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Association of cerebral collateral circulation evaluated by four-dimensional computed
tomography angiography with prognosis in patients with acute ischemic stroke
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[Abstract]  Objective To evaluate the collateral circulation status with four-dimensional computed tomography angiography
(4D-CTA) after acute ischemic stroke (AIS) and analyze its correlation with prognosis. Methods Baseline data and imaging data of
47 AIS patients who admitted in our hospital from January to September 2020 and finally included in this study were collected and
analyzed. All of them received 4D-CTA within 4.5 h after onset. The level of cerebral collateral circulation was assessed by multi-
phase CT angiography (mCTA) scores and regional leptomeningeal collateral (rLMC) scores. The 90-day modified Rankin score
(mRS) was used to evaluate the neurological prognosis, and the patients were divided into poor collateral circulation group (n=19)
and good collateral circulation group (n=28) according to mRS. SPSS statistics 25. 0 was used to analyze the data, and Chi-square
test, student’s ¢ test or rank sum test was used for inter-comparison depending on data types. Spearman correlation analysis was
employed for the correlations among indicators. Logistic regression analysis was performed to analyze the factors affecting poor neuro-
logical prognosis in AIS patients. Receiver operating characteristic (ROC) curve was drawn to assess the predictive values of these
indicators. Results Compared with the good collateral circulation group, the poor collateral circulation group had significantly higher

National Institutes of Health Stroke Scale (NIHSS) score, larger penumbra volume (Tmax>6 s) and infarct core volume (rCBF<30%),
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smaller mismatch ratio, lower mCTA score, rLMC score and 90-day mRS score ( P<0.05). mCTA score was negatively correlated with
baseline NIHSS score, penumbra volume (Tmax>6 s) , infarct core volume (rfCBF<30%), and mismatch ratio, and positively correlated with
rLMC score and 90-day mRS score. rLMC score had negative correlations with baseline NTHSS score, penumbra volume (Tmax>6s), infarct
core volume (rCBF<30% ) , mismatch ratio, and 90-day mRS score, and positive correlation with mCTA score. The results of multiva-
riate logistic regression analysis showed that mCTA score and baseline NIHSS score were both predictors of poor neurological prognosis
in AIS patients. ROC curve indicated that combination of mCTA score+baseline NIHSS score showed better predictive values for poor
neurological prognosis in AIS patients than a single index, with an area under the ROC curve (AUC) of 0.918, a sensitivity of
89. 6% , and a specificity of 92. 4%. Conclusion mCTA score+baseline NIHSS score has a better value for predicting the poor neuro-
logical prognosis in AIS patients. When the mCTA cerebral collateral circulation score less than 3 and the baseline NIHSS score greater
than 5, it indicates that neurological prognosis is poor in the patients.
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Table 1  Comparison of baseline data between two groups
Poor collateral circulation Good collateral circulation
Item X*/1/7Z P value
group(n=19) group(n=28)
Gender( male/female, n) 12/7 19/9 0.111 0.739
Age(years, x+s) 62.30+8. 46 62.13+8. 89 0. 066 0.948
Hypertension[ n( %) ] 10(52.63) 14(50.00) 0.031 0. 859
Diabetes mellitus[ n( %) ] 3(15.79) 5(17.86) 0.000" 1.000
Hyperlipidemia[ n( %) ] 6(31.58) 7(25.00) 0. 245 0.621
Smoking[ n( %) ] 7(36.84) 10(35.71) 0. 006 0.973
Lesion site( right brain/left brain) 8/11 13/15 0. 086 0.770
Infarct location( middle cerebral artery/anterior cerebral artery/ 13/2/4 18/4/6 0.240*  1.000
internal carotid artery )

Time from onset to CT(min, x+s) 182.21+30. 01 172.48+22. 05 1.282 0. 206
Time from onset to thrombolysis( min, x+s) 227.52+36.13 219.30+31.55 0. 827 0.413
Baseline NIHSS( points, x+s) 10.74+2. 84 8.17+2.03 3.622 0. 001
Penumbra volume( Tmax>6 s, c¢m®) 2 001(177,253) 133(100,162) 12.028 <0.001
Infarct core volume (rCBF<30% , em? ) 135(93,173) 47(29,80) 10.729  <0.001
Mismatch ratiol M(Q,, Q3) ] 2(1,5) 4(3,10) 4.227  0.029
mCTALM(Q,, Q;) ] 3(1,4) 4(3,5) 4.029 0. 035
fLMC[M(Qy, Q3)] 10(7,19) 17(11,20) 4.991  0.019
90 d mRS[M(Q,, Q;) ] 1(0,2) 4(3,6) 5.025 0.017

NIHSS: national institutes of health stroke scale; Tmax: time to peak residual function; rCBF: regional cerebral blood flow; mCTA; time-resolved CT

angiography ; rLMC ; regional pial collaterals; mRS: modified Rankin scale. * continuous modified Chi-square test.
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30%) GEBC LR ARG ; 5 fLMC PE43 .90 d mRS P
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Table 2 Correlation between mCTA , rTLMC and various indicators

mCTA rLMC
Ttem

r P value r P value
Baseline NIHSS -0.637 <0.001 -0.337 0.047
Penumbra volume(Tmax>6 s) -0.596 <0.001 -0.412 0.020
Infarct core volume ( rCBF -0.564  0.001 -0.399 0.027

<30%)

Mismatch ratio -0.585 <0.001 -0.424 0.016
mCTA - - 0.489 0.005
rLMC 0.501 0.003 - -
90 d mRS 0.874 <0.001 -0.387 0.029

NIHSS: national institutes of health stroke scale; Tmax: time to peak
residual function; rCBF: regional cerebral blood flow; mCTA: time-
resolved CT angiography; rLMC: regional pial collaterals; mRS: modi-

fied Rankin scale. —: no datum.
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Table 3 Univariate logistic regression analysis on prognosis of

neurological function in patients with AIS

Factor B OR(95%CI) P value
Gender 0.040 1.041(0.982-1.225) 0.278
Age 1.330 3.781(2.555-5.596) 0.177
Time from onset to thrombolysis ~ 0.010 1.010(0. 848—1.670) 0.710
Hypertension -0.916 0.399(0.100-1.687) 0.224
Diabetes mellitus 1.318 3.736(1.116-7.032) 0.365
Hyperlipidemia -1.723 0.179(0.021-1.693) 0.129
Smoking -0.271 0.763(0.199-3.014) 0.709
Baseline NIHSS 0.456 1.578(1.038-2.387) 0.008
Penumbra volume( Tmax>6 s) 0.023 1.023(0.989-1.358) 0.174
Infarct core volume (rCBF 0.087 1.091(0.8%4-1.420) 0.039
<30%)
Mismatch ratio -0.068 0.934(0.690-1.103) 0.143
mCTA score -2.358 0.095(0.035-0.583) 0.005

rLMC score -0.199 0.820(0.662-1.004) 0.021

AIS: acute ischemic stroke; NIHSS: national institutes of health stroke
scale; Tmax: time to peak residual function; rCBF': regional cerebral blood

flow; mCTA ; time-resolved CT angiography; rLMC: regional pial collaterals.

R4 B AIS BEMEEETRHNE E X logistic @)A1

Table 4 Multivariate logistic regression analysis on prognosis of neurological function in patients with AIS

Model 1 Model 2
Factor
B OR(95%CI) P value B OR(95%CI) P value
Baseline NIHSS 0. 635 1.877(0.932-3.821) 0.093 0.548 1.730(1.091-2.74) 0.029
Infarct core volume (rCBF<30% ) 0. 080 1.083(0.873—-1.344) 0.296 0.041 1.042(0.873—-1.243) 0. 687
mCTA -2.740 0. 065(0.006-0. 678) 0.020
rLMC -0.249 0.779(0.593-1.073) 0.129

AIS; acute ischemic stroke; NIHSS: national institutes of health stroke scale; rCBF: regional cerebral blood flow; mCTA: multiphase CTA; rLMC:

regional leptomeningeal collateral.
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RS FWAIS BEWMZEFEHESEER
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Table 5 Multiple logistic regression analysis on prognosis of

neurological function in AIS patients ( combining 2 models)

Factor B OR(95%CI)

P value

mCTA 1.175 3.238(2.104-4.984) 0. 009

Baseline NIHSS 0.079 1.082(1.041-1.125) 0.010

AIS: acute ischemic stroke; NIHSS: national institutes of health stroke
scale; rCBF: regional cerebral blood flow; mCTA: time-resolved CT

angiography; rLMC : regional pial collaterals.
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