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The predictive value of CT perfusion imaging parameters for collateral circulation and

functional outcomes after intravenous thrombolysis in patients with acute cerebral infarction
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(Department of Oncology, Shanghai Yangsi Hospital, Shanghai 200126, China)

[ Abstract] Objective To study the predictive value of CT perfusion imaging (CTP) parameters for collateral circulation
and functional outcomes after intravenous thrombolysis in patients with acute cerebral infarction (ACI). Methods A total of 100
patients with ACI admitted to the hospital from January 2021 to November 2024 were selected as the research subjects. All of them
underwent CT perfusion imaging examination and received intravenous thrombolytic therapy after admission. The patients were
divided into the good collateral group (46 cases) and the poor collateral group (54 cases) using digital subtraction angiography (DSA)
as the gold standard. Compare the CTP parameters of the two groups of patients. According to the modified Rankin scale (mRS)

score 90 days after the onset of the disease, the patients were divided into the good functional outcome group (65 cases) and the poor
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functional outcome group (35 cases). The predictive efficacy was analyzed using the receiver operating characteristic (ROC) curve.
Results Compared with the poor collateral group, the good collateral group had higher levels of cerebral blood flow (CBF) and
cerebral blood volume (CBV) (P<0.05). The levels of mean transit time (MTT) and time to peak (TTP) were lower (P<0.05). The
ROC curve results showed that CBF, CBV, MTT, TTP and the combined detection all had predictive efficacy for collateral circulation
in patients (P <0.05), with AUC being 0.857, 0.800, 0.814, 0.713 and 0.931 respectively. Among the individual detections, CBF
had the highest predictive efficacy but was still lower than the combined predictive efficacy. The Z values of CBF, CBV, MTT and
TTP for the combined detection were calculated to be 1.37 (P>0.05) , 2.21 (P<0.05), 1.71 (P>0.05) and 3.54 (P<0.05)
respectively. The ROC curve results showed that CBF, CBV, MTT, TTP and the combined detection all had efficacy for the functional
outcome of patients after intravenous thrombolysis (P<0.05), with AUC of 0.796, 0.811, 0.718, 0.784 and 0.902 respectively. Among
the individual detects, CBV had the highest efficacy but was still lower than the combined predictive efficacy. The Z values of CBF,
CBV, MTT and TTP for the combined detection were calculated to be 1.91 ( P>0.05) , 1.65 (P>0.05) , 3.14 ( P<0.05) and 2.13
(P<0.05) respectively. Conclusion In ACI patients, the levels of CBF and CBV in the good collateral circulation group were
higher than those in the poor collateral circulation group, while the levels of MTT and TTP were lower. The CTP parameters in the
good functional outcome group showed a similar trend to those in the good collateral circulation group. ROC analysis revealed that
the CTP parameters had predictive efficacy for good collateral circulation and functional outcomes after intravenous thrombolysis.
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. CTP N CTHE R AL1R; ACIHN &M i 56; CBF b i I 3 &5 CBV i i I 25 55 MTT Jy - 34 38 it b 6] 5 TTP Oy 3k U6 B i) 5
AUCHZIX#H TAERRAE M Ze 2 T Bl

1.0

23 CTPSH M ACIZEfRIKZREDREE R
il %5 B

ROC f#h £k 45 5 /8, CBF., CBV, MTT, TTP }%
R G A I 5 % A8 R IV AR I ) B 45 R A T AL e
(P <0.05) , H AUC4r 5 4 0.796. 0.811., 0.718,
0.784. 0.902, HLpl &5 I i CBV 2 fiE 5 i, (H A3 AIK

0.8

0.6

AP

0.4

— CBF

oaff — T4 AR, T 3R 2. SR A R A 2

TTP
Wty
— S

=752

¥ 375 3] CBF. CBV. MTT. TTPX} B4 #i il 14 Z
8 4> % & 1.91 (P >0.05) . 1.65 (P >0.05) . 3.14
(P<0.05) . 2.13 (P<0.05) .

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1S

Bl 1 CTPZHO ACTE A M SZ G R A FN AL HE ROC Hh £k
R3 CTPSEUN ACT A ka8 5 T RE 25 J=y it 000 2% i

k5 7 AUC (95%CI) REE (%) R (%) 2B AR AL P1H
CBF(mL/100g'min) 23.458 0.796 ( 0.704~0.888 ) 78.50 82.90 0.614 <0.001
CBV(mL/100g) 2.048 0.811 (0.721~0.902 ) 75.40 77.10 0.525 <0.001
MTT(s) 3.149 0.718 (0.619~0.817 ) 44.60 97.10 0.417 <0.001
TTP(s) 21.485 0.784 (0.693~0.876 ) 52.30 88.60 0.409 <0.001
WA — 0.902 (0.844~0.961) 93.80 71.40 0.652 <0.001

FE: CTP CTIHETE HUIR: ACI 2 HEMIREIE: CBE 4 I I it CBV i L ¢ ks MTT Oy - 473 idf W ) TTP Y ik W f )
AUC R 328 TAERHIE £ N iR,
10 : 3 itie
! CTPFE ACTIS W7, 43 1. 97 Peskoh Fofy &
| " M, Ho T CBY gtk (b 20 (32 i 2 4L 5 1A 7 ek i)
: BB 8, A ACTZ P91 28 2 DAL Bt L IX 498 o0 3
PR, FURCME 5 P T A CBF I s ) 4 26 i
04 I T A 97 226 6 0 LA P 1 L 90 L T R WA 41 48
| B VETE KO, M ek 38 06k 70 A 3 Ik 28 9 Ik 19 776
02 —aov BRI, AT SR B LI I 5 TP U 35 GF % LA
s ) ik W6 {1 4 1) S SRR B, HCHE K AU IV B ) 2%
B A 2 (A R A, IS RIRALAE S Lk

" o e DB DS RIR B A5 T SR X
l§|2 CTPz&kﬁXﬂLAgI%\%%Hﬂ({ﬁ@Emﬁb/n%E(J?J\{)\'J Iﬂl‘?ﬁi, ﬁ—}%%—lﬁ.zﬁﬁﬁ%*'fﬂuiﬁai&: Eﬁ?ﬁﬂ CBF\
A AEROC 2%

“

0.8

0.6

R
.

ey
—3HR
0.0
0.0 0.2 0.4 0.6 0.8 1.0




(IARAL S F YT ) 2025 445 31 45 3 1] 77

CBV I & & T X E A A R4, MTT., TTP & &%
T S AE RO R4 B A5 R — 3, ROC il 26 45 1 W
7%, CBF, CBV., MTT. TTP K Bt & & I 2 %t %
) 32 478 5 A 15000 &% g, JLrf CBF A & (0.857)
(AT AR T 16 & 000 2% fiE (0.931) o A ®F5e il
1t AD-CTA VA% 21 ol it 1 i 2 v 28 25 00 S 06 24 5
CTP B LM Kbk, &I CTP S 8 rCBV M AR 1 45
%0 (hypoperfusion intensity ratio, HIR ) R Jc#/~ &
P A I A v AR I SO PR, R A ) S A
TR A B F 000 4/ e AR FE IR, 3X 5 AR BF
FEERAM B FA, AW KB CTPSHn] Ll B #
55 ACTE A I 206 0I5 S0 E A7 8 Ak S 5k, 1 08 e i
T T IR O Ok T T AR A T SR SRS L, Rl L
VE R VEAR BB S8 30 02 5 R A5 I B d8 b, I
R4 2 T 4R At A AR 5

TE 8 Bk % K3 97 JR, ROCHE £k 45 O & R,
CBF. CBV. MTT, TTP J& Bk & # W 2% X & & &
Jik ¥ 4% 5 T fig 45 5 A7 100 2 BE, b CBV i &
(0.811) , HABMR FHE& W &L HE (0.902) o $2/R
CTP S HUOM L E DI Re 45 ) HA 5 I WL s g 43
Hr LA S CBF A AR FEAZ O br i 22—, MAEAZ O R R
R, 28 A0 R B B R T, A 48 T e i e
&, BT RE S R R B 25, CBV R MTTHE &
A X 43 AT 336 i e o 5 S R P A et AT
O V0 M VT A5 R AL LR o L — A
S, CBVEUE B, il 41 20458 45 A0 6 3 5%, TRk Ik
SR T REMERC T TTP Y AE K S I T I 3 3
A IRE ) GE R, B AEAE I 3 ) 2 e 1Y L MTT 4E
] B FR s Bl 0 I AT O AE TR, B I I A P
LU F AL P RS (R A0 SR A S A AR B
A S BRI HE R, X S gl 2] RE St O AR ]
WBRETEAZ Ly, MR R R Y S RESS R 7

g5 L pr ik, ACIHE % M 3208 35 R 47 411 CBF .
CBV A 32 3 AN R 41 7%, MTT. TTPH fik, CTP
ZJUAE VT Al ACTI 2 A6 34 J7 1T HL AT 8 = 112 B R
g, H CTPZHUM ACLE & i ki # )5 D B 45 Jm HL
A RRe, v LLE SR CBF. CBV., MTT. TTP
U £ T RE 4G R

[ & % x K ]

(1] B, AR, T AV A28 B 2 o B UE A 5 MR

152 R B R AR bR AR OCHEWEFE [T] . v [ o oy 2 45
Bk, 2023, 43(10): 1177-1183.

(2] FRK XUMEAR, BRI, 55 T ORBROV & i 2V IR e 8
) S A B4 B Joe 30 i B A0 52 e Re s [ ] . T R PR 27,
2024, 53(S1): 80-82.

(3] B, 2, A, 45 i CTHE gt /MR &
PEREZE KL 12 W o o8 1 s e 2R A A [0 ). e BE At
BHLRAR 2R, 2023, 29(2): 125-130.

[4] Gao G, Liu S M, Hao F B, et al. Factors influencing collateral
circulation formation after indirect revascularization for
Moyamoya disease: a narrative review [J]. Transl Stroke
Res, 2024, 15(6): 1005-1014.

[5] X4, sifrm, S8IE. CTP HLAR % i B 580 kg 7 8 K T
WRIT BONL M AR 0 [T ] o 3 bk B Ak 2% Ak, 2023,
31(10): 872-878.

[6] MR, %45, FIEB. I T2 CTHAZ =S HIgd 2tk
Jigi FE AE 15 PEAl 09 Nomogram B AU 43 [T ] . 3214822 5
etk 2F, 2024, 42(2): 104-112.

(7] L, Xike, J5 I, 45, 56T CTA/CTPIT- i U & 75 @
I K T e A B 5 % L 465 I BB B LU B0 ) T
LT o S T R A 2R, 2024, 30(12): 105-111.

[8] Zugtn, JAWE, sKAE, 55 BT 2B CTRGmM 2tk Eun
PEAS R B ) R VR YT RRICR [T] . M A RFF R

(EE2E) |, 2025, 65(1): 50-57.

[9] The ACC Guidelines Committee. Reply: 2013 ACC/AHA
guideline on the assessment of cardiovascular risk [J ] .J Am
Coll Cardiol, 2014, 63(25): 2886.

[10] DHLKE, A=, AW, 55 18 B IRYT 25 a5
R P A o PR AR A (0] A S R R R,
2020, 23(11): 930-934.

(11 ] SRR, #AA, PVIH, S5 T ARBRIGE A B w) DT bR R A R
SN TR X 20 i A AE SR 35 NIHSS 143 Fl mRS - 435¢
W [J] . TdE R 2%, 2022, 28(2): 327-331.

(12 ] A 2P R ZE B 38 it oA I S A 2108 1052 e 4] 25 11
R gt Fe A3 M0 [ ] . 1 B b 4805 2 Bl 2 PR 27 2,
2022, 49(6): 13-17.

[ 13 ] Tang S, LiuY, Wang Z, et al. Study on model iterative reconstruction
algorithm vs. filter back projection algorithm for diagnosis of acute
cerebral infarction using CT images [ J | . Journal of Healthcare
Engineering, 2021, 2021(1): 5000102.

[14] Wu X, Yang J, Ji X, et al. Delta radiomics modeling based
on CTP for predicting hemorrhagic transformation after
intravenous thrombolysis in acute cerebral infarction: an 8—year
retrospective pilot study [ J | . Frontiers in Neurology, 2025,
16: 1545631.

[15] Franx B A, Tiebosch I A, van der Toorn A, et al. Chronic
hypertension and perfusion deficits conjointly affect disease
outcome after tPA treatment in a rodent model of thromboembolic
stroke [ J ] . J Cereb Blood Flow Metab, 2025, 45(5): 831-841.

[16 ] Vu EL, Brown C H IV, Brady K M, et al. Monitoring of cerebral
blood flow autoregulation: physiologic basis, measurement, and
clinical implications [ J ] . Br J Anaesth, 2024, 132(6): 1260-1273.

[ 17 ] Scully M, Howells L, Lester W A. Impact of new medications on the
treatment of immune TTP [ J | . Blood, 2025,145(13):1353-1357.

[ 18 ] Imaoka Y, Shindo S, Miura M, et al. Hypoperfusion intensity
ratio and CBV index as predictive parameters to identify
underlying intracranial atherosclerotic stenosis in endovascular
thrombectomy [ J ] . J Neuroradiol, 2023, 50(4): 424-430.

[ 19 ] Yao M, Walker G, Gamesik M P. Assessing MTT and sulforhodamine
B cell proliferation assays under multiple oxygen environments

[ J] . Cytotechnology, 2023, 75(5): 381-390.





