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*Phase Images in GRE
*Tissue Magnetic
Susceptibility Affects.
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TABLE 2.1 Magnetic Susceptibilities of a few Biological Tissue

Tissue Magnetic Susceptibility?
Lipids (stearic acid) 40 %10°
Cortical bone ~12.82x107°
Hemoglobin protein (without Fe ions) —9.91x10°°
Fully deoxygenated red blood cell —6.56 x 107°
Fully deoxygenated whole blood (assuming Hct® = 0.45) ~7.9%x107°
Ferritin (completely loaded with 4500 Fe®™ ions) +520 x 107

Pure water —9.05x107°




Internal field shift
= macro + Lorentz correction

External field shift
= macro + Lorentz correction
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Magnetic Susceptibility Field etfects: Object shape and
orientation dependency

Phase (¢=yABTE) value inside the
vein changes with the orientation of
the vein.

5o (3cos® 6—1)

Perpendicular to B

Parallel to B,




Measuring AB using Double Echo GRE

sequence

O(F TEQ) = ¢o— ’:""'AB('F‘)TEQ

Q('Fr TEQ) — o(7, TEl)
Y(Te, — Tk,)

AB(F) =

oo = O(7. Tk,) + YAB(r) Tk,



Estimation of Oxygenation Levels

Xblood = Het (}rXUIy . (1 — Yr)Xdeu;vy) e (1 — HCt)XpIusma

'&beuud — _Ay(kdecu,y — XULg)HCt

Xdo Xdeozxy — Xoxy

47 - (0.18) ppm per unit Het

Xblood:-reiuti-ve = Xblood — Xsurr = Xblood — onry = 47 - (018> ' HCt(l — Yr) pp1n

Oblood = —’”‘.n"ﬂ\chf.mTE
= —xaoHet(l =Y)(3 cos? f — 1)ByTE/6



15 and 15 of Blood

Ry =Rog+a(l-Y)+3(1-Y)

Ry=Ryp+a"(1-Y)+3(1- Y)?
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Susceptibility Weighted Imaging (SWI):
Brief Introduction

Un processed
Magnitude

Filtered Phase

Phase varies from -7t to 7 in the image with negative phase corresponding
to paramagnetic substances (iron, deoxyhemoglobin etc..) and positive
phase corresponding to diamagnetic substances (calcium).



SWI - susceptibility weighted imaging:
Special data processing

Spectial data processing: Use the phase information to enhance the
contrast of the magnitude images. For veins or regions with 1ron that
f <0 or for calcium deposits £ > 0.

Mask value, £

0
- +1T

Phase value

Phase Mask for enhancing paramagnetic regions
Final image,

= * n '
ISWI = Imagnitude + LI ] Whete n is usually 4.



Left: Filtered Phase

Right: Mask

Processed
Magnitude

Original
Magnitude




Functional MR Imaging (fMRI)

Activated state — Inactive state



