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Dynamic contrast-enhanced MRI for microvascular abnormality in
patients with relapsing-remitting multiple sclerosis
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[Abstract] Objective To quantification of the permeability, perfusion and histogram parameters and its correlation with
expanded disability status scale (EDSS) and disease duration in relapsing-remitting multiple sclerosis (RRMS) using dy-
namic contrast-enhanced MRI (DCE-MRI). Methods Totally 27 patients with clinically definite RRMS underwent the con-
ventional MRI and the DCE-MRI. Postprocessing was performed by using a Tofts model. The imaging biomarkers were
quantitatively measured, including volume transfer constant (K"*), cerebral blood flow (CBF) and cerebral blood volume
(CBV) of the lesions and normal-appearing white matter (NAWM) regions. The correlation between imaging biomarkers
and EDSS and disease duration were also analyzed. Results (D The K" of contrast-enhancing (CE) lesions were signifi-
cantly higher than that of nonenhancing (NE) lesions and the NAWM regions both near and far from NE lesions (all P<<
0.001). The K" of NE lesions were significantly higher than that of NAWM regions ( P<0. 05). @ The CBF and CBV of
CE lesions were significantly higher than NE lesions and the NAWM regions both near and far from NE lesions (all P<<
0.001). @ The histogram parameters showed that the skewness coefficient of NE lesions had no significant differences with
CE lesions, but the latter were more close to normal distribution. The kurtosis prompts that the peak of MS lesions were
lower than that of normal distribution. @ The K*™*, CBF and CBV were not significantly correlated with EDSS and disease
duration (both P>>0.05). Conclusion The DCE-MRI combined with Tofts model can be used to show the microvascular
permeability, perfusion characteristic and the hemodynamic abnormalities of the lesions and NAWM in patients with
RRMS. Moreover, the histogram may be helpful to distinguish different MS lesions.
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NAWM Bzt # #5 it NAWM (o = 24. 771, P<T0.001) 5 4E 58 Ak g Ak 09 Ko {5 B W 5 T 5k 2% NAWM 5 3 5 9 4
NAWM(P ¥<C0. 05), @##fkigitny CBF.CBV B & & T ARk 1b itk & NAWM, {H3E 58 k% 4k i9 CBF,CBV 5kt 55 |

B NAWM 1y

FETGEI 2L (P =>0.05) . @B I7EIEER B F 5 A Ak 1) fi BE (8 -5 5 A0 0 kb 1) 25 57 TR 48

T ARG #5304 2R T IR A 40 A s W 1 06 B E R F IE & 0 A i 1g . @K™ .CBF.CBV 5 EDSS ¥ 4 & 9%
YA I (P> 0.05), i DCE-MRI 454 Tofts BRI A] I 78 MS Rk & NAWM (i 88 LTS . H

7 U RERE MS A (7935 k26 780 ) 260 ) ELAT — 5 1 45 )

(R SR LR B R s Tolts BEAL 22 & MERE AL 5 7 1A

[FESEXS] R445.2; R745.1 [X@K4RIREE] A

% J R4 (multiple sclerosis, MS) 2 Il JRK # UL
18y T X il 28 2% 0 0 A A 0 B TP R AR AR PIL R
WANTE AR L 3 A 88 9 G 3L R 1% (dynamic contrast-
enhanced magnetic resonance imaging, DCE-MRID) &&
AT Aok K 1) — B RE JC BN L n] g B VAL A LI B A
SRR . HETXE MS 35 % 1 1 R 21 DCE-
MRI fF 53 413 8 0 A BF 55 1l DCE-MRI 45 &
Tofts BRI PEAT J5 40 BE, € 550 At MS i kb i i 45 2
7 HETE X T B S8 R MS ikt KB BLUIE & B
(normal-appearing white matter, NAWM) X Ji # 4=
PP,
1 #RERE
L1 —fegert Bk s BT 2014 45 1 H 2015 48 6
H FRBE s R i 12 19 &2 k-2 il 7 MS (relapsing-remit-
ting MS, RRMS) 27 #], ¥J3% /& 2010 4£ McDonald Il
RS Wibs S b % 17 9], 55 10 M), 4 % 19~ 78
BB (42.9 2 15.6) %, I R JR AR BOR S 1 R
(expanded disability status scale, EDSS) #43 0 ~5
Sy AR 1.0 4. SR 0.25~16.5 4E, i ¥ 4.5
A, TEFESZ MR KA Ak T 22 fif 30 22 491, i PRAE AR
SRS B KA 3 DA BIREZ MR IR, BEY
T R L5 9 B Pt P R S 7 o I AT AR A A
KEZANERE.
1.2 {X#5%1% KA GE Signa HDxt 3. 0T MR %
G )k ER 8 H T AH A B W8 . AR O B AL AR
T1WI FLAIR, T2WI FLAIR, TIWI DCE-MRI LI X
TIWI & BB . 5 # MR H4# /517 DCE-MRI J &
R 3D TIWI AR 3 4 46 B 1819 (spoiled gra-
dient recalled echo, SPGR) J¥ 4 Jc17 Z Bl 4% 1 (3°.6°,
9°\12° 15°) Al . FEAT X LR Bl A4 . AT =) SR
% M Spectris Solaris EP MR % & JE 1 51 4% 13 5 %
FEFR) o b 390 SR FH L BURE 1 5 W CBR S 32) o 28 I i ik
HE I 0. 2 ml/kg IR R &L % 2 ml/s, 4T 52 5
JE SE RV 20 ml AR 3 ER K DU [ S8 gk i 452 4 18
F I A T T LR ] IS S A . X EE G SR A S A
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¥ 256 X160, NEX 1, TR/TE=6. 664 ms/2. 8 ms,
FOV 24 cm X 24 cm, JZJE 5 mm, =5 [0 7> B %
1.5 mmX0.9 mm X5 mm, I} [8] 2 3¢ 0. 1431 s, &
TE I B0 AR 12, LU 2 4038 Sy rpols 2R 494 12 )2
X LB SRR ) 4 min, B 6 s,k 40 M, SR 4R
360 Wi % . LI T2WI FLAIR 4 &A% 5 6 4k (42 >
5 mm) $0VE R A WF 5% fie 2 98 A 9 kb5 5 Ak R kb 9 5L
KR F AL TIWT 35 77 51 (R84 7 HI i

1.3 A RAH Omni Kinetics 34 #4718
B EES T O R Tofts BLAL 7E L RIRFE N
PEFE ROT 2 il i i) -k B2 th 2. @ 45 531 28 B 14 i £k
9 kb L AR B 5 o kR L &k 5% NAWM K d B 9 b
NAWM [X 352 il 2 4~ ROT, 3% BUZ e G 08 232 %
SR FREE R W B (volume transfer constant, K'™)
S 2 R0 A0 85 I I 3 A Ccerebral blood flow .
CBF) . i Ifil. 3% & AL (cerebral blood volume, CBV),
OFRIBsR A kL AE 3 5 kE 1) BT B S 8. @Al
DCE-MRI & &% JETE . H 7 K 2505 EDSS K i i
ARG . ROT i 2 44 TAE 15 4F LU E Ay s 3 B B2 0
F-aha) i, 5 —ZOn U R e R R E . B kR <
5 mmfiE R AR NAWM X 3800, 2 B 0] A6 R Rk
i > 35k T s K EL 3k 1 A8 ) XA 38 B A NAWM
DI DAHEBR P A 2P 0 10 22 S S B0 1 BH P 45 2R
kg A B UE . BAR =5 mm G kg AT 5T L 5 B kL
T Ko H o Z T8 HEAT 20 ], ROT A K /N B 9 5k K /NS 24
P (FER 20~30 mm?*) ,

L4 it R SPSS 21. 0 8 it 84 X 41
P AT IR 2S00 A0 K 36 S O 22 S5 M Ar A A 0 L 45 2R R
BUR AR A IES 047, X K™ CBF.CBV Pl M(Q,
~Q R SAS 9. 2 Ge it 2 A X 0F 52 48 b 43 il
HFT7 Kruskal-Wallis H B M5, B Nememyi 32
7L R AP R A . X MS BB 3 5 Ak kb 5 AR 5 Ak i
e %) i 88 A % 06 R B LU 38R - Mann-Whitney U 3£
BORL g, AR AT SR Spearman AR, P<
0.05 AZFRAGLITFEE XL,
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s kRS 19 A4S, o I Ak 3
A G R 16 4>
2.1 MmEBESE WAL
kb K B G T AR SR AR kL L
% NAWM K it B W% 4
NAWMCP #<20.001) ; dE 5 4k
Joa kb g K B G g T b 55 R
TE B ik NAWM(P<<0. 05) . {H
Ikt 5% 55 O B A NAWM (1
K™ 22 R LGt 2 8 L (P>
0.05), W% 1. & 1,
2.2 WMEHEESE WAL
k9 CBF.CBV Bl & & F I ik

Wikt & NAWM (P ¥ <0.001), {H 9k 38 1k 5 & 59
CBF.CBV 54kt 55 i & 5 4k NAWM (1 2 5 L4t
2B (P ¥ >0.05), #k% NAWM [ CBF,
CBV (¥ 5B Mkt NAWM W2 R L5358 X

(P¥>0.05, W% 1.8 1,

B
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T1IWI FLAIR [#(A) , T2WI FLAIR & (B) , T1WI ‘# ¥ 5 35 49 4 [&]
(ORI () s K [€ (D) LCBF [ (E) ,CBV & (F) L AR KA ROT 1 7= 4k X, 75 8 ROI 2
R LSS NAWM, [ ROT 3 7% 38 B9 bk NAWM; 5 Ak A (20 8% (0) 1938 3 L T8 19 8 7 AL
25 it Bk NAWMCGE 2 €654 32) g bk Xl & 4 3k

2.3 RARE T EIREA B EISE R WoR s Ak A Y
i 2 1 S e B2 A 5 AR i Al k1 22 S B B e 2 3 X
(P 39>0.05) , {H5R A0 k- 04 e B (B 5 2300 T 1E A& 4%
i s P VA B A IR T IE S 40 A B (3R 2)

2.4 MM MS 8R4 4L A K, CBF, CBV
5 EDSS W43 Ko #234 JeAH M (P #5>>0. 05),

F£1 MSHALRIE R NAWM (838 TSI MQ.~Q)]
i H Krans CBF [ml/(100 g * min) ] CBV(ml/100 g)
5 AR kit 0.31(0. 24~0. 38) 29.96(23. 26~39. 80) 31.92(25. 62~45.99)
A5k b k- 0.18(0.10~0. 28) 9.66(6.16~14.07) 5.94(4.07~10. 55)
ikt NAWM 0.14(0. 08~0. 25) 8. 74(4.98~14. 81) 5.95(3. 61~10. 88)
% B9k ik NAWM 0.15(0.09~0. 25) 7.92(5.28~19.07) 5.75(4.03~11.02)
¥ 18 24.77 36. 31 50. 02
P{E <<0. 001 <<0. 001 <<0. 001
* 2 MS bkt S AR s A kB RS M(QL~ Q)
Ktrans CBF [ml/(100 g * min) ] CBV(ml/100 g)
i H
1t BE A U B (E ot £ {H U BE {E it BE U i
i TH 9 A 0.14 —0.79 0. 04 —0.62 0.11 —0.72
(—0.19~0.60) (—1.23~0.24) (—0.13~0.65) (—0.74~0.56) (—0.14~0.59) (—1.13~0.30)
5 Ak kE 0.27 —0.65 0.17 —0.57 0. 34 —0.70
(—0.22~0.55) (—1.16~—0.25) (—0.26~0.65  (—0.99~—0.18) (—0.10~0.65) (—1.13~—0.06)
VA —0.06 —0.08 —0.12 —0.35 —0.71 —0.13
P1fA 0.95 0. 94 0.91 0.72 0.48 0.9
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DCE-MRI J& %63 i 2§ 5 A SRt T1 (. X/
G F iR L B8 R JE 20 U AT — RV S S K
B ML R AR L ZUh 198 B BE ) il i 255 1M i 3l
F12E AR 5 S W SR R AL 25 3 SO T Ak S8
T S5z Bt Jey 38 2H 21 0 G906 B ¢ iE . DCE-MRI 45 & & F
BOEAAL T S A M XV TR R AT T R
FHASTR] (A 53 B AT 58 25 3 BN [6] ) [0) 2, L 45 A A Al
T FRAL 4 5. Tofts AR i fi 25 L 14 2 PR A5 7
CT 2N T & A S i H 2. Tofts 2 L
R R 1M 45 S AE A1 40 M A ] BR (extravascular extra-
cellular space, EES){E P JIiE . 7] 315 K™  CBF.,CBV
B ETE S8 WERR S e 2H 2 rb X L 3R] 7E R
(1475 Ak o DT T A1) 1 DA 2 200 BR D R A

MS J2 I PR 5 5 UL 1) v A Bl 28 2R 49 JId 6 38 5 0
2 B PR AR A A8 P I A B L b 9 T O K J5 4
FRAEOT M AN [ k1 95 B 2 AR R ] A SO
875 1% 2l k3 2 B M0 A A A b Bl R IR
G TS0 200 L 185 A= I A B e P kA T D L A
AT 68 AR VR 5K I iU SCOE 3R, A< 2 BiF 5 45
B EoRimAAR A K [ CBF & CBV B i & T3k
et ikt 25 NAWM 5 I 5 4 ik NAWM. 55 In-
grisch S Y AT Y 245 5 — B, X T AR 5 5 A0 kLA AR
A PP 5K T BOM A 8 G PR A ¢, ARG 3h
R e A A TR A L A, — o T 3 A D 2T
S8 5E T LA P 2 5 R 5 JR AR IE I B Y A
T APk . ARA LR BN AR SRR L 1 B i
EH & T NAWM, i 58 A0 & A7 75— i A2
M 3K s (B AESR A L A4 9 (B 25 S B B G i
SC 7 AR o A o B A 3 £ 455 T J5T 40 i 1 4 T
T JCH o3 1L A8 PR 2E . | T kb Ok TR L B S
NAWM o 775 34 R 0 /)5 J5e 5T 2 i 1) 38 22 K 5% 1 4 i
B ECE . BN R MS B NAWM
70 I e 1 B R F R T A S O S R E 1Y
PR A . Moll 57708 NAWM B 48 5
WL I BE B A O . A AL AT AT g e o Al SR AR
555 NAWM 53 g AR s AL i 1k ) NAWM 2 1 E
HAETE — & M 22 5. (R A OF 58 25 R R 9 4k 5%
NAWM (45 1% | HE 7 6 5 02 Bk 4k NAWM 1 22 57
TGe it oE 5 S0, T RE 5 A58 R 2 A kb 5 R 9k Ak
e kE IR AL S52 NAWM X 43 P20 M 5% .
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b o T 2 14 WA (R XA IR T A A A3 A Y

WS SR o A AR B E S80S EDSS 1T
43 Ko B JC B AR DG L AT RE 5 AR LB 58 F RRMS
R ER ST A TR L lm PRAE AR AN B A OG5 53 4, A
BN AR SRR AR D ] R R X — S5 2R

AW IE R B PE. A4l g AR TR
RRMS, J kb =240 T A 3 gl W, 36 3l 09 k520, T
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