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(HE] BB %9098 7% 50 A 8 (diffusion weighted imaging, DWD) 45 & 1K £ W AN T iz 3
(introvoxel incoherent motion, IVIM) ¥ £y W 35 4F il #H 7€ 955 5 A2 5 K 000 1% #2394 97 )5 1 5% 46 Chemorrhagic
transformation, HT) i 4 {5, A0 I R B 4L vl 8 T 1007 RARIES %, Ak [l iidE ok B 35 485 20k Sl v
i 2= ER 2 96 ], A e B ¥ 4T DWILIVIM K 2, 25 B4 ] A0 s ) 26 WL 3 85X &R % Capparent diffusion coefficient,
ADC) #1373 X (perfusion fraction, ) . P & WM HL FR L (pseudo-diffusion coefficient, D" ) . 18 i & M P~ 1L R 4L
(diffusion coefficient of pure diffusion, D), Jf: Xt £ S EU b 17 b5 L AL B . LU BAS [6) 95 1% 2 JR & rADC. rf D"
D A3 BT S K0S TP AR R ST 1 AR B AR DG . BRI AR YT )R IR AE B R R AE HT B ABEH rADC,
ri.rD* rD K HT A #8 bR & C(eystatin C,Cys-C) (£ 4k ik 5 5 4 3 (fibrinolytic protein 3, Ficolin-3) .
FMA CLq/ i g TRBE I 7 4H 52 26 19 3(complement Clg/ tumor necrosis faction-associated protein-3, CTRP-3) J/KF,
FH ROC MZ PP & S 500 b & 4 B AL IR IT G K48 HT MM . &R o 48 I 50 B35 A B i 282 0
ADC.[.D" D #{% Tl (P<<0.05) . T EEHH AR rADC rf\rD” (rD B T i B R A, BB A B
i rADC. rf rD" D PR T #H (P<<0.05) . ABElf rADC el rD" \rD 5 H 77 4F ALS Ji 1f B B2 5 74 56
(P<C0.05), %4 HT % rADC.rf.xD* (1D K Ifil % Ficolin-3,CTRP-3 /KF¥ K F £ & 4 HT B H %, Cys-C K
T TAREAE HT 8% (P<<0.05) . KA HT 8#F ABEN rADC.rf . xD” \rD 5 Il Cys-C 7K P £ fAH 3¢, 5 1l
Ficolin-3 . CTRP-3 /K1 1M1 (P<C0. 05), ABEft rADC.rf . rD* (xD BEA BN 3548 ALS E BT IR & 4
HT ) AUC K 0.943, K FIfiL{F Cys-C.Ficolin-3.CTRP-3 4 il i AUC(Z=0.195,P=0.043), &t DWI %
A TVIM 0] HH T o 35 45 i 8 20 03 1 18 B2 VA L O I R OIS MR 97 5 HT 09 R A= 2L 2 AR L DL X 1 Jre o I 22
HI7 A% HT &4 RS .
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The value of DWI combined with IVIM in assessing the severity of cerebral infarction in young
and middle-aged people and predicting hemorrhagic transformation after thrombolytic therapy
XUE Ming-chen, CHEN Zhi-tian, DING Chao, XIN Yi~
(Department of Medical Imaging s the First People's Hospital of Lianyungang City
Jiangsu Province s Lianyungang 222000, China)

[Abstract] Objective To investigate the value of magnetic resonance diffusion weighted
imaging ( MR-DWI) combined with intravoxel incoherent motion (IVIM) in assessing the
severity of cerebral infarction in young and middle-aged people and predicting hemorrhagic
transformation (HT) after thrombolytic therapy, with the aim of providing a reference for early

clinical targeting and intervention planning. Methods A retrospective study was conducted on 96
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middle-aged and young patients with acute ischemic stroke (AIS). DWI and IVIM examinations
were performed on admission, apparent diffusion coefficient (ADC), perfusion fraction (f),
pseudo-diffusion coefficient (D* ), diffusion coefficient of pure diffusion (D) were obtained from
healthy and affected side, and all parameters were standardized. rADC, rf, rD* and rD of
patients with different disease severity were compared to analyze the correlation between each
parameter and the disease severity of AIS in young and middle-aged people. After intravenous
thrombolytic therapy, rADC, rf, rD*, rD and HT-related biological indicators [ cystatin C (Cys-
C), fibrinolytic protein 3 (Ficolin-3), complement Clg/ tumor necrosis faction-associated
protein-3 (CTRP-3)] were compared between patients with and without HT at admission.
Receiver operating characteristic (ROC) curve was used to evaluate the value of each parameter in
predicting HT after thrombolytic therapy for AIS in young and middle-aged adults. Results
ADC, f, D" and D on the affected side were all lower than those on the healthy side at admission
(P<C0.05). The rADC, rf, rD” and rD of severe patients were all lower than those of moderate
and mild patients at admission, and lower in moderate patients than in mild patients at admission
(P<<C0.05). rADC, rf, rD", rD were negatively correlated with AIS severity at admission (P <C
0.05). The levels of rADC, rf, rD*, rD and serum Ficolin-3 and CTRP-3 levels in patients with
HT were lower than those without HT, while the levels of Cys-C were higher than those without
HT (P<<0.05). rADC, rf, rD" and rD were negatively correlated with serum Cys-C levels and
positively correlated with serum Ficolin-3 and CTRP-3 levels in patients with HT at admission
(P<C0.05). At admission, the area under the ROC curve (AUC) of the combination of rADC,
rf, rD” and rD in predicting HT in young and middle-aged people with AIS after thrombolytic
therapy was 0.943, which was greater than that predicted by the combination of serum Cys-C,
Ficolin-3 and CTRP-3 (Z =0.195, P =0.043). Conclusion DWI combined with IVIM can be
used to evaluate the severity of cerebral infarction in young and middle-aged adults, providing
reference for clinical prediction of the occurrence of HT after thrombolytic therapy, so as to carry
out targeted follow-up treatment and reduce the risk of HT.
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S0Pk g i P i A Cacute ischemic stroke,
ATS) il PR 5 UL 145 G A o AE 5 A 5 DX R
RIRIEIR B SR A 2 R T B NRE
ELT 4 R B AT A 3% kB 2 B 2 b AR N
ATS Je Az ARG TH L J8 I TS X T 24 ATS &
HRAF AD SRR, WA # S H I R
BT AR ALS (9 57 58 0] A RO B A 32
A I A 3 o A G R W DX, 4R A P e
R HA BRI R4 ALS A & FHE R
S AT 9 & ™ & O O M % 4k (hemorrhagic
transformation, HT) , ¥4 il J5 Z236 97 MEBE , 52w (L 3
WA Hk, RIS B ALS i % 7
IR HT XU HAA &R . 8 3E 3r vk 80 AL
A% (diffusion weighted imaging, DWI) 4% & 1K &
W A # + i 3 (introvoxel incoherent motion,

TVIM) Jg — Fift B 4 41§ BRI AT R IR 1A B Aol i A 8 1

R AR T A, T A BT AR B 2k g AEE Y, H
H Hi A A1 5% 6 T H X AIS KR Y I HT 0
FHANE 3 F 0 AR BF 58 B 780 B DWI 454 IVIM
Xt AR ALS 16 R B ORI IT e HT M TEAh
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1 AR5 H K

1.0 —fseRl Rk BEER 2021 4F 5 H —2022 4F
5 H e Be A B R AR ATS B 96 1, Horb 3 1
52 B, Lotk 44 B, RS 18 ~53 %, 14 (32.14 =
5.32) % K E 488K 20.3~25.5,F- 1 22.844+1.13; &
5 = ABERE] 2~6 h,F15(3.1240.48)h,
ARG 4 B BE AR H 2 5L S W Rt e A
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QBRI K ;s OQ4FEIE 18~59 % DB H KR
HIEADTE IFEIT R E S . b . O5 I
7 SR A BN L s @& I R s O A T 4
S PRGN A B S s @B IF T A
R ) REFR A5 s © & KT i 7 0 80R YT K A
M PE# 2%

1.3 ik

1.3.1 RBREBRAEIT R AREYRAEHE
GE3. OTMRI 9 #§ {C AT K5 A, 0 FH 32 38 38 A 42 B
B, Y17 MRI 3, 445 % 82 TIWT,
T2WI.DWI $ 4, # B 11 4> b {H (10,20, 30,40,
80,90,100,200,700,1 000,1 300 s/mm”), 4=
Bk & o B X B[] (repetition time, TR) =
4 500 ms, A1 B} [8] Cecho time, TE) =81.7 ms, fii
B} (field of vision,FOV) =240 mm X 240 mm,)Z[#]
WA1.5 mm, JZE R 5 mm. # K (number of
signals averaged, NEX) N 3, LA [6] & 1V 47 sh 25 4
SRA AR 60 K, KRR EURE HAER)E A b
ARl PEH AR BT, T b=1 000 s/mm* &[4
/2] ) JE& 2% 8 X (region of interest, RO, X il
BEAR DO PR 20 ROT. 3R HORE SE b K2 6k Il 5 15 X 3%
W8 £ 40 Capparent diffusion coefficient, ADC) ,
HE 708U (perfusion fraction, ) [t F WY HL £ %X
(pseudo-diffusion coefficient, D* ), 8 7 £ MW" B
Z B (diffusion coefficient of pure diffusion, D), X}
Pt S HGHEAThR AL AR BE , v = FE B8 AL/ XU 451X,
U rf . rADC.rD” 1D,

1.3.2 Jp {5 7 2 P Ak g 17 7 52 AR 40 5€ [l [ 7. TR
WF 5% BE 2~ 77 &= & (National Institute of Health
stroke scale, NIHSS) ¥EAf; , B 43 0~ 42 43, Hodp >
15 43 B 4~15 50 P, <4 3 IR,
1.3.3  HT WAl bR e Br A B AR 7 15 12 i[5 7
& EIR BRI R FACE WA X SWT g EUR AT 50 17
F W b DA TEBRE AR 1 % 5 B0 BT I Y R
JEE I e

1.3.4 I 75 98 5 4G DU SR 48 BIr A7 A8 35 A e I b J]
kil 5 mL, & T & Z W L RYUEEE .37 C A&
T&ELERE S em.3 500 r/min &L 10 min, /05
LV | 3% AR I, SR FH 6 36¢ G 73 VR R 2 00 2 i i £F
2 g #E 2K 14 3 (fibrinolytic protein 3, Ficolin-3) 7K
- AN R E ] HED-45S B g b5 A, 3050 &0 F 11

A TRHE A R H S 7600-020 A4 H B A 1k 4
SO E B0 2 C (eystatin C, Cys-C) L #M& Clq/
firdE SR AL B FAH 95 25 1 3 (complement Clq/ tumor
necrosis faction-associated protein-3, CTRP-3) 7K
VG T AR R AR A . BT A ERAE
8 7 A e RS2 B i) & AR DG UG W R AT

1.4 WEHEAR O HBABE I M AR A ADC .1,
D" D, IR & S HCHEAT bR E AL AL B © B [ 5
THRE B #H rADC. rf.rD” . rD; ® 43 #1 rADC, «f,
rD* rD 5 AR ALS 9 1 8 B R AH O @ gt
WA )R 3 d~2 N R HT R0 A R R S
KEA HT B#H ABi#f rADC.rf . D" (rD & HT
AH X W) 27 45 A5 (Cys-C., Ficolin-3.CTRP-3) ; ® 4y
Brk4A: HT 8% ABiit rADC.rf.rD" .rD 5 HT
HH O A W 2 46 b B9 AH A 5 © >R T ROC il 2637 fr
A SR AR AIS R YT IR & E HT B0
{E, IF5 HT AHRA Y~ 46 br 000 0 (H L5

15 SEibsJ5ik R SPSS 23.0 GE it 8 43 r
Bdli . THEBUR ISR I SRR ¢ R B R
Ji 2 4y Bt M LSD- A% %, AH OC HE 4r B R M
Spearman/Pearson A 3¢ 2 EEEAY , T A1 16 53 A7 >R
Moz & T /E % i ( receiver
characteristic curve, ROC) il &, A~ [&] F 7 % [)
AUC 8% Delong #:56, P<{0.05 N ZERAH
Gt E L.

2 & S

operating

2.1 ABehH M AT EM ADC.f.D" D i Hi
4E AIS B#F ABER M ADC.{.D" \D B8 % T i
M, 223 EG i E L (P<0.05), Lk 1, %35
B E AL 4 9 k. rADC = (0. 67 £ 0.19) X
10 ° mm?/s,rf = (0.51+0.14) %, rD* = (0.55 +
0.15) X 10 °* mm?*/s, rD = (0.57 £ 0. 17) X
107° mm?/s,

2.2 ARRETEREE B H rADC. rf . rD” (1D A
96 il A AIS BE R IE R B4R B 32 ), rh
38 i, HJE 26 Bl , HREEHEE ABER rADC.rf . rD” |
rD B T A B R R RE R, P BE R E A B
rADC.rf.trD" .rD MR TR E B H, 2 7 A Gt
B X (P<<0.05), &2,
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x1 ABRREMFEM ADC.f.D" D Lb &
Table 1 Comparison of ADC, f, D" and D between healthy side and affected side at admission

(n=96,7 ts)
21 51 ADC(X 10 3 mm?/s) %) D* (X10 % mm?/s) D(X10"3 mm?/s)
& 0.5240.13 18.8542.69 2.404+0.68 0.34%+0.10
fa 0.7840.11 37.04+3.42 4.33+0.61 0.6040.08
t 14.959 40.960 20.700 19.892
P 1H <<0.001 <<0.001 <<0.001 <<0.001

K2 ARAKRBEEEEE rADC.rfD” D EE %
Table 2 Comparison of rADC, rf, rD" and rD among patients with different disease severity
(r=*s)

249 11 %51 rADC(X 10 3 mm?/s) rf(%) rD* (X10 % mm?/s) rDCX 103 mm?/s)
B 32 0.77+0.16 0.62+0.13 0.67+0.16 0.690.18
oz 38 0.68+0.14" 0.53+0.11" 0.58+0.13* 0.580.16
ENis 26 0.5340.13" 7 0.3540.10* 7 0.3640.12* 7 0.414+0.13" %
F 14 19.962 40.648 37.474 22.136
P 1A <0.001 <0.001 <20.001 <20.001

*» P{H<C0.05 5REEHE £ P <<0.05 5P B LA (LSD-r K %)

2.3 rADC.rf.tD" (D 54 AISREREN 24 kAESKEAE HT BHEEER¥SHHT HX
FHOGHPE  AHOCAE 23 7 o ABERT rADC.rf rD” | EYERE bR L WRIRT R 3 d~2 NIt 34
rD 55 AR ALS i i B 2= UM o6 (P<<0.05) .,  BilEE k4 HT. &4 HT % rADC.rf.rD” .rD

W 3, JL ML Ficolin-3 CTRP-3 K F- ¥ AR TR K E HT
%3 rADC.rfaD’ D 5B F AIS KIEREMNEXY BE.CysCKFETARLELE HT & . ZR A5
Table 3 Correlation between rADC, rf, rD" , rD and the :m»i': =X (P<<0.05), ML;E 4,

severity of AIS in young and middle-aged people 25 rADC.rf.rD* D 5 HT A6 4 22 45 b7 14
. e HIXEHE AP AP H7 R, &/ HT 8% A B i
TADC o162 <0.o§1 rADC.rf.rD”* .rD 5% Cys-C KEEMAHX. 5
of —0.613 <0.001 I3 Ficolin-3 ,CTRP-3 7K 2 IE A0 (P<C0.05) .
rD* —0.574 <20.001 JI_LI;%:{ 5
rD —0.529 <0.001

R4 RESREEHT BEXBGESH HTAXENMZERILER

Table 4 Comparison of imaging parameters and biological indicators related to HT in patients with and without HT

(x=£5)
- rADC rD” rD Ficolin-3 CTRP-3
24 5 1511 %5 . rf (%) ] ) Cys-C(mg/L)
(X102 mm?/s) (X103 mm?/s) (X103 mm?/s) (mg/L) (pg/L)
K4 HT 34 0.5140.12 0.33+0.10 0.350.11 0.39740.12 1.8540.36 11.4842.96 243.76425.18
Kk 62 0.7640.15 0.6140.12 0.66+0.15 0.67+0.17 1.19+0.28 15.7343.85 291.50421.94
t 18 8.356 11.572 10.581 8.503 9.962 5.590 9.672
P {4 <0.001 <20.001 <20.001 <20.001 <20.001 <20.001 <20.001
&5 rADC.rfrD* 1D 5 HT X EMFIEIRHHE XS
Table 5 Correlation of rADC, rf, rD" , and rD with HT-related biological indicators
. Cys-C Ficolin-3 CTRP-3
&t
r 8 P{H r 8 P1a r {8 P 1A
rADC —0.583 <20.001 0.436 <20.001 0.549 <0.001
rf —0.649 <20.001 0.551 <20.001 0.613 <20.001
rD* —0.621 <20.001 0.519 <20.001 0.586 <20.001
rD —0.602 <20.001 0.472 <20.001 0.560 <20.001

2.6 FMANESHT Dk HT B A EREA, B ROC Rk, 25 R Won, 438 45 Sl 7 i AUC
KKk HT BENAMEREAR 26 ABERT rADC. rf, 3518 0.808.0.764.,0.813.0.801 , Bk & Tl i) AUC
D" .rD WM P44 AIS BEBE&IGIT A X4 HT K 0.943, K T I 3% Cys-C.Ficolin-3.CTRP-3 B &
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MBS AUC(Z=0.195,P=0.043)., W3 6.8 1.

®6 HEFSBHTHXEYEHERTN HT BHNE

Table 6 Value of imaging parameters, HT-related biological indicators in predicting HT

EiEap AUC 95%CI W U (V) REOD P{d

rADC 0.808 0.715~0.884 0.62 94.12 61.29 <0.001
tf 0.764 0.665~0.843 0.45 85.29 59.68 <0.001
D* 0.813 0.720~0.885 0.47 94.12 64.52 <0.001
D 0.801 0.707~0.876 0.48 70.59 80.65 <0.001
AR SR A T 0.943 0.876~0.980 — 88.24 90.32 <0.001
HT A 56 A= 42 $8 b 1 A T30 0.850 0.763~0.915 — 79.41 83.87 <0.001

- O 38 35 PE T . R W ey S AL AL T S A AT A

— e DK 23 T35 HICHR I o ELJe 30506 3 1 ftde I, Jeg 35K

— s g 52 W ™ L, rADCL rf rD” L rD B 2 AR

—rD
AR5 K02 T e Wk, DWI-IVIM 2405 b % 4F ALS &

— HUA R A PR AR B & TR

0.0 0.2 0.4 0.6 0.8 10
IS 05

B 1 ®EFSH HT BXEWFEEARTN HT A ROC B 2

Figure 1  ROC curves of imaging parameters, HT-related

biological indicators in predicting HT
3 T

PEEdE R, RE P AIS BE A LA
150, 5&AE AIS BE AL, hE A AIS BEH K
S AL A Sk A2 2% L I PR 3 B SR AL O A R
FRIRITE . s o, I A P R A5 B Bk
e O R A L RTA O 2H 2T RE AZ A HR
JE¥IAEAE HT KB, 8 I AS R % 1345/ & 4 K
LT, I B ERT E AE ALS B IR RIRYT
Ji HT Sl r 2 HA = RKE X,

DWI K & A% J5 38 R K 43 + 4 B 32 3l i
IVIM 2 — B oA P PP AG 1% A 20 2L 43 19 iz 3
B 0 R EAR , T i 2 b {E R DWI i
PEIR Y WO o3 85, AR HE A S B
A5 45 R BoR, th AR AIS BB A B i ]
ADC.£.D" D HEAd MK . #E D0 A] 5@ b b3k 2 500
TR I2 W, TVIM B AT $2 4k i 4 2 oK 43+ i
Bl S I R S W 412U I L A HRGE R
B, IVIM B8 2 50rh , D AE AT B 40 i 4 40 K 43 T
A5 W32 B A5 B . D™ AT S BRI A I 97 T8 15 L T £
(B DU 2 440 28 P9 T o %) 6 A0t A R X A R e
AW LR SR B S &I, T E A ALS
B rADC.rf D" rD 59515 H A B3 A 2, $2
75 A 3 o R AT RN I PP AL . 3 B G D DA AT RE A
T ATS fii 22Uk Il B 48 55 X AT B 0 00 Y B, S

O R R VIR G

ARG R B  WRIRITE 3 d~2 MR
Bl F kAE HT, Ak AEMAKE HT B &
DWI-IVIM & X Ifi. i Cys-C. Ficolin-3, CTRP-3
KFPESA G E L, WHEREIF R HT 1
ATS 83 18 30 DX 3 g 41 2 0 10 20 08 10 A2 45 0 o ™
G 7 VN (7 N B IR O W F [ TG AR B i e e IR AR R e
P %, EANEF W LB, ATS B3 1 50 X 38 1)
DWI-IVIM 245 CBF 41K, o] T4 HT 5]
AL S A VE TR A" . Ficolin-3 AT 4y 5 41 i
PR T b R B O AR 2 SR 1 A E R 3k
P 5 0493 5 4k P R I %% D) AH OG5 Cys-C ] 44
By ik PN AR T i, T 3 0 A O S RE A R 3
Jik s BERE Ak s CTRP-3 S — B BUG i 7, LA 2%
it LA 5 i SN I8 9 e | e 3 Bl Jks A R Ak 1) A
A= AR A HT & DWEIVIM 24505
3% Cys-C.Ficolin-3, CTRP-3 /K H A W & H %
MO — RS X ALS K Jf & HT B9 0 A (5.
T ERIFR G R, A5 2R ROC 43 #r
DWI-IVIM Xf s 4F AIS B F R RIEI7 )R HT 1Y
ToO A8 25 2R & IR S80S Bl AUC 40.943,
T B — SO A5 N3G 48 br 0000 5 A 465 o 190
{H.

ZE iR  DWI 454 TVIM X} T 7 4F ik 48 56
I I R B EL AT — s DA A A, I PR RT3 Ao G 0 %
BRI HT, DU 45 7 RS it L ol 38 Wi .
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