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A novel technique for correction of magnetic field

inhomogeneity of MRI T2*

Busakol Ngammuang'*, Kittichai Wantanajittikul', Monruedee Tapanya', Suchaya Silvilairat’,

Pimlak Charoenkwan?and Suwit Saekho'

Abstract

Tissue iron quantification using MRI T2* has been accepted as a standard method to assess
iron accumulation at an early stage in heart, liver and other organs. The reliability of T2* during a
longitudinal study could be affected by the variation of magnetic field inhomogeneity. Three phantoms
made from MnCl were built. Phantom was employed for detecting the change of T2* on the OR
phantom due to the change of the magnetic field. The study was performed on a 1.5 Tesla, Achieva,
Philips, Netherland MRI scanner. The correction factor of R2* or T2* was obtained from a calibration
curve in a phantom study at the T2* ranging from 6.76 ms. to 77.00 ms. Two interpolation techniques
for getting the correction factor, linear interpolation and piecewise 2 order polynomial interpolation,
were compared in 3 different locations with 3 different values of T2* from the magnetic field
perturbations. Magnetic field perturbations at 3 different locations caused the change of OR phantom
T2* (13.08ms) with 13.69, 5.66 and 6.80%. By applying a correction factor obtained from linear
interpolation method to compensate for the change of the T2* at the 3 locations, the T2* were still
different from the original values to 0.15, 14.60 and 5.35%. When applied the piecewise 2" order
polynomial interpolation method for the T2* correction factor, the differences of T2* from the original
values reduced to 2.37, 2.06 and 1.30%, respectively.This novel technique is proof of concept for
magnetic field inhomogeneity correction using piecewise non-linear interpolation with the field
inhomogeneity within 0.74-0.85 part per million The changes of T2* due to magnetic field
inhomogeneity over 10% is considered over the range in clinical practice. This novel technique
promisingly shows the capability to restore the change of T2* due to external perturbation of the

magnetic field.
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g‘dﬁ 2 R2* of the SR phantom (The full data set) perturbed with a few pieces of small metal enclosed
in a small plastic box in 3 locations inside the magnetic bore (A- center, B- left and C- right) was plotted

against the R2* without field perturbation.
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AT 1 A comparison of R2* corrected methods: linear interpolation and piecewise quadratic

interpolation (second degree polynomial)
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31117; 4 Piecewise quadratic interpolation method for corrected R2* values when magnetic field pertur-

bations were applied in 3 locations inside the magnetic bore (A- center, B- left and C- right).
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;s‘U‘ﬁ 5 Shows the R2* values of OR phantom after applying linear interpolation (A.) and piecewise
quadratic interpolations method (B.) for R2* correction when magnetic field perturbations were applied

in 3 locations inside the magnetic bore.

376 MFANSIATANTITENNEkaEN18ANIITR @ U7 30 aUUuf 3 x Augeu - sunAy 2561



B pa: (K (2,), Cro (1)) 40 R23 (K (t0), Cre(10))
Tuaumsi (5) mlgannsmusudieu Mdenan R2*

970 RR phantom #ifie R2* = 73.37 15504 3lnd
\AgauA1 R2* mawjua?’lamﬁwﬁmauﬁuaﬁazmEJ
wusmilanaslss (R2*=76.44 1B509) Sl dusunu
oY miﬂivmmmuﬂ RZEW(K(tl) Cro(ty)) EMSU
wumaaammaammmmammumu TRIGERR
nsuseunaaluy g 3 a;mmaﬁmsuuwnum
ANG9809 NOURABNAIA Ro: (k(r,), Cru(ty)) “OY
R2 (K (to), Cre (t0)) 91ne1 R2* #iléa1n RR phantom
Imasﬂ‘w 5 Wunsuluvisiansan R2* aananudneda
Fuw Usznausie A1 R2* $1989 a1 R2* Tilenas
mﬂaumLLaJ'mﬁmé’ngmumué’wiamﬁsﬁLmu'q
A9 3 fumls waven R2* TilEwdsanmsudia
A2875n15UTEUIUAIAL8IT Llinear interpolation
aananslugy 5A uagisnisussanu1nigisnig
Uszanauetugiemuinimdsaes fwandugy 58

1. FUUaNSSUNINALIULIILMANNANAY
langwuin 0.85 part per million agﬁmm@mﬁ
iw3eaduend wpuwindsaeslurasiidenunldudan
¥U319999198¢ RR phantom A8

f(x)=-0.01012x* + 2.1233x — 3049

2. AWMUINSTUNILERNLLILNANNANAIY
Tangaun 0.74 part per million agiMuvINTRIELINA

& < s o oA oa 19
LATBNLDUDNT aum3wwmmma&aaﬂumwLaaﬂmﬂftﬁ

WAA1YUT1899919849 RR phantom Aa

f(x) = —0.0093x? + 2.0144x — 27.43

3. AUNLINTTUAILALIULLIIANTANAY
Taviguwn 0.81 part per million agiinudnevesglaed
ATBUDNBIS AunIInuInidsaesluyae Aden
WlBuAA1UI80987989 RR phantom fig

f(x) =—-0.0082x% + 1.8391x — 20.23
g AHSATU fix) AD AN R2; (K (t), Cre (£o)) HA
X ABAN R2: (K (t,), Cre (t1)) Tuaunisa (5)

dyUuazinsalnanisAned

A T2* anansaUszidiunnizssdnasanly
\Wetde lnewnmdinan T2* lldnaumunissnyiay
a o Y v A A v :.J/ ! Ao ¥
AnsnunssnwEtiesdadidle datuel T2* Aiale

(1,22-23) ﬂﬁr‘j@ﬂ'q T2%* Lﬁaﬂi&ﬁu

readlAugnAes
amzsdnazaulunduidemlorafaauin
WmmiéﬁﬁmmﬂammLLﬁLwéﬂwﬁﬂQﬂiumumﬂIﬁmz
Asuen fatunsinwaditsslddneniinsmeanud
T2* \fiesnuansznuvesnulladianeseauiy
wilwdnvaningldusiaesdnads SR phantom uaz RR
phantom #ifiA1 R2* aglutas 22.27 - 186.91 135md
(T2*=1/R2*) Wioldifumdnsdedmiunisude T2*
lundanderila Tumsdnwiadedldldudans OR
phantom Juunueieazlaedl RR phantom fnag
Fruvy dlefinssuniuauuudmdnudnaindade
neuen 0.85, 0.74 way 0.81 part per million @na
sonsasuniasen T2* Tuusiazananduduvomiu
99989991989 SR phantom Lag RR phantom #aaIn
MIsUNIUAUWIMANENFBuTIaes OR phantom
liAanIsUasuLamesm R2* Wiy 6.01-15.84
Wesidud Tufusumtanissunau anmsineves

10 1@ R2* HuLNANNNg

Yablonskiy tagHaacke

o . 7 .
geytdasnissuLe Tootdunasiuannienaiuly
ANNLAND VDALY LUANVYDILATOILONBS LD
(magnetic field inhomogeneity) Lagn1stAaaulng
GUENIaJLaqa (microscopic dipole-dipole interaction
between protons) agilanmi1a1nNssUNIUaUIY
wiwdnuan 970 2 uvasivg) Ae Macroscopic source

(11920 goifhanallalasiiase

Lag Microscopic source
YOIAUIULN LN ﬁ]’mmiiumuﬁwi’mqﬁﬂu
Ferromagnetic Tuqimﬁ%ﬁﬁmﬁu Macroscopic
source kay ANMUNTUYRY Fe* Tuillaldanse
Tuansazare3adunissuniuain Microscopic source
n1sfnwluasedl gadunisudriauiuwdingn
4 - . -~

MUasuLUauilesa1n Macroscopic source 1ngaans

Uszunualutig (piecewise interpolation) e
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quwuﬁﬁqaaﬁﬁamﬂ'mﬁ R2: o (K (1), Cre (1,))
dmsuanulladanevesauuiivanwan 4B 4
Wumaunan maclrosccl)gic inhomogeneity k¢, — ¢,)y5
dwisueieglag Faluiil umumevidnass OR phantom
Aufdmiuuiiassdananideaurnusindniinig
Wasuwdaonldan nsmlaeuiieuitadretuainnis
NPaRITEIINeA R2* Wellauwuudimdnsuniuiu R2*
dielaifauuusudnsunu 939 0.74 £ 0.85 part per
million TaseAn R2* fildiiediuinmieud
R2%o, (K (81), Cre (1)) I MsUsTANAUATUA
shemumiidsass vunswiuFuifieuluraediden
91nA" R2* 484 RR phantom #lndlAsaiuriudians
ihiltidunauunsniadaaslas msUszanaailutag
LlonIAn R2: (K(t,), Cro(t,)) MIWVUIMATTad0s
3 qaseudiildon (gafliden neuuaznds) tude
R2% 1 (K(t-1),Cre(t-1)) R21(K(t1), Cre(ty)) H0¥
R2% (K (tyy),Cro(tyy)) Madonld 3 9aviiliinnsg
Usranaanlugaeiidnsiasunvasnnlugedug
1ANAANAIAUDENIINITUTEUIUAIAIYENNTT
Wiunse (Linear interpolation) uagfAsganuaImyuy
ffuldlfdmsu 3 gadoyafordsans vilvinisns
UszanauAtugag (interpolation) gudnmAinaulsisy
NNl UINiS g WLV 910NN
Anw1 wudn dlethawAfld R2%ory (K (t1), Cre (£))
TUyawer1 R2* Tuudiaes OR phantom ileiinng
AumsUNUEUINLLantU 3 sl lWisuiieuiy
f1 R2* ¥uF1a9 OR phantom ileaunslsiinanyian
ldgnsuniu dein R2* snadunindu 2.47, 1.98 uaz
1.28 Wesiiud Inewdledisusuneunisudaiisinany
WANANYINAY WAL 15.84, 6.01 wag 7.31 wWosidun
AudIy waziiediulnen R2* nduidudn T2*
Wud1 A1 T2* ¥84 OR phantom ABUNNTYNTUNIY
auude 13.08 fad3und waziflesuniuauiuly

3 guniaudaa T2* wWasuludy 11.29, 12.34 uay
12.19 fadIundt Feimnuuanansiuen T2* Aeuns
SUNUAULLILUAN 13.69, 5.66 way 6.8 Wasidud
usiilevinsudesheiBnsuszanamTssew L
fdsdpanalA T2* ndvuwdu 12.77, 13.35 uay
13.25 fadiundt Feimnuuanansiuen T2* Aouns
SUNUAUILLLMAN 2.37, 2.06 wag 1.3 wWesidus
Tugafidieldnisudarsenisuszanandadunse
vl T2* Waswdu 13.10, 14.99 uay 13.78
187U lnedanuuanaeiual T2* AeUnISIUNIY
AUNULLUAN 0.15, 14.60 wag 5.35 Wasidus Inevas
YouANIsEoNSUNIIAUAddnAen1sdsunlas
fadlsiin 10 Wasidud®
agunansfnwlunisinuadsdnudnie
awmwiwdnuangnsuniuly 3 dums faust 0.74
19 0.85 part per million viliA1 R2* w3eA1 T2*
Wasuulasnniuly 13.69, 5.66 wa 6.8 1Wosius
dlovnsudaisiedsnsussunaussaun s udy
M3 ANLLANAIYeaA T2* Tuunsiunus Segaiu
10 wWesidud (0.15, 14.60 wag 5.35 wWasidud)
Tuvaued deldnsudrmseiznsussanamdiee
WU INMAIHDINIANUUANANYDIAT R2* INALGY
neunsgnsunulifidnloiu 2.37 Wesidud (2.37,
206 way 1.3 Woddus) fufunisuszanaailugag
Tagldnumindsaesdnioguisiannsaldude
T2* Weanuwimangnsuniulutig 0.74 fe 0.85

part per million

AnRNISHUSZNA
HIdevevauAuMAINSidmalla Auzimalla
& a o lo  w ¢ A
mMsunné i vendededlvidmiugunsalasaiosile
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