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Background: Blood pressure variation and collateral status have been reported to be associated with clinical outcome in patients with 
acute ischemic stroke who received endovascular treatment; however, the relationship between blood pressure variation within 72 
hours after EVT and clinical outcome in different collateral status remains unclear.
Methods: Acute ischemic stroke patients due to large vessel occlusion with EVT were retrospectively enrolled. We classified 
participants into poor collateral (ASITN/SIR grade <2) and good collateral subgroups (ASITN/SIR grade ≥2). The primary outcome 
was unfavorable neurological outcome defined as a 3-month modified Rankin Scale (mRS) score ≥2. The interactive effect was tested 
to determine the influence of collateral status on the association between BP variation and clinical outcome.
Results: A total of 545 patients were included. The poor collateral subgroup was detected in 198 patients with an average age of 70.2 
years. The association between BP variation and primary outcome did not differ under different collateral status (P for interaction 
>0.05). However, the association between the mean and coefficient of variation (CV) values of DBP and 3-month mortality was 
significantly discrepant under different collateral status (P for interaction <0.05). In the good collateral subgroup, higher mean DBP 
was associated with a lower risk of 3-month mortality (OR 0.95, 95% CI 0.91–1, P = 0.033) compared with the poor subgroup (OR 
1.04, 95% CI 0.97–1.1, P = 0.286). In addition, a higher CV of DBP was associated with a higher risk of 3-month mortality (OR 1.24, 
95% CI 1.13–1.36, P < 0.01) compared with poor status (OR 1.08, 95% CI 0.94–1.23, P=0.275).
Conclusion: For patients who received EVT with good collateral status, increased CV of DBP was significantly associated with 
higher 3-month mortality, while higher mean DBP within 72 h after EVT was associated with a decrease in 3-month mortality.
Keywords: acute ischemic stroke, blood pressure variability, clinical outcome, collateral status, endovascular treatment

Introduction
Endovascular treatment (EVT) is an approved therapy for patients with acute ischemic stroke due to large vessel 
occlusion (LVO).1–3 Although 75–80% of patients could obtain complete recanalization, patients with poor baseline 
collateral status have a higher risk of increased infarct volume and a worse clinical outcome, regardless of recanalization 
status.4–8 The potential mechanism may be that collateral circulation could maintain the perfusion of the ischemic 
penumbra, thus reducing ischemic necrosis of brain tissue.4–7,9 Previous studies have shown that blood pressure (BP) 
metrics within 24 h after EVT were dissimilarly associated with clinical outcomes in different collateral status.10–12 In 
patients with poor collateral status, higher systolic blood pressure (SBP) and larger SBP and DBP variations within 24 
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hours after EVT were associated with worse neurological outcomes.10 Further studies revealed that in patients with poor 
collateral status, a mean SBP value of more than 140 mmHg within 24 hours after EVT was related to poor neurological 
function, and no significant correlation was observed in patients with good collateral status.11 However, available studies 
mainly focused on the relationship between blood pressure variation (BPV) and clinical outcome within 24 hours after 
EVT in patients with LVO, and the relationship between BPV and clinical outcome within 72 hours after EVT remains 
unclear. Therefore, this study intended to retrospectively collect LVO patients who received EVT and aimed to 
investigate the relationship between blood pressure variation within 72 hours after EVT and clinical outcome under 
different collateral status.

Materials and Methods
Study Participants
Patients with acute ischemic stroke due to large vessel occlusion who received EVT from January 2016 to December 
2021 in West China Hospital were retrospectively reviewed. The inclusion criteria in our study were as follows: (1) aged 
18 years or over; (2) time from stroke onset to groin puncture within 24 hours; (3) occlusion of the carotid artery, middle 
cerebral artery (M1 to M3 segment), anterior cerebral artery, posterior cerebral artery, vertebral artery or basilar artery; 
and (4) received EVT. We excluded patients who had any 1 or more of the following: (1) a known prestroke mRS ≥2; (2) 
patients with baseline collateral circulation unavailable by digital subtraction angiography (DSA) assessment; (3) 
unavailable post-EVT BP data; (4) insufficient BP data; and (5) lost to follow-up at 3 months. This study was performed 
in accordance with the ethical principles of the 1964 Declaration of Helsinki and its later amendments and approved by 
the Ethics Committee of West China Hospital [No. 2020(69)]. The need to obtain written informed consent was waived 
because of the retrospective and observational nature of the study.

Data Collection
BP was measured by a noninvasive BP monitoring device on the nonparalytic arm on a regular basis. BP data obtained in 
routine clinical practice during hospitalization were recorded into the electronic health record system, and all BP values 
within the first 72 hours after EVT were collected. The frequency of BP collection was determined by the clinical care. 
Blood pressure parameters were routinely measured and recorded every 15 minutes for 2 hours, every 30 minutes at 2 to 
6 hours, and every 2 hours within 72 hours after EVT. Data that deviated from the mean blood pressure value by more 
than 30 mmHg were checked for errors, and queries were resolved with the principal investigator.

Collateral status was measured by the American Society of Interventional and Therapeutic Neuroradiology/Society of 
Interventional Radiology (ASITN/SIR) standard from digital subtraction angiography before EVT.13 ASITN/SIR <2 was 
defined as a poor collateral status, and ≥2 was defined as a good collateral status.

Other covariates included age, sex, body mass index (BMI), current smoking status, disease history (previous stroke, 
hypertension, diabetes, atrial fibrillation and coronary artery heart disease), TOAST classification, baseline NIHSS score, 
Alberta Stroke Program Early Score (ASPECTS), time from onset to thrombectomy, anesthesia method, occlusion 
vessels, successful recanalization after thrombectomy and laboratory examination (serum triglycerides and cholesterol). 
Previous history was obtained by self-report from patients or patients’ families. The recanalization status of the diseased 
vessels after thrombectomy was evaluated by the Modified Thrombolysis in Cerebral Infarction (mTICI).14

Outcome Measures
The primary outcome was unfavorable neurological outcome at 3 months (modified Rankin Scale (mRS) score ≥2). The 
3-month mRS score was collected prospectively through a structured telephone interview by investigators. Secondary 
outcomes included 90-day mortality, hemorrhagic transformation, and early neurological deterioration, which was 
defined as an increase of four points in the National Institutes of Health Stroke Score (NIHSS) between admission 
and 24 h after EVT.15
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Blood Pressure Parameters
Blood pressure variability indicators included the mean value of blood pressure, blood pressure variation range, mean 
standard deviation (SD), coefficient of continuous variation (SV), coefficient of variation (CV) and absolute coefficient of 
variation (ARV).16–19 The average value of BP was calculated by dividing the sum of BP records within 72 hours after 
EVT by the number of measurements. The range of blood pressure changes referred to the difference between the 
maximum and minimum values in BP records within 72 hours after EVT. CV was the standard deviation of BP within 72 
hours after EVT divided by the mean value of blood pressure. The ARV was calculated as follows:

SV was calculated as follows:

SD was calculated as follows:

n refers to the number of BP records.

Statistical Analysis
We presented the mean ± standard deviation (SD) for continuous variables and frequencies (percentages) for categorical 
variables. Student’s t-tests for continuous variables and chi-square tests for categorical variables were applied to assess 
differences in clinical characteristics. To evaluate the independent effect of BP on outcomes, we further adjusted the 
analyses for age, sex, smoking, BMI, TOAST, baseline NIHSS, disease history (diabetes, hypertension, coronary heart 
disease, atrial fibrillation and stroke), thrombolysis therapy, anesthesia, time from onset to puncture, successful recana-
lization, total cholesterol, and triglyceride. The correlation coefficients (β/OR) and 95% CIs between BP metrics and 
clinical outcomes across varying collateral status were evaluated with linear/logistic regression. Interaction effects were 
further conducted to assess any significant different associations of BP metrics and outcomes in varying collateral status. 
A P value <0.05 was considered to be statistically significant in all analyses. The data were analyzed using R software 
(version 4.0.1; Vienna, Austria; https://www.R-project.org/).

Results
Basic Characteristics of Enrolled Participants
Participant enrollment is shown in Figure 1. A total of 664 LVO patients who received EVT were eligible for preliminary 
screening. As a result, 545 patients were enrolled in the final analysis. The baseline characteristics of enrolled patients 
with different collateral status are presented in Table 1. Among the 545 patients, 56.3% (n = 307) were male, with an 
average age of 67.4 years. There were 347 patients with good collateral status, 56.5% (n = 196) of whom were male. The 
average age of patients with good collateral status was 65.9 years, which was significantly lower than that of patients 
with poor collateral status (70.2 years, P < 0.05). In addition, patients with good collateral status had a significantly lower 
mean baseline NIHSS score of 15.3 than those with poor collateral status (16.9) (P < 0.05).

BPV and Outcomes in Different Collateral Status
The BPV within 72 hours after EVT in different collateral status is shown in Table 2. The median number of blood 
pressure measurements within 72 hours after thrombectomy was 58. There were significant differences in the distribution 
of SD, CV, ARV and SV of SBP within 72 hours after EVT in different collateral status groups (P < 0.05). The SD of the 
poor collateral status subgroup was 14.8, which was significantly higher than that of the good collateral status subgroup 
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(13.8, p = 0.01). The CV of the poor collateral status subgroup was 12.1, which was also significantly higher than that of 
the good collateral status subgroup (11.2, p = 0.007). The ARV in different collateral status was significantly different 
(11.2 in poor collateral status vs 10.6 in good collateral status, p = 0.018). The SV of the poor collateral status subgroup 
(15.1) was higher than that of the good collateral status subgroup (14.2, p = 0.031).

Figure 1 Flow chart of patient enrollment.
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Collateral Status Modification of the Association Between BPV and Outcomes
Outcomes of different collateral status are shown in Supplementary Table 1. Our results showed that collateral status did 
not modify the association between BPV and unfavorable neurological outcome (Figure 2), END events (Supplementary 
Figure 1), and hemorrhagic transformation (Supplementary Figure 2) within 72 h after EVT. However, the association 
between mean DBP and 3-month mortality significantly differed among collateral status (P for interaction = 0.047, 
Figure 3). Mean DBP within 72 h after EVT was negatively associated with 3-month mortality in a borderline way (OR 
0.95, 95% CI 0.91–1) in the good collateral subgroup. In the poor collateral subgroup, mean DBP was not significantly 
associated with 3-month mortality (OR 1.04, 95% CI 0.97–1.1). For CV, the association between DBP CV and 3-month 
mortality was also significantly different among collateral status (P for interaction = 0.022, Figure 3). CV of DBP within 
72 h after EVT significantly increased 3-month mortality in the good collateral subgroup (OR 1.24, 95% CI 1.13–1.36) 
but not in the poor collateral subgroup (OR 1.08, 95% CI 0.94–1.23). The association between SBP variation within 72 h 
after EVT and 3-month mortality did not significantly differ among collateral subgroups.

Table 1 Basic Characteristics of Enrolled Participants

Total (n = 545) Collateral Status P

Good (n = 347) Poor (n = 198)

Age, Mean ± SD 67.4 ± 14.4 65.9 ± 14.8 70.2 ± 13.2 < 0.001*

Sex, n (%) 307 (56.3) 196 (56.5) 111 (56.1) 0.995
Smoking, n (%) 176 (32.3) 121 (34.9) 55 (27.8) 0.108

BMI, kg/m2, Mean ± SD 23.4 ± 3.7 23.5 ± 3.7 23.1 ± 3.6 0.365

Previous Disease History, n (%)
Hypertension 285 (52.3) 171 (49.3) 114 (57.6) 0.076

Diabetes 98 (18.0) 64 (18.4) 34 (17.2) 0.798

Arterial vibration 238 (43.7) 142 (40.9) 96 (48.5) 0.107
Coronary artery disease 13 (8.5) 8 (7.7) 5 (10.2) 0.757

Stroke 57 (10.5) 33 (9.5) 24 (12.1) 0.417

Triglycerides, mmol/L, Mean ± SD 1.5 ± 1.1 1.5 ± 1.1 1.5 ± 1.2 0.883
Cholesterol, mmol/L, Mean ± SD 4.2 ± 1.2 4.2 ± 1.1 4.3 ± 1.5 0.727

Baseline NIHSS, Mean ± SD 15.9 ± 6.7 15.3 ± 6.6 16.9 ± 6.8 0.01*

Occlusion location, n (%) 0.138
ICA 179 (32.8) 109 (31.4) 70 (35.4)

MCA 275 (50.5) 186 (53.6) 89 (44.9)

ACA 12 (2.2) 9 (2.6) 3 (1.5)
PCA 3 (0.6) 1 (0.3) 2 (1)

Vertebrobasilar artery 76 (13.9) 42 (12.1) 34 (17.2)

TOAST, n (%) 0.279
LAA 188 (34.5) 123 (35.4) 65 (32.8)

CE 304 (55.8) 191 (55) 113 (57.1)

Others 53 (9.8) 33 (9.5) 20 (10.1)
Onset to puncture time, min, Mean ± SD 330.5 ± 318.7 339.2 ± 260.1 314.0 ± 408.5 0.422

Thrombolysis, n (%) 137 (25.1) 91 (26.2) 46 (23.2) 0.502
Successful recanalization, n (%) 462 (84.8) 293 (84.4) 169 (85.4) 0.871

General anesthesia, n (%) 509 (93.5) 321 (92.7) 188 (95) 0.459

Note: *p<0.05, significant in univariate analysis. 
Abbreviations: SD, standard deviation; BMI, body mass index; NIHSS, National Institutes of Health Stroke Score; ICA, internal carotid 
artery; MCA, middle cerebral artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery; TOAST, Trial of Org 10,172 in Acute 
Stroke Treatment; LAA, larger artery atherosclerosis; CE, cardiogenic embolism.
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Discussion
We performed this retrospective cohort study to investigate whether the association between blood pressure variations 
within 72 hours after EVT and outcomes differed under different collateral status. We found that collateral status did not 
modify the association between SBP variations within 72 hours and outcomes after EVT. However, the association 
between mean DBP, CV within 72 hours and 3-month mortality was significantly discrepant among different collateral 
status.

Previous studies have revealed that blood pressure variations within 24 h after EVT were associated with clinical 
outcomes.20–26 Studies have also reported some factors that influenced the association between BPV after endovascular 
treatment and clinical outcomes, such as recanalization status, thrombolysis rate, and baseline collateral status.11,27,28 

Table 2 Blood Pressure Variation Within 72 Hours After Endovascular Treatment

Total (n = 545) Collateral Status P

Good (n = 347) Poor (n = 198)

Blood pressure measurement counts, Median(IQR) 58(4, 91) 57(4, 89) 60(4, 101) 0.016*

SBP Average, Mean ± SD 122.8 ± 10.3 122.6 ± 10.1 123.1 ± 10.6 0.611

Range, Mean ± SD 63.7 ± 22.2 62.7 ± 22.0 65.4 ± 22.5 0.165

SD, Mean ± SD 14.2 ± 4.7 13.8 ± 4.6 14.8 ± 4.7 0.01*
CV, Mean ± SD 11.5 ± 3.7 11.2 ± 3.5 12.1 ± 3.9 0.007*

ARV, Mean ± SD 10.8 ± 3.1 10.6 ± 2.9 11.2 ± 3.5 0.018*

SV, Mean ± SD 14.5 ± 4.4 14.2 ± 4.2 15.1 ± 4.8 0.031*
DBP Average, Mean ± SD 69.6 ± 6.8 69.8 ± 6.9 69.2 ± 6.5 0.305

Range, Mean ± SD 43.1 ± 11.9 42.8 ± 11.9 43.6 ± 11.8 0.487

SD, Mean ± SD 9.7 ± 2.3 9.6 ± 2.3 9.9 ± 2.2 0.16
CV, Mean ± SD 14.1 ± 3.4 13.9 ± 3.4 14.4 ± 3.3 0.098

ARV, Mean ± SD 8.3 ± 2.0 8.2 ± 1.9 8.4 ± 2.2 0.269

SV, Mean ± SD 11.1 ± 2.8 11.0 ± 2.7 11.2 ± 2.8 0.391

Note: *p<0.05, significant in univariate analysis. 
Abbreviations: IQR, interquartile range; SD, standard deviation; CV, coefficient of variation; ARV, average real variability; SV, successive variation.

Figure 2 Collateral status modification on the association between BPV within 72 hours post endovascular treatment and unfavorable neurological outcome.
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Chang et al reported that higher SBP and DBP variations within 24 h after EVT were associated with unfavorable 
outcomes but were observed only in patients with poor collateral status, which was consistent with the results of Liu 
et al.10,11 In our study, we found that collateral status did not modify the association between SBP variations within 72 
hours after EVT and outcomes, and a significant correlation was observed only in patients with good collateral status. The 
reasons for this difference may be as follows. First, we defined the primary outcome as mRS ≥2 in our study, as opposed 
to mRS >2 in previous studies. Moreover, previous studies mainly included patients with occlusion of the anterior 
circulation and successful recanalization after EVT, while some of our included patients had occlusion of the posterior 
circulation, and some did not achieve recanalization. This may reflect an increased tolerance to moderate blood pressure 
fluctuations over time after endovascular treatment.10,29 In addition, previous studies only investigated BPV within 24 h 
after EVT, while our study included blood pressure variations during the first 72 hours after EVT.

Poor collateral status not only correlates with larger baseline infarct volume and faster infarct growth but also 
correlates with worse neurological outcomes after EVT.10,30 In our study, the association between DBP variations within 
72 h after EVT and 3-month mortality was significantly observed in the good collateral subgroup but not in the poor 
collateral subgroup. This may be because peripheral vascular resistance was greater in patients with poor collateral status 
than in those with good collateral circulation.30 For the good collateral subgroup, higher DBP was associated with lower 
3-month mortality, but this association was not significant. This might be limited by the sample size in this study. The 
reason for the difference in previous studies may be that the mean DBP in our included patients with good collateral 
status was 69.8 mmHg within 72 hours after EVT, which was obviously lower than that in previous studies.12 A 
relatively high level of DBP may, to some extent, be protective to clinical outcomes.

This study indicated a 72-hour attention on blood management in different collateral status after EVT. We added 
evidence on BP management in the first 72 hours after EVT and information on the impact of DBP on EVT prognosis. 
However, limitations of this study should also be acknowledged. First, patients with missing collateral circulation status, 
blood pressure and follow-up information were excluded, which caused inevitable selection bias. Second, this study is a 
single-center and retrospective study with a single antihypertensive treatment plan, and no further analysis of the 
antihypertensive drug subgroup was carried out. Based on the local cerebral tissue perfusion pressure, the relationship 
between blood pressure after EVT and outcome events under different collateral circulation conditions can be further 
explored. Finally, the median number of BP tests was 58, with the first quantile of 4 and the third quantile of 91. There 
was no unified plan for continuous blood pressure measurement, which might influence our results.

Figure 3 Collateral status modification on the association between BPV within 72 hours after endovascular treatment and 3-month mortality.
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Conclusion
The association between BP variations within 72 hours after EVT and clinical outcome differed under different collateral 
status. For patients with good collateral status, increased CV of DBP was significantly associated with higher 3-month 
mortality, while higher mean DBP within 72 h after EVT was associated with a decrease in 3-month mortality. The BP 
management of patients with LVO stroke who receive EVT needs to be individualized considering the preoperative 
collateral circulation status.

Abbreviations
AIS, Acute ischemic stroke; BPV, Blood pressure variability; EVT, Endovascular treatment; LVO, Large vessel occlu-
sion; mRS, Modified Rankin Scale; mTICI, Modified Thrombolysis in Cerebral Infarction; NIHSS, National Institute of 
Health Stroke Scale; OR, Odds ratio; SBP, Systolic blood pressure; SICH, Symptomatic intracerebral hemorrhage; 
TOAST, Trial of ORG 10172 in Acute Stroke Treatment.
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