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[(HE] B8 Fitw IR 225808 |15 R % 2 P KM 5E (acute cerebral infarction , ACT) il 32 46 B K 7 (43745 41
Fik US> HT 2022 4F 6 A F 20254F 6 A i 7 E R BECIE (1 80 1] ACT £ 35 9 1Ifs PR I fih Mo JR i /% (magnetic resonance
imaging, MRD) ¥}, ITA 3 F ABEST 48 h N1 73k A5 MRIRG A , SR S S AR 85000 o ELASAS IR SO AV IR A2 B AR [) 33 i 201 17) 45
MRISHZE ST, I BTN . G558 032 R AT 2R A 5 X AR o A Ifi. 772 5 (relative cerebral blood flow , rCBF ) K AR XS ZEWLER
HF #X (relative apparent diffusion coefficient, rADC) 342 2 5 T AR R 41 (35 P < 0.05) ; WiJ5 R 4720 1CBF 5 rADC{H ) B & &
FHIEARHP <0.05) . rCBF AL S HEERRZS A 28 R 1 A (area under the curve, AUC) 24 0.901;rADC A AUC 24 0.863;
ke % DS B2 Hh i ¢ (National Institutes of Health stroke scale , NTHSS) 343 .rCBF J ] 7 fEFR IR A & BB 90 d T )5
AR ERINE, %t BT MRINZSHCERIEARS ACTRZ M SRR BOm I HUS % J14H 5% , rCBF K rADC Xl
SIS EA R AP RS P8, AR N mEE AT , 8518 T UE— 2 R BE TR A ST 30

[SE8ER ] SMEMAEAE ; REEIR ARG M SRR 5 g i i 5 T0U/m

[FEHZE] R743.3; R445.2 [xErtrEr] A MEHE: 1674-1242 (2026) 02-0056-04

Evaluation value of multi-parameter quantitative magnetic resonance imaging
indicators for collateral circulation and prognosis in acute cerebral infarction

HE Guanghui', ZHANG Huina’

(1. Magnetic Resonance Room, Luoning County People’ s Hospital, Luoyang 471000, Henan, China; 2. Medical Imaging Center,
The Second Affiliated Hospital of Henan University of Science and Technology, Luoyang 471000, Henan, China)

[ Abstract ] Objective To explore the evaluation value of multi-parameter quantitative indicators of magnetic resonance imaging
in the assessment of collateral circulation and prognosis of acute cerebral infarction (ACI). Methods A retrospective analysis was
conducted on the clinical and magnetic resonance imaging (MRI )data of 80 patients with ACI admitted to Luoning County People’ s
Hospital from June 2022 to June 2025. All patients underwent head MRI examination within 48 hours after admission to obtain relevant
imaging data. The differences in various MRI parameters among different collateral circulation states and different prognosis groups were
compared, and the specific predictive value was analyzed. Results The infarcted area in the group with good collateral circulation had
higher relative cerebral blood flow (rCBF) and relative apparent diffusion coefficient (rADC) compared to the group with poor collateral
circulation (all P < 0.05); the rCBF and rADC values in the group with good prognosis were higher than those in the group with poor
prognosis (all P < 0.05). The area under the curve (AUC) of rCBF for evaluating the collateral circulation status was 0.901; the AUC of
rADC was 0.863; baseline National Institutes of Health stroke scale (NIHSS) score, rCBF, and collateral circulation status were
independent risk factors for poor 90-day prognosis of patients. Conclusion The multi-parameter quantitative indicators based on
magnetic resonance are closely related to the collateral circulation status and long-term prognosis of patients with ACI. rCBF and rADC
have good assessment value for collateral circulation. This study is a retrospective analysis, and the conclusion needs to be verified by
further prospective studies.

[ Key words ] Acute cerebral infarction; Magnetic resonance imaging; Collateral circulation; Cerebral blood flow; Prognosis
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M Ik B BE (acute cerebral infarction, ACI) 21l
PR WG , B # 22 AR R AT R S, 224
s e P 1% (magnetic resonance imaging, MRI) 7£
ACTHHIRITH #8721 25 MRIZHTE ACTHY)
BT R AR T EEAER] . R HUIAUBAZR (diffusion
weighted imaging, DW ) X i 2% r B ] 248 i 25 4 7K i
BAT B 09 0% A Bl 1 LA B A R SRS L
sk A JiE bR ic (arterial spin labeling, ASL) DA sl ik ifi.
SRV RS A -8 N 7| T AN N 1 Rk R
B, B I3 & (cerebral blood flow, CBF)"™, &M
YR AL R %L (apparent diffusion coefficient, ADC) [z it 7K
I3 T AEH LN R TR BT FRAR BE , 8 40 IR ke of, #sf 1) 40
HLUENFHAFEERFPELT . BT, AR
73 Bt MRI 2 2 $0E 78 PR 7E ACTER & v 9 1
[IERRLS (I
1 #EBEFE
11— B

[l JEs PR A 2022 4F 6 H 522025 4 6 i T H A
R B2 e i 1Y 80 191 ACT A8 5 Y Il IR 55 5218 7 B L
PAFRUE : D2 B G2 Wb HE 8012 il 26
Q& B A BB [ <24 hy @)1 UK 50 ki 45 Hh
s fH R g5t B W) S e 2 T RE B s @D A BE S 48 h N 58
Wk B 2 RS MRLAG 2 s @R e % o HEBR AR IE »
OFEA A I g K i S0 1 45 Al e i A4 5 722
QGBI AFE 5 MR 25 474 ™ 32 Bl i 1 o ik
BEATREAGE 40 H s @R MRIKS 28 48 ik s @4 JF
O JH A SEE T E RS . AWEST Sy [l i
I3, D R A, S SN I B R A B
R AHEBRARER ACLAR 2L 80 1] . HEBR I 15112
CRTER
1.2 WEFE

4 H K ] Siemens Skyra 3.0T -5 MRI
A, 47 20 18 15 Sk S S 2Rl . WA T T
B A% (T, ~weighted imaging, T,W1) .\ T, A% (T,~
weighted imaging, T,W1) S ¥ 1A 5 93 i % Pk 52 )% 1)
(fluid-attenuated inversion recovery, FLAIR) , DA HEFR
A P P o 78 PR 1B 15 5 5 . ADC I i R
H DWI, 2 0% % : T & i} [A] (repetition time, TR)
3 000 ms. [l 3 B 8] (echo time, TE) 90 ms. JZ &
5 mm . JZ [F] B 1.5 mm  HEFF 128 x 128 b {0 K&
1000 s/mm?, i 248 H 8 4E B ADC o N R L4

KA B H0%E TR 21 ms TE 3.5 ms JZE 1.2 mm 46
P:256 x 256, CBF IR Al =2 fhig 2izCASL P41,
PRICIE FEIR I (E] 1 525 ms TR 4 800 ms.TE 11.5 ms,
J2)5E 4 mm J2H036 22 HLEF 240 mm? x 240 mm? i)
B3 UK SIS (0] 29 443 30 75, th R24¢ A 842 i CBF
ER AL
1.3 EGELEMEHENE

H1 2 44 151 98 3 Al 2 S AR R BE I E AN I8 S8 3 i
IRTIUR e SV 53 05 D0 T 257 58 LB 0 #r , iR
TR R AR . D) mAESE X S B A
X : T DWIEME b T3l i i & {5 S5 PE A O X
1 Ry LR X (region of interest, ROI) , 7E ADC &}
CBF & | [ 8 VE L AR [R] ROI, ic A AL AZ 0> [X. ADC
{E . CBF {H ; 75 X il 5% 18 [X 2] i 55 K ROT, ic 5 3
ADCH .CBFfH. QX SEOT AN R MR HLR
B (velative apparent diffusion coefficient, rADC) = F#
FE X ADC B/ O 558 18 X ADC L, AH X i L 37 4
(relative cerebral blood flow, rCBF) = 4 %F [X. CBF {8/
XFEEAR X CBF (B, OMISCIEFMELL . B T i34k
ML % 1% 14 (magnetic resonance angiography, MRA ) Jii
P GORT B 3 JBE 4% 52 J A PR, AR Tan 1743 3
S5 TPPAR SR R Sl KA i DX AN S A IR AR 1 043K
T SCAREE 13 S < 509% HE i Xas, 2 73
M3 ARAE=50% H. < 1009% LI X, 3 43 A 34
o4 #50~ 1 BUE ISR R4, 2 ~ 373 8H
M52 A2
1.4 WMBIRESHETR

WO BB AR ) A R S B 56 [ [ K
A= WF 9 B 26 5 22 (National Institutes of Health
stroke scale, NTHSS) * 343, T H B J5 90 o ol 1
Rankin #& & (modified Rankin Scale, mRS)" ¥ ff; i
J&  mRSPEAF<2 03 N UG RAF, > 290 ATUE AR .
15 SitFEFEE

K H SPSS 26.0 Zk 14 4b #1756 2R FH Shapiro—
Wilk 4658 5 2% 31 BORMEAT IE SRR I, 795 1E
o3 AT TR DL B bR i 22 (s ) K75, 2H 1]
FEBER T o R 5 THECFERE L 20 e (%) o, AR
KA XK, KAZHNZE Logistic A0 ACT
90 d Filf5 AN KB MSL B R, P < 0.05 22 AT 58
TR o 2 32 TAERHE 26 (receiver
operating characteristic curve, ROC) i Z¢ PF#r MRI 2
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ZHOE TEAG AR G R AR S Y PEAG RLRE L 115
28 T 1 X (area under the curve, AUC) . ARWFFFEA
T I B 4 2 AR R PSR AR S . iR
TSR TEENE, LI S R 4F 548 R 4H 1R CBF L
B ERES R PR A T F 5 TR, SEBR A
PRI R B TR (1 - B) 4y 0.998, R A 2 i iy 4
JEERG I H P ZH ] rCBF 922 57

2 %R
21 E&HEM

) 57 R A7 2H B2k NTHSS PE43 B 8 T 52 A R
H(P<0.05), W5 K421 F i a A K410 | b B
Yo B JEER NIHSS PF47 Lk 22 R g it 3 L (3
P<0.05)(F%1).

x1 BLER
A i 4 i 3 A R4 B KLY 5 R R 4 )
i K38 ! J(ffi f) ! m(izj 4%) ! i P Wf:ﬂ 3% ) ! ﬁ(E i&) o P
W (xxs, %) 63.12+9.85 65.57+8.76 -1.182  0.241 61.87+9.42 66.93+8.42 -2.587  0.012
B [ (%) ] 19 (55.88) 29 (63.04) 0424 0515 23 (60.53) 25 (59.52) 0.008  0.927
EILE [(F (%) ] 24 (70.59) 34 (73.91) 0.113  0.737 25 (65.79) 33 (78.57) 1.680  0.195
i [ (%) ] 12 (35.29) 20 (43.48) 0.547  0.460 14 (36.84) 18 (42.86) 0.304  0.581
g AE L6 (%) ] 18 (52.94) 26 (56.52) 0.104  0.747 19 (50.00) 25 (59.52) 0.746  0.388
Fras s [ (%) ] 6 (17.65) 14 (30.43) 1.727  0.189 5 (13.16) 15 (35.71) 5.391  0.020
s (61 (%) ] 15 (44.12) 21 (45.65) 0.019  0.891 18 (47.37) 18 (42.86) 0.164  0.685
L4 NIHSS (wts, 4%) 7.71£3.24 11.674.11 4697 <0.001 7.26+3.17 12.10+3.88 -6.047 <0.001

. NIHSS A 36 [ [ 5 DA g e as i

2.2 MRIEEZIEIRILE
il =7 B 441 A 8 X CBF (rCBF HAEIX ADC K
rADCHI B & m FM SN R A (P <0.05), fil )5

FL 4T 2 AR BE X CBF . rCBF FEHE X ADC & rADC {i
HREETWEARAIP<0.05)(F2),

R2 REAMRIEEERER

\AAA WL WA RA BUm BAFA BUD A RAL

IR J(gnzz 35 ) j(izz 46) r (n= 3118%) (n=42) ! r
HHBEIX. CBF [Eis, ml/ (100 g'min) ] 32.15+4.23 24.86+3.97 7.970 <0.001 31.78+4.56 25.23+4.01 6.869 < 0.001
rCBF (x+s) 0.72+0.08 0.53+0.09 9.846 <0.001 0.71+0.09 0.54+0.10 8.017 <0.001
FHIEIX ADC (x+s, X107° mm?s) 598.34+41.27 516.28+38.65 9.181 <0.001 592.57+44.18 522.05+41.92 7.473 <0.001
rADC (x+s) 0.85+0.07 0.71+0.08 8.265 < 0.001 0.84+0.08 0.72+0.09 6.332 < 0.001

H: MRUMREHARAE; CBFOMINIM LR ; vCBF AR M it ; ADC R MIRE RS rADC AR IR AR $L .

2.3 MRIZSHE =R M L BIRRSH TR
HBE

3k ROC 2R 43 HT , rCBF REASG I S G PR S 1Y
AUC 4 0.901 , s (KT R 0.62 , BUSRE K 85.29% ,
Fi 5N 86.96% . rADC PEASG I 2 1 PR & i AUC
90.863, B LERT(E M 0.78 , BURE Ky 79.41% , H5 5
i N 84.78% ., FHAEIX CBF i) AUC Jy 0.845, K 3E [X.
ADC ) AUC 4 0.819,

24 MRIZSHEEERMMENIEHUERS
FESE R

rCBF PEAf H B2 J5 90 d Fil J5 1Y AUC R 0.872, fi
E A W 1B 4 0.61, B Ol 81.58%, ¢ = BE N
83.33%. rADC PFAl TG 9 AUC A 0.804, fie fE B
4 0.77, BURE H9 76.32% , 15 518 4 80.95% , HE4k
NIHSS 43 . xCBF B fill 32 476 PR R 502 ACT 3 90 d
WG A R fER R (£ 3),

#3 ACIEE 0 dFEAFRMEHEZE S E X Logistic B34 #7

AR B Wald x* P OR 95%ClI
FELk NTHSS 1743 0.194 10.893 <0.001 1.214 1.081 ~ 1.363
CBF -0.285 11.631 <0.001 0.752 0.642 ~ 0.881
M SZAEFRRAS (R : AR -1.090 7.299 0.007 0.336 0.153 ~ 0.738
B 2216 5.487 0.019 9.172 —

TE: NIHSS e R DAIFE Bezs b i35 vCBE AT I My
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3 itig

M SZAEFRARZS BIPEM AE ACTIRYT Hh HoAA
S, B PR S AT B T A DR Bk o 8 7 1) KLV AL 7, DA
T HE 2 B A8 DX 3™ K, oy S8 3 4 U 2 RO s ]
AHFFEF) F MRA B Tan BF433F Al 32K 2, % BN
X R vCBF K rADCH B3 & T AR 4. 4
PRI < 2 ACTER A F 3l ik b 30 2t P ZE BT, 0 52 i
B R AE— B REEAE T, dE R i iy DX 38K % 358 49 a3
VR, LR CBF N B AR BE AR X B/, AR g R A QA
DAZER 32 10 9005 200 B 2 P A B A % Je , DRI ADC AL
FRERRE IR /N, cCBF 50 S IE AR S DI O,
A B 2 S e 3 IR AN AT A R A
TGS —E ., IR MRI 2B LU A0 5
G IXAE R B B X 8 el A AT S B, A R
TEAS PR 8] i i 378 98 13 K 3 VRS A KO Ay
fili 22 51 B 9T ok ASL H R EAT HE 1
M, AR B ToA  TCT5 TS AME T H R R rT A
PEGRSEL S X I REA 2T 2R E AR L
& . AWFSE BN, ASL A5 A 5E X CBF 5 5
N SZ R A5 K TS5 A7 AE R A AH G | 2 BH ASL 7 A%
TGAFAl ACT 8 2 I SR A HLA 5 v E A M, BB A I
PRIZIT A 8RB S 45

TETRS )5 1 , AWF5E & Bl rCBF FIN SZ G FRObR 245
Y7o BB UG (A ST 0 PR, L vCBF f T30 5% R
EF rADC. $&7% ACT 20 W Sk i DX 38 5 PR 3R A5 1
I 90 VR YA K S 0 9IS 24 e T L PR 4l Y A 41
VR BR AR B B UERG . CBF AT P38 Sz e 24 i L 37
TEAE X PEAS I S A B0 B A M. AT
FEA IR, B LR NIHSS 143 J2 Jill J5 () 4f 37 fs b [ 2
R4y 3 W RS 2 D RE BRI O, TE AR
SR 25 w2 D REBUIR 20 M, WAL )5 B
AHEEZEWNE, Wi — LU T MRIZS80E &
FEAR IR AN . AHESE A B 1 T BRI .
KA R ASL K& DWI ¥ 81 3k B 1CBF 5 rADC
Z ZHOE mARIR , RG VAL ACTEE M ARG PR S
F G , R EIE 52 rCBF #5 rADC H AT 5 /& 1) T 4%
fiE , I FL 2 NIHSS PF 43  rCBF K Ml 7 476 FRR 25 4t
R 9 AP B A, SRyl R P41t 7 o 5 B TRl L
FETPAG AR o ASBIFZE by B v [l B 3 AT, FEAS 1
A B, R BB A 78 18 500 1A 5 00 S48 21 DA 48 MRA

) Tan PF 73, AR 5 807 52 I 4 3 52 (digital
subtraction angiography, DSA) 4 b ME X Y 5 xCBF 5
rADC S AT (E 1 75 SMAR B IE , 4 J5 A 1 T J i
155 A RTINS R i o 1 M

25 b BT MRI Z2 2808 it i5 8 5 ACTE
SCAGIRARZS B ame ) 1 %% D) A 5, vCBF e rADC XF
MG HAT R AR PEAS o (e, (5 Bk S5k A 1]
B ATy T RE P AT ST AL

S Xk
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