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ABSTRACT

Objective To explore the predictive value of computed tomography angiography (CTA) collateral
circulation score for hemorrhagic transformation (HT) in stroke patients with middle cerebral artery
(MCA) M1 segment occlusion and to construct a predictive scoring model. Methods A total of 100
stroke patients with M1 segment occlusion of MCA admitted to our hospital from January 2021 to
January 2024 were selected as the research objects and included in the training set. They were divided
into N-HT group(n=54) and HT group(n=46) according to CT reexamination results. According to the
same criteria, another 34 stroke patients with MCA M1 segment occlusion admitted to our hospital
from January, 2023 to January, 2024 were enrolled in the validation set to verify the effectiveness
of the prediction model. The clinical data and CT results of the two groups were compared. LASSO
Logistic regression analysis model was used to screen out the potential influencing factors of HT,
and the independent influencing factors of HT were analyzed by multivariate Logistic regression.
C-Statistics, net reclassification improvement(NRI) and integrated discrimination improvement(IDI)
were used to analyze the predictive efficiency of each influencing factor on HT. The predictive score
model was constructed and its predictive efficiency was evaluated by receiver operating characteristic
(ROC) curve. Results Compared with N-HT group, age, hypertension, atrial fibrillation, cardiogenic
embolism, baseline National Institute of Health Stroke Scale(NIHSS) score, resistin, platelet-derived
growth factor(PDGF), vascular endothelial cell growth factor(VEGF), time to maximum(Tmax), flow
extraction product(FED) and relative flow extraction product(rFED) in HT group were significantly
increased(P<0.05), cerebral blood volume(CBV), relative rcerebral blood volume(rCBV), and collateral
circulation score were significantly decreased(P<0.05). Five potential influencing factors were screened
out by LASSO logistic regression, further multivariate Logistic regression analysis showed that baseline
NIHSS score, PDGF, VEGF, FED and collateral circulation score were all independent influencing factors
of HT(P<0.05). The results of C-Statistics, NRI, and IDI were consistent. The CTA collateral circulation
score was added to the baseline NIHSS score, PDGF, VEGF, and FED, which had the best ability to
predict HT. Construct a predictive scoring model for the occurrence of HT, AUC of the model for
predicting the occurrence of HT in the training set and validation set were 0.925 (95%Cl: 0.844-0.967)
and 0.908 (95%Cl: 0.823-0.949), and the best cut-off value was 3.2. Condlusion CTA collateral circulation
score, baseline NIHSS score, PDGF, VEGF and FED are all independent influencing factors for HT. Based
on these factors, a predictive scoring model for HT development is constructed, which can be used to
accurately predict the risk of HT development in stroke patients.

Keywords: Computerized Tomography Angiography; Collateral Circulation Score; Middle Cerebral Artery
M1 Segment Occlusion Stroke; Hemorrhagic Transformation; Scoring mode/
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PEICTHIMRIRE

33

EERBZERRFEREE EF, EMCA MIERAENMTE
AFSEMEBEERE, TNEEEHUNZBIFCELZFNDTR
B, HTERZTENHAE, HREEREBEEMETE,
BEAFTMLBERRSSETUTNHTH L &£, FERCTA
WIENAFIENEREENNLBIFRS, B, MR
MCA M1EEREZHEE 100G AMRNR, RIECTEETERS
FIN-HTAMHTA, BRCTAMNZ BT T EHTHFINE,
MRERTNEEHTRE, LR IERTUNBZ B ENTEIR
waz,

EEMARE, MIENEERANRE, MKREESEH
WK, AL EREK, FRBNENETETEEE, Ml
BRI SRR, HIA AR FIANRSE, SRR AR
NEFBEIMER, BRORTHRRLEIE, SBHT. HE
FERBE, 2ERERNMNE, MRRESSEEA, SHES
E. ERFS, Zh6SRMNRERRG, BUEHTRER K
me, SnETERERFROERS, MBIAERN, HiEdm
BEMEMMLEIR. NERESSHIE, HTRERREN,
SHERETNRERERENOELERE, SEBEMKAERE
R, BMEZBEIFRRE, FEHER), BOBREXA, BOE
MR FRRELARABRRATRBEE, REROERGNES
B, SREEXEN, BESHHT", NIHSSITES T ALLTE
ERANREIRGIZE, T9MSEREREA, kAR
MEEHTE, BETAFEESEIMHT, KNERIFERE
M —F Al LURIR M S AT, INE T2 AR T 7 K h
BB LR HEN SRR, HERRARZTIRGNS
AEIPDGFEIZIN, FANH IS Bk B R BRI S 1 N A B4R
HISER W, iEPDGFMIIMREREEMRTR, MMEEZHR
45 /MR R SHRPDGF=E &Rk, VEGFERIGIEE.
. BRESFERRT, BTt mE N a MRS S SR
e RN AR EH R B, 52 RRANEE T
SEE, AILEHTERRKM. EHRGRASEE"S, &H
RE, SN-HTALER, HTAER. SIE. B WEERE,
HEENIHSSITES . HAZE. PDGF. VEGFEEHM, Sa1AHRRSE
8", FEWARKE, WLBFNEFERIUE—CRELE
RIS IR BRI, JH L ABARIRG, REMNNIZEIRES
ERENANNEETE, TEHRMEREENESNE, BLE
FROBIYT A, BERBHTRKG, MEREFE", FEDRRM
MEEBMAIB I, RFXT 58T Wb PR 14 Aot FRE B A 1t 25 7
ERIME R MEIMNEPR AR R, HEES, REBBEWM,
IR RERIIR, THT A £ 1 AR IR A R @A
AEHXIE, FEDBIRERCTPIEmPEERMEE"", FEDRE
SBMSRMFEDZL, HHESEETNMRERGEEEZRRA,
BATHRE S MBI kR s B, RERAREN,
CT¥&EHRCBY. rCBV. CBF. rCBFFEEATTP. MTT. rMTT.
TmaxE Kt 5HTHERES ™, KHRH, SN-HTALK, HTA
CBV. rCBV. MIZEFED EEFE(E, Tmax. FED. rFEDE &Y
Mo LASSOEIAMEHEMHT X EMSMNEBERE, #—F 2R
,Z?iiLogisticlEI')Elﬁj\7l‘ﬁé::.t B, EENIHSSTES. PDGF. VEGF.
FED. MIZBIFESYRHTHIMIEMAR, SMIEMEEY
BEHTHTNEES, BRI RCTAMUSZEIRED IAELNIHSS
4. PDGF. VEGF. FED, WE%EHTHINEE SR, HiEE
EHTHTALED ISR, BH1~7.39, DEHSNHTEEBRY
B, BERRER329.

2025%F6H %$23% 64 £55188H

LREFTR, CTAMISZTEIFTD URELENIHSSITS . PDGF.
VEGF. FED¥RHTRRIU FMER, ETFUMERLEHTRIFN
WORE, ATATIRR EBERMFUNMZE R EEREHTHN
o ARIAFRBRFARBOERII006IMCA MIBRAZEXRERE, 1+
FERVAREURDZHARER, MU ZHNATIRRK,
FHREFEBRBIELMERNEEN, KRBT AFLFE, @
RANSZHROESE, DESEENRNZ™ERNSR,

SE

[11Yu H,Wang H,Liu M,et al.Effects of transcranial direct current
stimulation on stroke based on brain functional networks([J].Ieee T
Magn, 2021, 57 (6) : 1-4.

2] A3, M, FRARAE, . SWIMBLA 7677 &M K o o 20 BkM1 B 7] 28 3% ok o % 7
E o E FE AN I, P E R ES A SRR, 2021, 28 (4): 422-425.

[3]1Qiu L,Fu F,Zhang W,et al.Prevalence, risk factors,and clinical outcomes
of remote intracerebral hemorrhage after intravenous thrombolysis
in acute ischemic stroke:a systematic review and meta—analysis[J].J
Neurol, 2023,270(2): 651-661.

[4]Fukuda K A,Liebeskind D S.Evaluation of collateral circulation in
patients with acute ischemic stroke[J].Radiol Clin N Am,2023,61(3):435-
443.

[5]Yang R,Wang M,Dong Q,et al.Transcranial Doppler versus CT angiography:a
comparative analysis for the diagnosis of ischaemic cerebrovascular
disease[J].Clin Radiol, 2023, 78 (4): 350-357.

I FEEFRWEREL S, PREFLWERF D RMME K 4. 5 &M NAE
St Wb ip e R ). o e 2R 20 R, 2019, 52 (4) 1 252-265.

[7]Linzhe D,Yuqiao Z,Xiaohui L,et al.Blood pressure excursion on
admission and intravenous thrombolysis in ischemic stroke[J].J
Hypertens, 2023, 41 (8): 1265-1270.

(81w i, B &, M A% &M RAE LA f/IMR S HOE AL 3t # Bk a4 J5 4% b 8 3
W 1. FH B A%, 2023, 30(8) : 24-26.

[9]Cao Y Z,Zhao L B,Jia Z Y,et al.Cerebral blood volume Alberta stroke
program early computed tomography score predicts intracranial
hemorrhage after thrombectomy in patients with acute ischemic stroke in
an extended time window[J].Acta Radiol, 2022, 63(3):393-400.

[L013EH H, Z4, REM. BAMEBEEZFBAT, Z0EEEEL RO IE F4HH
* % U] FDRMAARFE, 2025, 32 (2): 64-66.

U11] g, X e, UM, 4. SR MR A o 30 i TR 3064 1] 28 1 e PR Ao 3 (R R AE D).
B R A IR 2k &5, 2022, 39 (2): 115-118.

L12] ot A, H 3, /N, 5. (R B P4 W in /7 42 20 Bl M i 2 o B 7 R R % 4
MY LI). B T B0 o A AN A R, 2022, 49 (6) 1 7-12.

[13]Wakiya R,Ueeda K,Shimada H,et al.AB0287 effects of hydroxychloroquine
on peripheral blood cytokine expression associated with atherosclerosis
in systemic lupus erythematosus[J].Ann Rheum Dis, 2021,80(1):1169-1170.

[14]Han J H,Park H S,Lee D H,et al.Regulation of autophagy by controlling
Brk1/2 and mTOR for platelet—derived growth factor-BB-mediated vascular
smooth muscle cell phenotype shift[J].Life Sci,2021,267(1):118978~
118978.

[15]1Tbrahim M A,Haleem M, Abdelwahab S A,et al.Sildenafil ameliorates
Alzheimer disease via the modulation of vascular endothelial growth
factor and vascular cell adhesion molecule-1 in rats: [J].Hum Exp
Toxicol, 2021, 40 (4): 596-607.

[16] x| e, 448, X £ /R, . 0 0E 3t BB 2 607 )5 i 45 A6 BB B B 69 9 m
[J]. s i 2 R & 40 7, 2021, 20 (11): 1108-1116.

U7 E, A, Pueid, . d 4RG3 b 5 BB W R R U, &
E 8 EF 4%, 2023,33(1): 10.

[18] 45, Zth >, S48, <. CTPHUM Rt S ofn 0 A o 34 i 20 BRALAR LR R At H
Foh 5 Rty 41 5 8 58 (1], BB F 2R, 2022, 32(7): 1085-1089.

(9] F ok, RE, i 7F. £ BLACTA A 0 St o 25 o 1 afn 4% 40 00 o 69 9F 58 37 k&
(0], W R A 4t 2 22 &5, 2022, 41 (11) : 2148-2152.

(201 7% 5 I, & A, X, CTPER A-mCTAX 2 M S 0 i 25 o BURR J& i i 4 41 (PH2AY)
e T 7] 16 PR AR A 2 22 &5, 2023, 42.(5): 722-728.

(KFSEA: 2024-04-12)
(RxI4miE. EH)



