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Cranial CT perfusion imaging parameters combined with head and neck CT angiography to
assess collateral circulation status in acute ischemic stroke and its potential for prognostic

prediction
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Abstract: Objective To explore the value of cranial CT perfusion imaging (CTP) parameters combined with head and neck
CT angiography (CTA) in assessing collateral circulation status and predicting prognosis in acute ischemic stroke (AIS).
Methods A retrospective analysis was carried out on 83 AIS patients who were treated in Taikang Xianlin Drum Tower
Hospital from June 2018 to June 2023. CTP and head and neck CTA examinations were performed within 24 hours after
admission. Digital subtraction angiography is the gold standard for assessing collateral circulation status in AIS patients. The
general information of these patients was collected, and the patient's prognosis was evaluated using the modified Rankin scale
through telephone or outpatient follow-up 90 days after the occurrence of AIS. Pearson or Spearman correlation was used to
analyze the correlation between collateral circulation assessment and CTP parameters and head and neck CTA scores. The

value of CTP parameters and head and neck CTA scores in predicting the prognosis of AIS patients was discussed using
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multivariate Logistic regression. Moreover, the receiver operating characteristic (ROC) curve was used to analyze the
predictive value of CTP parameters, head and neck CTA, and the combination for the prognosis of AIS patients. Results The
cerebral blood volume (CBV), cerebral blood flow (CBF), and CTA score were higher, while mean transit time (MTT) and
time to peak (TTP) were shorter in the good collateral circulation group than in poor collateral circulation group (P<0.05).
The collateral circulation status in AIS patients was negatively correlated with CBV, CBF, and CTA score, while positively
correlated with MTT and TTP (P<0.05). Compared with poor prognosis group, good prognosis group had higher CBV, CBF,
CTA, and shorter MTT and TTP (P<0.05). Multivariate Logistic regression analysis identified MTT and TTP as risk factors
for poor prognosis, and CBV, CBF, and CTA scores as protective factors for poor prognosis in AIS patients (P<0.05). The
ROC results showed that the area under the curve (AUC) of CBV, MTT, CBF, TTP, CTA score and the combination to predict
the prognosis of AIS patients were 0.897, 0.864, 0.835, 0.920, 0.918, and 0.979, respectively, showing better predictive
performance of the combination than single index alone (Z=2.194, 2.910, 2.521, 2.229, 2.171; P<0.05). Conclusion CTP
parameters combined with CTA may effectively assess collateral circulation in patients with AIS and is significant for
prognosis prediction.
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Table 1 Comparison of baseline data between different collateral circulation status groups

SRR MG RAFAH (n=57) MZEAARRIAL(n=26) Y /tlE PE
P (%)] 0.018 0.895

% 32(56.14) 15(57.69)

& 25(43.86) 11(42.31)
AR (Y 2xs) 61.30+9.88 62.80+10.90 0.621 0.536
RIRIHE] (h,2+s) 8.90+2.40 8.50+2.70 0.677 0.500
L[4 (%)] 26(45.61) 17(65.38) 2.795 0.095
BEIRIE 1] (% )] 17(29.82) 6(23.08) 0.533 0.466
WA S [ (% )] 26(45.61) 10(38.46) 0.372 0.542
AT S [ (%) ] 19(33.33) 7(26.92) 0.341 0.559
R LAE ] (%)] 21(36.84) 9(34.62) 0.038 0.845
eI 1 (%)] 13(22.81) 5(19.23) 0.134 0.714
BB [51(% )] 8(14.04) 3(11.54) 0.062 0.803

22 CTPHILFCTABEERE
A Tan P53 2 2% CTP F13k # CTA #8 75 46 I 45
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Figure 1 CTP results of patients with Tan score of 0

d:TTPER

c:CBF 458
El2 Tani¥5 7150 EE CTP RN RE

Figure 2 CTP results of patients with Tan score of 1
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Figure 3 CTP results of patients with Tan score of 2
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Figure 4 CTP results of patients with Tan score of 3
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Figure 5 CTA results of patients with different Tan scores

2.3 AEMMEZEIARASHCTP ZHE LT CTATES & T EESRASRA, MTT TTP ¥ T SZ G A
bb & R4, 2506511272 X (P<0.05), W32,
) SZ P& PR R 20 #8325 1) CBV .CBF . CTA P¥43 14

2 TRMEZEIRESE CTP S H KL CTAESELE
Table 2 Comparison of CTP parameters and head and neck CTA scores in different collateral

circulation status groups

£ M SRR RAFH (n=57) D SAEIRA R4 (n=26) 4! PAH
CBV/mL-100 g 2.43+0.21 1.89+0.23 10.546 0.000
MTT/s 5.46+0.42 6.18+0.48 6.924 0.000
CBF/mL-100 g"min 26.93+2.06 21.38+2.02 11.453 0.000
TTP/s 15.06+1.21 16.83+1.08 6.385 0.000

CTA V4343 2.5240.23 1.86+0.35 10.226 0.000
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CBV .CBF,CTA 415 AIS B & M A PR A
B GASE,MTT . TTP 5 AIS #3# 0 S2 G HOIR 4 5L 1F

#3 CTPBH K LF CTA WS M ZBIFRASHE KM ST
Table 3 Correlation analysis of collateral circulation status

and CTP parameters and head and neck CTA score

N . M PEFRRTS
A (P<0.05), W3, 1647 e i
25 AEHELEBEEEBEILE CBV 0.574 <0.001
— Qih Q T ~ N MTT 0.612 <0.001
ASTR) Fi i 435 Jmy 2 AR 3 TR 1 ) A 8 L R s B T CBF 0519 0,001
i I RS PR R R v B ILSE e O D TTP 0.663 <0.001
e X N [N, e PEs -0. .
B gh 2 RIS E 15 L (P>0.05) , 3 4. CTA I 0.583 <0001
F4 TEMELEBAEL AR
Table 4 Comparison of baseline data in different prognostic outcome groups
FLLL TR} T RAFH (n=63) TG A R4 (n=20) 2IE P
P[] (%)] 0.028 0.866
5 36(57.14) 11(55.00)
S 27(42.86) 9(45.00)
AR (B xxs) 61.5049.76 62.62+9.98 0.445 0.658
K IRATE] (h,2+s) 8.80+2.40 8.54+2.28 0.427 0.671
L[ (%)] 30(47.62) 13(65.00) 1.837 0.175
BEIRIE [ (%)] 18(28.57) 5(25.00) 0.681 0.409
W2 AR 52 (81 (%) ] 28(44.44) 8(40.00) 0.122 0.727
ARG 2 [ (%)1] 22(34.92) 4(20.00) 1.571 0.210
T I IURE [ (%) 22(34.92) 8(40.00) 0.170 0.680
TR (%)] 14(22.22) 4(20.00) 0.044 0.834
LI (%)] 9(14.29) 2(10.00) 0.243 0.622

2.6 NEIWEEELECTP S5 % L3 CTA iE4 EL 3R
Wim B4l 4 19 CBV .CBF .CTA PEr ¥ T

WEARA ,MTT. TTP K TG ARY, Z5FH
Gittap i L (P<0.05), W35,

%5 TETFLBECTP S5 KL H CTA TS LR

Table 5 Comparison of CTP parameters and head and neck CTA scores in

different prognosis groups

BE A RAL(n=20)  fH P{E

24 T B 42 (n=63)
CBV/mL-100 g 2.37+0.24
MTT/s 5.43+0.54
CBF/mL-100 g"-min’! 26.2242.01
TTP/s 15.00+1.28
CTAW-47/45% 2.44+0.26

1.91£0.22 7.612 0.000
6.49+0.43 7.999 0.000
21.9542.13 8.160 0.000
17.55+1.17 7.916 0.000
1.91+0.23 8.153 0.000

2.7 &2 Logistic B34 7

PLAIS (#1545 )5 ( R4F=0, A B =1) K 45
#,CBV MTT.CBF . TTP .CTA ¥4 by A 28 e 7 &2
K2 Logistic [A1J4 4387 , 45 4 7R , MTT . TTP J& AIS
BAE TG A R B ek H %, CBV . CBF.CTA P43 &
AIS BFE S A R YRR (P<0.05), L3k 6,
2.8 CTPS# . kHi CTA REE & 3T AIS BE BRI
N &

ROC 45 % i 75, CBV .MTT.CBF . TTP.CTA ¥
O3 T Lh AR BRI TN ALS H 2 s il th 2671 g AR
(AUC) 4 0.897.0.864.0.835.0.920.0.918.0.979; AUC

%6 %A% Logistic B354

Table 6 Multivariate Logistic regression analysis

FEhR B SE  Waldy*> OR 95%CI P{H
CBV -0.265 0.101 6.898 0.767 0.629~0.935  0.008
MTT 0.712 0267 7.110 2.038 1.208~3.439  0.007
CBF -0.286 0.118 5.888 0.751 0.596~0.946  0.015
TTP 0.669 0231 8384 1952 1.241~3.069 0.003

CTAPF4>  -0.507 0.156 10.583 0.602 0.443~0.817  0.001

b 2t R R BECA T A T B B (2=2.194
2.910.2.521.2.229 2.171,P<0.05). WK 6 .37,
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Figure 6 ROC curves of CTP parameters, head and neck CTA

and the combination to predict the prognosis of AIS patients
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WER 07 1k, AT LAY BB b S 7 1 PN A I A A T 2 A
PR, DA AN SRR g K B0, CTA ZE 1A
N S A1 Ay T LA — 2 A PR3 (AT SR A7 A — 2
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Table 7 Predictive value of CTP parameters, head and neck CTA and

the combination for prognosis of AIS patients

Atk AUC 95%CI BE  REEY% RS E/%  YoudendHEL
CBV 0.897  0.811~0.953 1.99 75.00 95.24 0.702
MTT 0.864  0.771~0.929 5.73 80.00 66.67 0.667
CBF 0.835  0.738~0.908 23.45 80.00 85.71 0.657
TTP 0.920  0.839~0.968 17.04 80.00 93.65 0.737
CTAPESY 0918  0.840~0.961 221 75.00 80.95 0.809
1A T 0.979  0.926~0.991 90.00 92.06 0.921

CT MVE T AR A, 1T DL w2 £ b 0 2 i 241
VY I3 B 1 2% 380, i CBF .CBV .MTT ., CPP 4%,
A iz B L DX 5 ) T PR A L DA BN S A B ) T R
IR BRI, CT ALY 22 53 ] e 2 T 3R ) 45
225, JF HAM#8 R8N CT HF U IE St 4
i 560

FEAR WA GE b, 0 S A6 30 K441 5 5 1) CBV
CBF .CTA P53 358 TG AA R 40, MTT . TTP
RG0S AEPRAS B AL, $2 s 0 S A0 B R LA ol 5 gl o
M ZH 2 ) il v Y . eAh,CBV .CBF \.CTA P43
AIS 8 F M S AE AR 2 A C, MTT . TTP 5 AIS
FEE N A RS B E A OC X UL CTP S 40
CTA D143 1T LA i BT S A% B 1) Jo o RTRSCARS , S il S
TG0 DAL 4R 0 — Fh & 00 1) 22 A 8 bR o LA, A
IR HT CTP S EUR Sk 1 CTA 5 AIS B il il 3¢
%, T)n Rif4H 8% CBV .CBF .CTA W15 T
WEARA MTT . TTP R TG ARH ., #—2
172 A &K Logistic 7145347 , 45 £ W5 ,MTT . TTP J&

AIS & 5 A R &R &, CBV .CBF .CTA 143
&= AIS BBE TG A R AR B 2 L 3% CTP S50 3k
i CTA A AT LA A Bl 1fi i 2 20 AR 4%, 38 v] AT
W AIS B TS 45 o teah , AR 988 17 ROC
12k LS CTP 28 Sk 3 CTA M 164 T ALS %
TS B, 25 S %, CTP 805 3% i CTA BE A T
WA T B T , 26 B CTP 280 3k 81 CTA 254
3 HT BB B A AR AR i AR Bt i 2 2 ) A 4 A
JEFIPRAE B ] b, Sl ATS HR B I PR PR SR FA T 1R
B 1R

Zg Pk, CTP B4 ki CTA BRA W AT LAA
RS ATS BB BN 2GRS S B E TG . [RAT,
ARG AAT7E — 52 10 Jmy B, AR BF 95 B RR AR L 55D
A BB A7 76 A SR 158 25 ol e £ 1y , 75 25 o RS ) 22
HUIF G R I AW 5T 45 51, I H AR ST AL AT T
YR Y CTP A4, oK 8 2h 25 WLEE Bl i fii 20 4 7 3
AR AL, AR AT DA IR EA T 2 R k% B2 CTP K A ok
AR R A L o
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