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Structural and perfusion changes of cingulate cortex in
patients with relapsing-remitting multiple sclerosis
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(Department of Radiology, the First Af [iliated Hospital of Chongqing
Medical University, Chongging 400016, China)

[Abstract] Objective To observe the changes of structure and perfusion of cingulate cortex in relapsing-remitting multiple
sclerosis (RRMS) patients and the relative correlation with cognitive scores, and to explore the impacts of changes of the subarea of
cingulate cortex on the cognitive function of RRMS patients. Methods Totally 28 RRMS patients (MS group) and 28 healthy
controls (control group) underwent brain MR scanning with 3D-T1W and 3D pseudo-continuous arterial spin labeling (3D pCASL)
sequences, and all subjects were cognitively scored. The cortical thickness and cerebral blood flow (CBF) values of 8 sub-regions of
cingulate cortex were measured and compared between 2 groups. respectively. The correlations of MRI measurements and
cognitive scores were analyzed. Results Compared with control group, CBF in the left anterior caudal of cingulate cortex,
left and right isthmus of cingulate cortex and posterior cingulate cortex decreased (t=—2.28, —2.95, —2.13, —2.66,
—2.04, all P<<0.05), the left and right isthmus left posterior of cingulate cortex became thinner, and the right rostral
anterior cingulate cortex increased in MS group (+=—3.01, —3.05, —2.41, 2.07, all P<<0.05). The cognitive scores of
RRMS patients decreased (all P<<0.01), which were correlated with CBF value and cortical thickness of some sub-regions
of the cingulate cortex (all P<C0.05). Conclusion Atrophy and perfusion changes occurred in some subregions of the
cingulate cortex in RRMS patients, which might lead to cognitive impairment.

[Keywords] multiple sclerosis, relapsing-remitting; gyrus cinguli; magnetic resonance imaging; cognition disorders

DOI:10. 13929/j. issn. 1003-3289. 2020. 11. 002

EREZMBLZRAMBELEENTRE
EMETTH

FoOMLERAMET R F L SRR AR, SRR
CH DR B M 55— BE BE RS BL TR 400016)

(i ZE] BH WEE LML LM (RRMS) B 0 52 45 W X 25 0 R e i A KR 5 DA 0T 43 (9 A 56 T
PRUT 0 2 2 30 DX 45 48 SV B X RRMS SBE WA RE A2 . ik X 28 fil RRMS & (MS 41) Fil 28 4 fi FE XT
B O6 BR A1) SR 3L /51 3D-T1WI M 3D thi% 22 8l Ik H BEARIC (3D pCASL) ¥ 81 MG, 2647 A HIPE 43 5 b 2 48] XL 4n
R 2 8 AN DX 2 RS B R IfiL i it (CBE) , 43 BT MRI S 805 N HIE 43 Z B A G M, S5 R A LU XS B 4L, MS 41 22 )
S0 1 2 FR 0 L 20 M R0 A DU 07 1 J2 03 % S5 0 i )2 CBF (A% (1= —2.28,—2. 95, —2. 13, —2. 66,—2.04,P
<20, 05) , ZE M FNAT 0 410 7 J22 0k 368 B A0 00 J ety Bz J22 74 b oA 0 T 0 2 2% W B J TR B (I 4 i (1= — 3. 01, —3. 05,

[E&TE] &K A5 5 AR R I H (estc2018jeyjAX0584) ,

[E—1EHE] A (1995—) , L, ERRm IR+ . BFSEJ5 ] M AR 2412 W7 . E-mail: 18883936573@163. com
(GBS 1EE] ki, 5 PR B R B8 55 — & Be i £, 400016, E-mail: lymzhang70@aliyun. com

[W# B HI] 2019-10-22 [f&E HH#I] 2020-09-09



H [ BE A AR AR 2020 4E58 36 %5 11 8] Chin J Med Imaging Technol, 2020, Vol 36,No 11 e 1607 -

—2.41.2.07, P ¥<C0. 05) ; HINIE E0UK (P <20, 01) . MS A FITE4> 53047 J 2340 W X, CBF i K J% )2 2 B A7
TEFRAE (P ¥<<0.05) . 4518 RRMS B3 407 K 2350 0 X 30 00 25 45 FE 19 o028 ml BB 3 BOA AT B R 3
[XgRA] kMl 2 5ZME,; 0 w3tRRIE; AR

[FESES] R744.5; R445.2 [XEKIRIREG] A

% kP Ak (multiple sclerosis, MS) & H#X #f &2
R RVEWERERI BN, Ry h F AR IR Q) 05 M BUak i 32
JE T, 40% ~65% 1 MS 8B EF LN Z /.t
AN AT MS B35 K 5T 3 el AR TR K o 1
B i G FR 48 9 F0 B )2 25 4 5 A 1 ) i
MCREYD A R EB G RGN A
22 W Papez R H AR Ry SC B 223007 2 515 4576 o
IR KONt AR 2L 2 07 T A B0 BRI BE L A H A
W2 G T MS HE 1A Rz J2 W DX X A Y S el
M58, A WF 5 I B K 9% i B MS (relapsing
remitting MS, RRMS) 147 {2 J2 45 W X 5 k) FIE 1 ok
A5 T FL5 NN VE 43 0 AH OC M L L8 3 46 4 A8 X RRMS
BE N DI RE I R
1 &RS5HE
1.1 —fR%R IgE 2016 4 5 J1—2018 4E 10 A 28
i) 5 S 5 B R 2% B A 28 — B B I R 2 Wi RRMS
B H (MS 4>, 5 10 ], % 18 fi], 4F#% 18~60 %,
B (40, 1+14.3) % . AR UE . OARYE 2017 FFEIT
f) McDonald #5772 W RRMS; @ % ¥ MRI 71 i 41
SULFAE MS S kb 010G Bt x| o 458 BE  Ff 9 60 I 2% 4
O BEAE JC M 1455 oG i Jge 46 M 28 R e o . HERR
bt O 3 A~ A A i FBE R Fi E skl MS & & 55
QREMG R K AE; OMR KB &ZE ZIE, B 28 4
RSB E R4 LB 94 . &
19 %, 4 22 ~60 %, F 1y
(37.3414.6) % ; BRAE TP & 4G
PP s, T M2 R G SE IR, A A
T WA B #2222 45 B PR AR AE , A
MRI K WA B 5% . BT A 2l #H
B R T, AHIESE 4 B5 B R 2
O 22 00 45 it e (HE e 5. 2016-
67) i HE BB AN B .
L2 fX&#/5HmE RH GE
Signa HDxt 3. 0T MR $9#i{%,8
3 TR 45 B A o Sk B LR L R A2
T R P R T
H#ES 83D thif L sh ik B iébs

i, ( pseudo-continuous arterial

[XEHS]

1003-3289(2020)11-1606-05

spin labeling, pCASL),TR/TE 4 521 ms/9. 8 ms, &
% 155°, fr ic 4E 3R B[] (post label delay, PLD)
1525 ms,FOV 24 cm X 24 em, 8 BE 512 X 8, JZ )%
4 mm, S E] 4 min 22 s, HRAE 60 M K14 5 Al £L
3D-TIWI, TR/TE 8 300 ms/3. 3 ms, B4 1 12°, K 4
256X 256, FOV 24 ecm X 24 c¢m, 2 )& 1.0 mm, 2
%156,

XF A2 IR BT INANPE AL, DACF T BE I 59 (digital
span test, DST) AL 38 1 A1 G B A2 68 11 5 DL
5 % M % (symbol digital modalities test,
SDMT) Al 7 5 1 s BAL R B R FH Rey Wi
18 1 2% 2] M & (rey auditory verbal learning test,
RAVLD AL 5 15212 . A2 4% B I 92 42 7% 4 3R [o]
1¢ 5 Uk Rey-Osterrich & 2% K JE Ul % (complex figure
test, CFT) ¥ A B 58 25 6] 45 ¥4 fE 71 A0 0 52 ic 12 fig
J X RRMS BB A7 B 5% 5k 45 B 3 (expanded
disability scale score, EDSS) FE47,

1.3 $iELAHE R GE Function Tool ¥4 4b ¥
3D pCASL $u¥& . 38 45 i 1L 3 & (cerebral blood flow,
CBE)KE, Ll Matlab - SPM 8 #{ #E 17 [ 1% 1 4b
B O S5 M 15 5 0 R T e ; @ % CBF [&IC 1 2
S0 R IR 1 429K 2% BF 5% BT ( Montreal neurological
institute template, MND JFRIE RG2S 8] R4S B HE 5

2

1 RRMS H#& .42 % i E)5 CBF K B2 fdEGREEL,.26 % EiES CBF K



+ 1608 - b [ BE 2 AR R 2020 4R 36 %45 11 81 Chin ] Med Imaging Technol,2020, Vol 36,No 11

) CBF EI(E 1.2); QF . %
A Freesurfer % {4 Chttp://
surfer. nmr. mgh. harvard. edu) X}
3D-TIWI #E 47 7 b # , 4 45 & B
KB A E A 25 R AR 25 A
HEPSAEE e Sy NI AR
M B B 24530 X (& 3) Y B
JERETE N % R, A Matlab -
£ 1 RESTplus Chttp://restfmri.
net/ forum/RESTplusV1. 2) # 4 %t
FUG Z 0] (I 3R 25 S A T IR
1.4 it 8 >k SPSS
22.0 Gt oyt . 45 & IER
M EFERER A 4+ s £oRw LIt
BOGORUA FoR . DA FE A
KB HE 2 4 1) A O A K
MRI 2801 22 5, LA o K 3 L 38
BRI PR oy A . R Pearson #H
KA AH S B MS 41 MRI 24
Re— R 5 NI 1Y K &R . P<<0.05 A Z 5 A48
TR,

2 #R

2.1 2 H— MR SOAN R 25 R LA 2 dAR I
(t=0.73, P=0.47) M5 (* =0.80, P=0.78) Je #
HHER(t=—1.92,P=0.06) 2R ¥ LG it% & X,
MS 4H B E T 1~ 16 4E, F 34 (5. 73 £ 4. 62) 4E;
EDSS 45 (4.50 1. 86) 4r. 2 41 [a] DST,SDMT,
RAVLT K CFT NIV 2R A S22 B L (P 1
<0.0D), WFE 1. MSAHA B HEFIH®E DST (r=
—0.60) . SDMT(r=—0.54)  RAVLT(r=—0.49) }&
CFT(r=—0. 3D 2 MM K (P H<0.05) B FER S
DST(r=0.55) .SDMT(r=0. 53) \RAVLT (+=0. 66)
S CFT(r=0. 7D 2 I1EAH X (P #<C0. 05),

2.2 MS W07l B2 T LA E 5 IRA
AH B MIS 41 26 M0 A s B2 J2 R 0 S0 iy iz )= ige 8
KN JE i K 2 CBF {E IR (P ¥<20. 05) , L3R 25
FERUAN 10 iz J22 e 38 B 2 ) J5 iy e J2 72 ki, A i

B3 R s R M OR B AL ZE T B )2 T DX B € R B0 B B R A
T B2 R L V@ R A0 B2 @ B R W s B A M B R XL R A
JZ WS L0 T AT B SR 0 O R T B TR E (0 1 B )2 e

FIIH Bz 2 W e 2 R BE B (P ¥45<C0. 05) , L 3,
2.3 MS AN |2 CBF 5 K& Bz )2 8 B 50 53F
[ A SEE MS 41 DST 1435 22 0 1145 iz J2 ik 356
A S dn 8 2 2 CBE i 52 1 AH 6 (r=0. 32,
0.37.0.29., P ¥1<C0. 05); SDMT -4y 5 Z= il fiif 1 7
2 R 0 We B L 5 Al 2 )2 (r=0.32.0. 29,
0. 44) A7 M 0 7fy e &R Ko J5 s Je )2 (r=10.37.,0. 39)
CBF {5 1A 56 (P ¥1<C0. 05) , H. A5 2205 403 1 )2
JERE R IEAH O (r=0. 33, P=0.02); RAVLT 5 45/l
Fiar fz 2 0 EB R B 52 IE AH OC (r=10. 46, P<C0.05);
CET 5724y je 2 i i J2 B 52 IE AH G (r=0. 27, P
=0.04) ; HAx MRI Z 805 AR 43 T BAHSC (P 3
=>0.05), L& 4,
3 itig

MS BE AR 2 P 05 . BT T 3 % I
PR A% e B2 18 K TN 0 T R 114 52 i) 348 ¥ 32 ) 5 A0 1 10
B2 Z W08 MS NHI R AR MDD, e je 2
SN S R G B NS € AL BURSE 38 Bl A

F1 MSHSXMABANATES Gy, 2+

28 51 DST SDMT RAVLT RAVLT %ER CFT CFT #ER
MS 4 (n=28) 12. 7942, 56 44.00415. 23 39. 25413, 07 6.29+2.51 18. 5444, 45 15.98+4. 96
X B (n=28) 15.43+2.22 57.52+15.75 51.04+12. 15 8.5043. 20 22. 645,35 21.27+5. 84

t 1 —4.13 —3.27 —3.49 —2.88 —3.12 —3.65

P1{E <0.01 <0.01 <0.01 <0.01 <0.01 <0.01




H [ BE A AR AR 2020 4E58 36 %5 11 8] Chin J Med Imaging Technol, 2020, Vol 36,No 11 e 1609 -

2 MSH S5 BAINH 2 JZ W IX CBF 4 [ml/(100 g + min), = & ]

Zefl
2059

£

BT B2 G B4l B2 )2 R 4naiF SRR )5 mal B R

AT B2 G B B2 R 0 SRR R A SR

MS %4 (n=28) 51.21%21.73 53.62412.22 58.314:9.87 62.53+=12.48 51.8845.36 53.9949.40 57.17411.96 58.69+=11.79
X HAZH (n=28) 48.30449.65 62.24+15.85 68.17+14.7172.17414.59  51.35+39.02  59.94414.47 64.41+13.46 66.22+15.56
1l 0.28 —2.28 —2.95 —2.66 0.06 —1.82 —2.13 —2.04
Py 0.78 0.03 <0.05 0.01 0.95 0.07 0. 04 0. 04
3 MS 45X BBA A WX R 2R A (mm, 7+ s)
A i
21
U 1k 081 S K 0=t T i o= < S K 0 = N1 B ) 0 = T B =9 2 K =] S O S 1
MS 2 2.64+0.23 2.59+0. 23 2.2140.19  2.4240.12 2.784+0. 21 2.4740.18 2.2240.19 2.4240.18
xif AR 21 2.60+0. 22 2.610.16 2.34740.14 2.5270.19 2.6720.19 2.4820. 14 2.3640.16  2.4720.14
ol 0. 65 —0.39 —3.01 —2.41 2.07 —0.25 —3.05 —1.39
P4 0.52 0.70 <0.05 0.02 0. 04 0. 80 <0.05 0.17
# 4 RRMS BFHN )2 CBF (8 &2 8 5 IA A RIF 53 B AHCPE T 45 31 [ (P ]
ZH DST SDMT RAVLT RAVLT #EiR CFT CFT #EiR
M
ZEMNHG 0 B 2 R 0.24€0.09) 0.32(0.02) 0.13(0. 35) 0.17(0.23) —0.05(0.70) —0.06(0. 65)
e FNAT R J2 e 8 0.32(0.02) 0.29€0.03) 0.07(0. 60) 0.17(0.22) 0.24(0.09) 0.18(0.18)
LM N j 2 0.37(<20.05) 0. 44(<20.05) 0.13(0. 34 0.16(0. 26) 0.14(0.33) 0.12(0.41)
A s 2 e S 0.19¢0.17) 0.37(<20.05) 0.12€0. 40> 0.17¢0. 21> 0. 16(0. 26) 0.1000. 49)
A 0 i 2 0.290. 04) 0. 39(<C0. 05) 0.07(0.61) 0.22€0.11) 0.23(0.09) 0.19€0.18)
2 )&
Ao N g )2 e i 0. 06(0. 66) 0.15¢0. 28) 0. 16(0. 26) 0. 08(0.59) 0.27(0. 04) 0.27(0. 05)
LM 0 B 2 0.07(0. 62) 0. 33(0.02) 0.2000. 14) 0.17(0.22) 0. 09¢0. 54) 0. 10€0. 46)
A M R )2 e 0.16(0. 25) 0.23(0.09) 0. 46(<20. 05) 0.16(0. 25) 0.21(0.13) 0.22€0. 11
A MR 10 1 )2 0 A —0.16(0. 24) —0.17¢0.21) 0. 03(0. 83) —0.070.61) —0.26(0. 06) —0.260. 06)

G ERAE B, B A 4 PR IE(E B % A, 3D pCASL
Hiki E 3 AR AT JC 5 X L R T B A I CBE, P4k 85
JT SO E AR AR 3D-T1WT BE W 7 iR 40 45 7 , 25
1] 43 SR A v L X2 W o 22 AR G R BT BN
ARBFFER A 3D-T1WI Al 3D pCASL figi # 1 s AR W 22
RRMS & i Je J2 454 A A8 40, 91 0 i H 500
T REVE 43 1 AR S

4k R A MS BB R0 2 A i 2 R A
CBF {8 JCHA & e A5 1 £ & I 0 R i RRMS &
KU 10 B J2 T A AR AT 45 SR R L RRMS
B ZE O T R 2 R SO 0 ik 3 K XU I
i K S CBF B IS, AT B8y IR B8 405 B 3. 76 1E % 1
AN K L ASL I £ i CBF {8 5" F-FDG PET ] &
(14 ik 43 70 A1 35 ) D 23R 22 D) A7 7 R I B AR DG L il
ASL ] 8] 3% F We 2 20 oo ds . MS B35 K 52 35 ]
FE 2R S TR 8 005 B8 4k 2 T E S 40 B I 48 4D
TR I AR 0 30 2 72 e AR B S A A A S DT B Bk

06 P 0 7 R0 4 AR A

A G5 25 R 4% U T LS B n RRMS fiT 8% )2
9o B k28 B AU, STEENWIJK 28150 % 31 MS i
OB J5 A1 i 2 R B D8 AIG s GEISSELER %607 4 1
MS f5 5 R 0 B 2 B ot A8 . AS B Y 45 2R R
MS 21 XUty e 358 B 2 ) & 07 e 2 78 3, T A
AT B 2% W0 B2 3 1, 40 5 2 1R F RRMIS JR
R TR g e SRR TE =2

AR5 MS 21 5 felt e X B 2 18] A 000 22 S 77
FEGIT 8 S, AR 5 B BE B 2 IEA G,
AR R 6. KESER 257 % 8045 0 $n i fz J2 ik
55 BT AT AR 23 £ A6 AH G M 20 1 Bz J2 e
5 HREICICRE T 2 A G RRMS B3 {5 18 Ab #5k B
R IN) 5 A 05 B 2 (0 ZE 4 A T AR BIF 5T 4G AR
R, RRMS 85 1 5 77 A5 B A 21 B2 32 51 5 il
B2 HETE T B A & L T C 2 B i 5 407 J R B A L,
SREAERR g B AT BT AL R R REAE T4 A



+ 1610 - b [ BE 2 AR R 2020 4R 36 %45 11 81 Chin ] Med Imaging Technol,2020, Vol 36,No 11

1] RRMS 3 F2 S A8 NS A e 25 5

25 iR . RRMS (5 1037 J 23840 W 1K H 0 2% 4
FE O IR P BE S BON M D) e . AWFoT ) 22
JRI B OFEAS I/ s @ R AR A AT 43 % RRMS 835
WE—20r 4 O K sh A M€ RRMS 2  H1a f )2 481k
KR I I RAE AR OSSR R A it — 2D SR

[ 5% 30k ]

(1) ARKE . 2 Rk 0 AL B A 0L IE 8 I BT X MIRT R T J (0] .
BE2E AR R, 2018, 34(9) :1414-1417.

[2] JONGEN P J, TER HORST A T, BRANDS A M. Cognitive
impairment in multiple sclerosis[J]. Minerva Med, 2012,103(2):
73-96.

[3] HOJJAT S P, KINCAL M, VITORINO R, et al. Cortical
perfusion alteration in normal-appearing gray matter is most
sensitive to disease progression in relapsing-remitting multiple
sclerosis[J]. AJNR Am ] Neuroradiol, 2016,37(8):1454-1461.

[4] DEBERNARD L, MELZER T R, ALLA S, et al. Deep grey
matter MRI abnormalities and cognitive function in relapsing-
remitting multiple sclerosis[J]. Psychiatry Res, 2015, 234(3):
352-361.

[5] KESER Z, HASAN K M, MWANGI B, et al. Quantitative
limbic system mapping of main cognitive domains in multiple
sclerosis[J]. Front Neurol, 2018,9:132.

[6] AKTAS O, WATTJES M P, STANGEL M, et al. Diagnosis of
multiple sclerosis: Revision of the McDonald criteria 2017 [J].
Nervenarzt, 2018,89(12):1344-1354.

[7] van SCHEPENDOM J, DHOOGHE M B, CLEYNHENS K, et
al. The symbol digit modalities test as sentinel test for cognitive
impairment in multiple sclerosis[J]. Eur J Neurol, 2014,21(9):
1219-1225.

[8] RIDENOUR T A, DEAN R S. Parkinson s disease and

neuropsychological assessment[J]. Int J Neurosci, 1999, 99 (1-

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

4):1-18.

RSO, R, Wk A, 45 = HE g Ik A BEAR 12 PWI T4 X8 25 955 &
ML AR E I AR ] P B AR, 2018, 34
(4):495-498.

FRANCIS P L, JAKUBOVIC R, OCONNOR P, et al. Robust
perfusion deficits in cognitively impaired patients with secondary-
progressive multiple sclerosis [J]. AJNR Am ] Neuroradiol,
2013,34(1):62-67.

HOJJAT S P, CANTRELL C G, VITORINO R, et al.
Regional reduction in cortical blood flow among cognitively
impaired adults with relapsing-remitting multiple sclerosis
patients[J]. Mult Scler, 2016,22(11):1421-1428.

CHA Y H, JOG M A, KIM Y C, et al. Regional correlation
between resting state FDG PET and pCASL perfusion MRI[J].
J Cereb Blood Flow Metab, 2013,33(12):1909-1914.
NARAYANA P A, GOVINDARAJAN K A, GOEL P, et al.
Regional cortical thickness in relapsing remitting multiple
sclerosis: A multi-center study[J]. Neuroimage Clin, 2012, 2:
120-131.

DEBERNARD L, MELZER T R, VAN STOCKUM S, et al.
Reduced grey matter perfusion without volume loss in early
relapsing-remitting multiple sclerosis [J]. J Neurol Neurosurg
Psychiatry, 2014,85(5) :544-551.

STEENWIJK M D, GEURTS J J, DAAMS M, et al. Cortical
atrophy patterns in multiple sclerosis are non-random and
clinically relevant[J]. Brain, 2016,139(Pt 1):115-126.
GEISSELER O, PFLUGSHAUPT T, BEZZOLA L, et al.
Cortical thinning in the anterior cingulate cortex predicts
multiple sclerosis patients’ fluency performance in a lateralised
manner[]J]. Neuroimage Clin, 2015,10:89-95.

RICCITELLI G C, PAGANI E, RODEGHER M, et al.
Imaging patterns of gray and white matter abnormalities
associated with PASAT and SDMT performance in relapsing-
remitting multiple sclerosis [J]. Mult Scler, 2019, 25 (2):
204-216.



