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Figure 1 Flow diagram for patient selection 

Table 1. The association between blood pressure and collateral flow parameters 

Table 2. The association between blood pressure and outcomes 

Table 3 The association between BP, mRS 0-1, infarct volume growth and DT>3s/DT>6s 

ratio in subgroup analysis (multivariate-adjusted) 

 

 

 

 

 

Abstract: 

Objective: 

To explore the association of post-stroke baseline blood pressure with cerebral collateral 

flow and functional outcome in acute ischemic patients with large vessel occlusion/stenosis.  

Methods 

Patients identified with large vessel occlusion/stenosis with baseline multimodal computed 

tomography, follow-up imaging, and complete clinical profiles were included. A 90-day 

modified Rankin Scale of 0-1 was defined as an excellent functional outcome. Cerebral 

collateral flow was quantified by the volume ratio of tissue within the delay time>3 seconds 

perfusion lesion with severely delayed contrast transit (delay time>3s/delay time>6s).  

Results 

   There were 306 patients included in this study. With every increase of 10mmHg in 

baseline systolic blood pressure, the odds of achieving an excellent functional outcome 

decreased by 12% in multivariate analysis (odds ratio 0.88, P=0.048). Conversely, increased 

baseline blood pressure was associated with better collateral flow. In subgroup analysis of 
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patients with major reperfusion, higher blood pressure was associated with decreased infarct 

growth and a better clinical outcome, and vice versa in patients without reperfusion. 

Interpretation 

 Higher baseline blood pressure in acute ischemic stroke patients with large vessel 

occlusion/stenosis was associated with better collateral flow. However, for patients without 

reperfusion, higher baseline blood pressure was associated with increased infarct growth, 

leading to an unfavorable clinical outcome. The relationship between blood pressure and 

outcomes is highly dependent on reperfusion and active blood pressure lowering treatment 

may be inappropriate in acute ischemic stroke patients prior to reperfusion treatment.  

 

 

 

 

 

 

Introduction 

 There is no consensus on the optimal target for baseline blood pressure (BP) in acute 

ischemic stroke patients 1-3. Studies of the association between acute BP and clinical 

outcomes are contradictory. Positive, negative or U-shaped correlations between BP and 

outcomes have all been described4-13. 

In patients with acute ischemic stroke, especially those with large vessel occlusion or a 

proximal stenosis, higher BP may help sustain collateral perfusion, which may minimize final 

infarction. However, high BP may also increase the risk of complications, such as brain 

edema and hemorrhagic transformation 14. Few studies have explored the impact of BP 

differences in specific stroke subtypes. For patients with proximal large vessel occlusion who 
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underwent endovascular treatment, it has been demonstrated that higher post-stroke BP was 

associated with increased volume of final infarction and worse clinical outcomes 15, 16. On the 

contrary, high BP has also been reported to be associated with better collateral flow in stroke 

patients with large vessel occlusion17. None of these prior studies assessed outcomes with 

respect to reperfusion status. 

CT Perfusion (CTP) imaging has been widely used to determine infarct core and 

penumbra in acute ischemic stroke patients. Cerebral collateral flow can be quantified using 

CTP imaging data by measuring the volume of tissue with delayed contrast transit instead of 

conventional CTA collateral grading18-28. More severe delay in contrast transit indicates 

poorer collateral flow. Therefore, the aim of this study was to investigate the association 

between post-stroke baseline BP, collateral flow, infarct growth, and clinical outcomes in 

acute ischemic stroke patients with large vessel occlusion/stenosis using baseline CTP to 

measure collateral flow. We hypothesized that higher baseline blood pressure would be 

associated with improved collateral flow, and the effect of BP on outcomes would be 

modified by the degree of subsequent reperfusion. 

 

Methods 

Patient Selection and Measures of Outcomes 

   Consecutive acute ischemic stroke patients presenting within 12 hours of symptom onset 

from 7 medical centers globally 1) Huashan Hospital, China; 2) John Hunter Hospital, 

Australia; 3) Box Hill Hospital, Australia; 4) the University of Alberta Hospital, Canada; 5) 

Royal Adelaide Hospital, Australia; 6) Gosford Hospital, Australia; 7) The Second Affiliated 

Hospital of Zhejiang University, China between 2011 and 2017 were prospectively recruited 

for the International Stroke Perfusion Imaging Registry (INSPIRE). Patients from INSPIRE 

registry were included in this study if they met all the following criteria: 1) large-vessel 
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occlusion/stenosis of anterior circulation (including extracranial or intracranial segment of 

internal carotid artery, M1/M2 segment of middle cerebral artery and anterior cerebral artery; 

stenosis was defined as >50% stenosis of the vessel caliber), 2) underwent complete baseline 

multimodal computed tomography (CT) imaging, including non-contrast CT (NCCT), CT 

Perfusion (CTP), CT Angiography (CTA), and 24-hour follow-up magnetic resonance 

imaging (MRI) or repeat multimodal CT (to assess reperfusion), and 3) complete baseline 

clinical profiles and follow-up data, and 4) did not receive any BP treatment before 

multimodal CT imaging. Clinical stroke severity was assessed at baseline imaging time using 

the National Institutes of Health Stroke Scale (NIHSS). The BP measured in the emergency 

room (ER) for the first time after arrival was considered as baseline. Eligible patients were 

treated with intravenous thrombolysis and/or endovascular therapy according to guidelines 

and the clinical judgment of the treating neurologist. The functional outcome was assessed by 

modified Rankin Scale (mRS) at 90 days after stroke, which was determined by a trained 

operator blind to patient information using a validated telephone script. A mRS score of 0-1 

was identified as the primary outcome. Secondary outcomes included infarct volume growth 

and parenchymal hematoma Type 2 (PH2) as defined in the European Cooperative Acute 

Stroke Study II29.  Written informed consent was obtained from each participant as per local 

approvals. The study was approved by local ethics committees.  

 

Acute multimodal CT Protocol 

  Participants recruited in INSPIRE were scanned using either 64, 128-, 256-,320 detector 

scanners for non-contrast CT, CT angiography and perfusion CT (GE Lightspeed, GE 

Discovery, GE Lightspeed, Siemens Somatom Definition Flash dual source, Philips Brilliance 

iCT, and Toshiba Aquilion One). CT angiography with acquisition from aorta arc to vertex 

was performed immediately after perfusion CT. (Details of different CT scanners were 
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provided in Supplementary Table 1) 

 

24h-48h Imaging Protocol 

   All MR compatible participants had follow-up imaging at 24-48 hours after stroke onset 

with a stroke MRI protocol on a 1.5T or 3.0T scanner (Siemens Avanto or Verio). The MRI 

imaging protocol included diffusion weighted Imaging (DWI), fluid-attenuation inversion 

recovery (FLAIR) imaging, MR time-of-flight angiography (MRA), and perfusion weighted 

imaging (PWI). MR-incompatible patients had follow-up CT (NCCT +/- CTP) at 24-48 hours 

after stroke.  

 

Image Analysis and Collateral Assessment 

  All perfusion images were post-processed on the commercial software MIStar (Apollo 

Medical Imaging Technology, Melbourne, Australia) with single value deconvolution with 

delay and dispersion correction. Previously validated thresholds were applied to measure the 

volume of acute hypoperfused lesion (delay time [DT]>3s), severely hypoperfused lesion 

(DT>6s) and infarct core volume (relative cerebral blood flow [rCBF] <30%)19, 30. Penumbra 

volume was calculated by acute hypoperfused lesion volume minus the infarct core volume. 

The volume ratio of DT>3s/DT>6s was used to quantify the collateral flow, with a higher 

DT>3s/DT>6s ratio indicating better collateral flow. Additionally, in order to justify the 

measurement of collateral flow using DT>3s/DT>6s ratio, we also evaluated cerebral 

collateral flow using CTA collateral grade using the published Miteff Scale18. 

Final infarct volume (FIV) on follow-up MRI or CT was also measured using planimetric 

techniques included in the MIStar software package. Infarct growth was determined as the 

difference between FIV and CTP infarct core at baseline. Reperfusion was defined as >90% 

reduction in DT>3s volume on follow-up CTP or MR Perfusion (MRP) compared to baseline 
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CTP or MRP, or modified thrombolysis in cerebral infarction score (mTICI) 2c/3 at end of 

procedure for patients receiving endovascular treatment.  

 

Statistical Analysis  

Statistical Analysis was performed on STATA v13.0 (StataCorp, Ltd, College Station, TX). 

A two-tailed P<0.05 was considered as significant. Mean and standard deviation (SD) were 

used to describe continuous variables if normally distributed, or median and interquartile 

range (IQR) if otherwise. Percentage was used to describe categorical variables. Differences 

of baseline characteristics were compared using student’s t test or Mann-Whitney test for 

continuous variables, and χ2 test or Fisher exact test for categorical variables. Spearman’s ρ 

correlation coefficient was used to assess the correlation between DT>3s/DT>6s ratio and 

CTA collateral grade. Variables with P<0.05 in univariate analyses or with clinical 

significance were included in multivariate models. Univariate and multivariate logistic 

regression models were used to estimate the unadjusted or adjusted odds ratio (OR) and its 

95% confidence interval (95% CI) on an excellent clinical outcome (mRS 0-1) per 10mmHg 

change of BP. The association between BP parameters, collateral flow and infarct growth was 

evaluated using univariate and multivariate generalized linear models with log transformation 

because of the non-normality distribution of the data. The association between baseline BP 

and the volume of infarct core, DT>3s were additionally estimated to further confirm the 

relationship between BP and collateral flow. The 95% CI of the corresponding coefficients 

were also provided. The potential modifying effect of reperfusion was first tested using 

interaction analysis with BP. Then subgroup analysis was performed according to reperfusion 

status for the association between BP, infarct volume growth, collateral flow and outcomes.  

 

Results 
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   Between November 2011 to July 2017, a total number of 1518 patients were recruited in 

the INSPIRE registry. In the registry database, 381 patients were confirmed with large vessel 

occlusion/stenosis. Seventy-five patients were excluded because of posterior circulation 

infarction. Therefore, 306 patients were included in the study (Figure1). The basic 

characteristics, including imaging analysis were shown in Supplementary Table 2. The 

median [IQR] age was 69.5 [60.0, 79.0] years with median [IQR] baseline NIHSS 12.0 [7.0, 

16.0], and 59.8% (183) were male. The median [IQR] baseline systolic blood pressure (SBP) 

was 146.0 [132.8,163.5] mmHg, median [IQR] baseline diastolic blood pressure (DBP) 84.0 

[75.8, 93.3] mmHg, and median [IQR] baseline mean arterial pressure (MAP) 105.0 

[97.0,115.0] mmHg. There were 72.5% (222) patients with internal carotid artery (ICA) or 

M1 segment of middle cerebral artery occlusion/stenosis, 79 with M2 occlusion/stenosis and 

5 with ACA occlusion. Median [IQR] baseline core volume was 36 [12, 72] mL. Excellent 

functional outcome at 3 months was achieved in 39.5% (121) patients. Additionally, 

DT>3s/DT>6s was correlated with a CTA collateral grading system (Miteff scale), meaning 

there was a significant association between better collateral grade on CTA and less severe 

delay within the perfusion lesion (Spearman’s ρ=0.15, 95%CI 0.03- 0.26, P=0.02).18 

 

Association between BP and collateral flow 

  Every increase of 10 mmHg in SBP was associated with an increase in the DT>3s/DT>6s 

ratio (multivariate-adjusted coefficient 0.05, 95% CI 0.03 to 0.07, P<0.001). A similar 

relationship was also seen between DBP and DT>3s/DT>6s ratio (multivariate adjusted 

coefficient 0.07, 95% CI 0.04 to 0.11, P<0.001), as well as MAP and DT>3s/DT>6s ratio 

(multivariate-adjusted coefficient 0.08, 95% CI 0.05 to 0.11, P<0.001). Thus, higher BP was 

associated with a smaller proportion of the total perfusion lesion having DT>6 seconds, 

indicating better collateral flow. Additionally, higher BP was correlated with smaller baseline 
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CTP infarct core and smaller DT>3s volumes (Table 1). Removing patients with stenosis or  

endovascular treatment (EVT) did not affect the correlation of higher BP with smaller core 

and DT lesions (Supplementary Table 3 & 4).  

 

Association between BP and outcomes 

With every increment of 10mmHg in SBP, the unadjusted odds of an excellent functional 

outcome decreased by 16% (OR 0.84, 95% CI 0.76 to 0.93, P=0.001). After multivariate 

adjustment, the odds of an excellent outcome decreased by 12% (OR 0.88, 95% CI 0.78 to 

0.995, P=0.048). The association remained significant after excluding patients with stenosis 

(OR=0.88, 95% CI 0.78 to 0.998, P=0.047, Supplementary Table 3). After excluding EVT 

patients, the odds ratio for excellent outcome was still reduced but with the reduced sample 

size the p value was not significant (p=0.11, Supplementary Table 4). Univariate analysis 

indicated that higher MAP was also associated with decreased odds of an excellent outcome, 

but the association disappeared after multivariate analysis (Table 2).   

Higher SBP was also associated with increased infarct growth (multivariate-adjusted 

coefficient 0.009, 95% CI 0.006 to 0.012, P< 0.001). This association was not affected by 

whether final infarct volume was measured with CT or MRI (Supplementary Table 5). 

Similarly, this association was not affected by excluding patients with stenosis or 

endovascular treatment (Supplementary Table 3 & 4). The same correlation was observed for 

DBP and MAP. There was no correlation between higher BP and PH2 (Table 2). However, the 

rate of PH2 was relatively low (Supplementary Table 2).  

 

Interaction analysis and subgroup analysis according to reperfusion status    

   Of the 272 patients with follow-up perfusion imaging or DSA, 68 (25%) had major 

reperfusion (The comparison of baseline and follow-up data between patients with or without 
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follow-up perfusion imaging are provided in Supplementary Table 6).  

   In the subgroup analysis according to reperfusion status, higher baseline BP was 

associated with better collateral flow regardless of reperfusion. However, higher BP was 

correlated with increased infarct growth in patients without reperfusion, but decreased infarct 

volume growth in patients with reperfusion. Higher BP was associated with decreased odds of 

an excellent functional outcome only in patients without reperfusion. For every 10mmHg 

increase in SBP, the odds of an excellent functional outcome were reduced by 16% 

(multivariate-adjusted OR 0.84, 95%CI 0.72 to 0.99, P=0.03). However, for patients with 

reperfusion, every 10mmHg increase in DBP was associated with 78% increased odds of an 

excellent functional outcome (multivariate-adjusted OR 1.78, 95%CI 1.004 to 3.15, P=0.048). 

No association was found between BP and PH2 in either group. All the interactions between 

BP and reperfusion with respect to collateral flow, infarct volume growth and mRS 0-1 after 

multivariate adjustment were statistically significant (Table 3).  

 

Discussion 

   We have observed that higher baseline BP after stroke was associated with improved 

collateral flow, yet worse clinical outcomes. This paradoxical effect is explained by our 

additional findings of higher BP leading to greater infarct growth in patients without 

reperfusion. Notably, higher BP was associated with decreased infarct growth in patients with 

subsequent reperfusion, presumably due to the improved collateral flow demonstrated. Thus, 

higher BP may be harmful in patients without reperfusion, but protective (via better collateral 

flow) in those who do have reperfusion.  

 

  Patients with >50% large vessel stenosis were also included in this study. Because a 

considerable number of ischemic strokes in Asian population are caused by chronic artery 
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stenosis to occlusion, and the mechanism of stroke may be a combination of chronic stenosis, 

artery to artery embolization and in situ thrombus formation. Whether or not including 

patients with stenosis did not affect the associations between BP, collaterals, infarct volume 

growth and clinical outcomes. 

 

To our knowledge, this is the first time that the association between higher blood pressure 

and better collateral flow has been confirmed and quantified by perfusion imaging. Jiang et al. 

studied the association between collateralization and BP using a parameter called “relative 

filling time delay” (rFTD) 17, 31. This a qualitative method adapted from the Miteff collateral 

grading scale18. The prior study demonstrated that higher BP was associated with shorter 

rFTD, meaning better collateral flow, which is consistent with our finding. Further, only 

56.7% of that study population were identified with ICA/M1 occlusion/stenosis, and rFTD is 

a crude estimation only for occlusion in ICA or proximal M1 large vessel occlusion. We used 

the ratio between the volume of hypoperfused ‘penumbral range’ tissue (DT>3s) and volume 

of tissue within the total DT3>s lesion with more severe delay (DT>6s) to evaluate the 

collateral flow 19-26. Indeed, Delay Time is essentially a quantification of collateral flow, 

measuring the time it takes for contrast to arrive in ischemic tissue27, 28. We demonstrated that 

with higher BP less of the total perfusion lesion had DT>6s, indicating improved collateral 

flow. 

 

Apart from higher DT>3s/DT>6s ratios, increasing BP was also associated with reduced 

volumes of baseline CTP infarct core and DT>3s lesions. It has been postulated that better 

collateral flow leads to slower infarct core growth32, thus our finding of smaller baseline cores, 

less severe delay measures of collateral flow, decreased infarct volume growth and better 

clinical outcomes in reperfusers confirms this theory. Our data are all consistent with the fact 
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that higher baseline BP leads to better collateral flow. 

 

Previous studies regarding the relationship between BP and stroke outcomes have shown 

conflicting results. The Fukuoka Registry demonstrated that high BP was associated with 

poor functional outcome by averaging BP over the first 48h post-stroke4. Studies in large 

vessel occlusion patients with earlier generation endovascular treatment (with less effective 

reperfusion) also showed that higher admission BP was associated with larger FIV and still 

decreased odds of a good functional outcome15, 16. However, a further study demonstrated that 

lower BP at admission was associated with increased mortality after acute ischemic stroke9. 

As for blood pressure lowering treatment, there is no substantial evidence showing its benefit 

for acute ischemic stroke patients2, 3, 33 and the ongoing Enhanced Control of Hypertension 

and Thrombolysis in Stroke Study (ENCHANTED) is exploring the effect of intensive blood 

pressure lowering treatment34. The reason for these contradictory results may partly due to 

unmeasured modifying effect of subsequent reperfusion on the outcomes in these studies. Our 

study is the only one to explore the association between BP and outcomes according to 

reperfusion status and has revealed that it was only in patients without reperfusion that higher 

BP was associated with less favorable clinical outcomes, probably accounted for by increased 

infarct growth. Conversely, for patients achieving reperfusion, higher baseline BP was 

associated with decreased infarct volume growth. Though the reperfusion rate was only 25% 

(due to the low rate of endovascular therapy) in our study, we managed to demonstrate that 

higher baseline BP was associated with a better clinical outcome in patients with reperfusion. 

Meanwhile, any differential effect of SBP, DBP and MBP on outcomes needs further 

investigation.  

 

Therefore, our study suggests that the ‘paradox’ of high blood pressure leading to smaller 
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infarct core in acute ischemic stroke lies in the modifying effect of reperfusion. Initially, 

higher baseline blood pressure may improve collateral flow to sustain penumbra and prevent 

the core from expanding. Patients with good collaterals are likely to be ‘slow infarct core 

growers’32. In such patients with good collateral flow, if there is subsequent reperfusion there 

may be smaller infarct volume, and hence better clinical outcomes. However, if the occlusion 

persists and reperfusion does not occur, eventually the infarct core will grow (despite good 

collaterals), leading to a worse clinical outcome. 

 

Alternately, our data may indicate that in clinical practice, unless major reperfusion occurs, 

higher BP may be harmful. Previous trials performed before multimodal imaging testing 

hypervolemic treatment failed to show any significant benefit35, 36. However, in the context of 

our study, BP raising treatments (such as hypervolemia or pressor agents) may be worth 

revisiting in LVO patients, with the caveat that they should be ceased following reperfusion.  

   

  There are several limitations of our study. First, this study only explored the influence of 

baseline BP (BP measured for the first time in ER) on outcome. The measurement of BP in 

the ER might not follow the most recommended standard, which probably had influence on 

the analysis. The course of BP over time and the treatment of BP may also have an impact on 

collateral flow and outcomes. Further studies may explore the effects of BP for the first 24 

hours after admission. BP treatment after reperfusion should also be adjusted as confounders. 

Secondly, we were unable to determine the mechanism of the relationship between higher BP 

and worse outcomes in patients without reperfusion. Notably, PH2 was not associated with 

higher BP in this study, but this may reflect the low number of PH2 cases. The relationship 

between higher BP and brain edema is also worth investigating. Since brain edema usually 

peaks at 3-5 days after stroke37, the 24-48 hour follow-up imaging in our study might not be 
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suitable for edema assessment. Nonetheless, the association between BP and edema may 

confound the effect of association between BP and infarct volume growth.  Thirdly, different 

CT scanners were used in the study for CT perfusion imaging, which may have slight 

influence on the analysis. However, it also makes the results more generalizable and previous 

INSPIRE studies have shown that the thresholds for core and penumbra are robust across 

different CT scanners. Fourth, reperfusion status was only assessed once at a delayed 

timepoint after reperfusion therapy, thus it is not possible to be sure when these patients 

actually reperfused within the first 24 hours. Finally, this is the first time that the 

DT>3s/DT>6s ratio has been proposed as a marker of collateral flow. We did find that the 

DT>3s/DT>6s ratio correlated with the Miteff collateral scale on CTA. Although the strength 

of the association was not very strong, this likely reflects that grading of collaterals on CTA 

has its own limitations, and we believe that automated CTP measures of delay allow 

quantification of collateral flow, as opposed to subjective qualitative assessments on CTA. 

Notably, a similar CTP measure, hypoperfusion intensity ratio (HIR), defined as the volume 

ratio of Tmax (Time to maximum tissue residue function)>10s/Tmax>6s, has also recently 

been proposed as a measure of collateral flow38. Our reasoning behind using Delay Time 

rather than Tmax relates to our previous studies that have shown DT provides an assessment 

of hypoperfused tissue at least as accurate as Tmax.27, 28, 39  

 

Conclusion 

   Higher baseline blood pressure was associated with better collateral flow for acute 

ischemic stroke patients with large vessel occlusion/stenosis. Improved collateral flow in 

patients with higher BP did not translate into better clinical outcomes. This seemingly 

paradoxical result may be explained by the additional association of higher BP with decreased 

infarct growth and favorable clinical outcomes in patients with reperfusion, but greater infarct 
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growth and worse clinical outcomes in patients without subsequent reperfusion 
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Table 1.  The association between BP and collateral flow parameters 
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 Unadjusted Multivariate adjusted 

Coefficient 95%CI P Coefficient 95%CI P 

DT>3s/DT>6sa       

SBP per 10mmHg 0.04 0.02 — 0.06 <0.001 0.05 0.03 — 0.07 <0.001 

DBP per 10mmHg 0.07 0.04 —0.11 <0.001 0.07 0.04 — 0.11 <0.001 

MAP per 10mmHg 0.07 0.04 —0.10 <0.001 0.08 0.05 — 0.11 <0.001 

Core volumeb       

SBP per 10mmHg -0.007 -0.01— -0.0006 0.03 -0.02 -0.04 — -0.02 <0.001 

DBP per 10mmHg -0.02 -0.03 — -0.01 <0.001 -0.06 -0.07 — -0.05 <0.001 

MAP per 10mmHg -0.07 -0.04 — -0.10 <0.001 -0.06 -0.07 — -0.04 <0.001 

DT>3s lesionc       

SBP per 10mmHg -0.004 -0.002 — 0.01 0.07 -0.005 -0.01 — -0.0006 0.03 

DBP per 10mmHg -0.01 -0.002 — -0.02 0.01 -0.02 -0.03 — -0.01 <0.001 

MAP per 10mmHg -0.01 -0.003 — -0.02 0.005 -0.02 -0.02 — -0.01 <0.001 

Increasing BP was significantly associated with increase in DT>3s/DT>6s ratio, and decrease in core, DT>3s, DT>6s volume. 

a Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, cause of stroke 

b Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, occlusion/stenosis of ICA/M1  

c Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, history of dyslipidemia, occlusion/stenosis of ICA/M1 

Abbreviations: BP blood pressure; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure; DT delay 

time; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral artery  
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Table 2.  The association between BP and outcomes 

 Unadjusted Sex- and age- adjusted Multivariate adjusted 

BP and mRS 0-1 OR 95%CI P OR 95%CI P ORa 95%CIa Pa 

SBP per 10mmHg 0.84  0.76 — 0.93 0.001  0.85  0.76 — 0.95 0.003  0.88  0.78 — 

0.995 

0.048  

DBP per 10mmHg 0.96 0.82 — 1.13 0.64 0.89  0.75 — 1.05 0.17  0.93  0.77 — 

1.14 

0.49  

MAP per 10mmHg 0.86  0.74 — 1.00 0.050  0.82  0.71 — 0.97 0.02  0.88  0.74 — 

1.05 

0.16  

BP and infarct 

volume growth 

Coefficient 95%CI P Coefficient 95%CI P Coefficientb 95%CIb Pb 

SBP per 10mmHg 0.010 0.007 — 

0.013 

<0.001 0.010 0.008 — 

0.012 

<0.001 0.009 0.006 — 

0.012 

<0.001 

DBP per 10mmHg 0.012 0.008 — 

0.015 

<0.001 0.014 0.010 — 

0.018 

<0.001 0.008 0.004 — 

0.011 

<0.001 

MAP per 10mmHg 0.015 0.011 — 

0.018 

<0.001 0.015 0.012 — 

0.019 

<0.001 0.011 0.008 — 

0.015 

<0.001 

BP and PH2 OR 95%CI P OR 95%CI P ORc 95%CIc Pc 

SBP per 10mmHg 1.00 0.82 — 1.23 0.94 1.00 0.82 — 1.23 0.97 0.94 0.76 — 

1.17 

0.59 

DBP per 10mmHg 1.02 0.73 — 1.41 0.92 1.06 0.77 — 1.47 0.72 0.97 0.68 — 

1.39 

0.89 

MAP per 10mmHg 1.02 0.75 — 1.38 0.91 1.04 0.77 — 1.41 0.80 0.94 0.68 — 

1.31 

0.73 

Higher BP was associated with decreased odds of an excellent functional outcome (mRS 0-1) and increased infarct volume growth. 
a Adjusted for age, sex, baseline NIHSS, history of hypertension, prior stroke, taking antiplatelet before admission, reperfusion therapy, ischemic core 

volume, PH2 
b Adjusted for age, sex, baseline NIHSS, baseline glucose, endovascular treatment, occlusion/stenosis of ICA/M1, baseline ischemic core volume, 

baseline ischemic penumbra volume, MRI vs NCCT 
c Adjusted for age, sex, baseline NIHSS, taking antiplatelet before admission, reperfusion therapy 

Abbreviations: BP blood pressure; mRS modified Rankin Scale; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial 
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pressure; OR odds ratio; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral artery; 

PH2 parenchymal hematoma type 2，NCCT Non-Contrast Computed Tomography, MRI Magnetic Resonance Imaging 

 

 

Table 3. The association between BP, mRS 0-1, infarct volume growth and DT>3s/DT>6s ratio in subgroup analysis 

(multivariate-adjusted) 
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 Patients without reperfusion (n=204) Patients with reperfusion(n=68) P for interaction 

BP and 

DT>3s/DT>6sa 

Coefficient 95%CI P Coefficient 95%CI P  

SBP per 10mmHg 0.03 0.004 — 0.057 0.02 0.08 0.04 — 0.12 <0.001 0.02 

DBP per 10mmHg 0.03 -0.03 — 0.05 0.63 0.13 0.05 — 0.20 0.001 <0.001 

MAP per 10mmHg 0.03 -0.01 — 0.07 0.13 0.14 0.07 — 0.21 <0.001 <0.001 

BP and infarct 

volume growthb 

Coefficient 95%CI P Coefficient 95%CI P  

SBP per 10mmHg 0.01 0.007 — 0.013 <0.001 0.003 -0.003 — 0.008 0.85 0.001 

DBP per 10mmHg 0.01 0.006 — 0.016 <0.001 -0.014 -0.025 — -0.004 0.01 <0.001 

MAP per 10mmHg 0.013 0.009 — 0.018 <0.001 -0.005 -0.01 — -0.004 0.26 <0.001 

BP and mRS 0-1c OR 95%CI P OR 95%CI P  

SBP per 10mmHg 0.84 0.72 — 0.99 0.03 0.95 0.71 — 1.29 0.76 0.30 

DBP per 10mmHg 0.83 0.65 — 1.06 0.14 1.78 1.004 — 3.15 0.048 0.04 

MAP per 10mmHg 0.80 0.63 — 1.00 0.05 1.38 0.82 — 2.36 0.23 0.052 

For patients without reperfusion, higher BP was associated with better collateral flow, but increased infarct volume growth, and 

decreased odds of mRS 0-1.      

For patients with reperfusion, higher BP was associated with better collateral flow, decreased infarct volume growth and increased 

odds of mRS 0-1.  
a Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, cause of stroke 
b Adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, endovascular treatment, occlusion/stenosis of ICA/M1, 

baseline ischemic core volume, baseline ischemic penumbra volume, MRI vs NCCT 
c Adjusted for age, sex, baseline NIHSS, history of hypertension, prior stroke, taking antiplatelet before admission, reperfusion therapy, 

ischemic core volume, PH2 

Abbreviations: BP blood pressure; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure; DT delay time; 

mRS modified Rankin Scale; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral 

artery; PH2 parenchymal hematoma type 2, NCCT Non-Contrast Computed Tomography, MRI Magnetic Resonance Imaging 
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Table 1.  The association between BP and collateral flow parameters 

 Unadjusted Multivariate adjusted 

Coefficient 95%CI P Coefficient 95%CI P 

DT>3s/DT>6sa       

SBP per 10mmHg 0.04 0.02 — 0.06 <0.001 0.05 0.03 — 0.07 <0.001 

DBP per 10mmHg 0.07 0.04 —0.11 <0.001 0.07 0.04 — 0.11 <0.001 

MAP per 10mmHg 0.07 0.04 —0.10 <0.001 0.08 0.05 — 0.11 <0.001 

Core volumeb       

SBP per 10mmHg -0.007 -0.01— -0.0006 0.03 -0.02 -0.04 — -0.02 <0.001 

DBP per 10mmHg -0.02 -0.03 — -0.01 <0.001 -0.06 -0.07 — -0.05 <0.001 

MAP per 10mmHg -0.07 -0.04 — -0.10 <0.001 -0.06 -0.07 — -0.04 <0.001 

DT>3s lesionc       

SBP per 10mmHg -0.004 -0.002 — 0.01 0.07 -0.005 -0.01 — -0.0006 0.03 

DBP per 10mmHg -0.01 -0.002 — -0.02 0.01 -0.02 -0.03 — -0.01 <0.001 

MAP per 10mmHg -0.01 -0.003 — -0.02 0.005 -0.02 -0.02 — -0.01 <0.001 

Increasing BP was significantly associated with increase in DT>3s/DT>6s ratio, and decrease in core, DT>3s, DT>6s volume. 

a Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, cause of stroke 

b Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, occlusion/stenosis of ICA/M1  

c Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, history of dyslipidemia, occlusion/stenosis of ICA/M1 

Abbreviations: BP blood pressure; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure; DT delay 

time; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral artery  
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Table 2.  The association between BP and outcomes 

 Unadjusted Sex- and age- adjusted Multivariate adjusted 

BP and mRS 0-1 OR 95%CI P OR 95%CI P ORa 95%CIa Pa 

SBP per 10mmHg 0.84  0.76 — 0.93 0.001  0.85  0.76 — 0.95 0.003  0.88  0.78 — 

0.995 

0.048  

DBP per 10mmHg 0.96 0.82 — 1.13 0.64 0.89  0.75 — 1.05 0.17  0.93  0.77 — 

1.14 

0.49  

MAP per 10mmHg 0.86  0.74 — 1.00 0.050  0.82  0.71 — 0.97 0.02  0.88  0.74 — 

1.05 

0.16  

BP and infarct 

volume growth 

Coefficient 95%CI P Coefficient 95%CI P Coefficientb 95%CIb Pb 

SBP per 10mmHg 0.010 0.007 — 

0.013 

<0.001 0.010 0.008 — 

0.012 

<0.001 0.009 0.006 — 

0.012 

<0.001 

DBP per 10mmHg 0.012 0.008 — 

0.015 

<0.001 0.014 0.010 — 

0.018 

<0.001 0.008 0.004 — 

0.011 

<0.001 

MAP per 10mmHg 0.015 0.011 — 

0.018 

<0.001 0.015 0.012 — 

0.019 

<0.001 0.011 0.008 — 

0.015 

<0.001 

BP and PH2 OR 95%CI P OR 95%CI P ORc 95%CIc Pc 

SBP per 10mmHg 1.00 0.82 — 1.23 0.94 1.00 0.82 — 1.23 0.97 0.94 0.76 — 

1.17 

0.59 

DBP per 10mmHg 1.02 0.73 — 1.41 0.92 1.06 0.77 — 1.47 0.72 0.97 0.68 — 

1.39 

0.89 

MAP per 10mmHg 1.02 0.75 — 1.38 0.91 1.04 0.77 — 1.41 0.80 0.94 0.68 — 

1.31 

0.73 

Higher BP was associated with decreased odds of an excellent functional outcome (mRS 0-1) and increased infarct volume growth. 
a Adjusted for age, sex, baseline NIHSS, history of hypertension, prior stroke, taking antiplatelet before admission, reperfusion therapy, ischemic core 

volume, PH2 
b Adjusted for age, sex, baseline NIHSS, baseline glucose, endovascular treatment, occlusion/stenosis of ICA/M1, baseline ischemic core volume, 

baseline ischemic penumbra volume, MRI vs NCCT 
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c Adjusted for age, sex, baseline NIHSS, taking antiplatelet before admission, reperfusion therapy 

Abbreviations: BP blood pressure; mRS modified Rankin Scale; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial 

pressure; OR odds ratio; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral artery; 

PH2 parenchymal hematoma type 2，NCCT Non-Contrast Computed Tomography, MRI Magnetic Resonance Imaging 
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 Patients without reperfusion (n=204) Patients with reperfusion(n=68) P for interaction 

BP and 

DT>3s/DT>6sa 

Coefficient 95%CI P Coefficient 95%CI P  

SBP per 10mmHg 0.03 0.004 — 0.057 0.02 0.08 0.04 — 0.12 <0.001 0.02 

DBP per 10mmHg 0.03 -0.03 — 0.05 0.63 0.13 0.05 — 0.20 0.001 <0.001 

MAP per 10mmHg 0.03 -0.01 — 0.07 0.13 0.14 0.07 — 0.21 <0.001 <0.001 

BP and infarct 

volume growthb 

Coefficient 95%CI P Coefficient 95%CI P  

SBP per 10mmHg 0.01 0.007 — 0.013 <0.001 0.003 -0.003 — 0.008 0.85 0.001 

DBP per 10mmHg 0.01 0.006 — 0.016 <0.001 -0.014 -0.025 — -0.004 0.01 <0.001 

MAP per 10mmHg 0.013 0.009 — 0.018 <0.001 -0.005 -0.01 — -0.004 0.26 <0.001 

BP and mRS 0-1c OR 95%CI P OR 95%CI P  

SBP per 10mmHg 0.84 0.72 — 0.99 0.03 0.95 0.71 — 1.29 0.76 0.30 

DBP per 10mmHg 0.83 0.65 — 1.06 0.14 1.78 1.004 — 3.15 0.048 0.04 

MAP per 10mmHg 0.80 0.63 — 1.00 0.05 1.38 0.82 — 2.36 0.23 0.052 

For patients without reperfusion, higher BP was associated with better collateral flow, but increased infarct volume growth, and 

decreased odds of mRS 0-1.      

For patients with reperfusion, higher BP was associated with better collateral flow, decreased infarct volume growth and increased 

odds of mRS 0-1.  
a Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, cause of stroke 
b Adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, endovascular treatment, occlusion/stenosis of ICA/M1, 

baseline ischemic core volume, baseline ischemic penumbra volume, MRI vs NCCT 
c Adjusted for age, sex, baseline NIHSS, history of hypertension, prior stroke, taking antiplatelet before admission, reperfusion therapy, 

ischemic core volume, PH2 

Abbreviations: BP blood pressure; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure; DT delay time; 

mRS modified Rankin Scale; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral 

artery; PH2 parenchymal hematoma type 2, NCCT Non-Contrast Computed Tomography, MRI Magnetic Resonance Imaging 
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Table 1.  The association between BP and collateral flow parameters 

 Unadjusted Multivariate adjusted 

Coefficient 95%CI P Coefficient 95%CI P 

DT>3s/DT>6sa       

SBP per 10mmHg 0.04 0.02 — 0.06 <0.001 0.05 0.03 — 0.07 <0.001 

DBP per 10mmHg 0.07 0.04 —0.11 <0.001 0.07 0.04 — 0.11 <0.001 

MAP per 10mmHg 0.07 0.04 —0.10 <0.001 0.08 0.05 — 0.11 <0.001 

Core volumeb       

SBP per 10mmHg -0.007 -0.01— -0.0006 0.03 -0.02 -0.04 — -0.02 <0.001 

DBP per 10mmHg -0.02 -0.03 — -0.01 <0.001 -0.06 -0.07 — -0.05 <0.001 

MAP per 10mmHg -0.07 -0.04 — -0.10 <0.001 -0.06 -0.07 — -0.04 <0.001 

DT>3s lesionc       

SBP per 10mmHg -0.004 -0.002 — 0.01 0.07 -0.005 -0.01 — -0.0006 0.03 

DBP per 10mmHg -0.01 -0.002 — -0.02 0.01 -0.02 -0.03 — -0.01 <0.001 

MAP per 10mmHg -0.01 -0.003 — -0.02 0.005 -0.02 -0.02 — -0.01 <0.001 

Increasing BP was significantly associated with increase in DT>3s/DT>6s ratio, and decrease in core, DT>3s, DT>6s volume. 

a Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, cause of stroke 

b Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, occlusion/stenosis of ICA/M1  

c Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, history of dyslipidemia, occlusion/stenosis of ICA/M1 

Abbreviations: BP blood pressure; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure; DT delay 

time; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral artery  
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Table 2.  The association between BP and outcomes 

 Unadjusted Sex- and age- adjusted Multivariate adjusted 

BP and mRS 0-1 OR 95%CI P OR 95%CI P ORa 95%CIa Pa 

SBP per 10mmHg 0.84  0.76 — 0.93 0.001  0.85  0.76 — 0.95 0.003  0.88  0.78 — 

0.995 

0.048  

DBP per 10mmHg 0.96 0.82 — 1.13 0.64 0.89  0.75 — 1.05 0.17  0.93  0.77 — 

1.14 

0.49  

MAP per 10mmHg 0.86  0.74 — 1.00 0.050  0.82  0.71 — 0.97 0.02  0.88  0.74 — 

1.05 

0.16  

BP and infarct 

volume growth 

Coefficient 95%CI P Coefficient 95%CI P Coefficientb 95%CIb Pb 

SBP per 10mmHg 0.010 0.007 — 

0.013 

<0.001 0.010 0.008 — 

0.012 

<0.001 0.009 0.006 — 

0.012 

<0.001 

DBP per 10mmHg 0.012 0.008 — 

0.015 

<0.001 0.014 0.010 — 

0.018 

<0.001 0.008 0.004 — 

0.011 

<0.001 

MAP per 10mmHg 0.015 0.011 — 

0.018 

<0.001 0.015 0.012 — 

0.019 

<0.001 0.011 0.008 — 

0.015 

<0.001 

BP and PH2 OR 95%CI P OR 95%CI P ORc 95%CIc Pc 

SBP per 10mmHg 1.00 0.82 — 1.23 0.94 1.00 0.82 — 1.23 0.97 0.94 0.76 — 

1.17 

0.59 

DBP per 10mmHg 1.02 0.73 — 1.41 0.92 1.06 0.77 — 1.47 0.72 0.97 0.68 — 

1.39 

0.89 

MAP per 10mmHg 1.02 0.75 — 1.38 0.91 1.04 0.77 — 1.41 0.80 0.94 0.68 — 

1.31 

0.73 

Higher BP was associated with decreased odds of an excellent functional outcome (mRS 0-1) and increased infarct volume growth. 
a Adjusted for age, sex, baseline NIHSS, history of hypertension, prior stroke, taking antiplatelet before admission, reperfusion therapy, ischemic core 

volume, PH2 
b Adjusted for age, sex, baseline NIHSS, baseline glucose, endovascular treatment, occlusion/stenosis of ICA/M1, baseline ischemic core volume, 

baseline ischemic penumbra volume, MRI vs NCCT 
c Adjusted for age, sex, baseline NIHSS, taking antiplatelet before admission, reperfusion therapy 

Abbreviations: BP blood pressure; mRS modified Rankin Scale; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial 

pressure; OR odds ratio; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral artery; 

PH2 parenchymal hematoma type 2，NCCT Non-Contrast Computed Tomography, MRI Magnetic Resonance Imaging 
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Table 3. The association between BP, mRS 0-1, infarct volume growth and DT>3s/DT>6s ratio in subgroup analysis 

(multivariate-adjusted) 

 

 Patients without reperfusion (n=204) Patients with reperfusion(n=68) P for interaction 

BP and 

DT>3s/DT>6sa 

Coefficient 95%CI P Coefficient 95%CI P  

SBP per 10mmHg 0.03 0.004 — 0.057 0.02 0.08 0.04 — 0.12 <0.001 0.02 
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DBP per 10mmHg 0.03 -0.03 — 0.05 0.63 0.13 0.05 — 0.20 0.001 <0.001 

MAP per 10mmHg 0.03 -0.01 — 0.07 0.13 0.14 0.07 — 0.21 <0.001 <0.001 

BP and infarct 

volume growthb 

Coefficient 95%CI P Coefficient 95%CI P  

SBP per 10mmHg 0.01 0.007 — 0.013 <0.001 0.003 -0.003 — 0.008 0.85 0.001 

DBP per 10mmHg 0.01 0.006 — 0.016 <0.001 -0.014 -0.025 — -0.004 0.01 <0.001 

MAP per 10mmHg 0.013 0.009 — 0.018 <0.001 -0.005 -0.01 — -0.004 0.26 <0.001 

BP and mRS 0-1c OR 95%CI P OR 95%CI P  

SBP per 10mmHg 0.84 0.72 — 0.99 0.03 0.95 0.71 — 1.29 0.76 0.30 

DBP per 10mmHg 0.83 0.65 — 1.06 0.14 1.78 1.004 — 3.15 0.048 0.04 

MAP per 10mmHg 0.80 0.63 — 1.00 0.05 1.38 0.82 — 2.36 0.23 0.052 

For patients without reperfusion, higher BP was associated with better collateral flow, but increased infarct volume growth, and 

decreased odds of mRS 0-1.      

For patients with reperfusion, higher BP was associated with better collateral flow, decreased infarct volume growth and increased 

odds of mRS 0-1.  
a Multivariate-adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, prior stroke, taking antiplatelet before 

admission, cause of stroke 
b Adjusted for age, sex, baseline NIHSS, baseline glucose, history of hypertension, endovascular treatment, occlusion/stenosis of ICA/M1, 

baseline ischemic core volume, baseline ischemic penumbra volume, MRI vs NCCT 
c Adjusted for age, sex, baseline NIHSS, history of hypertension, prior stroke, taking antiplatelet before admission, reperfusion therapy, 

ischemic core volume, PH2 

Abbreviations: BP blood pressure; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure; DT delay time; 

mRS modified Rankin Scale; NIHSS National Institutes of Health Stroke Scale; ICA internal carotid artery; M1 M1 segment of middle cerebral 

artery; PH2 parenchymal hematoma type 2, NCCT Non-Contrast Computed Tomography, MRI Magnetic Resonance Imaging 
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