51 : 603

KIGFEEAZIEAR D 21.1 7 X 5 MRI & Z ORFXIE -

5B R
Lo 4 ME
R fRBIY Melissa E Murray”
Dennis W Dickson?  Samuel C Grant””

Parastou Foroutan

Zbigniew K. Wszolek”*

RUGERILE

9 Katherine J Schweitzer"”

ERERYGICIES 71UFY, YA, BLAUREEOEMMNELIEETS. bhbhiiLJ ¢ /vFE
SUHEE (DLB) 1 Bl L IEEMER 1 SIOEEKEAXBREEXKICE T 2EHMEDEORXREE, 211 TXATIMRI 245
WTEHAEL, & 5ICELU#1KIC Prussianblue % 5 &V Fe DS & RIEZHICSEM L /=. DLB BE D AR
EEZICH T BESHZIL CBMeEREIE, WEBH L L TREE TR, - /2. F#{ED Prussian blue Z a4 (3
DLBEEFIICHEWVTHEBRIL Y &<, BBEAD Fe B L T.xEOEKTORICHRE,A Z 5. ZOEEIE MRI
OEMD, #RETEIOXIChHPHSB Fe DREIDMBIAICRI DI EFBFENS.
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L 4 MEEIZEAE (dementia with Lewy bodies : DLB)
1, AREMEMERAIED T VY NA T —IRIZOWT 2
HIZZWHRETHY, £RAGED 20% % L5V, DLB IZE
B3 2 BIBERE, 28— F v VIEEE, SR ZI, PURAh
EAOBHEEREXRL, ZORMPIRIE, - X7 VA ¥
B L U ubiquitin BatED L7 4 AME L Ly o pERISEEAS, T EZ
B, BET, BIUOBR®RIIAONL L 2EHMLETIY. 20
JFHIE a-v X7 LA ¥ ORRBERT RO 5T 57%, 1EH
AN AL FEZMFSIN TV, DLB I FRAE & BB
JEROEH T 2B WT, BAELZ LRI —F Y
%% (Parkinson’s disease dementia : PDD) & iZXBl &2
B, WHE SITHBEECL T4 /MREEREICAL DL Y
WPEIIC S L % % HIdA 7. DLB % PDD &, & 7213547
PR LRI T VI NA I —IHR LD LT 4 /MEER LB 7
DeWERB EENT 5 7201k A ZRRMASRKA SN TE
723, FEEZMIE VT 2R I LSS 2 2w,

ZOHETIX, 211 7 AT (900MHz) &9, 100um £ 1
BESITHMAETiZB I %) T L WHETH Y, BKH
MRIV OB Iy M5 A M2 EART I LN TESBE

W MRIPY CTHigk L 72 DLB JEBIBREAR O KRNI & 2R
5. bhvbihid, DLB ER & IEH X HRIE B o MRI D155
Mkt (signal-to-noise ratio : SNR) & #BF1E: I O AHE % E &
RYLZE#ME L, ¥ 72 Prussian blue ¢fi % & 51T, ZOHIEIC
BB Fe ko0& 2 BE L.

MR EFE

W& RPLAICE T SN DLB i L, MR R D
BEAEAS 2 W IR0 B3 O KIS & W G iefl & L CHRAL
L7-. DLBERIZ 87 i THE L-BHMT, 81 kIS
D RRIAIFERE R & il R BB R e LD —F Y Z A A
ERELTBY, BEICHTLIHN—F 0y VEAO SR
ZLo7z FAIRGE, S8, REREEZ AL D7 FHIRiE
2 THEAT L, WL R B O RIS B R 5 & Bk ke
EE R L7 HRBOKEIZ 1,240g T, WIRMIZIZRTEIED
RN, BLUORE L FRBICB I 2 0EMITE AL D7,
FARRE AT & KB Z IS T E ALY 4/
R b, FBAREICHEICA L D72 HEEIC, B
FEOT IV NA < —=RIEENELE & D & o 7 diffuse neo-
cortical type @ DLB & 3 L7, MIRIERNE, T ESHIBDOR
LIS S R B L OFAi o BER IS X
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Fig. 1 MRI and pathological findings of a DLB and a neurologically normal control case. T2
weighted images (MSME sequence acquired at 21.1 T: TR=25 s; TE="7.9ms; resolution =100 x
100 x 550 um) of the basal ganglia (BG) of a control case (A) and a DLB case (D). T2%* weighted
images (MGE sequence acquired at 21.1 T: TR=750 ms; TE =35 ms; resolution =100 X 100 x 550
um) of the basal ganglia (BG) of a control case (B) and a DLB case (E). Compared to the control
case, there are diffuse and patchy lower signal intensity regions in the BG of the DLB case,
which is more remarkable in the T2% weighted images. Corresponding Prussian blue staining of
globus pallidus internal (GPi) of the control case (C) and DLB case (E) (magnification X 10). There
are several blue areas indicating the existence of iron diffusely in the GPi of the DLB case while
there are less of these blue regions present in the BG of the control case.
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i IRE BRI (globus pallidus internal : GPi), R#&EZk
#1445 (globus pallidus external : GPe) 8 & U#¢#% (putamen :
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Iy a—%—ZHYAA, MRI & [AEEIC ROI 2 ik L, &



KINFERZAEARD 21.1 7 AT MRI & ZOFRERIE © L7 1 AMARIZEHIE 51 : 605
Table 1A Quantitative MRI Comparing DLB to Control. Table 1B Prussian blue in DLB.
Reai Signal-to-Noise Ratios Relaxation times Region DLB Control DLB/Control
egion
MSME MGE T2 T2 * P 142 0.29 390%
p ~3020% | - 3370% | - 3350% | - 6650% GPe 343 041 T
GPe - 3020% | -3050% | -—3640% | - 62.20% GPi 487 047 936%
GPi - 25.80% - 37.90% - 35.00% - 58.10% Histological data of Prussian Blue (PB) staining. Percentage of

The relative magnetic resonance signal-to-noise ratios and relax-
ation times for T2 and T2% weighted datasets between DLB and
control samples.

P: putamen, GPe: globus pallidus external, GPi: globus pallidus in-
ternal, MSME: multi-slice multi-echo, MGE: multiple gradient echo.

DHFEPAN DYttt % Aperio Image Scope TER L72. Z OHF
7%, 243279 =v27®IRB (Institutional review board)
TREDOKIEE 272

#w R

211 7 A 7 @ W MRL @ To 3 & O Ty 5 34 Wi 1512
oT, BEELZHERDKKEEND R EhofHE
(GPi, GPe, P)IIWIFEICRkAI S I, REBRE Bt % diEd 5
WAk (pencil fiber tracts) Z AT X 2 BHEEOWIR%Z 2 %
CENTE (Fig 1A, B, D, E). IE®WXEAES (Fig 1

B) & i LT, DLBJERIO KMIEERIIT T F A O
TEMRE 5D A & 5N (Fig. 1D, E), ZOFRIZ T % 5
FAEGICBNTHEE TH o7z, 2O ToB & O Tk SR 15
THU S 7z SNR & #EAIEE ) % DLB SEB) & 15 1R 61 ©
WBg L7z (Table 1A). DLBJEBI® SNR & #EFIRERIE, 2>
b o — USER) & FlR U CRIRAE N O I T <, FRFIRER
1 T BRFAEG T ) WA Sz,

Fig. 1C, Fi&, #h N DLBJERI & 2 > b o — VIER] GPi
@ Prussian blue 12 X 2 H# T R CTH 5. DLBIESI T
Fe' OFHEE R T HLOROMIMME T AEICAL DT,
ATS 2 & BT, KENZEEZENO TR TOFIRIZB VT,
Prussian blue J kAL O # 4 1Z DLB 2SIEEXTIR L D b
Erolzhs, b o &b BRI WX GPI Tdh - 72, GPi
DRIV L DD, GPe, PIZBWTH Fed & EIXHN
LTCw7: (Table 1B).

£ ¥

Ll o541y MMFFRT, bbb iuZIEE R ES & DLB
FEBIOKMFEERZ, ToMAULME HENT T2l
F A5 MRIIZX o> THHi L7z, ZhEhofidkix, 7o b v
fEEINTVuiwnTy vy FILRFEOBHRITET & T, RF 24
VoM L BO field DAY — S 2R L 720, W4 7
2:?66: FICRFaA Ve 2y VAT A, BXUIILR

— UV AELBLVTHN Lz TRSDOENLT TR, T
ia;UTz*aﬁiaJﬂf% IBILEFMEL, SHICEEELD
SNR % IEREICERT 5 2 LATTE B0,

positive area for PB staining in each lesion in a DLB case and a
control case and the relative histological datasets between the
two cases.

DLB: dementia with Lewy bodies, P: putamen, GPe: globus palli-
dus external, GPi: globus pallidus internal, MSME: multi-slice
multi-echo, MGE: multiple gradient echo.

DLB Sl o K EAK T IE T p) & i L C, To B L O
To % WP R TEFREB L U'SNR O T %2 A L D7z, [FE
A Prussian blue 3¢5 TiZ, DLBEBIZB VT Fe** ik
AR SN HIEANDOEOWLEL, 72)F VL VAELDF
BT ORAABL % 8 U7 K g F O E N L TR7HEY O
BT BIZIEEREE BT, & ICREER Fik B
B, Wi, BLUBREKICEREICHATEEL, R~ OkItE
F— IR & & DN 5. B 2RO, tyro-
sine hydroxylase ® & 9 7% flAZE Y - A KSR O FiBh K+
ELTHE, MOFREE ZORBOMFOIZDICLIHTD
00— Wk, & AR SIIBILR L AR B
5720, N—F 0y V%5 GHREEREEORIE
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i%ﬁtwfu&<,7lu%/,«%/TU/,B73u4
FT7I—=2, om¥ 27 VA YR ECAL ENLHTHIET
57,

1986 4E LK, MEBEMNICER T M0 DIZL D
MRIWFZEARB I b TE72Y, LarL, DLBIZBIF 580
ZALIZ OV T OMEIRIEF 12 %\, DLB I, L7+ MEK
AT 20O DFE A A—F Y VHEFLTE
D, BALA P LRIZBWTHS—F 2 Vi & AREOMITEH;
RBZONTVEY. LdoT, ShoBFFHRMAHICHL T
b, DLB &%= v VIRIZEWE R o TV S REMED D
5. bivbik, 4o MRIIZBIT S DLB RS & 1EH %
B OAZ 550 EE OAME L, DLB 2B 5 KINEER A O Fe**
OEFE ML TV REESH L EEZ TS, FHERD
Prussian blue 412 & % ko 3 1x DLBEFNIZ BT IE
FAHEEALYDEL, CORBERLTYWS

LA LKENIL A 2 GPi, GPe, B X UV P O T & 12 IHE
T5&, ERILL72SNR B LU ToANCE L CldsER S %
AEDRVOIZxF LT, Prussian blue ®Zetatkix GPi T3 -
ELE L, MFEDOMICRE MBI bR orz. Thid
RN BT 28O ERE, HoVE7)FY, V7
V87 & SRUAS O FE R O WA AME B R EE & AR5
% L“CV\éTHE b E 2 5N 599 F 72 Prussian blue 4ef

, HEPOTRTOHEMLTE B E T RIEE LR
&V‘Tﬁﬁﬁé BETE V., LaL, EHEEO 3IFHEHICBW
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T, To* AR & MMRFRICHERE X N7z Fe' OB ORI IZE
WHIEHE (R2=098) 2s2 bz, T EH 5, DLB JEH]
DORWIEEBIZBVTIL, Fe* ORAMDS, FEHITH OIS &,
Wl % B RN — 2 OBEHEL T 2 B BN L %
ZAHNE. LhLeds, HEEE TR, 72)F Y, ANEVT
VY, BTIVAL FTTI—=2, o=V X7 VLA VR ED, FED
WEWICHIEET % Fe' 0 EART IV b T A MREMOE
LI 21 %<, MEd BV L ) KERI K-
e nBEEEZ 5N 5.

bhbhi, BIgIn/ MRIOZILOAREZHML, X5
RO O A% ST 572012, DLB & 4 < O 72 fhike
ZEVERR ISR U C Z OB R IRAT % D T B
LIATHA.
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Abstract
Magnetic resonance imaging with 21.1 T and pathological correlations—diffuse Lewy body disease

Shinsuke Fujioka, M.D.”, Melissa E Murray, Ph.D.?, Parastou Foroutan, M.S.”", Katherine ] Schweitzer, M.D."”,
Dennis W Dickson, M.D.”, Samuel C Grant, Ph.D.”” and Zbigniew K. Wszolek, M.D."
"Department of Neurology, Mayo Clinic
“Department of Pathology and Neuroscience, Mayo Clinic
“National High Magnetic Field Laboratory, Florida State University
“Department of Chemical & Biomedical Engineering, FAMU-FSU College of Engineering, Florida State University
“Center of Neurology, Department of Neurodegeneration and Hertie Institute of Clinical Brain Research,
University of Tiibingen

We investigated fixed basal ganglia specimens, including globus pallidus and putamen, with 21.1-Tesla MRI
allowing us to achieve a microscopic level resolution from a patient with pathologically confirmed dementia with
Lewy bodies (DLB) and a neurologically normal control case. We acquired T and T.* weighted images that dem-
onstrated diffuse and patchy lower intensities in the basal ganglia compared to control. There are several
paramagnetic substances in brain tissue that could potentially reduce both T: and T, * relaxation times, including
ferritin, iron (Fe**), manganese, copper and others. Because iron is most abundant, low intensities on T, and T, %
weighted images most likely reflect iron deposition. Iron, especially Fe’", deposition was visible in the pathological
specimens stained with Prussian blue after images were obtained. Although radiological-pathological comparisons
are not straightforward with respect to either the MRI signal or relaxation quantification, there appears to be a
correlation between the relative increase in iron as assessed by Prussian blue staining and the decrease in T, %
value between the DLB and control specimens. As such, this exceptionally high field MRI technique may provide
details about the role that iron deposition plays either directly or indirectly as a biomarker in neurodegenerative
processes.

(Clin Neurol 2011;51:603-607)
Key words: Lewy body disease, high-field MRI, 21.1T, basal ganglia, Prussian blue




