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Abstract : Objective: To analyze the correlation between collateral circulation patency and clinical prognosis in
patients with moderate—to—severe unilateral middle cerebral artery stenosis using combined 4D CTA
and whole-brain quantitative CTP imaging, providing an imaging reference for personalized clinical
treatment of stroke patients. Methods: A retrospective study included 72 patients with first—visit
acute ischemic stroke who exhibited confirmed unilateral middle cerebral artery stenosis (moderate
or severe) on whole-brain CTP and CTA, with corresponding abnormal areas identified on perfusion
pseudocolor images. Dynamic CTA fusion images were reconstructed from original whole-brain CTP
perfusion data to assess collateral circulation status and post-stroke 3—month prognosis scores.
Results: Collateral circulation showed a weak negative correlation with prognosis (R = -0.21),
though this correlation was not statistically significant (p = 0.079> 0.05). Collateral circulation also
demonstrated a weak negative correlation with the infarct core (R = -0.26, p = 0.025). Age and
infarct core demonstrated predictive value for prognosis, with age showing a sensitivity of 52.9% and
specificity of 89.5%, while the infarct core exhibited a sensitivity of 67.6% and specificity of 65.8%.
Conclusion: Poor collateral circulation is associated with more severe brain injury, but its ability to
directly predict prognosis is limited. Collateral circulation may indirectly influence prognosis by affecting
the size of the infarct core.

Keywords : CT perfusion; dynamic CTA; acute ischemic stroke; prognosis

SRR A T 2R 2RI TR AT BTN MR . AR eat, SN ZUR AL RS M B4, AN TIEMENRIASE, FHARAOT B AL
MEYREBIR A — B MR IN ML G, HAUE R IO T IR M AT P JE R AR SRR 1a] . ARENLHRIAT AR U sz By T
TRAIISHIEE . AT bk KU A BE, BER G RGP T A& BRI R, RGeS AT P R X

E2ME: PREABYHRHGTHIRE, GRHS : @HRE HZ 7 (2024)234 5.
E#GA: P (1997.08-) , &, Wik, FMA, #EE, EHEF, FEFE: HEBMH& W4 3517899091 @qq.com,

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 015



IGEREAZS | CLINICAL RESEARCH

BT,

FEOCRAARNE . BGERURHISCHE Ak A h 8 R AER IR W R, SO R PR A B

FHTE IS AT AT BRAARIE . JEES BN S AR ENRAS S M BETUR AR SR AT S AN o ZRBIT98 B AR AD-CTA

CTP Bt s PR IR S S I BUS A (1 E

—. FRNREHE

(—) HARWR

W B 201947 H 25 2026 4E.9 H 188 LR A 5245 I IR B B
T3 SRR AL R EBE 2 R 2SRV E G2 B i I
B, Gk CTA K4k CTP A& i si— Mk M i3 ik
s A g b L2, AR, (B I AE, EAREE R
RIREE R LB Y R G B R 2 s (e B L5
KLLY-2020-060) , HFXIatocmymifis, M aE%
FAMERET . AR (1) GRS Wi S 8
CT b, (2) f7 “—3ba” L4 CTA K4k CTP
A IF5 W SR h SOz, 7 1 K s ik 4311 [X I v
FEMERH; (3) CTA, CTP, 4D-CTA BEEBREM AL
Wik, Hebpbrif: (1) HEAioRmE ™o, (2)
B CT ST R ML, BRIEE— M DA R IAsige; (3)
EE G ARRER A2 CT WA S (4) R4,

(Z) ARFE

R B INR PR AR PR, S BRI . =
JEMLAE . WA DAL B FREDEERR. SRS
AR REACR ORISR 445 G s PET]
FXE CT(SOMATOM Force), k&l CTA M4 fx CTP —uli=Uie:
I ST CTP fods, AT, PIVTE 2ot
2, EHESOKV, FHLME 120mAs, FOV 200mm x 200mm, 45
[4512x 512, 248 x 1.2mm, EE. EMEHA Smm, #EEid
SORIEIRIN (8] 4s JFAAE B4, Heaafm 28 41, F9HI ] 42s, %
i#0.25s, EEFESTEE (Ulrich medical ) W 5HyERE (350 mgl/
mL) 40mL, JEGHEFA6mL/s, JTHET30 mL ARk (5t
HE 6mL/s) o SKHED CT M IS E T 20N CTP H4istes
SYENEHET, Sk CTA 977 HESIIKS ZBH MM, X
FIRLHEEE (350mel/mL) , i 1.6ml/kg, FEGHEZFN 4ml/s,
N E Bh i 4 W IF3 ( Bolus Tracking ) , ROIAGI 730 AEh
i, B 100HU, 924 & H: 100KV, 4 iR 450mAs,
EJE1.0mm, 4K CTP 488 RAWETF CT | Fff:
(syngo.via VB20A ) , XA EIRCIE, S CBF, CBV,
MTT. Tmax, TTDD ¥R, BFERZ KRNI
syngo Via20 HE5 T, 2@ R Xz OBE, Tmax >
6s, rCBF < 30%., M, 4D-CTA &% =5 HIUN R &
PIT/EANGUZA GE AW LAERE (AW 4.7, GE Healthcare, Mil-
waukee, WI, US) FHSEM . k3 CTA Higbi . SAInEEE
%576 (CareSphere TM ) {4 H SPGB MU P22
HAREAC ISR B A DI PR S0 56 142 434 (NASCET ), Horfr
MAEPeAE < 50% 5 NS M4 50~69% 58 LA H
g MU 70~99% & SONEJERAS s 1A 100% 5 LK

M2, MUEAGIRIEOY: 2220 =E S 1 AR W T AT U,
TEIRAI AL . B PGS BORZETE, BRI RE IR IS ER 5 I PR
BEVTRUE AN, 4D-CTA R KPS LBk s . i
i, FTEMIE, 4D-CTA & BIGHIEM B Tan T4
P UBAE RSB TIEAL , FARIRE2 . O, BRIMKIBUNELE
LU ST AT 14, IS AT < BRIMERR 1 50%; 2
Zp, MG D S M R 50% ~ 99%; 3%, 100% Il
FIMEEFE. RIS 2 Rankin 732, 7EAEEHBE
90 K T s g BE U EE TS I 774, HA mRS 0-2
ANTUT BAF, mRS 3-64-ATEAR,
(=) gitEnik
N F IBM SPSS Statistics 18.0 A £t F 1 i AAb e

M FAF A LA SRR T 257 S AR L, ( x2S )
T, HAICECR A PIMNAA (16560, A AMRMIESSAE, SE2E
R TR K PUAMAEA]EE (interquartile range, IQR ) R, 4H
[AIHCAER T Mann—Whitney U #256, 432848 5 DR I 73480k
R, ZARICESR A RIS, MBS EESEURR R
FH Spearman SFZUAHICHEST, JEH ROC MiZh MW E . SuR
PER . PEAEINEEERA Cohen” s k #ke BLP < 0.05
NZEFEAG R,

—. ARER

L72BURE TG A 5 B E R AR 5 5
K1, #ALREEGRIMNE 1-12,

2. BOSEIRGE T MSAR IR SRR O 3 H K (R=-0.26,
p=0.025) . MIZAELRSTE 255 AAHK (R=-0.21) , {HiZHH
KM ARIESN G b % B KT (p=0.079>0.05) , ML IFH5 ¥
B9 (M OC (R=-0.22) , (HIZAHSCHEARIE RN el Bk
(p=0.062>0.05) , FWIM GRS 22 A Z AR SO
Z R ING T SR,

3.Logistic BN AT, X HIGEHR K G FFatrit 75
FSESEE R Py IS ST VNS e Wk =g e K B
SEE TS PR EIERR .

7 1 TS B BTG A2 ] e

T R4 THF AN .
OR(95CT) P&
N=38 N=34
T - 2.17[0.84,5.771  0.1141
5 26(68.42%)  17(50.00%)
& 12(31.58%)  17(50.00%)
LR 60.84(13.54) 71.68(10.60)  1.09[1.04,1.16]  0.0015
I A] 44.47(66.50)  28.47(36.35) 0.99[0.98,1] 0.2388
I 1.55[0.46,5.64]  0.4865
TG 8(21.05%) 5(14.71%)

016 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



HiUF K47 TURAEF
OR(95CI) P
N=38 N=34
H 30(78.95%)  29(85.29%)
WA Bt 0.89[0.35,2.25]  0.8032
b 19(50.00%)  18(52.94%)
A 19(50.00%)  16(47.06%)
PRI 0.80[0.24,2.6]  0.7158
I 30(78.95%)  28(82.35%)
H 8(21.05%) 6(17.65%)
L 1.41[0.39,5.38]  0.5982
¥ 33(86.84%)  28(82.35%)
H 5(13.16%) 6(17.65%)
PRI - 0.84[0.26,2.55]  0.7526
b 29(76.329%)  27(79.41%)
H 9(23.68%) 7(20.59%)
S - 3.02[0.76,15.06]  0.1327
I 35(92.11%)  27(79.41%)
H 3(7.89%) 7(20.59%)
E%ﬁéﬂf% 2.50[0.6,12.69]  0.2225
TG 35(92.11%)  28(82.35%)
H 3(7.89%) 6(17.65%)
4D;§\TA 0.72[0.28,1.82]  0.4873
VNS 17(44.74%)  18(52.94%)
R%F 21(55.26%)  16(47.06%)
KR 39.03(50.28)  61.47(57.28) 1.01[1,1.02] 0.0913
Higet 12.93(26.08)  31.58(42.26) 1.02[1,1.03] 0.0366
Wills BFAE 5 « 1.360.43,4.38]  0.5949
I 31(81.58%)  26(76.47%)
H 7(18.42%) 8(23.53%)
[ C: 1.15[0.35,3.76]  0.8166
I 31(81.58%)  27(79.41%)
H 7(18.42%) 7(20.59%)
&3 W RER
> by 5 [=A
28 AUC Y;;%?“ %gﬁ Eg“i ﬁ; 95%Cl P
fEfE 0749 1424 735 0529 0.895 Of;:; <0.001"
Figeil 0657 1334 548 0676 0.658 06572;; 0.0101"

¥ %y p<0.05
=. ihig
(—) MEARSEESH. MEAXEIR

AHFFEGTR LTS M SE R ST IO DU AR C,
[AIZANERBREA G R L MRS TS . R 255 70

23k

X, AHZ A SR O B2 R I ST Soks . W2 TR L
SRR RR T AN ZE Logistic BT/, £ 5 SR(LAERS .
PO RS BB TUREAE R E K, ARSI T
RORAS RIFIERE, TTRBAAERNIREZEIOOIRTR , TR/ NI
SO AR TN S RIF I TURARAS, R S A s 4R —
Y, (RMUEAEERIR SRR REE BB S, X SRR 0
Fiet SR 25 P A B PRV ) S R TR A8 A I 205
HZESe, HENTTER MR F S TS R 2R 2. Ao
AR T ST S AR e 45 20 0 AR R ME— SN
MAOGEH# M, — SR REGHR, BRTEE MG RRK
WIWUSA AR, [FREERE 2T ERN AR SES,
Tl T S e 55 R 2 AR R BE B IR 5 Y, thAh AT 6
FA T D25 A AR T O A RO 5 1 22 S5 T ST 6 2 s I
o O B SR

R E SRS (PSCL) Fe:fl Uik A5 o (157 WL e
2 SHEURE KR . AV PR N 2 —, 5k
BB N 1 22 M VA G 6 PR R A2 R MR BE . BB S PR TR R 2
FEERZ B, FPMSIF PSCL, BRI ORFR . AEES 2 iS5
5 8 PR I [ = LR S SRR Y AR AT AT
AR FREE IS (IO A AT, ERE AEAZ O AR 5 4 5 AT T A i
JE SRR —E RO IRBUZ R BE TS A 5%
fabr, RGP B FE R OO 2 A5, (REE (RA O RS
IR " KAEIOAZ DI AR SE S TEE N 2 AR ARE, X
B T2 B0 / LI, SRR L K
Bob” HER I ey (BEVT) B, maFRERERGX s HE
BRSSO, X AR T — AR RN TT 1,

2z |, 4D-CTA BEE2NK CTP K d nr ks il A I rh 5 ik
FeAERE R, B SO S8 R RS R L sl 1 5 5,
SRS HCE RTINS A BT, N IR B <2
" WMRIRTT L, TN IR R LIS B2 Wik T,
I BT 40 B . ZFUPRUUI U S TS LA
%, RHEXF RS R REMIX, g H TRk, e
BRI URRE R, Al s R AT BRI PR S VR AR S A e
B, FARMES . SN A RS TR Y, FkTE
T M IR A F RS AE S SE R R 2 T AT T, A BT TR
ZINPETA TAEPAIEH, HRE RN R,
Mt — SR BE W ATRENUS . X5 B 5 EE R BN
THECH T BRI TR AR R A 2

(Z) AERRBEFRME

(1) ABFFEH St [EBTE/INEEARB ST, T REFEAE 4
fifer, WHREIBTREZ O KA RTIE TS E— 20 B0 E 1 4
Iy (2) MAEMAETREEZ 5 DSA (EFRER I, At
PR | BERME T 70T, BN G A

[1]Gentile L, Paolucci M, Sessagesimi E, et al. The role of brain CT perfusion in acute ischemic stroke patients in the early time window. J Neurol Sci. 2025 Aug

15;475:123576.

[2]Sarraj A, Hassan AE, Abraham MG, et al. Endovascular Thrombectomy for Large Ischemic Stroke Across Ischemic Injury and Penumbra Profiles. JAMA. 2024 Mar

5;331(9): 750-763.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 017



IfBREASS | CLINICAL RESEARCH

[3]Hong L, Cheng X, Lin L, et al. The blood pressure paradox in acute ischemic stroke[J]. Ann Neurol, 2019, 85(3): 331-339.

(4] WAL - e, BT, 2804 & ARSI LS TSR 0 PR T UR AOMMEL 1], IRPRECT 22245 L2026, 45(3):382-387.

[5] J#BE | WiscHE | ZERll | & . CT VETEpUGIHEE 38 B LG T A MR L P e AR BB DR S TR 1)), HR B EAERGHOR | 2025,41(5):718-722.

[6]Kim=Tenser M, Mlynash M, Lansberg MG, et al. CT perfusion core and ASPECT score prediction of outcomes in DEFUSE 3[J]. International Journal of Stroke, 2020,
16(3): 288-294.

[71Thomalla G, Boutitie F, Ma H, et al. Intravenous alteplase for stroke with unknown time of onset guided by advanced imaging: systematic review and meta—analysis of
individual patient data[J]. The Lancet, 2020, 396(10262): 1574-1584.

[8]Almekhlafi MA, Kunz WG, McTaggart RA, et al. Imaging Triage of Patients with Late—Window (6—24 Hours) Acute Ischemic Stroke: A Comparative Study Using
Multiphase CT Angiography versus CT Perfusion[J]. AJNR Am J Neuroradiol, 2020, 41(1): 129-133.

[9]Mishra SM, Dykeman J, Sajobi TT, et al. Early reperfusion rates with IV tPA are determined by CTA clot characteristics[J]. AINR Am J Neuroradiol, 2014, 35(12): 2265—
2272.

[10)Jiang B, Ball RL, Michel P, et al. Factors influencing infarct growth including collateral status assessed using computed tomography in acute stroke patients with large
artery occlusion. Int J Stroke. 2019 Aug;14(6):603-612.

V1] 2RA, s WIS | & . —3hBha CTA 454 CTP WAL EMIKIN D KA IEEE TUR O A ()], G238 | 2021(9).

[12] van Seeters T, Biessels GJ, Kappelle LJ, et al. CT angiography and CT perfusion improve prediction of infarct volume in patients with anterior circulation stroke.
Neuroradiology. 2016 Apr;58(4):327-37.

[13] Pensato U, Bosshart S, Stebner A, et al; ESCAPE-NAT Investigators. Effect of Hemoglobin and Blood Glucose Levels on CT Perfusion Ischemic Core Estimation: A Post
Hoc Analysis of the ESCAPE-NAT1 Trial. Neurology. 2024 Nov 26;103(10):e209939.

[14] A& BRI, SKAES | & . AHEBLERR A CTA 2890S CTP ZRIARSCHERZS (). IR 248, 2019(2).

[15]Pendlebury ST, Rothwell PM; Oxford Vascular Study. Incidence and prevalence of dementia associated with transient ischaemic attack and stroke: analysis of the
population—based Oxford Vascular Study. 2024 Feb;5(2):e131-el140.

[16]Ter Schiphorst A, Seners P, Arquizan C, et al. The Large Core Paradox. Stroke. 2025 Sep;56(9):2786-2797.

(71 JETREE , TR . BEERGEARAEB IR 2 Gy MU PR AOBIFFSHERE (0. AR 2025,16(2): 130134

[18]Sarraj A, Hassan AE, Abraham MG, et al; SELECTZ2 Investigators. Endovascular Thrombectomy for Large Ischemic Stroke Across Ischemic Injury and Penumbra

Profiles. JAMA. 2024 Mar 5;331(9): 750-763.

018 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



	4D CTA联合CTP成像对急性缺血性脑卒中患者预后的评估价值 

