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Isn’t Gadolinium the
alpha-dog of MR contrast?
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Approaching the storm

Mad Max - Warner Bros 2015



Can Contrast Be a “Bad” Thing?

Recent reports of Gd accumulation and “NSF”

DOTI0 M AR 6. 104
ASR 2007, IS8 286092
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Original Research

Gadodiamide-Associated Nephrogenic Systemic Fibrosis: Why Radiologists
Should Be Concerned

Dale R. Broome', Mark S Girguis', Pedro W. Baron’, Alfred C. Cottrell’, Ingrid Kjellin' and Gerald A. Kirk"

Rare multisystemic fibrosing disorder, 12/575 pts.
All patients had renal insufficiency.
Developed NSF post-Gd (Omniscan) despite early dialysis...

symmetric skin thickening.
and edema in medial thighs
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Have you been
' injured by the
L side effects of
¥ gadolinium?

Gadolinium Attorneys
Philadelphia, Pennsylvania, New Jersey, Delaware and Natio

800-597-9585
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Gadolinium-Based Contrast Agents Also Linked to Life-Threatening
Skin Thickening

Arvong patents with severs Ldney Ssease. he use of gadolnium-based con-
Tost agents is inked 0 e development of Nephvrogenic Systemic FRrosis or
NSF NSF was st icertfed in 1997 and wivie s Cause is unnown, IT's Ony
SN MPOMRE N oA Wilh INErey Gaaste

NSF causes shn Iichenng That can preves! Dending and eslending your joints.
T Gan 80 Ceveicp I your Claphragm, igh muacien UG vesaais. ang Iower
aD3omen AJong with Causing decreased mobiity of jonts. NSF can De fal

Decause of this connecion, T US Food and Drug Administaton (FOA)
reQuesied Nat He manuiatirers of all fve Dacdol NuMm-based contast agenrts
Magreviat, Muliriance, Omeiscas, OpSIMARK, and ProHance) add a boxed
Waming and a rew Wamings socton 10 T labels 10 Jescrite the rsk of devel-

cong NSF -



e MRI Agent

Gadolinium: Th bnormalities

Linked to Brain

34 920 views

January 09,2014

Gadolinium-Based Contrast Agents Linked to Brain Hypersensitivity '

It revealed areas of high intensity, or hyperintensity, in two brain regions (the
dentate nucleus (DN) and globus pallidus (GP)), which correlated with the num-
ber of gadolinium-based enhanced MRIs.

It's unknown at this time what the hyperintensity may mean, however hyperin-
tensity in the DN is associated with multiple sclerosis. It's now being suggested
that this hyperintensity may be the result of the large number of enhanced MRI
scans often received by multiple sclerosis patients. Hyperintensity of the GP,
meanwhile, is linked with liver dysfunction. The study’'s lead author noted:?

Tomonori Kanda M.D., Ph.D., Kazunari Ishii, M.D., Ph.D., Hiroki Kawaguchi, M.D.,
Kazuhiro Kitajima, M.D., Ph.D., and Daisuke Takenaka, M.D., Ph.D. High Signal
Intensity in the Dentate Nucleus and Globus Pallidus on Unenhanced T1-
weighted MR Images: Relationship with Increasing Cumulative Dose of a
Gadolinium-based Contrast Material. Radiology, December 2013



Marching on the Castle Gad?




a U.S. Food and Drug Administration
= Protecting and Promoting Your Health

FDA Drug Safety Communication: FDA evaluating
the risk of brain deposits with repeated use of
gadolinium-based contrast agents for magnetic
resonance imaging (MRI)

Conteol Pasont Contrast-Exposed Paient
MR exam First MRI exam Last MR gxam

Basal Gangla

About one-third of the 20 million MRIs in the United States each
year use one of nine gadolinium-based contrast agents.



Gadolinium-based Contrast Agent Accumulates in the Brain Even in Subjects
without Severe Renal Dysfunction: Evaluation of Autopsy Brain Specimens
with Inductively Coupled Plasma Mass Spectroscopy Radlo]ogy July 2015

Volume 276, Issue 1

Tomonori Kanda, MD, PhD Toshio Fukusato, MD, PhD Megumi Matsuda, MD Keiko Toyoda, MD, PhD Hiroshi Oba, MD, PhD
Jun’'ichi Kotoku, PhD Takahiro Haruyama, MD, PhD Kazuhiro Kitajima, MD, PhD Shigeru Furui, MD, PhD

Intracranial Gadolinium Deposition after Contrast-enhanced MR Imaging

Radlology June 2015

Volume 275, Issue 3

Robert J. McDonald, MD, PhD Jennifer S. McDonald, PhD David F. Kalimes, MD Mark E. Jentoft, MD David L. Murray, MD, PhD
Kent R. Thielen, MD Eric E. Williamson, MD Laurence J. Eckel, MD
From the Departments of Radiology (RJ.M., J.S.M., D.FK,, KR.T,, EEW, LJ.E.), Neurosurgery (D.F.K.), and Laboratory Medicine and

Pathology (M.E.J., D.L.M.), College of Medicine, Mayo Clinic, 200 First St SW, Rochester, MN 55905.
Conteol Pasent Contrast-Exposed Paient
MR exam First MRI gxam Last MR gxam

Convol Patant Conteast-Exposed Patient

Basal Gangla
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Increases in Anthropogenic Gadolinium Anomalies and Rare Earth
Element Concentrations in San Francisco Bay over a 20 Year Record

Vanesa Hatje," " Kenneth W. Bruland,” and A. Russell Flegal®

"Department of Ocean Scences and "WIGS, Institete of Marine Scences, University of Calfornis Santa Crua, Calfornia 95064,
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MR! use causes gadolinium levels to rise in SF Bay
By B a" Casey ArthVirne com staf! arter

Janary 28, 2016 ~ A row 53,0y has found that levels of gadolnum have been
faing steadly in Do aaters of San Francieco Bay over Do past two decades. The
sy at"Butes Hhe raing levels 10 growing use of gadolinum ko scentfc and
medcal appications, n partculer 88 8 contrast agent or MR scasning.

Leve's of gadcinum n San Franoeco Bay have risen severfod n the teo docades
since 1953, not long afer e first MRI contrast agent was approved mPe U S,
BCOONTNG 10 AN rSTe DIeNed Janvery T in Eovwprvnenty’ Soence & Technokogy
What's more, gadoinum levels are Much Ngher In e souhem part of the Say.
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Ferumoxytol: Gad-killer or just kKille

Feraheme-
S

K. Yeom, T. Christen, S. Holdsworth, Stanford




A FDA Drug Safety Communlcatlon FDA
N strengthens warnings and changes prescrlbmg
! instructions to decrease the risk of serious
2 allergic reactions with anemia drug Feraheme
& ( (ferumoxytol)
"y . .
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K. Yeom, T. Cﬁ.rise'n, S. Holdsworth, Stanford
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Who Are the Front Runners?

Mad Max - Warner Bros 2015



Why Alter MR Tissue Contrast?

1. Proton Relaxation
1.5 Proton Density

1. Proton Exchange ey
2. Proton Frequency -
3. Polarization -
4. Chemical Shift metabolism _
5. Magnetiztion transfer end
6
7
8
9.
1

. Other nuclei, F19, C13, 01772
. Other nuclei exchange 017 ...g
. Proton Diffusion
Magnetic Susceptibility
0. Tissue conductivity

fui




Why Alter MR Tissue Contrast?

1. Nuclei (proton) density - PD
2. Spin lattice Relaxation — T1

3. Susceptibility — T2, T2* |
Are amenable for pharmacologlg_gi

perturbation... -
, .

-TR/IT1 -TE/T2 =

SI=PD[1-e ]e g |

e
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Unpaired Electrons in MR
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Unpaired Electrons in MR
-TR/T1 -TE/T2

4 SI=NH)[1-e | e
L 70N

1. T1-shortening on T1w images®.

paramagnetic agents (Gd-DTPA):
coated supermagnetic irons (iron particles).

2. T2 (or T2*) shortening on T2*w images.
para-/superparamagnetic agents (iron particles).
paramagnetic agents (Gd- or Dy-DTPA)



Unpaired Electrons in MR*
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1. T1-shortening agents on Idw images.

Paramagnetic agents (Gd is best).
coated supermagnetic irons (iron particles).

2. Chemical-shifting on T2 or. CEST images.
Chemical shift (Pr, Eu, Tb, Dy, Tm, Yb).



Why Alter MR Tissue Contrast?

1. Nuclei (proton) density - PD
2. Spin lattice Relaxation — T1

3. Susceptibility — T2, T2*
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Why Alter MR Tissue Contrast?

1. Nuclei (proton) density - PD

2. Spin lattice Relaxation — T1 .
3. Susceptibility — T2, T2* 145
Are amenable for pharmacologL

perturbation... =
, .
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T. Christen, S. HC
Stanford



Why Gadolinium?
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Gd-DTPA: Berlex — Magneyist™ Gd-DTPA-BMA:#Omniscan M
Nycomed-Amersham-GEHealthcare
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Gadolinium an MR Agent - Why chelate a good thing?

Gd-DTPA: Berlex —
Magnevist™

The chelate binds the metal tightly...
Excreted renally (>99.9%).

Occupies space and coordination sites...
A necessary evil.




Contrast Agents

Topics:
Contrast agent families
T1 and T2 effects
In vivo physiology
Imaging with contrast agents

Reading References:
On-line resource: www.emrf.org and stuff therein...
On-line resource: Greg Brown, http://
www.users.on.net/vision
Bloembergen, Purcell, and Pound, “Relaxation

Effects in NMR Absorption”, Phys. Rev. 73:679-712,
1948.



Unpaired e and “T1 Relaxivity"

Unpaired electron clouds fluctuate around metal.
e- create fluctuation in local B0 - interactions with protons.

Fluctuating B0 fields — Acts as magnetization sink.
Randomizes magnetization. s
Result looks like T1 relaxation —

Fast relaxation = Shortened T1. 4 o

Apparent shortening of T1-

at a given B0 and temperature...

1/T1 (observed) = 1/ T1 (intrinsic) + r1 [Conc]

(200 msec = 1000 msec + 3.8*[0.1mmol/kg] )
*mmol’ L sec’




Unpaired e and “T1 Relaxivity"

Proton spins near metal sees fluctuating B0 caused by the
electron spins near proton frequency. 637,000 x more effective!
Any proton magnetization is damped by the oscillations of the
electron spins. Result is “relaxed” protons.

1/T1 (metal-proton) =~

1/ TS (correlation time of electrons)

1/ Tm (time protons are near) +




Magnetic Susceptibility
MR relaxation enhancement ("relaxivity”) is a question of
unpaired electrons...

Diamagnetic agents 0
no unpaired e- 10 T1- T2*- Oils, PFOB
no effect on T1, T2. PD only
Paramagnetic agents -1
unpaired e- 10 124 Gg*s Fers
noninteracting domains ’
Superparamagnetic +2
unpaired e- pools 10 _
noninteracting domains T1h T2W Fe particle
Ferromagnetic +4
unpaired e- oceans 10

strongly interacting domains;  T1- sz Metal
(>0.035um) threshold... *cm [/ gauss Artifacts...



Altering Tissue Contrast

| ‘ SI=N(H) [1- -TRIT1 ] -TE/T2
| |

1. T1-shortening on T1w images.

paramagnetic agents (Gd-DTPA).
coated supermagnetic irons (iron particles).

2. T2 (or T2*) shortening on T2*w images.
para-/superparamagnetic agents (iron particles).
paramagnetic agents (Gd- or Dy-DTPA)
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T1 Relaxivity —

Good Stuff:
Positive effect on T1-weighted MRI.

T1w MRI typically rapid.
Doesn’t cross intact BBB.
Relatively rapid, safe.
Patents nearing end...

However:

MW a bit small (MW~500au).
Extravasates too easily.
Clears with 17 min plasma T,,,




Gd-DTPA Enhances BBB Breakdowns

Pre

Use of an MT-prepped sequence
MEMP — Stanford -Pike Glover



Advanced Options
for MRA

In-plane (coronal)
images
saturate in-flow...

Poor SNR
Not used...

Fast SPGR
30 seconds/
16 slices
3DFT.
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Advanced Options
for MRA

Contrast shortens T1.

No saturation of
vascular spins.

Not flow, but
anatomy...

Fast SPGR
30 seconds/
16 slices
3DFT.
0.1 mmol/kg Gd DTPA




Advanced Options &

for MRA .l

MIP’ping works.

New area of fast % -
vascular MRI.
B

Fast SPGR
30 seconds/
16 slices
3DFT.
0.1 mmol/kg Gd DTPA






Feraheme-

K. Yeom, T. Christen, S. Holdsworth, Stanford



Lanthanide Chelated Agents

CNS:

BBB leakage — tumors, etc.
T1-enhanced MRA.

Bolus dynamics.

Cardiac, Cardiovascular:
Delayed enhancement!
Wall actions, Bolus dynamics.
T1-enhanced MRA.
Non-neuro:

Tumor update and leakage.
MSK tears.

Blood pool issues.




Plasma Retention

Physiologic Parameters

BBB disruptions — “ECF” agent
Lack of BBB - tumors
Vascular permeability
Renal retention / collection




Lanthanide Chelate

CNS:
BBB leakage — tumors, etc)
T1-enhanced MRA. \
Bolus dynamics.
Cardiac, Cardiovascular:
Delayed enhancement!
Wall actions, Bolus dynamics. ~y7%
T1-enhanced MRA. S
Non-neuro: S
Tumor update and leakage. =€

MSK tears. ;
Blood pool issues.




Lanthanide Chelated Agentg

CNS:

BBB leakage — tumors, etc.
T1-enhanced MRA.

Bolus dynamics.

Cardiac, Cardiovascular:
Delayed enhancement!
Wall actions, Bolus dynamics.
T1-enhanced MRA.
Non-neuro:

Tumor update and leakage.
MSK tears.

Blood pool issues.




Lanthanide Chelated Agents
*

CNS: .\"," LR
BBB leakage — tumors, etc. ﬂ :
T1-enhanced MRA. M

Bolus dynamics. £
Cardiac, Cardiovascular:

Delayed enhancement! |
Wall actions, Bolus dynamicsjf

T1-enhanced MRA.

Non-neuro:

Tumor update and leakage. % \,.Q/ SR

MSK tears. iy d

Blood pool issues. "\ A&

Liver... 9/
o



Proton Relaxation by Paramagnetic Metal lons.

Unpaired electrons relax protons
Much more efficient...

Number of unpaired electrons -
Gd, Dy = 7 unpaired electrons.

Fe, Mn = 5 unpaired electrons.

Fe domains create big magnetic moments.

Electron-spin (esr) relaxation times - ts

Gd - long esr T1 = good T1-shortening.
Dy - short esr T1 = poor T1-shortening.

Proton near paramagnetic centers- tm

Coordination sites and placement critical.
DTPA occupies more than EDTA, unfortunately...

Paramagnetic correlation times - tr
Gd-DTPA-albumin increases T1 relaxivity 10 fold.




T1 Relaxivity — Why Gd-DTPA?

Magnetic moment (# unpaired electrons)
Gd has 7 unpaired e-

OxyHb (Fe *?) vs. DeOxyHb (Fe *3)

Electron relaxation rate (near that of protons?)
Gd-DTPA vs. Dy-DTPA

Tumbling of the cloud (exposure time to protons)
Gd-DTPA-binding

Approach of water to the unpaired electrons...
MetHb

1/T1 (observed) = 17 T1 (intrinsic) + R1 [CO“C]

(200 msec = 1000 msec + 3.8[0.1mmol/kg] )



T1 Relaxivity — Better than Gd-DTPA?

Magnetic moment (# unpaired electrons)
OxyHb vs. MetHb

Electron relaxation rate (near that of protons?)
Gd-DTPA vs. Dy-DTPA

Tumbling of the cloud (exposure time to protons)
Gd-DTPA-binding

Approach of water to the unpaired electrons...

MetHb I pli £
T1 Relaxivities mmol! L sec: " ¢ || A ), 7 8
Gd-DTPA - 4 /, 1A
Gd-dimers ~ 10 g }
Gd-Dextrans ~ 40 | \ |
MS-325-HSA ~ 45 ! | ik
sy AviAdAdAace ~ Y } \




Paramagnetics - Blood Pool Agents
Gd-phostriamine MS-325 -Epix - Schering

T1-shortening agents: . oonventional” MRI
Affinity to HSA =} N o

80-90% labeled

R1 ~ 40-50

T, ~ 60minutes
AngioMARK: First BExample of |
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Paramagnetics - Blood Pool Agents
Gd-phostriamine MS-325 -Epix - Schering

“Conventional” MRI
I Contrast-end

T1-shortening agents:
Affinity to HSA
80-90% labeled
R1 ~ 40-50
T4, ~ 60minutes

A[bu'}hin-targeting end

AngioMARK: First Eample of |
A : " G_d'_DI_EA
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Blood Volume from T1-Contrast

ABLAVAR (@
gadolosveset Irisodium '. "

ABLAVAR - '}

Enhanced Bl
CBV Mappin
Functional

3D SPGR (DIS




T1 Relaxivity — Not just Gd-DTPA...

Magnetic moment (# unpaired electrons)

OxyHb vs. MetHb

Electron relaxation rate (near that of protons?)
Gd-DTPA vs. Dy-DTPA

Tumbling of the cloud (exposure time to protons)
Gd-DTPA-binding

Approach of water to the unpaired electrc
Methemoglobin

F
e(ll) Fe(lll)
OxyHb MetHb

o ¥

38 8
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T1 Relaxivity — Natural Iron Contrast

Approach of water to the unpaired electrons
Methemoglobin!

Fe(ll) ()
OxyHb MetHb

3 ¥

g™ o8
’ Q’
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Molecular Imaging
Using"Relaxivity”?

Hint 1

Fe(Ill)




H1 T1 and "Relaxivity"”

| //“\\
| ? g
MR Functional Reporter agents for Enzymge &_~
“Egadme”

Blocked with galactopyranose

Cleavage of the Egadme by
B-galactosidase
Creates increase in R1

-

Meade, et al. Nature 2000




Further “Hat” Designs in MRI




T1 Relaxivity — Not just Gd-DTPA...

Magnetic moment (# unpaired electrons)

OxyHb vs. MetHb

Electron relaxation rate (near that of protons?)
Gd-DTPA vs. Dy-DTPA

Tumbling of the cloud (exposure time to protons)
Gd-DTPA-binding

Approach of water to the unpaired electrons...

Fe(ll) , Fe(lll)
MetHb

M et H b :“ OxyHb

op °F

58 8
‘ .‘




H1 T1 and "Relaxivity”

MR Functional Reporter agents for Enzyme activity
“Egadme”

Blocked with galactopyranose

Cleavage of the Egadme by
B-galactosidase
Creates increase in R1

. By
i
'$

.,Mg,%:‘f‘i’ﬁw“”@

-

Meade, et al. Nature 2000



H1 T1 and "Relaxivity™

MR Functional Reporter agents for All Kinds of Stuff
Querol Bogdanov JMRI 2006

p-Gal sensitive

glucose-sensitive

lactate-sensitive.




SCA - “Sensing Contrast Agents”




Alterlng Tissue Contrast

SI=N(H) [1- -TRIT1 ] -TE/T2

1. T1-shortening on T1w images.

paramagnetic agents (Gd-DTPA).
coated supermagnetic irons (iron particles).

2. T2 (or T2*) shortening on T2*w images.
para-/superparamagnetic agents (iron particles).
paramagnetic agents (Gd- or Dy-DTPA)



What is Magnetic Susceptibility?

The magnetic susceptibility is the difference of the
magnetic field across a sample. Each substance in
a magnetic field alters that field.

Iron has a larger MS effect than water, e.g...

B eff = B0 (1-2X)
Bone - water
Air - water

Iron - water



small gradient across sample large gradient across sample
GM Iron - T2* sh




Magnetic Susceptibility - QSM

Quantitative Susceptibility Mapping

What and Why?
*QSM natural extension of GRE and is both bleed/WM sensitive.




MR T2 Molecular Imagmg

Magnetic susceptlblllty

3

Local gradients (unpaired e-).
Magnetic Susceptibility =
T2 decreased.




Unpaired e- and “T2* Relaxivity"

Magnetic susceptibility reduces T2*

Local gradients (unpaired e’).

Local environment (clots, packed

RBC).

Enhanced by proton diffusion.

Increased spin dephasing =
T2* decreased.

8l

.




Unpaired e- and “T2* Relaxivity"

Magnetic susceptibility factors

Magnetic moment (# unpaired electrons) — Fe*? > Fe*2
Size of “domains” — Fe-oxide > FeCl

Size and concentration of particle —
SPIO (RES capture) > USPIO (blood pool)

T2* Effects (in order):
Iron oxides (spio) Feridex-enhanced MR “USPIO”
Iron oxides (UsPIO) .

FeCl
DyDTPA
GdDTPA
DeOxyHb
OxyHb




Superparamagnetics
Alterations of T1 and T2

Particulates (superparamagnetic irons):
Possesses mild T1-shortening at low [Fe].
Large T2* effect at higher [Fe].
Biodistribution vary depending on size:

>20 nm size Liver (RES) uptake agents

20 Oral (gut) agents
10-20 Lymph nodes, blood pool
4-6 Hepatocytes, targets

ze is the most important aspect of biodistribution.
I particles must be <5 um to avoid entrapment in lung.



Neurotransplantation of magnetically labeled
oligodendrocyte progenitors: MR tracking of cell

migration and myelination
J. W. M. Bultet#, S.-C. Zhang§, P. van Gelderen¢], V. Heryneki, E. K.

Jordant, 1. D. Duncan§**, and J. A. Frank
PNAS, 96, 1999

50 mg MION-46L-OX-26
Cell Density 2.5-3.0 3 10° per 15 cm? surface area



Mapping the Brain Neural Fiber Pathways
Inject MR-iron labeled stem cells

Stem cells migrate to injury via white matter tracts

Use DTI as deliv%ry roadmap!

Stem cell ﬁ""

implant
colony

Guzman, Bammer,
S tr oke ll’l Moseley, Steinberg
brain N

Migration of ¥
colony along 5

white matter/,’af{
to repair ;
stroke



Superparamagnetics
Alterationssordglandiii2

Particulates (superparamagnetic irons):
Possesses mildai=shortening atdowiEe].
LargetiiZéeffect atihigheriFel:
Blodlstrlbutlon vary dependlng on.size:

>20 nm Size leer (RES) uptake agents

20" Oral (gut) agents
10-20 Lymph nodes, blood pool
4-6 . Hepatocytes targets

’

Size is the most.important a‘spect't!ﬁ)lodlstnbutlon <
All particles must:bey< 5 am to avoid entrapment n lung.



Nanoparticles!
Magnetic. susceptibility factors

Particulates (superparamagnetic irons):
Possesses mild T1-shortening at low [Fe].
Ifarge T2 effect at higher [Fe].

Biodistribution vary depending on size:

oy LA - » .

: \\b§gt,

5 . ’
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.....
o e
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Nanoparticles!
Effect of field on signal creation. SE vs. GRE




lron T2*-Contrast
Feraheme- "TF=AlN




Blood = Ideal MR Contrast Agent?

oxyhemoglobin deoxyhemoglobin

: deoxygenates :

< Il F8 ‘oxygenates < Il F8

Hb02 Hb _
diamagnetic 4 unpaired electrons -
Low ? x paramagnetic

High 2
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Vil NS BV ALN Wy & T
_»“’ Capillary Structure Creates a Local MR
Gradlent Causes Proton Dephasmg

1

\




|

1 .’: “, . 0’10
{Balance of HbO2 @ to Hb O affects T2".
T2 effects extend beyond vascular space.

QNS AN
} ‘4 ‘ ‘ T2* image
- blo‘od flow. ‘ ,a 4§ |




r L IR? ,
b Surplus of Hb02 Cto Hb O leads to a
- mcrease in T2*-we|ghted |mage |ntenS|ty

-'—"’ov’ ‘y
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T2* mcreasés
i | with tasking...

| T2* image




1.5T vs. 3.0T Motor Task Finger Apposition

' ‘~ 1S ’l x. g

4 ' y x‘%‘
Spiral 2D single shot, 200 frames, TR 1000ms, TE 40ms

3T 60°;1.5T 70° (T1> @ 3T: T1@1.5T~900ms; T1@3.0T~1400ms)
20cm FOV, 5Smm/skip 0, 90x90, 6 slices

G. Glover, Dept. of Radiology




fMRI “Resting State”- Brains at Rest
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fMRI “Resting State”
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“Meet Your Personal Connectome”

>
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A Resilient, Low-Frequency, Small-World Human Brain
Functional Network with Highly Connected Association

Cortical Hubs  ; Newrosci, 26, 2006

Salil Soman, CAFN, Stanf

Sophie Achard,' Raymond Salv vador, '2 Brandon Whitcher,’ John Suckling,' and Ed Bullmore 3



What Does MR Offer’{

Itis a major “clinical endpoint”. /

Near-ideal “translational” tool.

DWI, FLAIR, SWI

Nex-Gen MR Ideas for MI:
High-field — SNR and T2* (BOLD)
New contrast agents —ParaCESj
New add=ons — MR/PET
Multi-nuclear — Hyper...!




Proton Diffusion can be Measured as the “ADC”
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Molecular Imaging MRI Today
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CLINICAL

il A quaporin-4, homeostasis, and
RESEARCH neurologic disease
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Section Editor
Eduardo E. Benarroch, MD
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AQUAPORIN-4 AND NEUROLOGIC DISEASE

Cercbral edema. Perivascular AQP4S allows a bi-  rent sevianinmm v s
directional water flow between the blood and the
brain and has been implicated in the pathogenesis
of cerebral edema.” For example, AQP4 15 upregu
lated in astrocytes in the setting of hypoxia, isch-
emia, traumatc brain injury, inflammatory

disorders, exposure to interleukin-18 or ammo-

nium, high-grade astrocytoma, and around meta

satic adenocarcinoma. AQP4-null mice, which [N



i AQP MRI ’

AQP abundant in bram.e L ," .
Fast, easy, clinical DWI. %
Proton transport. |
Membrane sensitive.

Metabolic biomarker.




Tumor dynamics.
Response to therapy
AQP ‘stress test’.
Glymphatics?

AD connection?
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MR can haz more?

Iron nanoparticles in MRI
Blood pool T2*
Long retention times
Iron is tak.en up by macrophages!
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‘ Science to Practice: Can
S0 0 Macrophage Infitration Serve
MRS 25 2 Surrogate Marker for Stem

™.

Cel Viabaty?
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MR
Agents
in
Disguise...




Paramagnetic Lanthanide Complexes as
“PARACEST” Agents

Lanthanide metals either:
shorten proton T1 (Gd does this...) or
shift their Larmor frequency (+ or -)

Shift agents very old =
idea ‘
‘New novel 1

applications

.TOC pH senSitive . . .""‘.
Sherry, et al. Chein. Soc. Rev., 2006, 35, (6), ' ‘
500-511




In Vivo Demonstration of “PARACEST” Agents

Magnetic Resonance in Medicine 60:1047-1055 {(2008)

Imaging the Tissue Distribution of Glucose in Livers
Using A PARACEST Sensor

Jimin Ren,' Robert Trokowski,? Shanrong Zhang,' Craig R. Malloy,'® and
A. Dean Sherry'?"




In Vivo Demonstration of “PARACEST” Agents

w1

viagnetic Resonance in Medicine 10471055 (2008}

Imaging the Tissue Distribution of Glucose in Livers
Using A PARACEST Sensor

Jimin Ren,’ Robert Trokowski,? Shanrong Zhang,’ Craig R. Malloy,'* and
A. Dean Sherry'?"
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What Does MR Offer?

It'is a major “clinical endpoint”.

Near-ideal “translational” tool.

DWI, FLAIR, SWI

Nex-Gen MR Ideas for MI:
High-field — SNR and T2* (BOLD)
New contrastiagents —ParaCES;
New add=ons™ MR/PET
Multi-nuclear — Hyper...!
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The Attack of Deep Learning and
Al

Our challengesitoaay»»
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Deep Learning:

\Intelligence from Big Data
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TECH

Facebook is doing research to help speed up
medical imaging — here’s why
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The Future of Radiology and Artificial Intelligence
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Attending radiclogists need 1o bone up on Al

By Erk L. Riddey. AumtMinnie staff amer

January 28 2019 - TO help enaure That! modoal studenrts wil stil Ihnd
RAOIOgyY appeaing. altending radoiogsts In academc Cepanments
reed 0 slay Inlormed about artitcal Mieiigence (Al) sechnology and
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published onkne Jaruary 24 in Acadomve Radvology
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Q Stanford Center for Advanced Functional Neuroimaging c,
MEDICINE (arcg Zaharchuk and Mike Moseley

deepStroke: Predicting Stroke Lesion Outcome from
Acute MRI
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Predicting infarct development in acute ischemic stroke
with baseline multimodal MRI and convolutional neural
networks
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Predicting Contrast Agent Enhancement with Deep
Convohﬁonal Networks
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