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Correlation between volume and perfusion changes of
deep gray matter nuclei and clinical score in patients
with relapsing-remitting multiple sclerosis
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[Abstract] Objective To investigate deep gray matter volume and perfusion changes in patients with relapsing-remitting
multiple sclerosis (RRMS) with voxel-based morphometry (VBM) and 3D pseudo-continuous arterial spin labeling (3D
pCASL), and to explore the relationship between the changed parameters of deep gray matter and expanded disability
status scale (EDSS) and neuropsychological scale scores. Methods Totally 30 RRMS patients (RRMS group) and 24
healthy volunteers (control group) were enrolled and tested with EDSS scale and neuropsychological scale to evaluate
memory function. All subjects underwent 3D T1WI and 3D pCASL. and the images were pretreated with SPM 8 and
VBM 8 software on the Matlab platform. SPM statistical software was used to analyze the changes of deep gray matter
volume and perfusion in RRMS patients, and further extraction of deep gray matter volume, perfusion parameter values in
significantly changed brain regions, and correlation analysis was done for EDSS and neuropsychological scores. Results
Compared with the control group, the volume of bilateral thalamus, left hippocampus, left putamen and right globus
pallidus decreased significantly in RRMS group (all P<C0. 05, FDR correction) , and the cerebral blood flow (CBF) of the
bilateral thalamus and bilateral caudate nucleus decreased significantly in RRMS group (all P<<0. 05, FDR correction). In
RRMS group, the volume of left and right thalamus, right globus pallidus, and the cerebral blood flow of left thalamus
were positively correlated with symbol digit modalities test scores (,=0. 757, 0. 709, 0.463, 0. 454, all P<<0.05), while
the volume of left and right thalamus and the cerebral blood flow of left thalamus were positively correlated with Rey
auditory verbal learning test-immediate recall scores (7, =0.565, 0.503, 0.492, all P<C0.05), and demonstrated no
significant correlation with EDSS scores (all P=>0. 05). Conclusion Volume and perfusion of deep gray matter are changed
in RRMS patients, and the decrease volume and perfusion associate with impairment of memory function.

[Keywords ] multiple sclerosis; memory disorders; magnetic resonance imaging; voxel based morphometry; arterial
spin labeling

DOI: 10. 13929/j. 1003-3289. 201805113

ERXREZMBERMEENBERBIX BB FERT
T E S m RS B AR X i

R OB vk LK R VB B ATEEZILmE, Rk, @i E
CH R EE R R 2 IR 45— EE B M B, B 400016)

[ E] BH RAXLTERZMELENVBM) I K 3D thif L s ik A IEtric (3D pCASL H AR E £-Z £ %

[(E€TH] BEELAATRIIRE (2016 YFC0107109) (H PR lT TA: T 4E 25 BE 2 AL R 301 B (2016ZDXM002,2012-1-017)
[&E—1EE] HIRE(1993—) , & IR FFE A AERBI+ . BF5EH 1 45142 . E-mail: 1536807758@qq. com

@S 1EE ] Z0kify . 51 R E R K2 M E 55 — B Be it 394 B, 400016, E-mail: lymzhang70@aliyun. com

[ B HI] 2018-05-20 [f&E AH#] 2018-10-03



e 182 o E BE 2R R B R 2019 4E5S 35 #4258 2 ] Chin ] Med Imaging Technol,2019, Vol 35, No 2

PR AL (RRMS) J8 35 TR 0 T 7R FR U v Bl 78, B 55 1 DR i 3 9 AR 25 4 3% (EDSS) A 280 Bl 27 15 3 7 43 [ 19 A ¢
P, FHiE X 30 i) RRMS &% (RRMS 41) il 24 4 {2 I8 3 G IR A1) 4T EDSS d2t 32 i 2800 324 1 R WAL P74 ol
TZD)RE . 47 3D TIWI K 3D pCASL H4 , -5 F Matlab V-5 11 SPM 8 & VBM 8 S 4% EUF#EAT AL # . R A SPM %4t
A 43T RRMS g 35 UR0 0 T AR o A a0 — A5 B IO R T R AL L v I 2 B 28 i IX 1 2 8018 55 EDSS il il
L0 TN AR TP AT AR M . &R SXF B4 %, RRMS 41 XU 5 I8 o 242 000 Sy | 26 0 52 4% L A 4 1 3k AR AR
Z TR (P $4<C0. 05, FDR AL 1E) , SUI B g XU AR A% i 1 37 5 (CBF) 8.3 T B (P<<0. 05, FDR #2 1E) . RRMS 4 &4
) Fr G AR R A A RS ER L ZE M i CBF 55 455 8507 5% 35 00 36 3 43 522 1F AH 56 (= 0. 757.,0. 709,0. 463.0. 454, P #<C
0. 05) , 245l Fr A A< B L 20 Fe i CBF 5 Rey Wr 3¢ 3] 1 2% 37 W3- B 2012 42 37 43 2 1 AH 5 (. =0. 565,0. 503,0. 492, P
¥1<0.05) , 5 EDSS 40 ¥ 0B MAHSCHE (P 352>0. 05), 4518 RRMS M3 B0 K I IR BRAE 1 38 R A ol A8, TR K ot

PRBAFIHEE T B 5 iC 1L RE 2 400 G

(KRR ZRPERE b ICICBRAG s B LR IR 28 T AR L% 3h Ik A e ic

[HE4ERS] R744.51; R445.2 [CERFRIBALZ] A

% KM AL (multiple sclerosis, MS) J& — Fl 14X
B2 R Gt M Ak R e R R AR R B
P p 28 Ty R B A Y B B LR Rl 22—, 24 4306 ~
7001 MS B35 PN T Al BE AR, 104 B A R D b a
WLEZ —", Benedict %1 & B MS H E R K
FEMG HSIEICmRAa L, R THRENELS¥
(voxel based morphometry, VBM) J5 ¥ 7] & B & #
MRI /N 68 & B 11 K i 40 1k 45 440 el A% , ] 42T VA L %
W 4 B I A R AR fk . 3D B 3% 2k B Bk B OE bR id
(pseudo continuous arterial spin labeling, pCASL)$;
NS e MR N N A O 17 R Y R B W
22 X Bk B BEARIC (arterial spin labeling, ASL)AHEL,
FLAT 5 (5 W LR AR TE AR, P AR L R H TR
LR ORR B R, A BER R VBM I
3D pCASL J7 ¥ W %8 & & % ff 7 MS (relapsing-
remitting MS, RRMS) B # TR 5 5 4% A1 14 FURNE 7
WOAR S IR I 5 I PR e 2 P 43 R) 04 AH DG
1 #RS5HE
L1 — %R W 2016 4F 9 H—2017 4E 12 A T
B R A2 1 30 1) RRMS % (RRMS 4), B 14
B, Zc 16 6], Al 20~57 & FH(40. 2412, D % 59K
2 H~16 45,1 (6. 71 4. 8D 4F; Z M FH F IR
(12. 04£3.53) 4F, g4 A¥p i : ORRMS ¥ £F 4 2010
4 KA McDonald Iifii BR 12 Wi A - 5 @ %2 9% 4b T 2%
fif 3, MR 38 3 4 4 JC 5k fL 9 AL s @ % B MR & & 3
G St L AR T | 2 4 L bR A At 25 M 0

WA A 5 RRMS 4470 4 310 4 DG JE 17 28 3R
Gk A I Y 24 g RS EE S IRED V5 10 4. &
14 £ 4% 23~57 &, P34 (35.9£13.8) % . R HAH
AERR(13. 8843, 260 4F ., T 2l & ¥ f5 FlF. A
5% 26 3R B A ) T 2 A0 B 28 B3 2 Atk il B A5 32 03 %

[(XEHS]

1003-3289(2019)02-0181-05

HRJR¥EZBABRES,
L2 U5 R GE Signa HDxt 3.0T MR
AL S 8 W AR PR 8 . VB2 X T B L ARy
S THE . ST R A A R A S G A 8 B A
B/ TIWI, TR 250 ms, TE 2.86 ms; T2WI, TR
3 600 ms, TE 120 ms, 3D TIWI Z5#J{%: TR 8.3 ms,
TE 3. 3 ms, JZJ5 1 mm, JCJ2 [0 . i 256 X256, J2 %L
156 )2, 3D pCASL: ##ic J&5 #E 3R B /8] 1 525 ms, TR
4 521 ms,TE 9. 8 ms,JZJ& 4 mm,NEX 3,FOV 24 em X
24 cm, JHiFF 512X 8, FA4HIF ] 4 min 22 s,
1.3 IGREERIFAE 2 402 BB I 3 R XF
RRMS M # 17 I K 47 & 5k %< R & &8 & (expanded
disability status scale, EDSS) ¥4y, Xt AT A Z ik & 1T
280 B 2 I 50 LA AE AR D A2 D RE - LB T R
il (digit span test, DST) AL TAEICIZ s UL Rey W5k
1] 15 2% 2 M 38 (Rey auditory verbal learning test,
RAVLT) ¥ A i 7 ic 12, 2 45 /I %052 12 (RAVLT-
immediate recall, RAVLT-IR) . ZE iR i2{Z (RAVLT-
delay recall, RAVLT-DR) ; P Rey-Osterrieth & 42K
FE MK (complex figure test, CFT) W4k A1 25 [B] 212 ,
AL 45 B Z13242 (CF T-immediate recall, CFT-IR) \#E3R
1812 (CFT-delay recall, CFT-DR) ; LA 4% 5 50 7 45 #e
M3 (symbol digit modalities test, SDMT) iEfli {5 &
Ab PR
L4 EMgAEE R WFU_PickAtlas 34 1l 5 i%
THHIE R K BT ROT B AR , 445 B ik 1 5 7o #% AR
Bz RRARAZ A St K

3D pCASL & 4b 3 . ¥ 3D pCASL Ji 4 £ 41 1%
fiE AW 4.6 T/ uh 2E B I 3 i (cerebral blood
flow, CBF) ¥ VE &, R 1] Matlab -5 SPM 8 k{4 %}
HETE U AT AL 38 A0 45 D3k S IE s @%F 3D T1IWI



H [ BE A AR AR 2019 4E58 35 %5 2 ] Chin ] Med Imaging Technol,2019, Vol 35, No 2

+ 183 -

SERAG S VE TR FR L @ 25 (A
s AL 4 T T AR T v B 52
IR #2298 22 WF 55 B ( Montreal
Neurological Institute, MNI) 5
i I I ROR SN

VBM K&l & & #. R H
Matlab ¥4 ) VBM 8 T. Hf5%f
3D T1WI % 4 #F 47 Bl b 2,
i . @ 7 [ b5 #EAL, ¥ 3D T1WI
] A% T 7 31 MINT s o K ik 2% ] 5
QREIME 5> 3D TIWI 20%]
BB+ 15 R W 5 O A £ 1 1
i s D1 .

KM SPM B I 45 & R
JRJFE ROT BT, DLBUFEAS ¢ K 5
I # RRMS 21 5 5% 18 2 [ 3
JRJFAR BRI CBF Z [0l 1Y 2% 5, DU
PR VA W% L 2 2OF AE R R AR
L4584 FDR & 1E (P<<0. 05,
> 30 MAFR) RS 2 A
B] 25 A Gt %8 LI IX . R
FH REST #5%, #% 2 41 [a] 4 AN
CBF # 22 5 1 il X /E R ROIL, %
AT 5 (B0 | 4 BRI 2 fik X (R LR CBF fH, 5
EDSS A A2 T 53 43 547 Spearman Fl A0 & 43
BT« DLAES M 0 B 32 808 AF BRAE b Up A8 4, P<<0. 05
HESHGITHE L,

1.5 Geitsatr R SPSS 22. 0 48343 Br Ak .
X R AT IE SR 2 G A A IES
S E VL T s RORAFF A IER 10 5 UL b 6 BER
N RHISIEEAR « K5 R RRMS 4 5 % B 4[]
P ZHEFRM2ZS R 8 2 4HE M
MR, VAR by 25 40 B LA 2 A RlE AL i 3R

E 1

==0) ‘L

5] B LA . RRMES 2 3 350 A AL g fi X

P (4 = 0.135, P=0.713) . T H FHER (1=
—1.941,P=0. 05) Z R ¥ L GH 112 E L. RRMS 4
EDSS W43 R 1. 0~4. 5 43, FALPES 2.0 48, RRMS
44 DST.RAVLT-IR,CFT-IR F1 SDMT T4} ¥ B i
T XA, R AR E L (P ¥<C0.05),2 4
RAVLT-DR fl CFT-DR W43 2 R LG i % & X (P
¥>0.05), W& 1,

2.1 EEKBUATRILE  5XT A L, RRMS 4
XA e i 7 096 | 2 e i A A BRI R B
X RH G L (P ¥<<0.05,FDR # 1F , # 5 {4 >

4, LVAEIS MR R EF R A A, P<<0.05 N4 30 MR Z L IR 2 B 1 U B iR R R L E 1
ERA G FE X, NI R,
2 #R 2.2 WHIKE CBF b SXIEA . RRMS H
RRMS 41 55 % FE 4 [a] 4E % (+=1. 168, P=0. 248) | I s R BBk % CBF FRE, 2R A% %83 X
# 1 RRMS 415X B4 CIZMERITE o i (=
21 5 DST RAVLT-IR RAVLT-DR CFT-IR CFT-DR SDMT
RRMS 41 12.58+2.74 38.04413.48 6.04=42.52 18. 60+4. 50 16.37+4.76 43.83415.02
Xof B 20 14.96+2. 31 54.14+£11.78 8.51+3.32 21.0543.95 19.09+4. 15 60.37+14. 30
F1{i 7.031 15.714 3. 600 4,123 3.729 13.123
P {E 0.011 <20. 001 0. 064 0.048 0. 060 0.001




. 184 - v R AR R 2019 455 35 #55 2 8 Chin ] Med Imaging Technol,2019, Vol 35,No 2

(P ¥ <C0.05, FDR ¥ 1F., # & T2 XA LA RRMS 2 G805 AR R F v X
fE>30 MEZE), Lk 3. K 2, i MNI 4 £ (mm) " k2%
2.3 MEMESHT  RRMS 4 e ) . ! M
H A g R LS SDMT i 72 F i —19.5 —30.0 —1.5 9. 45 1 608
RAVLT-IR ¥4 5 TF A (r. = A e i 18.0 —34.5 3.0 9.13 1927
- FEMiE L —25.5 —12.0 —21.0 4.29 134
0.757, P<<0.001; r. = 0. 565, FEMFER —13.5 12.0 —7.5 4,37 1120
P=0.006); £l B i & FL S gk 24.5 —6.0 —4.5 5.83 375
SDMT #l RAVLT-IR ¥4 & 1E
I (r.=0.709, P<<0.001; r.= 3 SXFMEA LH,RRMS HIRESK I CBF T Rk X
0.503, P=0.017); 45 fill & {14 ¥k i MNI 4 (mm) ﬁ k2%
K X t
AT 5 SDMT i 4 &2 1F #H % x y . ™
(r,=0.463, P=0.030) ; Z=] = Ze ) ik —6 —18 18 41.89 86
" A i 6 —18 18 4,52 39
}‘im CBF 5 SDMT #il RAVLT-IR S B AR s 12 18 3 9 67
PP EIEM K (r,=0.454, P= gt 10 16 12 1.24 82

0.044; r,=0.492, P=0.027),
oAt T K BT A FUFT CBF 5 il
JK EDSS 1143 Ftic 1243 53 o A
AR (P ¥ >0.05),
3 iFie

TR I I A% A1 2 R 1) 7 22
2GR Ay Horp i G R 58 K
SURARTE Bk Bz J5T L 1%+ 0 70N B 2
RRETIHENZLE S, S 5K
i 2 A~ F & T g Wbl
Damjanovic %5 % 3 MS H #
TR o1 2 4, B 5 I\ 0 15 A0
Ko AWF5EE &I RRMS &
H G K AR B CBF, I 43 #7
HE5E12fen kR, it
RRMS 8 # ¥R K 5T 1A FLRN
T B AE X R A2 T RE Y S R

AW 5 45 S R L A H X R
41, RRMS 21 8 35 B Fr i L A2
3 Sy 22 e AT A ER AR
R N [ X AT e S Rk
T A8 L ok 18 M AR A A P K
ZIUERA K AL B
xR, MS B E R RZEL M B2 xR, RRMS 413 K CBF T Ml X
K gl X 2 AT fe R A 2 R AT MR
M2 IT ER) . RS R PR RRMS 4% FIZBIEA S HAT I RE R TAECIZ & A O . At
WK BT AE AE 2 4, B Rl W 3 A, B R B R AT RE 2 ALK IE TG S ZHEFFRE . R LR ik
RRMS F 5 B K B b f5c it 90 pf 22 8 A7 M 72 1% ik TS TARICAZ VT 53 A7 78 A O, 7] RE 55 A i 90 FF A 151
X, 5 Minagar %" iff 53 45 B — B, 50 4% 52 a4 i B DA G, A BRI IS B 28 P I Y B A AL




H [ BE A AR AR 2019 4E58 35 %5 2 ] Chin ] Med Imaging Technol,2019, Vol 35, No 2 « 185 -

SN L N R AT e S B g e ST L
28I 25 43 32 B IR , T 516 A0 B D) RE B A . A
5 & B RRMS B 47 A4S H R AR R 5 2 12 U e TF
4y R IEM G, 5 Batista 5 RIEMFT .

0 1 B e e AR D BB ZE L A B AE 2
AT FT 485 S R AR X IR 2 RRMS 21 £ 3 XU Fr i
WA AR CBF B3 T, 5 Francis 0 % 1 sh &
U L3 i MRT A58 4k & i J A MS f8 35 1Y 45 21—
. T Debernard 2517 3% F ASL 7 3 9% & B RRMS
HBFE TR K BT CBF F 5 X% B4 He e 25 7 B 48 it 7
N, R S REAR B O, B RT BBt VE R R T A AN TR
FrER . BRFETE S 220580 & B, KA o) 8 ok 2 5 11 Bifi
FHCHN X 245, AHF5 RRMS 5 % 35U i CBE 14K
TR 3 T B A A AEAE M 22 oe i i

AR I RRMS &5 WK ARS8 S
EDSS #F43 4 JE B A Xt 5 Quarantelli 251 BF 5T
S5 S — B0, PR R I 0T A FRT00 5 i ™ R A
JEPEAIAR . Debernard 2N Sk B IR £ A5 ik 25 46 19
RRMS £ # CBF Cf7EW i F %, H 5 EDSS T M
LI RRMS 8 35 75 9 9 509 3 ¢ Jo BV A 4 Az
PRS2 N N 1 S ./ 1 W ol R % N A Wl 1 ol
CBF 5 SDMT,RAVLT-IR i 4y & iF # %, SDMT
S — T AT 55 T B T AR LIS Ak B 5 D) B A0 b Je%
MEZ 5, RRMS B % SDMT 4> 5 I ik 14 1L F
CBF 5 #H2&M:, vT A8 5 e il 157 F &1 00 bR 4 3 ) A
SEABE TN 5 A B A OG . e G R AR R E
B, W0 i AT R 7 A B A, DT 5 B0 SDMT 31 43 U
k. RAVLT-IR Z$i Jz e 323X % 2% 2 85 B e 1 fil
BIZICAZ T e . ASBFSE o RRMS B3 B il M BRI
B S RAVLT-IR AH G, #E B i 5 5 ol A8 ol nf
T 2% 21 3 4 B A B ZCAZ 68 T BR AR . AR E & B
RRMS 415 %F B4 %€ 3R i {2 (RAVLT-DR,CFT-DR)
P25 5 o gt it 2= 2 3, i Bl 214212 T BB (RAVLT-
IR.CFT-IR)FA7E W 5 T [ . B BT i R B 3 1y id 12
B A LA A2 2 0 R 3 L G W1E 12 22 K A2 46 Bk g 40
T, PR MS 02 B g R R TN R 1) —Fh, 5
Benedict £ HF 57 — 3K,

Zi BRT ik, VBM Bk & 3D pCASL #] ¥ i 2 7~
RRMS f 3 Hibi T 58 B 5T AR AR R 2 S 6 i X 5 i
WK BRI N R Sid et ieZ moa X, —E A
YR TN MS B 21 ) A8 2 15 BURFE AR .

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[ 5% 3k ]

FEOF X SC, RN, AL B A8 R B R g R I R B AR 5K K 2R
W 22 P VA 0 2R B . P B 2 AR 4R 2016, 32(7):
1010-1014.

JBRE , 2= WK A, AP AR ST A5 2 kMR AR B R A R 1
B E E AR AR, 2018, 34(3) 1 444-447 .
Benedict RH, Ramasamy D, Munschauer F,

MRI ff 5% #
et al. Memory
impairment in multiple sclerosis: Correlation with deep grey
matter and mesial temporal atrophy. J Neurol Neurosurg
Psychiatry, 2009,80(2):201-206.

Selchen D, Bhan V, Blevins G, et al. MS, MRI, and the 2010
McDonald criteria: A Canadian expert commentary. Neurology,
2012,79(23 Suppl 2):S1-S15.

Damjanovic D, Valsasina P, Rocca MA, et al. Hippocampal and
deep gray matter nuclei atrophy is relevant for explaining
cognitive impairment in MS: A multicenter study. AJNR Am ]
Neuroradiol, 2017,38(1):18-24.

Trapp BD, Stys PK. Virtual hypoxia and chronic necrosis of
demyelinated axons in multiple sclerosis. Lancet Neurol, 2009, 8
(3):280-291.

Popescu V, Klaver R, Voorn P, et al. What drives MRI-
measured cortical atrophy in multiple sclerosis? Mult Scler, 2015,
21(10):1280-1290.

Minagar A, Barnett MH, Benedict RH, et al. The thalamus and
multiple sclerosis: Modern view on pathologic, imaging and
clinical aspects. Neurology, 2013,80(2):210-219.

Batista S, Zivadinov R, Hoogs M, et al. Basal ganglia, thalamus
and neocortical atrophy predicting slowed cognitive processing in
multiple sclerosis. ] Neurol, 2012,259(1):139-146.

Debernard L, Melzer TR, Alla S, et al. Deep grey matter MRI
abnormalities and cognitive function in relapsing-remitting
multiple sclerosis. Psychiatry Res, 2015,234(3):352-361.
Francis PL, Jakubovic R, OOConnor P, et al. Robust perfusion
deficits in cognitively impaired patients with secondary-
progressive multiple sclerosis. AJNR Am ] Neuroradiol, 2013,
34(1):62-67.

o, AT AL FE, A5 ARSI IR B0 A P DA RN B g B A 1 45 A
S5 D BB R L IR BT 5T I R AT 2% 2 3K, 2014, 33 (5):
657-661.

Quarantelli M, Ciarmiello A, Morra VB, et al. Brain tissue
sclerosis:

relapsing-remitting multiple

2003, 18 (2):

volume changes in
Correlation with lesion load.
360-366.

Debernard L, Melzer TR, Stockum SV, et al. Reduced grey

Neuroimage,

matter perfusion without volume loss in early relapsing-remitting
multiple sclerosis. J Neurol Neurosurg Psychiatry, 2014,85(5):
544-551.



