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field (the magnet)

Spin 1/2 nuclei will have two
orientations in a magnetic field
+1/2 and -1/2.







~ Highly oriented

Each nucleus behaves like
a bar magnet.
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Fherefore, the nuclei will absorb light with energy AE resulting in

: ?nge of the spin states.
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“magnetization

- vector allows us to
look at system as a whole
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field gradients

Larmor  gyromagnetic Apply spatially varying
Frequency constant frequency and phase
i encoding magnetic






RI resolution

512x512 voxels in a slice
ub-millimeter voxel volume
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MRI: Day one Calf 1
muscie




Ictional integrity of brain
cannot be adequately evaluated based on anatomical
MRI alone. To that end, several physiology-based MRI

Y methods have been developed to improve tumor
aracterlzatlon.
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NWIVO NMR SPECTROSCOPY

1987, The British Journal of Radiology, 60, 367-373 ' APRIL 1987

The study of human organs by phosphorus-31 topical
' magnetic resonance spectroscopy

By Rolf D. Oberhaensli, M.D., Graham J. Galloway, Ph.D., David Hilton-Jones, M.R.C.P., Peter
J. Bore, F.R.C.S., Peter Styles, D.Phil., Bheeshma Rajagopalan, M.R.C.P., D.Phil., Doris J. Taylor,
D.Phil. and George K. Radda, D.Phil., F.R.S.

MRC Clinical Magnetic Resonance Facility, John Radcliffe Hospital, Headington, Oxford OX3 9DU

Typical 10-second spectra (2 FIDs) obtained from a {Y UUW WJJ MN” Ml A
single subject at the end of exercise (A) and at 15 (B) MW
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and 35 seconds (C} into the recovery period 0 -6 -20 o -0 -2 0 -6 -20pom
(dhfferent levels of work :2-18; 10 + 3.6) and reached
different end>exercise force levels (64-599 J/min;

A74 -4 125). Lodi et al MAGMA 1997
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Larmor  gyromagnetic Constant applied
Frequency constant external magnetic field
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© 2006 Denis Hoa et al, Campus Medica. www.e-mri.org
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hydrogen
bound to

Chemical shift (ppm)

1\\; CHEMICAL SHIFTS OF H BOUND TO C

(CH,),Si

He= C = metal
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er frequency are

o Signals of mo lded nuclei with lower o
frequency are ‘

Chemical shift of water is set to 4.7 ppm at body temperature
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water signal
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RF off " RF off
/ Effect of a 90° x pulse
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0 the transverse

e Th| Cé ying a second magnetic
field in the transverse oscillating at the Larmor

f frequency
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Spectral Re solution =

®* MRS
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® 256-2048 complex points
® Much high spectral resolution (8-25 Hz)



Preparation

Detection







LOCALIZATION

. ISIS
Slice Selection Direction Volume of Interest




Selection | - Column ' j
of voxel
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Begin localization
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trum RF frequency response



CHESS (glooal)
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WATER SUPPRESSION

®* Nomal water signal is ~ 5000

times stronger than metabolites

®* Need to reduce it at least by
1000 times to get the right

dynamic range.

®* Common way is by frequency
selective pulses followed by

dephasing gradient.
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A second echo is recorded as the signal.
ﬁ) FT the echo to produces an NMR spectrum.







Shown are 5 vertically adjacent
brain slides, each 4 mm thick

(20 mm or 2cm total) P




2 cm x 2 cm Voxel cut is made in all P
five adjacent brain slices




Inferior

Superior

ach adjacent slice is 2x2

cm?, 4 mm thick
(magnification of cut on
last slide)
















Brain MRI
and MRS
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ammonia.

Lactate
End product of anaerobic glycolysis
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Metabolite Iincreased Decreased
- reb concentration concenltration

Myoinositol (m1I) normal neonatal brain, Alzheimer

(5 mM) disease, diabetes mellitus,
recovered hypoxia, hyperosmolar
sfates

Creatine (Cr) and head trauma, hyperosmolar hypoxia, stroke, neoplasms,
Phosphocreatine (PCr) states, increases with age infant brain
(8 mM)

Giucose (G) diabetes mellitus, 7 parenteral
(1 mM) feeding, ?hypoxic encephalopathy

Choline (Cho) head trauma, diabetes, neonatal asymptomatic liver disease,
(1.5 mM) brain, post liver transplant, hepatic encephalopathy,
neoplasms, chronic hypoxia, stroke, nonspecific dementia
hyperosmolar states,
7 Alzheimer disease

Aceto-acetate, acetone, detectable in specific settings
ethanol, aromatic amino
acids, propane-diol




TE 30 ms 144ms 288 ms

.

Lipids and Inverted Uprigh
lactate lactate lactate

me

P




Integration/Quantitation

When you have resonances which are not overlapping
with each other then the integral (area) of the spectral

resonances (peaks) can be used to calculate the number
of protons under each peak.




l You need good baseline and correct phase

l\@ Good Baseline, Bad Phase




o You need sophisticated spectral fitting algorithms o/|
for quantification

Deconvolution...line-fitting

LIKE HZ PEM HEIGHT REL HT WIDTH AREA REL AREA FRACT ION

LORENT Z IAN
1 643.45 1,286 720384 46.132 5,23 3766398 1.01 1.000
2 635.85 1,271 1395686 83,377 5.36 7481549 2.00 1,000
3 628,25 1,256 668149 42,787 4,37 3316865 0.8% 1.000

126 124 122 120 FPPM




LCModel Fitting /

/)




\
/\JXDC-ModeI for 1D MRS

O quantitation.
®* Works in frequency
domain using prior
knowledge

Provencher (2001)
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*\/ast jority of IDH m_u'-t_ant, high-grade
ﬁi /have evolved from Ilower grade




fumarate succinate isocitrate

8.090 10.7°00 12.000 14.200 16.-00 18.000




Normal isocitrate
dehydrogenase activity

D-Isocitrate D-lsocitrate

NADP*

a-Ketoglutarate

a-Ketoglutarate

Mutated isocitrate dehydrogenase activity

4
Glioma

r

™
[) D-2-Hydroxyglutarate
.g _‘E~t"

Smeitnik, J. “Metabolism, Gliomas, and
IDHA, ”N Eng J Med 362: 1144-45, 2010

Pope et al. 2012
Andrenosi et al. 2012
Elkhaked et al. 2012
Chol et al. 2012
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Single voxel MRS — Detection of tCho
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Courtesy: Prof. John Kurhanewicz



UDP-Glucose == Glycogen | 13C-MRS
1\ Glycogen
-synthase

Glucose-1-Phosphate

Glucose _,_,—> Glucose ., —> Glucose-6-Phosphate | 31P-MRS -
-13C-MRS

Transpo Hexokinase J!

Glycogen-
phaosphorylase

Glycolysis Hyperpolarized metabolites

I

Pyruvate

Adipose tissue TH-MRS | Lactate
UC-MRS | Ny
IMCL, IHCL, ICCL= Beta-oxidation = Acetyl-CoA ATP <> PCr | 1P-MRS

/

31P-MRS -~ '
Acetylcarnitine i
Phospholipid metabolism
e 'H-MRS

Glutamate
13
(labeled) C-MRS




, lissue and cartilage

structure.

— Cellular energetics, membrane constituents, pH.

[Mg?*], kinetics of creatine kinase and ATP |
hydrolysis.

%







Acquisition ' 4-16 min  2-8 min
~  Data reconstruction 10 min 1 min



Obdzin clinical

s MR Spectroscopy

Decision Flow Chart

MRl Pl Protocol®
Examinzhan

lisuzhzzhon
of anatomy

th=nalization E and TR value:
fradient Echo ..
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MR Spedrascopy

shudy
etabolic indices .
impraved
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