MRI and MRS Application In
Neur odegener ation

Rakesh Sharma,
Departments of Medicine and Radiology,

Columbia Universty, New York
New York 110032



M agnetic Resonance Imaging(MRI) MR
Spectroscopic |maging(MRSl)

|. H-1 Magnetic Resonance Spectr oscopic
| maging in Alzheimer’s Disease, Multiple
Sclerossand Epilepsy

1. Micro Na-23 MRI and micro F-18 FDG-

PET of cancer and apoptoss

Lecturesin bioimaging, FSU BM E4000c



Neur odegener ation:
AD,Epilepsy,M S

Hypothess

MRI combined with MRS characterize &
definethe disease better

Lecturesin bioimaging, FSU BM E4000c



MRI Imaging:. Concepts

Proton spinsresonate with RF pulsein high
magnetic fidd: Siceimaging

RF pulse sequences. Spin-echo, Inversion recovery,
Gradient echo, phase contragt, Time-of-flight(TOF)
SE(UENCES

T1, T2 proton dengty weightingby TE, TR, Tl €c.

Data acquigtion: 2D dice, 3D volumeimaging.
Sk K, D)= Zp e ¥ey00+ TTRTY)

Qurface Rendering and VVolume Rendering

Manipulation and Analyss InteractiveMRI and MR
Spectroscopic Imaging

Lecturesin bioimaging, FSU BM E4000c
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Slice hicknoss

AFFIRMATIVE Pulse Sequence

1.5T MRI is Enoughto
Generate Brain Image

3D Phase-Contrast Flow Imaging

¥

v

Anisotropic Diffusion Filtering

o Flow Images:
1)Combination of MRA & Magnitude Image Data

2) Reslicing of Flow Images to Conform to MRI

v

v

RF Inhomogeneity Correction
+
Intensity Normalization

RF Inhomogeneity Correction

+
Intensity Normalization

v

v

Automatic Removal of Extrameningeal Tissues Automatic Removal of Extrameningeal Tissues

v

v

3D Image Registration to
Standard Coordinate System

3D Image Registration to
Standard Coordinate System

N

Y

Multi-Spectral Image Segmentation:
Feature Map #1: Late-Echo fast FLAIR/MTC
vs. Flow Tmage for Lesions

Feature Map #2: Early- vs. Late-Echo FSE
for GM, WM, and CSF
Remowval of Flow Artifacts Based on MRI

v

Volumetric Analysis

Lecturesin bioimaging, FSU BM E4




Brain Tissue Composition

Cortex
Sub-cortical
Cingulate
Ventricles
Gyri and Sulci
~rontal, Parietal, Temporal, Inter-hemispheric
Fissure

Digribution of gray matter, white matter and CS-
astotal content p=(GM+WM+CSF)

Lecturesin bioimaging, FSU BM E4000c



MR visible metabolitesin brain

PCr +ADP ATFP+Cr

NADH 2oxoglutarate >< NAD j

I Mitochondrial Redox NH eb Cydl lytqolasnicRedc»(

NAD I~ OAA uvate AH

4 _Adspartate Acetyl CoA
Tryptaphan / G|y o-P ~_

Gl UCO% \

M etabolite signal= (M RI resolution x SRF x chemical shift profile) xH-1 density (M RSI

reSO|UtI0n) Lecturesin bioimaging, FSU BME4000c



Proton Magnetic Resonance Spectr oscopic
lmaging(MRSl) Technique

« DataAcgquigtion:
-H-1 Multi Sice S(MSSE) sequence-
PE 36 diameter, FOV 280.280, (TE25 TR 1800 Tl 170)ms
-Simulated (CHESS) S sequence (STEAM)-

PE 32x 32, TR/TE 1000/30, NEX 2, VOI 240 mm?2, ROI .75x .75
x 1.5cm3

Nl . ‘ H I-rileas
-Point-Resolved S sequence (PRESS)-

PE 24.24, FOV 210.210, (TE 25 TR 1800)ms, voxe 2.2 ml o .Ii““‘@e :
Outer volume suppression for minimizing extrameningial lipids

Variable TR for reducing scan time

* | mage Postpr ng
Segmentation, Co-registration ( ) =SS
« Automatic Spectral Image Analysis software(

-Metabolic map generation, Soectral analysis m
. Interfacing MRS with MRI (Co-analysisby )

Lecturesin bioimaging, FSU BM E4000c
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MRI+MRS In Alzheimer’s Disease (AD)
and SVD

AD isdiffused cortical neur odegener ative disease

Subcortical | schemic Vascular Dementia
MRI + MRS defineit better
MRI offersvisble hippocamcal changes

(segmentation)
MRS offerslocalized neur ochemical changesfor
lateralization, test for asymmetry (co-analyss)

Lecturesin bioimaging, FSU BM E4000c
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MRI and MRS Image Post Processng and
Analysasin AD vsS VD

:MRI-Ventricular dilatation, Sulcus widening,
subcortical WMSH

« MSS and C3-ZeroHfilling, exponentia line broadening(time domain), Gaussian
Multiplication(spatial domain),Water suppression(digital filterHinear
interpolation in FID), fat removal,FFT,Atrophy Correction

o Automated Spectra Anaysis: Smulated parametric peak
amplitude, phase, frequency(sinusoida LG shape), FFT +Basdine Waveet-LM
Optimization  Iterations  Curvefits and metabolite concentrations

1. WM and GM(Frontd, Parietal) NAA/Cr,NAA/Cho, Chd/Cr): Control vs AD vs
SVD

2. Ventricular Dilatation, WM SH, Sulcus Widening, Hippocampa VVolume: Contral
vsADvs SVD

4. Tota(GM+WM) Metabalite Differences: AD vs Control and AD vs SVD

Lecturesin bioimaging, FSU BM E4000c



MRI segmentation(1st step)

Removal of extrameningial tissue and scalp
Co-regidration of DSE imageswith interleaved
Images(\Wood Algorithm)

3D inhomogeneity correction

Segmentation by K-means cluster analyss- tissue-
seeds defined ar ound pixe intensty hisograms

Automated edge detection for hippocampusarea
and hippocampus voluming






MRS post-processing(2nd step)

Par ametric Automated spectral peak editing

apriori information of metabolitesand voxel-by-
voxel training datafor tissue compostion(CS-
nulling)

Point Soread Function and Chemical shift
displacement( )

Data Processngin the X, Y co-ordinates
Co-regstration and segmentation for serial scans

Lecturesin bioimaging, FSU BM E4000c



Resolution at MRI and MRS dlices:
Multi-slice MR Spectr oscopic I maging
Display(S D)

—
MRI Slice

Tissue distributions MRSI SRF Tissue distributions MRSI slice profile
(at MRSI resolution) (at MRI resolution) (at MRI resolution) (for each metabolite)

Effective tissue contribution in spectroscopic volume =

SRF x tissuedistribution(MRI resolution) x MRSl Slice selective profile

Lecturesin bioimaging, FSU BM E4000c



MRS : Spectra Post-processing (NMR-
1program) (Step 3)

« Deconvolution

o Gaussan apodization

o Zero-fillingtomatrix 32x 32 x 1024 points
o Fourier Transformation

« Phase and basaline correction

« Peak editing and r efer ence with phantom

e |teration and curve-fitting

Lecturesin bioimaging, FSU BM E4000c



15T MR Spectroscopy
and I mage Processang
of Alzhemer’sDisease

(a) Sagittal scout image
(b) Location of ROI voxels

Post- pm::as:d spectrum labelled peaks h].r NMR1 Spectrum
from single

j Lower-left: Curvefitted
Soectrum

Lower-right: Metabolite
peaks
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Sharma(2002) A dv.Segmentation Chap7,187



MRI segmentation and co-analysis with
H-1MRS (S D)(step 4)

o Tissuecontent p=GM + WM (from MRI)
o F=GM/(GM+WM)
o Co-reggration of MRI with MRS data

« Metaboliteintensty correction for NAA,Cr and
Choas. NAA®e<==NAA/p (MRS)

o CSFggnal nulling
« 3D inhomogeneity correction by digital filter

Lecturesin bioimaging, FSU BM E4000c



Regional Differences of Metabolites
In brain: AD

Brain Region
NAA [mM] Frontal Medial Posterior

Gray Matter
AD 859104 935+0.3 8.43+0.3
Control 10.04 +0.4 975104 10.52£ 0.4
% Difference -14.4* -4.1 -103*
_ White Matter
AD 833£03 9.70+0.3 8.94+0.2

Control 925+0.2 9683102 948103
% Difference -101*™ +0.7 -5.7

Cr [mM]

Gray Matter . -
AD 852+0.3 s.08+0.2 8.11+£0.3

Control 870103 729103 8.15+0.3
% Diiference =20 +10.8 -05
White Matter
_AD 630402 6.19+0.2 6.7210.2
Control 6.52+0.3 6.12+0.2 6.74+ 0.2
% Difference -2.1 +1.1 -0.3

Cho [mM]

Gray Matter
AD 1.85+£0.08 1.55 £ 0.06 1.34 £0.07
Control 1.82 +0.07 1.56 + 0.08 1.38+0.07
% Difference +1.7 -0.7 -3.2
White Matter
AD 1.61 £0.07 1.49 +0.05 1.30£0.05

Control 1.71 +0.08 1.56 +0.06 1.26 £0.04
% Differance -58 -4 + 3.1

*p < 0.03; ** p<0.003; both by ANCOVA;
icalnformeatica(in Presy)



MRI+MRS PredictsBetter Tissue
Composition in AD

AD Control % diff.
HP-volume(mm?g)
Right 1982+134 2834+102 311
L eft 1868+883 243+806 365

Ventricular CS-(%) 42+03 28+03 333
QlcusCS- (%) 234+2 182+05 22

White Matter (%) H2+09 381+08 76
Cortical GM (%) 3B8+11 422+06 80
SQubcortical GM(%) 12+008 14+003 ns
TIV(cme) 1342+5 1402+52 ns

Shamae d.(2003)SoveniaMedca Infarmatica(in Presy)




MRS : Metabolite distribution and
tissue content in AD

rd 04 Diff AD Contrad % Diff
NAA(mM) NAA/Cr
Right G TG 5 Right 108+06  1.39+03 20.8
Let 76104 982+09 226 L eft 096+04  1.31+.02 26.7
Cho(mM) NAA/Cho
Right 22+07 208+02 29 Right 374+07  4.81+.09 222
L eft 204+04 19+05 74 L eft 3.73 +.03 5.1+.06 26.9
Cr(mM) Tissue content p (%)

. Right 84 +3 98+ 2 14.3
Right 7T2+06 7.7/5+05 94 L eft 87+3 9%+ 3 0.03
L et 79%+06 749+08 59 Gray matter index (f)

Right 0.45 + 0.03 055+ 005 182
L eft 0.62 + 0.02 0.62 + 0.04 n.s.

Atrophy corrected metabolite concentrations of NAA, Cho, and Cr and NAA/Cr and NAA/Choratios
from right and left hippocampusin AD patients and control subjects.

Tissue content p (in percent of the M RS voxel volume) and gray matter index f of the M RSl voxels
positioned at right and left hippocampus, char acterizing M RSl partial volume effects.

Shamad a(2008)SoveniaMeadica Informetica(in Press)



AD: L ateralization and Asymmetry

JAYD) Concordant Discordant non-lateralized
Hippocampus Volume

Al >8% 10 0 3

T2

Al >4% 9 0 4
NAA/(Cho+Cr)

Al >12% 4 1 5

NJAVAY

Al >12% ! 0 6

Sharmad a(2008)SoveniaMeadica Informetica(in Press)



| ateralization of HippocampusinAD:
Reduced NAA and High Choline Peaks

b

Sharmad a(2008) SoveniaMeadica Informatica(in Press)



SVD:Lateralization and Asymmetry

SVD Concordant Discordant Non-lateralized
HV
Al >8% 15 0 8
NAA/(Cho+Cr)
Al >12% 14 1 8
\JAYAY
Al >12% 15 1 7

Sharmae d(2008)Sovenia Meadicalnformatica(in Presy)




MRS : Coronal T1weighted images
with MRS spectra (S VD)
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Regression Against Tissue Content and
Histogram Analysisin AD

« Regresson analyssof NAA® == asfunction of GM tissue
fractionin each MRS voxd.

« Hisogram analyssaf atrophy corrected NAA In parietal
lobes (> 70% GM) In AD

Lecturesin bioimaging, FSU BM E4000c



Regression Analysis of Tissue Composition
and Metabolitesin AD

r=0.17, n.s;
r=0.35, p <0.02;

MAA [mM]
ek

0.2 04 06 08 0.4 08 0.8

Gray Matter fraction (X™) Gray Matter Fraction (X"

(d)
® AD r=-0.49,p<0.01;
@ € r=-0.26n3

NAA [mM]

02 0.4 08 R
Gray Matter Fraction (X*) WMSH Fraction (X"

Shamad d(2008)SoveniaMedca Informatica(in Presy)



Conclusion

Metabolitesmeasure
Decreased for hippocampus
Bilater al abnormalitiesby

Atrophy; HV; T2, NAA; NAA/(Chot+Cr)

Multi-dice MRI approach for Asymmetry Index
MRI-defined two AD and SVD disorders

Lecturesin bioimaging, FSU BM E4000c



Wherewe go from here?
SoecificAim 1
Better oectral MRS resolution
SoecificAim 2
Amyloid proteinsand CS- protans
SoecificAim 3;
Dementia neur opsychological classfication and metabolite
regional differencesand Sour ce of NAA
SoecificAim 4:
Gene expresson and regional metabolite
NAA/Cr+Choratio

Lecturesin bioimaging, FSU BM E4000c



Technique Development for Spectr oscopic
| maging Display(Sl D)

« S\R enhancement, B, inhomogeneity, 1¢/2nd or der

phase cor r ection, minimization of oper ator
Interaction

o Parametric Automated spectral smulation
o apriori information of metabolites

 Vvoxel-by-voxed training datafor tissue
compogtion(CS- nulling)

« Point Sporead Function and peak-overlaps

o DataProcessnginthe X, Y co-ordinates

o Corregidration and segmentation

o Correction of |ineshape variation dueto T,*

ecturesmbl oirhaging, FSU



MRI + MRS Epilepsy
« Neocortical Epilepsy

« Mesal Temoral Lobe Epilepsy
o Pog-operative Mesal Lobe Epilepsy

Lecturesin bioimaging, FSU BM E4000c



MRI: DSE and MP-RAGE
Images
« Obligueaxial (DSE) T2

weighted imagingat TR/TEX/TEZ2 300/20/80
ms, reolution 1 x 1.4 mm?; 48 dices.

« 3D T1weghted acquigtion
[R/TI/TE 10/250/4 ms, flip angle 15,
resolution 1 x 1 mny;, 48 dices.

Lecturesin bioimaging, FSU BM E4000c



Combined (multisection FLASH +

PRESS) MRS InmTLE

o Unilateral mTLE (ipslateral sde)

volume pre-sdlection on
hippocampus TR/TE=1800/140 ms, voxd 9
X 9x 15 mm?); circular K-gpace encoding of
24 points
(TR/TE=1800/140 ms,
voxd 8 x 8x 15 mm?); circular K-gpace
encoding of 36 points

Lecturesin bioimaging, FSU BM E4000c



Epilepsy may be better classified by H-1
MRI + MRS

Neocortical Epilepsy
Mesal Temporal Lobe Epilepsy(mTLE)
Temporal Lobe Epilepsy(TLE)

by
| pS- and contr alateral localized changes
Hippocampal Voluming

Lecturesin bioimaging, FSU BM E4000c



Hippocampus L ater alization by MRS

« NAA, Choline, Creatineand thar ratio: NAA/Cr
NAA/Cho, NAA/(Cho+Cr) in left vsright
hippocampus lobesin Epilepsy

(M gyra ™ Migg)/ (M g+ M) X 100(patients)

e Asymmetry Index =
Mg - M g )/M g + M ;) X 100 (controls)

M is metabolite concentr ation

Lecturesin bioimaging, FSU BM E4000c



Criteriafor Post-operative mTL E evaluation by
H-1MRI + MRS:

«Per cent Hippocampal volume reduction
«Reduced NAA/Cr

«Reduced NAA/Cho

«% Gray matter + % White matter

« Temporal lobectomy - Classl|
oPartial seizures- Classl |
«Complex partial seizure- Classi||

Lecturesin bioimaging, FSU BM E4000c



PRESS. H-1 MRS of Hippocampus
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Transver e FLASH(Fast Low Angle Shot):

TLE |Eslateral VS. contralateral metabolites

conira i

Sharma (2002) Slovenia Medical I nformatica(in press)



PRESS. Reduced NAA and | ncreased
Choin contralateral side

M AWM 200 LET 23 497 181 1.3 L

AT 323 2.03 287 2.2 1.57 1.81 .26 0.9

Sharma et al (2002) Slovenia Medical | nformatica(in press)



V oxelwise metabolite spectral peaks

Sharma et al(2003) Slovenia Medical Informatica(in press)
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Hippocampus Volume Reduction and
PRESSMRS

L
'\M‘/« gt 0 3

ma et al(2003) SloveniaMedicalIhi‘o}}néiic-e;(ihrprés.si e
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MRS : Neur o-metabolitesin Epilepsy

Subjects NAA(MM) NAA/(Cr+Cho)
Controls(n=16) 11.6+1.3 0.82 + 0.06
NE(n=8/10) | psilateral 123+19 0.79+0.1
Contralateral 114+27 0.78+0.1
MTLE(n=23) | psilateral 85+ 13 0.62 +0.1*
Contralateral 96+ 13* 0.72+0.1*

| psi- and contralateral NAA concentrations and NAA/(Cr+Cho) ratios(mean +
SD) in the hippocampus of NE and mTLE patientsin comparison with controls
(p values comparison in patients with controls). *indicates p value 0.001.

Sharmaet al (2003) Slovenia Medical Informatica(in press)



MRS and Asymmetry Scoresin Epilepsy

Subjects Asymmetry Asymmetry absolute absolute
(NAA) NAA/(Cr+Cho) asymmetry asymmetry

NVAVAN NAA/(Cr+Cho)

Controls 4.85+0.2 6.25+0.63 5.65+3.15 4.75+3.95
NE 7.8+4.6 8.01+1.2 6.8+5.71 6.75+3.8

n.s. n.s. n.s. n.s.
MTLE 7.45+2.27 7.4+ 3.65 92+64 9.07+6.7
(p <0.001) (p <0.003) (p <0.001) (p <0.04)

NAA and NAA/(Cr+Cho) Asymmetry I ndices (mean + SD) of NE and mTLE
patientsin comparison with controls (p values compar ed with controls).

o Absolute Asymmetry was independent of seizur e focus

Sharma (2002) Slovenia Medical I nformatica(in press)



MRS : NAA and Hippocampus
Volumein Epilepsy

1500 2000 2500 3000 3500

Hippocampal Volume [mm3]

Sharma et al (2003) Slovenia Medical | nformatica(in press)



MRS : Metabolitesin Pre-op vs
post-op Epilepsy

a)

NAA [mmol/]
14

13
12

1

postop

Cho [mmol/l]

b)

Cr [mmol/]
15
14
13
12
11
10

d)
NAA/(Cr+Cho)

Sharma et al (2003) Slovenia Medical | nformatica(in press)



MRS : Water asinternal referencefor
metabolitesin Epilepsy

e)

Water reference (a.u.)

Sharma et al (2003) Slovenia Medical | nformatica(in press)



MRS : NAA and NAA/(Cr+Cho) in
MTLE and NE | psilateral side

ipsil. NAA [mM] ipsil. NAA/(Cr+Ch)
1.0

0.9
TLE mean+2sd

0.8
0.7
0.6

NE mean-2sd
0.5

0.4

0.3

Sharma et al(2003) Slovenia Medical | nformatica(in press)



MRS : NAA and NAA/(Cr+Cho) differ
In NE and mTLE in ips- and contra-

NAA [mM]

16

T
contra

1
ipsi

NE

1
contra

NAA/(Cr+Ch)

1.0

08

0.6

0.4 S

ipsi

contra ipsi contra

mTLE

NE

Sharma (2002) Slovenia Medical I nformatica(in press)



NAA, NAA/(Cr+Cho) in Frontal
L obe Epilepsy

NAA [mM] NAA/(Cr+Cho)

15 1.00

frontal other lobe frontal other lobe

Sharma (2002) Slovenia Medical | nformatica(in



NAA/(Cr+Cho) in Control vs Epilepsy ips- and contra-
lateral Sdesat different brain regions

p=0.014 *
ipsi/ctrl

LF r—_ﬂiEFm- g
PF £ W BT
region code ' gl ’ P -
0.046 * MC o= P ] 4
=U. ns i, i P -
ns c%ntra/ctrl S5C ?,‘..:Im "';I _‘_.--;‘_;j :
S T 9

MC
region code

ovenia Medical Informatica(in press)



Conclusion

Metabolitesmeasure
Decreased for hippocampus
Bilater al abnor malities by

Relationship of with
seizur e condition(bilater al abnor malities)
of lobes

Atrophy; HV;T2; NAA; NAA/(Cho+Cr)
Assessment of Sor ead

Lecturesin bioimaging, FSU BM E4000c



From herewherewe go?
SoecificAim 1
Absolute concentr ation of metabolitesand 2D MR
gpectr oscopy(COSY) infor mation
SoecificAIm 2
L ateralization and discordancecriteria
SoecificAim 3;
Sengtivity of thetechniques by gradient correction, better Rf coil
desgn
SoecificAim 4:
Alter native appr oach of FDG/PET and perfuson/diffuson
weighted MRI
SoecificAim 5
Robust softwar efor regisration-ssgmentation and hippocampus

volumi ng L ecturesin bioimaging, FSU BME4000c




MRI and MRSl in Multiple Sclerosis

Lecturesin bioimaging, FSU BM E4000c



| ntroduction

o Multiple Scleross, aneurodegenerative disorder with relgpang
remitting course Ismanifested as progressve around
ventricles.

. Blood-brain barrier dtered--> demyelination of axon--
>M S |eson enhancement(M RI-defined Perivenous
Inflammeation)

1. Non-inflammatory, WMad (

)
« Said MRI/MRS dataoffers;

Lecturesin bioimaging, FSU BM E4000c



Hypothesis

« Multiple Scleross may be non-inflammatory
with lipid-rich Normal Appearing White
Matter or Gray Matter (NAWM or
NAGM)

Lecturesin bioimaging, FSU BM E4000c



Approach of MRI/MRS

e  Branand MSleson tissuecompastion by In srid sans
—  Tisuessgmentation:
o  Supavized and Autamated Methaod:
— MSleson vdumery by ‘sssd groning dgarithm'’
— Bran WM/GM feature-goace (Perzen Window) vdumetricanayss
— GoHeson enhancement by sturation bends& Gradient dgphasng

— Tisue3D Regdration:
» IntrahemigpheicFissurg|HF) and Edge-deetion method:
— Search window
— Raationsabout zandy axis
— Spatid Trandarmation and Imagerecongrudion

* Regond meabditedifferenceshy
— Mdaxiteimageganaaion & TE=20ms
Sandardization of MR pegks(apriorn infarmation basad paramericfitting)
Automated pectrd andydsd dl imagevaxdsa MRS datast in iterativemanne (nonparametric
besdineand paramdricfittingd modd metabdites)

Lecturesin bioimaging, FSU BM E4000c



MRI+MRS In
Multiple sclerosis

o Serial sudiesof multiple scleroagMS) lesion
load(MRI)

« MRI and MRS Co-analyss

Lecturesin bioimaging, FSU BM E4000c



MR visible metabolitesin brain

PCr +ADP ATFP+Cr

NADH 2oxoglutarate ><

I M itochondrial Redox NH K

NAD

?

A

Tryptgphan

NAD
Cycle lytoplasmic Redox l
= OAA uvate AH

Vel

s Acetyl CoA
/ Gly

Glycerophos

phocholine+

Lecturesin bioimaging, FSU BM E4000c
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MRS postprocessed metabolite

NAA, Cholineimagesin MS

war,S+ S Ludy 7790

. Foilas

O O O =
Day 0 Day 56 Day 9 Cowan, S8 250 dy Bl73Me~maxl
Day 147 Day 139 Day 259 Day 329 Day 511

LIFIC

Enhanced Mobile
Reduced NAA

Lecturesin bioimaging, FSU BM E4000c
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MRSI: Lipidsin serid MSlesions

Day 154 Day 203 Day 448

Figure
with ar
frianner.

and recovered later.




MRI+MRS InMS

RF inhomogeniety correction

3D imageregistration

Metabolite concentrations and % tissue
composition

Automated segmentation of Gd-enhanced MS
lesons

Srial lipidsand other metabolite changesin MS
lesons

Serial leson volumetry
GM seated M Slesonsand NAGM vs NAWM

Lecturesin bioimaging, FSU BM E4000c
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Time dependent metabolite changesin MShbrain

5 —— N AA
——HPCr
=== ko
—— Lipid

1.0 | E2Sion

(02} awnps,

ﬂ_,-.
100 200 320 400 500
Day

Lecturesin bioimaging, FSU BM E4000c



Regresson Analysis:Metabolites and
MSlesion Volumes

Relative ntensity

Relative Intensity

- WS WS S Ny A e w

ol .

4 8 12 16 20 24 121&20
Total Lesion Violume (cc) Total Lesion Volume (cc)

L
g +

= -
-t ¥

-"'Hh-——---
- . r
T -

H -
't nc ®
L]

Relative Intensity

Relative Intensity

b J
Fe~ao
-

-
-
-l

12 16 20 24 168 20 24
Total Lesion Volume (cc) Total Lesion Volume (cc)

Narayanaet al.(1998)M RM




Neur ochemicalsvs % GM in Nor mal
Brain

« Scatter plots of neurochemical vs %
GM for:

« NAA:
a.(R=0.82,P <0.001);
b.(R=0.42,P <0.003)
« Cr/PCr:

c.(R=0.81,P <0.01;
d.(R=0.56,P=0.001

« Cho:
e.(R=0.4,P<0.009;

f.(R=-0.01,P =0.994)

B-gi ng, FSU BM E4000c



MS. Non-Inflammatory GM Lipid
Disor der

o Multiple Scleroag(MS) isknown as
demydlinating White Matter disorder

« Histology data suggests abnormal GM iInMS

e Occasona presence of GM lesonson MR

Lecturesin bioimaging, FSU BM E4000c
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Gd-Contrast enhancement on MR
dice showing GM Lesion

"‘Tﬁ‘

..-1’ ’ ? )
. k ,

eGM+WM+CSF suppresson visualize GM seated leson after
Post Gd- injection

Sharma et al.(2001) Multiple Sclerosis.7:221-226.
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MS. Lipid and L actate in NAGM

«MSLeson not
vigble

Collapsed Image

Scan #1

oL ipid(doublet)
and Lactate peaks

Shama(2002) Adv. Sgmentetion Chepter 7,176



Digribution of lipid rich MSbrain voxdsin gray matter (GM)
and normal Appearing Gray Matter (NAGM)

Voxels in different regions in brain hemisphere

Frontal Parietal Fronto-parietal Mid-fissure
Left GM 16 5 6
NAGM 29 14 7
Right GM 18 5 8 210
NAGM 79 27 23

Sharma et al.(2001) M ultiple Scleraosis.7:221-226.




Per cent Tissue Compostion of Brain GM and
NAGM Regionsin MS

GM (n=65)
%GM 82.41+22.36
%WM 10.2+16.7

NAGM (n=429)
ey 82 14+24.83

% WM 12.25+18.7/8
(Valuesshownasmean + 2SD. after CS- correction)

Sharma et al.(2001) M ultiple Scleraosis.7:221-226.



Absolute Concentrations of Metabolitesin Spectr oscopic
Voxesin MSPeatients

MS Patients:
GM (n=65) NAGM (n=428)
\JAVAY 10.02+3.95 10.8+4.6
Cr 8.39+3.16 6.73+1.36
Chaline 6.43+2.96 3.76+1.19
Lipids 6.15+3.87 2.60+1.61

Normal Volunteers:No lipids

GM(n=50) All types(n=75)
NAA 10.05+3.26 9.61+3.33
Cr 8.03+2.63 3.33+2.75
Cho 5.5+2.6 5.72+2.7

Sharma et al.(2001) M ultiple Scleraosis.7:221-226.



Outcome of MRI+MRS Co-analysis

o Quadruple Contrast imagesrepresent White
matter and CSF suppresson for clear MSleson

« Cortical and subcortical lesonsare normally MRI
non-visblein GM

e MSlesonin GM represent
(lipidsand other metabolites)

e« MSlesonrich GM represents90 % GM and 10
% WM

« Neurochemical changesin GM and NAGM
uggest

Lecturesin bioimaging, FSU BM E4000c



CONCLUS ON

« Gray Matter and Normal Appearing Gray
Matter iIn MSareabnormal on MRS

e Neurochemicalsin MSleson-rich GM
uggest MRS mesurement power for GM

Integrity

Lecturesin bioimaging, FSU BM E4000c



Problem partly solved

o Sdective WM/GM suppresson: (
)

MRM
37,94,102(1997)

o Leson Volume, metabolite Image-gener ation

( ) MRM B, 106, 58(1995)

AFFIRMATIVE: Attenuation of Fluid by Fagt Inverson
Recovery with MAgnetization Trandfer |magingwith Variable
Echoesby FLAIR and MTC into $pin echo

QC: Quadruple contradt;

APS P. Automated Spectr oscopic | maging Program;

MRIAP: MR Image AnalyssProgram

Lecturesin bioimaging, FSU BM E4000c




Wherewego from here?
SoecificAim 1
Better pectral MRS resolution
SoecificAim 2
Amyloid proteinsand CSF proteinsDemydination, inflammation
and metaboliteregional differences
SoecificAim 3;
Sour ceof NAA, amino acids, Gene expresson and regiona
metabolite NAA/Cr+Choratio
SoecificAim 4:
MSLeson serial characteridics

Lecturesin bioimaging, FSU BM E4000c



Sodium MRI Imaging

e Bran

Lecturesin bioimaging, FSU BM E4000c



INTRODUCTION

¢, DQ, TQ, MOQ MRI methods measure
cellular sodium

| nverson Recovery(IR) pulse sequence
oecifically alter snull point of [Nal.

o[Na]. iselevated during apoptossdueto
membr ane disr upted sodium pump

eHigh 18-FDG uptake in progstate tumor isdue
to devated glycolyssin tumor

Lecturesin bioimaging, FSU BM E4000c
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Wherewego from here?
SoecificAim 1
Better extracdlular sodium suppresson usng variableinverson
times(T1) and phase coherence

SoecificAim 2
| ntracdlular sodium concentr ation by alter nate methodsAAS
EBCT, BFI/FACT

SoecificAim 3;
Sodium gene expresson and channes

Lecturesin bioimaging, FSU BM E4000c



Research Team

« UCS Columbia Univer gty &
Albert Eingein COM, NYC
Peter Ver mathen eRichard Kline
Andrew M audsley
Michael Weiner -Paull Cannon
. : R.K.Gupt
o Universty of Texas e
Medical Schoal,
Houston
« P.A.Narayana
« HongYu
Jerry Wolinsky
Surjit Datta

Lecturesin bioimaging, FSU BM E4000c



MRS in Multiple sclerosis.
Techniques

e« 15T MR chemical shift imaging(CS)
o Spectral analyss

Lecturesin bioimaging, FSU BM E4000c



| ntroduction

o H-1gray matter- or white matter- and CS--
suppressed MRI imagesvisualizetheM S
leson

« MSleson metabolitefingerprint and
volumes suggest progresson of MS

« MRS may betool for drug monitoringin
MS

Lecturesin bioimaging, FSU BM E4000c



MRI+MRS in MS. Technical Aspects

RF inhomogeniety correction

3D imageregistration

Metabolite concentrations and % tissue
composition

Automated segmentation of Gd-enhanced MS
lesons

Srial lipidsand other metabolite changesin MS
lesons and different regions

Serial leson volumetry
GM seated M Slesonsand NAGM vs NAWM

Lecturesin bioimaging, FSU BM E4000c



Problem partly solved

. (AFFIRMATIVE
and QC pulse sequences)

MRM
37,94,102(1997)

(A PS P and M RI AP) (MRM B,106,58,1995)

AFFIRMATIVE: Attenuation of Fluid by Fast Inverson
Recovery with MAgnetization Trandfer | magingwith Variable
Echoesby FLAIR and MTC into $pin echo

QC: Quadruple contradt;
APS P: Automated Spectr oscopic | maging Program;
MRIAP: MR Image AnalyssProgram

Lecturesin bioimaging, FSU BM E4000c



Techniques used

MR sessons for imaging: Sagittal, Axial

, MRS, Pre-/post Gd

enahancement

| mage Processang. RF cor r ectionwrw s
3D-MR Image registr ation s sssoss

Super vised segmentation(AFFIRMATIVE)

Seed growing
Automated M
Sria H-1MR s

segmentation(QC images)
Sleson segmentation wrw ssesss
nectroscopic |maging + MSleson

voluming:

Ann Neur ol ,43,56(1998)

Lecturesin bioimaging, FSU BM E4000c
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AF FIR MATI VE Pulse Sequence and
Quadr uple Pulse Sequence

[e0]
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; oLeft: Fast SE + MT pulseat early and late echoes

«Right: 2inversion pulsesfor selective suppression of GM, WM, CSF fractions

Suri et al(2002) Adv. Segmentation. Chapter 1,67
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Magnetic Resonance | mage

Analysis Package(M RI AP)

« ImageConversion « 3D Brain Registration
« Read/Modify Header « I mage Segmentation:
- ImageProcessing: -Seed growth/ manual editing
— Anisotropic Diffusion Filter : :
M anual Igd't' : -Supervised Segmentation: 2D
— et ' _|n.g. : feature
« Connectivity,line :
drawing, island map/multiple feature map
removal intensity segmentaion
thresholding, striping -Automatic Segmentation
remained pixels =g
« RF inhomogeneity « Volumetric Analysis:
correction 2D interactive
. Flow Generation |mage
Generation -3D Automated lesion volumetry

« Image Set Recording
« MR Angiography

Lecturesin bioimaging, FSU BM E4000c
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Magnetic Resonance | mage Analys's Package

Feature Map Gene and Setup

Feature Window Intensity Range
File Path Display Window Axis #1 Axis #2 Axis #1 Axis #2

pature Map #1:
pature Map #2:

pature Map #3: nts e I
=] Image Segmentation Canvas Control

Window #1: Display Echo #: |1 2 | 3 ﬂ Segme ntation Mode:

Window #2: Display Echo # 1

ejection

ctive Fe

wWindow #3: Display Echo #: 212 4

wWindow #d: Display Echo # jﬂ 2 | 4
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Segmentation In Brain

a.Raw image;b.Thresholding; c.Erosion;d.Dilatation; e.Closing
f and g.Volumerendered images

Lecturesin bioimaging, FSU BM E4000c
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Effect of CSF
Nulling

CS- Minimization

CSF CSF
(1x1x15 mm resolution) (MRSI resolution)

o Atrophy
Correction for
NAA

NAA/(1-CSF)
(for CSF < 50%)

Mouddey et a.(2002) MRSI Chap 14,169
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MS L eson Gd-Enhancement

«Pre-contrast | mages (1¢ column)

«Post-contrast (false positive 2
column)

«Post-contrast (corrected 3¢
column)

«Method: Saturation pulses and
gradient dephasing Tr apezoidal
gradient wavefor ms select Gd-
enhanced pixels.

Sat. #1 Sat. #2 al 90

L
RF —«-w'm‘-*-~wa.|L-~v*~J)—-—f_L

Sharmaet a.(2002) Adv.Segmentation. Chapter 5,179.
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MRS Pulse Sequences

Preparatory Sequences

a

e 90° and 18(° RF Pulsss

Yy appll_ed with variable
e 5 .]sm-___s 3 gradient sets
S\ o Spectroscopic voxesare
| ’ i sdlected by use of fat
satur ation bands

e Protonsof -CH3-CH?2
etc show chemical shift

Lecturesin bioimaging, FSU BM E4000c



MRS Sice Salection:
Metabolite Mapsand CS im@ing

e i -

a
.-f).rl-
. ¢ ,‘:" o . . S R——
A F N 3
E > Aw- & pa i |
40 30 — | h v _ j

Frequency (PPM)

«Hective SngleVVoxd
Soectr oscopy(left)

«3nge Plane Chemical Shift
| maging

Lecturesin bioimaging, FSU BM E4000c



TechniquesUsed In MRS
(APS P package)

« For H-1Spectra modd library for spectral
smulation apriori information,

« Denoiang agorithm for baseline smoothening

« Automated MRS spectrd fitting method:

— Zero-filling, Object masking; Frequency
shift(cross-correlation); iterative baseline and
metabolite optimization(\VVOl), curve fitting

Lecturesin bioimaging, FSU BM E4000c



Spectroscopic | maging and
peaks. Data Processing

-masking “Octagonal OVSmasK”
-scanner co-or dinates selected
-Pixd thicknessand threshold fixed
-Gray scale/color

-Grid and shift

-APS P(automated processngby S program)

-Seps zerofilling, DC basdine, soatial apodization, CS 1D
rotate, CS flip, CS 2D rotate, Bo autophase, water
uppression, deconvolution coefficient, time apodization,
FFT

Lecturesin bioimaging, FSU BM E4000c
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Autopsy MSleson NMR

spectral peaks

Chemical Shift Assgnment Normal WM MSleson
(ppm) Metabolite
0.8 lipid( -CH2)

0.25

1.00 lipid( -CH3) 0.68
1.20 triglycerides 1.88
133 lactate 2.25
14 alanine 1.80
15155 leucine 25
1.6 7
1.7 glutathione ?? 0.6
1.8 GABA 0.5
19 acetate -
2.02 N-acetyl aspartate (NAA) 10.8 6.3
21 NAA Glutamine ( methylene) -
222324 Glutamine/glutamate 55
2.7 Agspartate (3 methylebne) 1.3
30 creatine/phosphocr eating(=N.methyl) 8.0 6.8
32 choline(-N(Methyl)3) 32 7.2
34 taurine(=_N.methylene) 04 0.45
36 myo-inositol 3.2 35

Lecturesin bioimaging, FSU BM E4000c




ODbj ectives

o Serial longitudinal studiesof MS
-leson volumes
-MetaboliesS(NAA, Cr, Choline and
lipids) at leson, GM, WM dites
-Tissue(GM, WM) fractions

-Relationship with neur opsychological tests
(MMSE and EDSS)

Lecturesin bioimaging, FSU BM E4000c



MRS metabolite peaksin
Volunteer

«NAA, Cr and Cho
peaksvisible

Lecturesin bioimaging, FSU BM E4000c



Showing Metabolitesin GM
and NAGM After Post-Gd Contrast

1 2 3 4 5 collapsed Slvol image

Sharma et al.(2000) |EEE CBM S Proc. 12,87



0TOZ TeN 82 Paisod : T°LTEY'0T0Z d4du/8EQT OT:I0p : SBuIpadald aineN



Serial M S study: choline peaks

«Cholineasinflammatory marker (perivenous inflammation)

-Related other lipids, amino-acids peaks

Lecturesin bioimaging, FSU BM E4000c



Serial Lipidsin
NAWM

e NoMRI-defined MSleson

e Lipidsassange and
doublet peaks

Lecturesin bioimaging, FSU BM E4000c



Where we go from here?

Better spectral MRS resolution
New MR vishble metabolite GABA, glutathione
Amyloid proteins and CS- proteins

Dementia classfication and metabolite regional
differences

Source of NAA originin different brain regions
Gene expresson and regional metabalite
NAA/Cr+Choratio

Relationship of neurochemicals with biochemical
markers (Acetylcholine esterase)

Lecturesin bioimaging, FSU BM E4000c



Difficulty in Spectr oscopy Peak
| nter pretation

Scan #1

Lecturesin bioimaging, FSU BM E4000c



Fast Imaging Technique: EPI Sequence
and segmentation

coded features of
brain in different
¥ regions (MS
AL A (A vk 3 les ons)
i S L ecturesin bioimaging, FSU BM E4000c




Echo PI_an_ar _M R I mages

Lecturesinbio
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New | nformation on MSlesons

METHODS

« FalselLeson « Snglel5 mm MRS
minimization by dice
AFFIRMATIVE e 32 % 32 Phase

 Gray Matter lesions encoding steps

o CSF suppression by e Spectroscopic voxd
Quadruple Contrast size 0.8 cc; TR=1000
sequences ms, TE=30ms

Lecturesin bioimaging, FSU BM E4000c



M ethods

« 53 Relapsingremitting ¢ MSlesion visualization
M S patients examined by AFFIRMATIVE and

15T H-1MRI and Quadruple Contrast pulse
MRS sequences
« 3mm thick axial « MRSI data analysisby

Interleaved contiguous ~ APSIP program
Images



M S lesions showing abnor mal appearance
iIn GM and NAGM after Post-Gd Contrast

Lecturesin bioimaging, FSU BME4000c



L ocalized Acute M Slesion in GM:
Pre-Contrast and Post-Contrast images

Lecturesin bioimaging, FSU BME4000c



New Generation of MRI Scanners

« HighMagnetic Held Clinical Scannersat 4T, 7T,
11.7T and 17T Strengths

Lecturesin bioimaging, FSU BM E4000c


http://precedings.nature.com/documents/3485/version/1
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