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Background MRI Larmor Frequency
e Recall that the magnetization vector M is e ThelLarmor frequency isdefined as:

described by the Bloch equation:
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dt T2 11 Wherew= Larmorfrequerty, y=gyromagnéic consant (42.6Mhz/T),andB is the Magretic Field

M, = longitudinal magnetization per gram of brain tissue;M = longitudinal magnetization per mi of arterial blood
T, = relaxation of brain magnetization; = brain blood flow (mi/g/sec); = brain blood partiti on codfi cient (0.9 mi/g)




Background MRI

e Localization of MR signal
» Fields
—B, Main Magnetic Field
—B, Radiof requency Field
» Gradients

—X,Y,Z

Background MRI

e Themageticfield is linearly dependenbn thelocationwithin
themagnet

- - -
B =By +GOr,
|

*WhereB, = magn¢ic field atr; and G is thetotal gradientvector

eFor exanple, in thex-direcion
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B, =By +GOr,

Background MRI

e Gradient Vector Definition :

G298, 9B ¢ 0B,

Z =G=G X+Gy y+G, 7
0x oy 0z X L

e Gx, Gy, and Gz are generated by three different coils.

e Gradients are measured in Tesla per meter (T/m) or Gauss
per cm (G/cm), where 0.01mT/m=1G/cm

e Typical values range from 20 up to 80mT/m

Larmor Frequency
e ThelLarmor frequencyis defined as:
a,=B,/2n
eThevariation in Larmor frequencyis defined as:

@ =a+yGOr,

Wherew= Larmor frequerty, y=gyromagneticconstant(42.6Mhz/T) andG is thetotal gradent vector

eFor example,in the x-direction

@, =y +y GO,




Proton Spectroscopy

Spin Echo
e Chemical Shift

» Nucleiare“shieded fromthemagnetidield theeledrons.This
shieding is cdled chemcal shift anddefinedas

B =By(L-0)

*Where B, = magneic field, o, = shieldng (dependsn the chemical environnent)

- | eThus,resonanceondiion is
«Longitudinal Rel Brightness

: 4
«Transverse Relaxation ( w= B 1_ g
2 0 ( )

Proton Spectroscopy Proton Spectroscopy

e Example:
e Chemical shift measurements » Water is 4.7ppm and Lipids (Fat) is 1.3ppm
» Parts per Million (ppm) » At 1.5T, what is the chemical shift?
» (4.7-1.3)=3.4
= - 0 =(w-wy)lw
JI—(CL)I a)ref)/a)ref i ( 1 ref) ref
3.4ppm* @ =3.4ppm(63.8Mh2z) = (W — W)
» Independent of magnetic field strength (Cbi - a‘ref ) =217hz = 220hz
» (Increases when measured in Hz)

» At 3T, ~440 hz
» Implies greater spectral resolution




Proton Spectroscopy Overview

e Spin-Spin Coupling (J or scalar coupling )
» Molecular interaction between adjacent protons 15-5':'_{
» Causes additional splitting of the spectra
» Need high magnetic field

Citrate

e J constant o .’FIDI
» Measured in Hz ulse Signal

Independent of magnetic field strength .
Tissue Voxel Spectrum

| *Metabolites s |
M Longitudinal Relaxat@ pectr.a
Ex-Vivo «Transverse Relaxation ( Resolution
Med. 1996

Spectroscopy Sequence
PRESS (Point Resolved Spectrosco

Spectroscopy Sequences

Spatial localization in NMR spe

Frahm J, Merboldt KD, Hanicke W. Loc 0 y stimula agn Re: 3 (1987) RF Pulses

onnelly A, Lohman JA. Ima e que for spatially sele
in echo imaging of multip n. 6
atic puises for contemporary NMR. J Magn R

Gradients
(phase)

equene sutied for coils with inhomogeneous RF fields




Spectroscopy Sequences Localization by Adiabatic Selective Refocusing
STEAM (Stimulated Echo Acquisition Mode) (LASER) Spectroscopy Sequence

g

o AFP=
RF Pulses Adiabatic Full Passage pulses
» B, insensitive
e AM =amplitude modulation
e FM=frequency modulation

Gradients
(phase)

GarwoodM, DelaBarreL. The retur of thefrequencysweepxesigningadiabaticpulses for contemporay NMIR. JMagn Reson 153:155177 (2001)
FrahmJ, MerboldtKD, Hanicke W. Localizedprotonspectroscopysingstimulated echosJ Magn Reson 72:502508 (1987)

What are the differences in the RF pulses in PRESS SpeCtrOSCOpy Metabolites
and STEAM spectroscopy sequences?

e Water
» 4.7 ppm
» 1.3 ppm Citr ate
25% b. 90-90-180 e Choline (Cho)

» 3.2 ppm
» 3.0 ppm

e Citrate (Ci)
» 2.6 ppm

25% d. 90-180-180




Spectroscopy Metabolites Background-Breast Cancer

e Choline (Cho) Breastcanceris themostfreqiertly diagnosecdcancerin women
> 3.2 ppm » Breastcaneris thesecondeadingcauseof death
» Membrane turn over and breakdown Currentdetectionmetodsinclude:
» Increased in cancer -
) » Clinical breastexam
> Decreased in Stroke Mammoarah
. o~ )
e Creatine (Cr and PCr) ammograny
» Ultrasaund

> 3.0 ppm . 8 3 38
» 3.94 ppm (if >3T and good water suppression) MagnetlpResonancemaglng (MRI) prowdesaddltlon:_al
» Energy buffer informationin paients with occultbreastcanceror equivocal

e Citrate (Ci) findingsonthe other cpmmondetectbn methods

Lehman CD, etal, ACRIN Tr of the contalaeral breast
» 2.6 ppm cancer EnglJMed. 2007

» Intermediate compound of the citrate acid cycle By usingMRS asanadjunct, the chemicalandmolecuar
» It produced by a unique testosterone-induced pathway environmentof abreastumor canbe examined.

Gillies RaandMorseD Annu. Rev.Biomed.Eng.200

Data Acquisition: MRS

T1FSPGR (TR/TE =250/4.2)
Fat Suppres sed T2 FSE (TR/TE =5700/102) ’ ! e Spectroscop y (1.5T)
3D FSPGR, pre/post 0.1mM/kg Gd : = PRESS, TRITE =2000/272 ms, 256-512 points ,
» 3.5 min, (TR/TE =20/4) (2 x 0.4 x 1.1mm3) » Auto or Manual Shimming on lesion
> Lipid Suppression using STIR pulses (TI=171ms)
After lesion localiza tion
e Spectro scopy
PRESS CSI; single slice 10mm, TR/TE =2000/272 ms
Manual Shimming on lesion

Lipid Suppres sion using STIR pulses (T1= 171 ms)




Slice 2 - Lipid Slice 2 -Choline

Chotine

Invasive lobular arcinoma

Infiltrating ductal carcinoma

Ductal carcinoma in sity

Frequency (ppm)

Courtesy of M. Garwood and P. Bolan, University of Minnesota

Choline Lipid

Water  Choline




Normal

Cho F-I | | s man Malignant
Y]

|
AV
_J"\)' L—u\./—)

Choline  Lip ‘ — "i_& Q%&f

Lesion

, Bolan P2, Metabolite quanification and high-field MRS

What are the major metabolites and parts per million What are the possible lesions/conditions that might
(ppm) in cancerous breast tissue at 1.5T or 3T and lead to increased metabolites (ie, choline, etc) in
long ec benign conditions

33% a. Taurine (3.4ppm)

b. Lactating women, fibroadenoma , BPH, and
— high membrane turnov er
c. Water (4.7ppm), lipid (1.2ppm)

33% inositol' 3.6ppm

25% d. d. BPH

J1o]




Why Prostrate MRS

Currentdetectionrmettodsinclude:

> Digital Rectil Examandor clinical symptans

> Prostatespecific antigen(PSA),

> Transrectaliltrasonogaphy(TRUS)with biopsy

> MRI/MRSI
MagneticResorane Imaging(MRI) andSpectroscopyMRSI) is
beingusedmore frequentlyfor diagnosingandmonitoring progate
cancerin men
ProgateMRSI providesadditionalinformationin patientswith occult
prostatecance or equivoc# findingson the othercommondetecion
methods.

T,WI Criteria for Prostrate Cancer

On T2-weighted image a discrete, focal nodule-like dark signal.

Background: MRI/MRS Data Acquisiti

e Pelvic Coil:
» Axial T1-weighted images (TR/TE = 60 /-12 ms)
» Axial T2-weighted (TR/TE = 4000-6000/90-120 ms)
> Diffusion weighted EPI (TR/TE = 10,000/99 msec, b=0,500,1000)
» T1-weighted fast low angle contrast-enhanced GRE (TR/TE = 50/4.4 ms).

e Endorectal coil

» T2 FSE; Axial and Coronal (TR/TE = 4000-6000/90-120 ms)

» 3D MRSI (TR/TE = 1000 ms; 144 ms; phase encoding steps = 16 x 8 x 8;
FOV =110 x 55 x 55 mm3)

MRSI Criteria

Normal Spectrum:
Ch+Cr/Ci = 0.57

t choline (Ch) and ! citrate (Ci)




Localizers

MRSI localizers and protocol

s
d fat suppr
tion 5 mm x5 mm

<TA = 12 minutes
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Cr Citrate
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Spectral Map : Slice 9
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Spectral Maps
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Why is spectroscopy used in breast or prostrate
imaging?
S1Ng

25% b. Classification of the lesion

d. Detectio n of hypertrophy

J1o]

33%

33%

What are the major metabolites in cancerous
prostrate tissue at 1.5T or 3T and long
echo times

a. Taurine

)

c. Water (4.7ppm), lipid (1.2ppm) , choline (3.2ppm)

creatine (3.0ppm), and citrate (2.6ppm)

Future Directions

* 3DMRS
+ SENSEMRS
* High Field (7T)

* Brain
* Breast

J1o]
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3D MRSI of BreastPhantom

3D Spectroscopy

e 3D Spectroscop y
» 3D PRESS CSI; 8 slices, 10mm, TR/TE =1010/280 ms

» 1500 Hz bandwidth, 1024 data points, acquisition
window 682 msec (echo position 20%),

» CHESS water and lipid suppre ssion (3 pulses, flip
angles 161°, 83°, 89°),

» one signal average(NEX 1), scan time =12 min 6 secs.

a) TIWI

O-0.0-.0 ll 8 &5 A
i S5 MRAA

c) Lipid s d) Choline

o2 e .

T, weightedimages

3D MRS fe g B : N misr »
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SENSE MRSI

MRST signal coil 1
by = ayx; + aX;

— B MRST signal coil 2
b, = a1y + azpx;

[a,, - sensitivity of nth coil at
point m]

«~— Full FOV

SENSE MRSI

Phase and Sensitivity data best obtained by B, field
mapping using MRT

Body Coil + Raw MRSI Data,
Phased Array Images N Channels

Spatial Filter,
2D FFT (X,Y)

3 exp(i Arg@(x, ) <bi(t x,y)
s(tx,y) ==L

N
2a(xy)
n=1

SENSE MRSI

RF coil sensitivity
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SENSE-MRSI 3.0T “Braino” Phantom

SNR 49:1 (49%

Ir”wprovemem)
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Scan Time 10 minutes: SNR improvements compared to volume coil @ 1.5T BEEE] — == “— PB Barker

7T MRSI Human Brain - Selected Spectra 7T MRSI: Metabolic Images
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T Breast Normal subjects

ppm
0.14 mmol/kg

TE Ave 40-193ms, 128 incr.
water LW ~20Hz

High-res fat-sat 3D FLASH

0.5 x 0.5 x 2.2 mm resolution Overall
* 6 voxels measured in 5 normal subjects
« tCho in 5/6 normal voxels; taurine in 2/6
« mean [tCho] = 0.29 mmol/kg

Courtesy of P. Bolan and M. Garwood, University of Minnesota

Pulse Sequences
.

Clinical MR
. Neuroimaging
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Conclusions

e MRS of breast and prostate has tremendous potential

e Imaging at high spatial resolution and high magnetic
field strength ex-vivo improves detail of morphology
and MRS results

e These MRS methods will be useful for therapeutic
monitoring

e Future trends will lead to faster imaging time and
improved spectral resolution
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