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[ Abstract] Objective To investigate the effect of iron deposition and blood flow in subthalamic
nucleus (STN) and globus pallidus internus (GPi) on motor symptoms of early and middle stage of Parkinson
disease (PD). Andto analyzethe relation between iron deposition and blood flow of PD. Methods A total
of 34 PD patients hospitalized in Neurorehabilitation Center of Beijing Rehabilitation Hospital affiliated to
Capital Medical University, who were diagnosed as stage | to Il according to Hoehn-Yahr (H-Y), from July
to October 2020 were recruited as PD group, and another 17 healthy people were enrolled as control group in
the same period. All subjects underwent whole-brain MR conventional sequence, 3D T1 Bravo, quantitative
magnetic resonance imaging (QSM) and 3D arterial spin labeling (3D-ASL) sequence scanning. Based on the
map of basal ganglia subregion, QSM and 3D-ASL imaging methods, the QSM and CBF values of STN and GPi

were extracted by Matlab software and user-defined code. All patients’ motor symptoms were assessed by H-Y
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Scale, MDS-UPDRS Il and I, 10-meter walking speed and 3D gait analysis (including step frequency, step
speed, step time, swing phase, contralateral support phase and step length). Pearson correlation or Spearman
correlation were used to analyze the correlation between imaging indexes and motor symptoms in PD patients.
Results There were no significant differences in age and gender between the two groups (P > 0.05). The QSM
values in STN and GPi, and the CBF value in GPi of PD group were higher than those of the control group [ 0.008
(0, 0.019) ppm vs —=0.003 (-0.015, 0.009) ppm; —-0.003 (<0.011, 0.009) ppm vs —0.014 (-0.023, —0.007) ppm;
0.715(0.657, 0.790) vs 0.617 (0.584, 0.704) |, and the differences were statistically significant (P <0.05). The
CBF values in STN and GPi of PD patients were positively correlated with MDS-UPDRS I (+=0.352, 0.376;
P < 0.05). The QSM value in GPi was positively correlated with step time (r=0.381, P < 0.05). The QSM value
in GPi of PD patients were negatively correlated with 10-meter walking speed, step speed, step frequency and
step length (r=—-0.475, -0.584, -0.462, -0.533; P < 0.05). There was no correlation between the QSM value
and the CBF value of STN and GPi in PD patients (P > 0.05). Conclusions The simultaneous assessment of
iron deposition and CBF in specific brain regions of PD patients in early and middle stage by QSM and 3D-ASL
is of certain value, and may help monitor the progress of PD. However, the exact relationship between the

content of iron brain and blood flow in PD remains to be further studied.
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256 mm x 256 mm, Kfif4:=256 x 256, JZ2/5E =1 mm, {17 T =
41.67 kHz ]; QSM(TR/TE =51.5/4.2 ms, [1] i =8,
FEEF =20, LT =256 mm x 256 mm, JH [ =320 x
320, J2JE =2 mm, 247 9E =50.00 kHz) ; 3D-ASL(TR/
TE=4 904/10.8 ms, 2 Jig i % H =8>, 14> 1R fie i >k
BE =512, A 2505 ] 43 9F 32 =4.03 mm’, R K B =
3K, FRICE HER ] =2.0 s, HLEF =260 mm x 260 mm,
JRIE =40 mm), (2) BG40 B BB RIS T Ol
i SPM 12§k{4‘@(https: /lwww fil.ion.ucl.ac.uk/spm/
software/spm12/) {E Matlab 2013b I, ¥ &2 H
F4 i 1L 37 & (cerebral blood flow, CBF) i 1 45 #4942 i
HER I RGN R i A58 T2 (8], X
B CBE AR LA A i K BT (A 1 H — 4k, @it
JH STI Suite A6 (3¢ B i A 48 JE VR 2240 e A 43
K HF %) 7E Matlab 2013b I #E47 QSM # ##, H &4y
F5HI1E brain mask | 15 537 R BR A star QSM H 4
QSM., 4K J5 1 FH ANTs ﬁﬁ:@(http://stnava.github.io/
ANTs) Kt QSM G ik Z5 AR FC HE R &= KSR
IR 2T WS T 152 4R 2 1], (B S IS
225 X Y B GHR X (region of interest,
ROD), ALFEXUISTN , GPi. @] I 5E 1 Matlab £,
fith s SEFRIEAL Y ROT 42 X CBF {8 5% QSM{H.
AU ROLI 5L/ , BCF- BB A% AT E
3. 56 0k SR SPSS 25.0 Ge i 48443
g, ESSMITTRESR YA £ IifEEG £s)
o, R FLBCR ST AR A A 5, FE IR AT 1)
THE OB T A 8O I 53 8 L M(Pys, Pos) 13RI,
ZH 4] Hb AR ] Mann-Whitney UGHG . HHECRORER
B A H (%) oo, AL ERESR T xR, R
H Pearson AH 5¢ B, Spearman #H 5C 73 #7 PD & & 5 14
ARG ] S 5 I RAE SR A AR DG . AU 56,
P<0.05hZERAGH 7R,

& R

1. B3R — R L # - PD A14F#3(59.150 +
6.972) %, W16, L 23, X BB 4137 i 4F i
(56.650 = 10.671) %, B 104, L7174, WA 2Rk
TR M A, 22 R R B L 0=0.877,
P=0.390; x °=3.279, P=0.070).

2. PD AU FIRAHIE TR PD 4 AL . H-Y 43
). MDS-UPDRS II ¥4, MDS-UPDRS Tl ¥-43 %5 %
AR LR 1,

3. W 2H 7 iRk # STN . GPi ) QSM K CBF{H L %% :

PD 4 /3 STN . GPi it QSM 1 L) 2 GPi Y CBF {H 75
TXIRA , ERAGH R (P <0.05), W2,

R PDALEE B CTOR

yiEl PD 21 (n=34)

ST [ 4F, M(Pys, Pys) ] 6.000(4.000, 9.250)

H-Y 53451 [ #1)(%) ]
115 3(8.82)
IE:] 23(67.65)
1IR3 8(23.53)

MDS-UPDRS T #4343, x + 5)
MDS-UPDRS M #4353, x + 5)
10 m AT (/s , x £ 5)

13.060 + 5.069
34.030 = 12.362

A 1.220 +0.219

R 1.690 + 0.258
=Y

AT L /min, x + 5) 109.535 + 9.486

HHi(m/s, v +5) 1.011+0.214

PSS [ s, M(Pys, Prs) ]
(%, x +5)

S SZHERA [ %0, M(Pys, Pys) ] 10.838(9.159, 13.474)
HK(m, x +5) 0.545 +0.096

1.090(1.039, 1.150)
60.399 + 3.160

1 : PD A4 3505 ; H-Y 4+ Hoehn-Yahr 4391 ; MDS-UPDRS [EPx
1B RIS G — NS FRRITE B

4. PD BE AR 480 5 I R GOBHR A G 7
¥r: PD H34% ROL X (1) CBF {E 5 MDS-UPDRS 11
PR B TEAHSE (P < 0.05), GPi ) QSM{H 5 #5451t i)
EIEM WP <0.05); £ GPily QSM{E S 10 m 2P
TTEFIE R | A0 AP PR B ARG (P < 0.05),
PD i % %% ROLIN X () QSM A& . CBF{l 52 . H-Y
433 MDS-UPDRS #4310 m 2547 K J —
AL AP AR SIAR L XU S AR ASAETE AR e (P >
0.05), W73, PDHEE STN & GPi ) QSM i 5 CBF
(EAFEAEAH (P > 0.05)

Wit
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f QSM B = T FRZH , H GPift QSM A5 10 m 247
EPIE L AN AT, AR ] A KA AE A O
P, 117 STN [ QSM B 512 ShAE R ARAFAEAH . H
A FH QSM 5 AR 452K PD & R IK T A% A o A kT
FRUE W58 1, 2800t 98 6 W PD (8 3 PR A Ui
Bt 2, R HE BB TR, — g%t PD % 21
JAR R AG I 5T 1 Meta 73 T 22 B, QSMUIl & PD f8 3
ik & A Bk R e AT E G, SR 2
OFFE, H BB k& it 518 sk iy ™ SR
FASEE Y S — A T B I ek 5 9384 i ] B J2: PD
VETERT FEMLE . Chen 25" ' Y BF 57 A & BLSTN | 15
AR FPAETE SR R DURR, B GPi R L 5e i iy
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F2 WLHZIRE STN. GPi Yy QSM & CBF i 4 [ M(Pys, Pos) ]

2H 571 5% oI o
QSM {# (ppm) CBF{f QSM i (ppm) CBF{H
PD 4 34 0.008(0, 0.019) 0.953(0.827, 1.072) -0.003(-0.011, 0.009) 0.715(0.657, 0.790)
X HR 2 17 -0.003(-0.015, 0.009) 0.883(0.768, 1.005) -0.014(-0.023, -0.007) 0.617(0.584, 0.704)
718 3.128 1.666 3.059 2218
P{a 0.003 0.102 0.004 0.027
7 STN FElRiJiEA% ; GPi 35 FABRPIINGHS ; QSM 7€ B i L3R ; CBF ML i ; PD MA4: A%
F3  PDREMAR A HIRIR SR AHSCHE
- QSM {8 * CBF{4* QSM i " CBF{&"
rH P{H rH P r{H P{H r{H P{E
e 0.019 0.916 0.075 0.673 -0.129 0.467 -0.003 0.987
H-Y 534 0.184 0.297 0.114 0.522 0.077 0.666 -0.021 0.908
MDS-UPDRS 11 i¥-43 0.212 0.228 0.352 0.041 0.059 0.740 0.376 0.028
MDS-UPDRS MiT-43 0.193 0.275 0.094 0.596 -0.019 0.917 0.059 0.741
10 m 254 TR
FPIE A H -0.317 0.068 -0.060 0.735 -0.475 0.005 -0.251 0.152
R -0.273 0.118 0.027 0.881 -0.312 0.072 -0.099 0.578
= P i
P -0.208 0.237 0.212 0.230 -0.462 0.006 0.112 0.530
prd -0.219 0213 -0.041 0.819 -0.584 <0.001 -0.051 0.774
RNy | 0.277 0.113 -0.281 0.108 0.381 0.026 -0.122 0.492
1251 -0.014 0.938 -0.213 0.227 0.054 0.760 -0.155 0.380
KPS FEAH -0.028 0.877 0.016 0.927 -0.213 0.226 0.043 0.808
EAS -0.116 0.513 -0.082 0.645 -0.533 0.001 0.131 0.461

:: PD A4 %87 ; H-Y 4331 Hoehn-Yahr 5331 ; MDS-UPDRS [EFRizg s At U &3 58 — N4 A 0P /265 QSM E R4 fb38 ; CBF il I it 2 ;
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IR R W ANTEAE , RS R £ PD B TR IS
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S ME R AE , ANMEXF YA A S S PD
B STN 58 GPi A B iE R AR, (iR 2
TN ARG A A REAG 7, AW i A STN A
GPi IR ITAREE B, AL BRI F AR G97, T —
WA KA, 475 TR AAE 1 QSM
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Koy, AR LEH B R, PDYLEE GPikb i)
CBF {5 T 0T HEZH , 17 STN 4k iy CBF & 5 % BR 41 1t
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HRE R N A R S e 2 P R A I 3
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