=157 fi#HE Neurite Orientation Dispersion and Density Imaging

(NODDI) Z M\ FoN—F Y VIHIC BT 2 BB A MO RHif

[ K& RHCEk]
P HE L OBME BEZ MECEL W E L
PO S, % OKB L Sk MY TR AS
B SAKEETS R EL 7KK

REPSEONE S ¢ or 73S R Bl T A T
SHAR PSR RE G0 CEHR R AU R

SENZIEfH - PREESFROTIE L v X — TR

FL&®IC

BHBER » D EERICRS I 5 F /N3
oo — 1V O FEIRW 7 58 1T Parkinson j{
(PD) 1T BB OFKTH D, EHE
ROFREE Z N TWBY. BERERCE
A% (PR BEAL) 1T 4\ Tl A 2 46 12 hn
Z, BPRERROMENE, BRRERBOBA 1Hm
5N, a VA7 VA VIREICB#EL 72 F T
ZEM R /AT R EE b b2, ST, i
TeE A A — v 7T & L T neurite orienta-
tion dispersion and density imaging (NODDI)
BRIBEN, BHMANORIR - BRI OEE T
MOEHOEEHEEL LD LWV ORABLIN
TWBHY. EROILELT VYIS A= TH
% FA, MD i3 S 2L O & L TR
EiTE B2 OZALIZIEFERPY T, BRAE
He A %5. NODDI OFEE /(S5 A—% T
& % Vic (intra cellular volume fraction), ODI
(orientation dispersion index) % FA Z{LDzt
MR RATE 5 LSS, SEIE « (T,
i 22 [ 43 ## fE multi-b DWI & — % ¢ NODDI
EFTIC XD, PD BEICKIT ARE LEEKD

674 )y ATV FOZT AT %8

RS2 bR L, BEHN O Z1T-
7z,

FEREMR

WG 24 NOFRAE & M7\ PD B
CP¥EH 69.0 %) & Fn, HEHlZ &L
22 NOIEER IS (PR 70.8 %) Th 5.
MRI # % 13 3T MRI (Achieva; Philips
Healthcare), 8 channel head coil T47- 7=. ¥
# MRI /%5 X — & [ repetition time : 4000
ms, echo time : 80.01 ms, resolution: 0.98 mm
%X 0.98 mm, slice thickness : 5 mm, FOV : 110
mm X 110 mm, matrix : 112 X112, number of
excitation : 1, b-value : 0, 1000, 2000 [s/
mm?2], MPG : 32 directions, diffusion gradient
pulse duration (§): 13.3 ms, diffusion gradient
separation (A4) : 45.3ms TH 5.

NODDI f# #7 iZ (3 NODDI Matlab Toolbox
#fFH L, Vic map, Viso map, ODI (orienta-
tion dispersion index) map Zf{ER L 723. EBIR
FRBEAR, W, WEIRIC Bo map L THFMIC
ROI #&%% L, Vic, Viso, ODI, mean diffusivi-

F—")— F Parkinson disease, neurite orientation dispersion and density imaging (NODDI), diffusion tensor

imaging

21



HmEERE #35% 145 (2015)

ty (MD), fractional anisotropy (FA) #{l&E L
7o, BHEIBOIE S A— 212D\ T student
t test THEMILL 247\, L ELEHIEICIE
Bonferroni ZE# i L T p<0.0011 # = &
L7z, BEEDD - HBOIH/NT A — 21
D\ receiver operating characteristic (ROC)
M 247\, PD BEZMORE - BRELH
i L7z, Pearson OB % FVT, &K
DYEEN S A— 2 LRk, UPDRS-M GE
R A7) & OB 21T - 7.

& R

feli ot BRI FElE L C PD B CHREIRBE AL &
AR O ODIE R, Vic{& T (p<0.0011),
WRAIERE O Vic €T (p<0.0011) %D
7o REREEALM & I O ODI KT (p<
0.0011) %7z, FERELLM &G RE D
FA (MK F 9 A TH > 72 b DOWAL KT
Tid 7/ - 7-. UPDRS-II &, SEMRBEALH & %F
fIEE O ODI, [HMIERE 7% ODI, fiEkEAL
B &l g% ODI & ORNC A& A AN R
L7z, EATERE &R & ok B
@ ODI &t DORICHE xR AMBERRD bz

ROC T OfE SR, area under the ROC curve
(AUC) ZERBEALH &l B'E o ODI T
0.797, Vic T 0.794, HEAREALH & 5l 3% <
0.794 % - 7=. FEARBEALA & & B H o ODI
B b BWBHEEZ /R, cut off fliz 0.22 12
RETH LIREL T5.7%, HREL73.6% T
% D 7:.

% £

AEARBEALA & AIEREIC 500 % Vie DT
FERBEIC BT 5 MREMaliZ, ODI DK T3
BRIRZEE R OLaHE, BHRZGEBOBA 2 K L
7o R S bh, B L -8 52 BE

ORI 1L PD IC B AIEROTEHTH
D, BE Vic & UPDRS-1I & OF & 75 & B
IFERBEOMREMIEE & R L 7T R & Bbh
5. BEOFAZBBAEETEDL > 72 DD
THEETH Y, FA KT & Bk
ZERAI D O S o KL L 7= R CH - 7o &%
265, BEKICEWTLERERYF A F
IS VRZIC X - THIRZE-R O 2586 2 -
TWAEEZLNTED, REPISETLIBRIRSE
RO RBE SN TN LY. KEKICKT
% ODI DR T id C O IC&# L, UPDRS-
M, SR & OAMBLHMETHS. b
Mz BV TBIREROBIE I CTLRETH
», PD BE#IZ31F 5 NODDI 2 X % Vic, ODI
BB L in vivo TR - BHR RS & HE
B HZENCTELRRTRA A=V VTN
X—h—tEzi1bhb.

] )

Parkinson JK 1 51 5 '8 - KK D NOD-
DI &7 )VIC K % IS O HEE RHT I in vivo
THREIR - MPREREEAHE T 5 2 LT
EHLERGA A=V VI NA XY —=T1—+FE 2
bNs.

X Rk

1) Braak H, Del Tredici K: Invited article : nervous
system pathology in sporadic Parkinson disease.
Neurology 2008; 70: 1916-1925

2) Schulz-Schaeffer WJ: The synaptic pathology of
alpha-synuclein aggregation in dementia with
Lewy bodies, Parkinson’s disease and Parkinson’s
disease dementia. Acta Neuropathol 2010; 120:
131-143

3) Zhang H, Schneider T, Wheeler-Kingshott CA,
Alexander DC: NODDI : practical in vivo neurite
orientation dispersion and density imaging of the
human brain. Neuroimage 2012; 61: 1000-1016

2014412 § 8 H%H

22



NODDI in Parkinson Disease

4) Pierpaoli C, Basser PJ: Toward a quantitative Med 1996; 36: 893-906
assessment of diffusion anisotropy. Magn Reson

High Resolution Neurite Orientation Dispersion and Density Imaging (NODDI)
in the Substantia Nigra of Patients with De Novo Parkinson Disease
[Presidential Award Proceedings]

Koji KAMAGATA!, Taku HATANO?, Ayami OKUZUMIZ,
Masaaki HorI!, Osamu ABE?, Michimasa SUZUKL,
Akira NISHIKORI4, Keigo SHIMOJI°, Nozomi HAMASAKI!,
Yuriko SuzUKI5, Nobutaka HATTORI?, Shigeki AOKI!

Departments of *Radiology and *Neurology, Juntendo University
2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421
3Department of Radiology, Nihon University School of Medicine
4Department of Radiological Sciences, Tokyo Metropolitan University
5Department of Radiology, National Center of Neurology and Psychiatry Hospital
8Philips Electronics Japan, Ltd.

Introduction: Parkinson disease (PD) is the most common human neurodegenerative disorder af-
ter Alzheimer disease. The motor impairment of patients with PD is mostly attributed to striatal
dopaminergic depletion secondary to the degeneration of dopaminergic neurons in the substantia
nigra (SN). In addition to cell loss, severe pathological changes in PD include a decrease of dendritic
length and loss of dendritic spines in the SN pars compacta (SNpc). Neurite orientation dispersion
and density imaging (NODDI) is a new diffusion magnetic resonance (MR) imaging technique that
can be used to analyze the microstructure of dendrites and axons and provides more specific data on
neuronal changes than do standard indices from diffusion tensor imaging, such as fractional
anisotropy (FA) and mean diffusivity (MD). We used high resolution NODDI to quantify micro-
structural changes in the SN and striatum and compared these data with conventional diffusion tensor
imaging (DTI) parameters.

Methods: Twenty-four patients with PD (mean age 69.0+7.9 years) and 22 age- and sex-matched
healthy controls underwent diffusion-weighted MR imaging (DWI); high resolution DWI data were
obtained using a zoomed echo planar imaging (EPI) sequence. We compared the intracellular volume
fraction (Vic), orientation dispersion index (OD), and isotropic (CSF) volume fraction of the basal
ganglia between the groups, comparing the diagnostic accuracies of the indices of interest using
receiver operating characteristic (ROC) analysis and correlating imaging findings with disease
severity using Pearson correlation coefficient analysis.

Results: The mean OD and Vic in the contralateral SNpc and mean OD in the contralateral puta-
men were significantly lower in patients with PD than healthy controls. The OD in the SNpc showed
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significant negative correlation (P<0.05) with disease duration and score of unified Parkinson’s dis-
ease rating scale, Part III (UPDRS-II). The area under the ROC curve was 0.797 for the OD and
0.794 for the Vic in the contralateral SNpc. The OD in the contralateral SNpc showed the best diag-
nostic performance (mean cutoff, 0.22; sensitivity, 0.76; specificity, 0.74).

Conclusion: The result of high resolution NODDI analysis likely reflects a decrease of dendritic
length and loss of dendritic spines in the SNpc, which is consistent with prior pathological research.
The finding of significant correlation between the Vic and OD with disease duration and score of UP-
DRS-II demonstrated the feasibility of NODDI as a useful tool for assessing disease progression of
PD.

24



