cssentially the same pharmacokinetics

Gd-cheltes are
interstitial spaces

The Gd-chelates arc climinated mpidly by the kidacys by glomenular filtration with so
significant tubu lar excretion or reabsorption

» They can be used as tracers for glomenlar filration

Gd-chelates cannaol cross the intad blood brain b

ncr. but can cross an injured barrier.

The pharmacok i of the gadolinium chelues can be
compartment model used for iodinated contrast agents.

PPTON; i by the same fwo-

Gadolinium Chelates: Clinical Applications

Gd-Chelates Clinical A pplications Approsimately 80% of Gd usage is for
nervous system discases

All gadolinium chelates in clinical use today are pon-specific contrst agents

lular fluid space markers that pass rapidly between the plasma and

Usually. contrast enhanced studies are performed s static examinstions, however, dynamic

studies have been imtroduced to assess argan function

Imaging the brain: Pathological break down or absence of the ramn bamer alows
paramagnetic comrast agents o cross into the extrmaoclular spac

Following abolus injection, uptake and enhancement can ocour in less than 5 mimates for
[ £ 1s (tumor that develops from the membrane that se mounds the brain)

Other lesioms (e.g. low malignancy tumors, demyelination) may be reached only after 15

minstes.




Gadolinium Chelates: Clinieal Applications

Gd-Chelates Clindeal Applications
Imaging the brain:

The extent of brin mmor enhancemest indicites the the degree of blood-brain-barrier
breakdown and the degree of malig

nCy

Low grade primary namors wsually display [dilc contrast enbancement
Gd-contrast agents are also very uscful in highlighting brain infection and inflammatory disease

+ Early (e small) bscesses {localized collection of pus surmunded by inflamed tissise)
reveal focal enhancement

+ Bigger abscesses reveal ring enhancement

also be seen with large acute multiple sclerosis plagues and metastatic

Gadolinium Chelates: Clinical Applications

Breast Lesions: The uptake of contrast agent in breast tissue is associated with
and therefore tissue metabolism

ogenosis

Static or dynamic imaging can be performed: however, whether the mte of uptake can allow for
the differentmtion between malignant and benign lesions i debatable

Liver Lesiens: Inthe liver, highly vascalarized pathologies can be best differentiated before
equilibrim with the interstitial compantment is reached (similarto s.my. Le, by dynamic
imaging following a bolus injection ).

Gadolinium Chelates: Clinical Applications

while a bolas of

Dynamibe Imaging of the Heart: The acquisition of one image
contrast agent is mjected allows for the construction of atime-mtens

Time-intensity curves can beused to calasbste perfusion and other dysamic parameters

“The first pass of contrast agent through the heart can be used to delineate the cardiac chambers
and myocardium

Other A Following gnetic contrast agent,
many spinal cond diseascs can more casily be imaged. as well as boae infections, and joint
diseaes

Characterization of MR Contrast Agents

Relaxdvity Relaxivity is the ability of an MR contrast agent (o 5|

1 relaation times

Relaxivities in the longtudmal (R, ) and transverse (R ;) direction are cakoulated as the slope of
the curve /T, versus concentration of contrast agent and |/T; versus concentration of contrast
agent, respectively
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The higher the relaxivity (i ¢. steeper slope) of the contrast agent the larger the effect on the
surrounding water protons - higher




Macromolecular Gadolinium Agents

Mmmam To -\Head,lw-nlewhrw'h (=500 Dia) malecules with
chebated i

Macromolecu lar agents can be defined o those contrast agents of a suhstantial |y higher
modeaular weight (320 kDa) and which remain largely in the intravascular space (ie. blood
pool agents).

L provide progressi of tiasues
increased capillary permeabiliy (e tumors or myocardial infarcis).

Various have been investigated in clinicaltrials. Agents include
macromolecu bes such as albumin, dextran, and pnl:plyllu

Entry intothe dlinical arena has been hampered by poor renal clearance, toxicity, and

-

immunogenicity.

olecular Gadolinium Agents
Macromolecular Gd Agents

Iwmnm priority for any comirasl ngent fwdw uﬁnhlyl

Macromoleaslar contrast agents are generally too large for glomemlar filkmtion and must cither
bebrmoken down ud-lunﬂhm‘llh hepatobiliary system.

alonger rotational comelation
time {i.e. choserto water' s magnctic resonance), resulling in more offi

“E‘-’_
enhancement than Gd-DTPA.
fe ding of a large number x

containing groups to a single -nhﬂle leading toa higher relaxivity

Macromolecular Gadolinium Agents

G Agenis:
Blood Pool Effects: An ideal remains i and approximately at
mﬂxm¢mmmhhpﬂnﬂdlhﬂdy
As blood pool agents, wm..unpmum-phmmmmmm
investigation of organ ischemia (ie. vodume) - signal
enhmcement distal to occhded vessels.
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Macromolecular Gadolinium Agents

M lecular Gid Agents: Applieatl
Magnetic IMRA): L MRA has wtility bet
suffers from a nunsber of sensitiv ies (e.g velocity motion-redaed anifacts).

A simple allernative lies in the use of macromolecular contrst agents combined with T,
weighted imaging

VLA o dbbom sl sertn

Blood pool agent angiogmphy are particulary petinent o the imaging of tumor feeding
vessels, since their complex pattcms are not amensble to imaging via other methods.

A disadvantage of decule-enhanced hy is that the signal im both the anteries
and vens s clevated making ot difficult to differentinte them.

Macr lecular Gadolinium Agents
Gl Agents: Appli
Microvascular Permeability : If capillary integrity is impaired, such as in malignancics or

inflammatory discases, macromoledu lar agents may slowly leak out of the intravmscalar
compart ment into the inberstitinl space.

The rate of enhancement increase is related to the degree of capillary hyperpermenhility

In ceraim tumor tissues there may be additional s port mechansms refermred to m
vesiculovacuolar organelles, which permit the transt of macronsclecu les from the intravascular
10 extravascular spaces.

MBA of cevvical aml cevebrs]

Macromolecular Gadolinium Agents
G Agents: licati,

Parametric Mapping: A parmctric map is a synthesized image where the signal istensity of
each pixel reflects the fractional blood volume or permeability-surface area (FS) of tissue.

Parmetric image dowing tramcapillary

aare]

e

The use of parametric imaging to provide estimates of capillary permeability has been applicd
to many discases inchding

+Lung injury: In acute alveolitis (mflammation of abveoli, there was an initial
emhancement im contrast foll dby a p h i
capillary hyperpermeshility,

£ o

«lschemia: In some ischemia models there is a gmdunl increase in signal enhancement due

1o endotbelial d. in the ischemic region leading to hyperpermesbility,

# Liver tramsplant rejection: Rejected liver transplants have a significantly higher capil lary
permenbility, a higher fractional blood volume, aad blood mosom dear cell infiltmtion

+ Hyperpermeability is also scen in tumars, rmdisted tissue, and sometimes following
pharmaceutical interventions.

Targeted Gadolinium-Based Contrast Agents

Targeted Gd Contrast Agents In nuclear modicine. nanomokar {10%) or picomolar (10°%)
concentrations of the ithin the target timsue may be sufficient to image a lesion,

In MR, mimimum concentmtions of paramagnetic jons (i.e. Gd) are wsually in the microme
(10"} range

Nonctheless, although MR coatrast agents nced higher concentrations than radi

uchdes for
imaging. MR has other advantages such as increased spatial resolution and omical
information

Targeted MR contrast agents can, in generl, fall imto three categonies: small molecules.,
macromolecules, and patticles

Targeted Small Molecules Small molecules are generally defined as strachsres of less than
several th i Draltons (e.g. Gd-DTPA).

Small molecules e gencrally snmll enough to pass across the capillary fenostratioas into the
extracellular space.

Fadorn such a protein binding and
be targeted

hilicity enable these small moleaule contrast agents to

By substitutimg vanons fundional groups on the chelate, lipophilicity and protein binding cin
be enhanced



Targeted Gadolinlum-based Contrast Agents

Liver Targeted Small Molecules MNoa-targeted agents such as Gd-DTPA and Gd-DOTA
are hydrophilic and have rebstively low protein binding are therefore cleared via renal fill mtion.
Nonetheless, Gd-DTPA can still be wsed to look at liver lesions immediately after a bolus
injection is administered

Bu, if cquilibcium is reached the lesions become less visible than in precontrast images.
No Commd Apen With Clomtrad Ages

An alternative to rapid scmning foll owing abolus injection i to use small molea lar weight
conteast agents (e.g. Gd-BOFTA) targeted to hepato

o Comtrast Agest Witk Comtras At

- BOPTA enters by an organic

Targeted Gadolinium-Based Contrast Agents
Small Molecule Blood Pool Agents Le\w mulmlar wqgu MR contrast agents can be

retained within the & space through to albumin
Jbumin is too large to pass across the fenestrated capillaries into the extracellular space.
i
»
]
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Because the binding is non-covalont, th agent may still be fil gomeruli

and excreted renally.

Since the motational correlation time (tambling rate) of the low moleas lar weight chelate s
slowed by it msociation with the macromolequle albu min, s relaxivity is enhanced

OMrTlrssd Small Molecule Agents Low molecular weight MR contmst agents have

En in infarcted my il tissue, i mors, and bone marrow:

Targeted Gadolinium-Based Contrast Agenls

Targeted Macromolecules Large molecules or macromolecular ME contrast agents
gencrally have moleau lar wei ghts over 20,000 Daltons.

Their large size results in relative within the i space and often results
in increased relaxivity dueto rotational comelation effeds.

The exact molecular weight that confers relative confinement of the contrast agent to the
vascular space will vary depending om the charge and three-dimensional structure

Macromolecules themselves may serve as the targeting moicty (e.g. antibodies) or = the
scaffold to which targeting moidtics are aitached (e.g. polymens, liposomes)

Ged-labeled Antibodies Gd-labeled antibodics are uﬂﬂsdy tobecome usefial for in vivo
imaging since_| 000 to 10,000 fold higher of aum are required for signal
tham can be de d dhs by antbodies.

Further, the relaxivity of the Gd-labeled antibodies is similar to free Gd. This is because if the
tether or linkage is flexible betw oen the Gd and antibody. the rotational correlation time is not
aktered appreciably.

Only a limited number of chelates can be sttached to each antibody withost destroying the
hinding affmity of the antibody for its target.

Te amount of G ibody ap " linker canbe

that is capable of binding many Gd joms (perhaps hnnimhl However, the b iodst ibution and
_targeting will usually be compromised.

Targeted Gadolinium-Based Contrast Agents
Polymer-based Targeted Macromolecules Polymers can be used as the scaffold to w hach
targeting moictics and a large numbeer of gadolinium chelates are attached. Some examples
include:

« Chdates: O helates are composad of repeating units of a linking
maosomer with a ch

Inthe copolymeric chelate approach, since the chelate is pan of the backbone, the comstruct
tumbles slower and leads to significant contmst enhancements.

Dendrimers: Dendrmer agents have a branching very high
T
Y Vo
A b Lom
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Compared with linear polymeric agents, which have some degree of pol ydispersity (varyimg
mobecula waghts ), dendrnimerns are nearly monosdspene.



Targeted Gadolinium-Based Contrast Agents
Polymer-based Targeted Macromolecules

Other Polymer -based Macromalecules: Lincar polymeric agents such as dextran and
polylysine are often used as scaffokds for gadolinum chelates and Lwgating moidics.

In onder to minimize toxicity of polylysine the free amines must be masked. This is usually
accomplished using the linear molecule, polyethylene glycol (PEG).

Dextran is widely used as a macromolecular scaffold for gadolinium because of s high

eapacity for functionalization
ey
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Targeted Gadolinium-Based Contrast Agents

Targeted Particulate Contrast Agents Size or particle dmmeter influcnces the
hiod st ribution of panticulae MR contrast sgents.

Smaller panticles (< 30 nm) tend 1o have longer intravascular residence times than larger
particles (2 1040 mm)

SO (00 et

yadi
Larger pantiches tend to be more mpidly cleared from the blood by Kupifer cells and
hages from the reticuloendathelial system (RES).

Water flux across the liposome membrane is rate limiting.

Semm inding
leads to mpid clearance by the RES.
NOTE: The spleen has a larger fraction of RES elements than the liver, and agents cleared
primarily by the RES tend to reach higher concentrations in the spleen than the liver.

infl y the RES. ion by

Targeted Gadolinium-Based Contrast Agenls
Circolation Time of Particulate Contrast Agents As discussed the size of panticles can
be reduced to increase ciraslation time, but this may have only a mimor proloaging effedt.
Perhaps. more i the surface ch istics of the particle can be modified 1o
mimimize shsorption of serum proteins,

Neutral hydrophilic polymers (e.g. polyethylene glycol, PEG: dextran; starch) have been shown
0 be useful as coating agents inthis regard.

PEG costed agents can have circulation times a long as 24 hours

Examples of Particulate Contrast Agenis

Gé-Losded Liposames: Liposomes canbeused as cariers of iom. P
chelates cam be entrapped within the lipid vessicles.

Gd- lomded liposomes actually have a redu ced relaxivity compared with free Gd-DTPA since
water outside the liposome has much less contact with the G on the inside.

Smaller liposomes (< 100 nm) have a higher relaxivity than
larger vessicles, since they have a greater relative
0 internal vohime.

Targeted Gadolininm-Based Contrast Agents
Examples of Particulate Conirasi Agenis
Surface-Jabeled Lip An allemative o lip I Bloi d
chelates directly ontothe lipid membrane,

With this format, chelates have good exposure to water and relaxivity is enhanced because of
slowed meational comrekation tme.

There is a size-related effect on relaxivity, the smallest liposomes (30 nm diameter) having the
highest relaxivity, which may be related steric hindrnce of chelates and water exchange.

Some formulations of surface-labeled lipmomes (Le. liphd costed perfluorocarbons, 250 nm
dianseter) can carry up o 100004 gadolinium molecules and targeting moieties.

o Namoparn e Wtk st s

e il



Targeted Gadolinium-Based Contrast Agents
Examples of Particulate Contrast Agenis

M Hydl A Iy dro yapatite pasticles are prepared by
precipiating calcam and phosp controlled conditions.
By doping the paticles with M) or L for a postion of the

calcum, paramagntic hydroxyapatite paicles are produced

Smaller particles (<50 nm diameter) appear 1o have betier rebaxivity than larger particles,
prohably due o water flux, analogous 1o Gd-loaded liposomes.

Cine: for particles is for imaging the liver and spleen, but
u:ucd paticles can be pl’tpn\‘d for mgmng other organs.

PEL-costed manganese hydroxyapatite particles have a prolonged viscular distribution and can
casaly be modafied to s ppont speafic ligands for targeting.

Superparamagnetic Iron Oxides

Ie Agenis ic agents (e.g. iron oxide nanoparticles) are
hp]_-, n‘[nmr.s contrast agents mMHJ with much higher relaxivities Ry and R; than
gadolinksm chelates.

In it i the apacity of agents to reduce the spin-
spin T,) relaxation time that & utilizad

The decrease in signal intensity is related to the inhomogencity of the magnetic field produced
around the magnetic particies.

Supeiparamagnetic
HMatesial

The figwse dlmstraies the effect ol s
e s pun e on the
magnaic ek flas fimes.

Water molecules diffusing through these local gradients undergo fast T, and T,* relaxation

perticles ncgalive contrast agents, cussing a reduction inthe
signal intensity in the tisswes in which they accumulate.

The physico-chemical propestics (i.¢. size, surface propertics, charge, etc. ) of s perpammagnetic
agents not only effect the efficacy of the particles in MR but also influence their stability,
biodistribution, metabolism, and dearnce

super paramagnetic Iron Oxides
Tron Ondde N es Most sup ic agents consist of an iron-oxide crystal
comprised of Fe 0, andlor Fe,0),, coated in a biocompatible polynser matrix such s dextran.
[rrp—
Textmm comting ALY

Without a coating matenial, ron oxide particles aggregate serum protems and may activate the
complement system.

p ic agents can be divided i maim groups:
* Superparamagnetic ron oxides (SPIO0s), which including coating are greater than 50 nm
in diameter

» Ukra-small superparamagnetic iron oxides (USPIOs), which are less than 50 nm in
diameter

The difference in size s reflected in significant differences.
im the relaxivity comstants R, and R, and in plasma half-lde
and biodistribution. -

SPRO (Femimuidel AR am 150 wm
o Adam Moum
(Femmodmn
Superparamagnetic Iron Oxides
Iron Oxide Nanoparticle A pplications
Tract: The oral administration of iron-oxide icles coated with silicon
(diameter of 300 nen) provides a significant imp in the definion b he Gl tract

and surounding organs.

The manopasticies flow throwgh and darken the stomach and the small intestines in 30 o 45
minutes.

By more clearly identifying the intestinal loops, the manoparticles mmprove visualieaion of
adjacent shdominal tissues such s the pancreas.

Liver and Splenie Disease: Following i mjection. ides (eg. F i
150 nm dizmeter) are taken up by Kuppfer cels of the healthy liver., increasing the contrast
between bealthy and discased tissue which i devoid of Kuppfer cells.

Anotber,  more he patos yte-spec ln. a;c- that has been developed is arsbimo gabsctane- labded
_&m in receptors present on normal b tes.




superparamagnetic Iron Oxides
Iron Oxide Nanopartide Applications

Lymph Node Diseases: Long ci <[] wentually gain access 1o the
interst . dwin theow gh the lymphatic vesscls and accunulate in the lymph nodes

Lymph node metastases prevent fthe in the node

Heahy Ly ph Node
ptickes With Naopniches

Lymph Node wid Mamimia
o Naopaiate With Namorpartiches
- —-
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Superparamagnetic Iron Oxides
Tron Oxide Nanopartide Applications

ecause of the long half-life of some nanoparticles (<30 nm),

they can be taken up by macmphages in the whole body.

For example. it has been bound that these long-circulating nanoparticles are phagocytosed by
macrophages im athemsclerotic plagaes.

Frotom deaniy weighod sape of T2 weighied mage 14 hows ser
catermal ad imeraal <and asery >dmimuranon ol smomticle

super paramagnetic Iron OUxides
Irom Ondde Nanoparticle Applcations
Blood Poal Agents: Uptake of USPIOs (ulte small superparmagnetic iron oxides) by the liver
and spleen is quitc low and thus these Ranoparticles remaim in circulation for a very long time
These chamctenstics have led to the use of USPIO as ablood pool agent
Cell Tracking: Variows immune cdls as well as stem cdls have been loaded with
S0 peTpammagndic contmst agents in order to tmck them in vivo,

Iron oxide boaded leukocytes and Tocells provide new avenues to target MR contrast agents (o a
vaniay of diseases mcluding cancer, inflammation. and ot herosclomsis

Tl are 5 wibset of |y phocytos Uit play 3 large sl in the immume rospnse
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Mulli spin echo technigue — much more common than SE

and Ty -welghted MEL MEL Imaging Methods

Diffusion- Wekghted Imaghng Onc vy ...,u.uu physical paramcter that MR can

mesure is the spparest diffemon cocficien o

The

of water diffsion is oflon indicative of 1he health of tiwses. For example. in
wech am atrokc, colla wwell and cell membrascs can f ure.

Thin, mesmmn that watcr can iffuse mesch fastor bocasss theoe arg fower physical barian

The simplent pule sequence wed 1o meau e dilfaamn is bascd on 3 spis-ocho segence, with
symmctric “diffision-cnooding” geadicnts on cach sade of the 107 sefooming pulse

The effct of the fint diffeios gradical & 10 encole eah protos with & cemain phase bn exactly
he same mockaninm m phase encoding

ok o et 56T then the vocond diffesion. cacoding gradict will impone and
equal and opposite phise on the provon s there is i na dephasing of the magsetization

adwit ,-..h.‘ them tacprs
signal

a ifferant poaitice in the s batwoos the fwo cacading
magnetization is oaly patially rephased and thee is 5 bous of

The Ester the pooton difuses the rester the
Tows of signal

Diffusion Weighted Imaging

by changes in
@ — T;and .lDC in B'HC rat brain tumors

w m ; Pro-troated ad 21d non-responder

a6 ) A 5l ks i e (g

PR
Tmages intcnsity i atscrwata  highr gradicn strongghs mnd by faster diffusing waer

where b=

5, ia the sigaa] stseagth i 3 pulic sequence with s pak of balssced diffuios acmtising
Fradien

TIW impes with increming diffesbon gradients dusing TE

ADC) by pinebby-pinel image amalysis

Syep (b + ADC) ADC in mis?

FE(4-513)

of sreagth G cach of a duration & ssed with a delsy 4 betwees them.

Basic Principles of MRI - Inverson Recovery
Fast Sl Echo Recall from Lecture 1:

Null Pond Followinga 180° pulse. the point ot which the signal comacs the zem line is called the

Number of variants: fast spin echo (FSE), turbo SE (TSE), rapid -
! i RARE

» At the mull poast the signal inessiy is sero. The time is dented T sully. We can cabos late the
with (RARE). el 2 il '

- -28
R NRY o
: : : T maally
nl=
T mall)y m 06557,
Ramp phase encode up and down on either side of data acquisition

Collect FID after each 180" pulse atnTE.

The sull point can be usod to estimate the T, relaxation time!

s el bun-INE Mesanes sduluseie 3 Lbg



Basic Principles of MEKI - Pulse Sequences
Fat Suppression: STIR Imaghng STIR stands for ghon 1) jsversion oovery

™

the 00 RF ke # the
STIR - Shawt

¥ lochnique i

L™

M, ",

‘v +ve

] [
e

Al the mll point of fat, thare will be so transvene magnatizaios from fat inthe 5y plane ic.
suppeessal fat sigaal) However, water and other tissses will have their usual 7; decay curve.

This tochnigue s called STIR bocause fat has a very shost T, and a short T| mest be chosen o
el it

gt 5 e o demsons U e 50 14

Diffusion tensor Imaging

*  Most commonly used for visualizing white
matier in brain

+ Based on he idea that water diffusion along
the long axis of myelinated newronal bundles
should be much greater than diffusion in &
pempendicular dimension

Py Brma e St

Diffusion tensor Imaging

Use FSE to measure diffusion in multiple
directions

DT st

Construct diffusion tensor voxel by voxel
- Diffusion tensor is approximately ellipsoid in
shape
~ Represents mean distance hat a water
molecule will travel per unit Sme

Diagonalize and calculate the
eigenvalues of the tensor:
Ry Az ha

hemean = ( A1+ Hp+ ha) 13

Fig Briss Wamdel Seamiord

FLAIR - Fluid Attenuated Inversion Recovery

FLAIR ~ Fast spin echo with T1 set for fluid atienuation,
Imversion Recovery Sequence

!

=
Gle— e
Echo M

e —

Similar to STIR
Tl set to null flulds rather than fat
* In T2 weighted images, bright CSF becomaes dark

[P ———

Diffusion tensor Imaging

* Use a diffusion-weighted fast spin acho pulsa sequence
*  Apply diffusion gradients in multiple directions (between & and 42).

-—HH e
-, n n n
o + + +
Déffusion gradient during readout, ramp phase encode up and down

on either side of data acquisition
P it 1o M 1o e e gt 4

Diffusion tensor tractography

Fractional anisotropy
= Normalized variance of he slipsoid axs magnitudes.

£ 3 mm par-sampied sia

FA =0 for a sphere, 1 for a cylinder
FAmeasures anisotropy, not direction
Use DT tractograghy to track fbers
Mumerous potential sigoritims

= Connect the vemels
= FACT: Fiber msigment by continuous tracking
= Path-integral meghod (ot shown)

Pia: Trian Wandell St



FA Weighted Color Map

shows voel by voxel anisotropy in diffusion tensor

Fiber-trackin humans with amyotrophic
lateral sclerosis (Low Gehrig's diseasc)

Muscle weakness and

upper and lower mobor
masrons

B ewmdiag b

CNT carbesl spinal
Tract

Rdbred ber trosts

Gradient Echo Imaging

* Addiion of Slice, Read and Phase encode gradients

+ Bilobed G, gradient allows sice selection from the center of the pulse
« Bilobed read gradient allows rephasing in the center of the echo
. oF E FFETI

Fiber tracts in a rat with 9L tumor

Day-1 Dy 14 T 21
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Gradient Echoes

+  Magnetization refocused by gradient — NOT by 180° pulse!

E
= Bilobed gradient dephases and rephases magnetization.
Asymmafric, compansating
+ Allows complete refocusing at TE
* No 180" pulse, so echo decayis T,*, not T,

Advantage of Gradient Echo imaging

+  Use a small flip angle to allow rapid imaging

Small fip angle retains longitudinal magnetization
* Retum to 2 axis is more rapid

Can use really short TRII {msec)

* ButT, weighting is reduced.



