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Decreases in blood pressure during thrombectomy are 
associated with larger infarct volumes and worse functional 
outcome.
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1Department of Neurology, Yale University School of Medicine, New Haven, CT
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Abstract

Background and Purpose: After large-vessel intracranial occlusion (LVO), the fate of the 

ischemic penumbra, and ultimately final infarct volume, largely depends on tissue perfusion. In 

this study, we evaluated whether blood pressure reduction and sustained relative hypotension 

during endovascular thrombectomy (EVT) are associated with infarct progression and functional 

outcome.

Methods: We identified consecutive patients with LVO ischemic stroke who underwent 

mechanical thrombectomy at two comprehensive stroke centers. Intra-procedural mean arterial 

pressure (MAP) was monitored throughout the procedure. ∆MAP was calculated as the difference 

between admission MAP and lowest MAP during EVT until recanalization. Sustained hypotension 

was measured as the area between admission MAP and continuous measurements of intra-

procedural MAP (aMAP). Final infarct volume was measured using MRI at 24 hours, and 

functional outcome was assessed using the modified Rankin Scale (mRS) at discharge and 90 

days. Associations with outcome were analyzed using linear and ordinal multivariable logistic 

regression.

Results: 390 patients (mean age 71±14 years, mean NIHSS 17) were included in the study; of 

these, 280 (72%) achieved TICI 2B/3 reperfusion. 87% of patients experienced MAP reductions 

Correspondence: Nils H. Petersen, MD, Department of Neurology, Division of Neurocritical Care and Emergency Neurology, Yale 
Medical School, 15 York St, LCI 1003, New Haven, CT 06510, Office: 203-785-7171, nils.petersen@yale.edu Or Santiago Ortega-
Gutierrez, MD, Department of Neurology, Neurosurgery and Radiology, Division of Stroke and Neurointerventional Surgery, 
University of Iowa Hospitals and Clinics, Carver Pavillion, 2150, 200 Hawkins Drive, Iowa City, IA 52242, Office: 319-356-8755, 
santy-ortega@uiowa.edu.
*These authors contributed equally to the manuscript.
ǂThese authors contributed equally to the manuscript.

Disclosures

NHP declares no competing interests.

HHS Public Access
Author manuscript
Stroke. Author manuscript; available in PMC 2020 July 01.

Published in final edited form as:
Stroke. 2019 July ; 50(7): 1797–1804. doi:10.1161/STROKEAHA.118.024286.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



during EVT (mean 31±20 mmHg). ∆MAP was associated with greater infarct growth (p=0.036) 

and final infarct volume (p=0.035). Mean ∆MAP among patients with favorable outcomes (mRS 

0–2) was 20±21 mmHg compared to 30±24 mmHg among patients with poor outcome (p=0.002). 

In the multivariable analysis, ∆MAP was independently associated with higher (worse) mRS 

scores at discharge (aOR per 10-mmHg 1.17; 95%CI 1.04–1.32; P=0.009) and at 90 days (aOR 

per 10-mmHg 1.22; 95%CI 1.07–1.38; P=0.003). The association between aMAP and outcome 

was also significant at discharge (p=0.002) and 90 days (p=0.001).

Conclusions: Blood pressure reduction prior to recanalization is associated with larger infarct 

volumes and worse functional outcomes for patients affected by LVO stroke. These results 

underscore the importance of BP management during EVT, and highlight the need for further 

investigation of blood pressure management after LVO stroke.
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Introduction

Endovascular thrombectomy (EVT) has profoundly changed the landscape of acute stroke 

therapy.1-4 However, there remains a major unmet medical need for adjunctive treatment 

strategies to improve the outcomes of stroke victims treated with EVT. A recent meta-

analysis with 1287 participants found that overall only 46% of subjects receiving EVT were 

functionally independent at 90 days and only 10% were neurologically normal.5 Blood 

pressure is an important modifiable parameter to ensure proper cerebral perfusion during 

EVT and a focus of clinical care in every stroke patient. Importantly, following large-vessel 

occlusion, the fate of the ischemic penumbra and final infarct volume largely depends on the 

ability to maintain perfusion above the threshold for infarction.6,7 Yet currently, there are 

only limited data to guide optimal hemodynamic management peri-procedurally.

Hypotension prior to reperfusion may compromise collateral flow. Exhaustion of 

compensatory vasodilatory capacity distal to the occluded vessel and the loss of intrinsic 

autoregulatory function in the ischemic tissue lead to pressure passivity rendering the patient 

vulnerable to blood pressure changes.8,9 In this situation, reductions in systemic blood 

pressure may result in corresponding decreases in cerebral blood flow to the ischemic tissue, 

potentially causing infarct progression and worse outcome.10

In this study, we examined the effects of blood pressure reductions and sustained relative 

hypotension during EVT on infarct progression and functional outcome.
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Methods

The authors declare that all supporting data are available within the article and its online 

supplementary files.

Study design

We conducted a retrospective, observational study of consecutive acute ischemic stroke 

patients with LVO undergoing EVT. The study was conducted at two US academic 

comprehensive stroke centers: Yale-New Haven Hospital, CT and University of Iowa 

Hospitals and Clinics, IA. The study was approved by the Institutional Review Board of 

each participating center. Individual patient consent was waived because of the study’s 

retrospective design without any patient intervention. The analysis was planned prior to data 

collection.

Subjects

We retrospectively reviewed the prospectively collected stroke databases at each institution 

and included a consecutive sample of patients ≥18 years of age with anterior circulation 

large-vessel occlusion acute ischemic stroke involving the intracranial internal carotid artery 

or middle cerebral artery (M1 or M2). All patients were treated with EVT between 2014 and 

2018. Patient medical history, demographic information, baseline characteristics, initial 

imaging and angiographic results were obtained from the electronic medical records.

All stroke management decisions including delivery of thrombolytic drugs, intraprocedural 

blood pressure targets and choice of anesthesia were made by the patients’ attending 

providers and clinical care team in accordance with current American Heart Association 

(AHA) guidelines.11 All patients were managed by an anesthesia care team, however, 

general anesthesia was reserved for patients who could not cooperate with the procedure 

despite conscious sedation, had respiratory failure, or were unable to protect their airway. 

Baseline admission MAP was defined as the earliest MAP in the patient’s chart, recorded 

either by emergency medical services, an outside facility prior to transfer, or upon 

presentation to the EVT-capable Comprehensive Stroke Center.

Blood Pressure Data

Blood pressure during EVT was measured throughout the procedure and recorded either 

every minute using an intra-arterial catheter, or every three minutes using a non-invasive 

blood pressure cuff. Blood pressure data was obtained electronically from the patient’s 

anesthesia report following intervention, and analyzed with a custom computer algorithm 

using MATLAB (Release 2018b, The Mathworks, Inc., Natick, Massachusetts, USA). 

Decreases in blood pressure were calculated as the difference between admission MAP and 

the single lowest MAP prior to recanalization during EVT (∆MAP). Additionally, to 

distinguish between one-time blood pressure reductions and sustained relative hypotension, 

the area between baseline admission MAP and continuous measurements of intraprocedural 

MAP from procedure start to vessel recanalization was measured (aMAP) and expressed in 

mmHg*min [Figure 1].
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Outcome measurements

We evaluated functional outcome using the modified Rankin scale (mRS) including 

mortality at discharge and 90 days.12 The mRS scale assigns an ordinal score from 0 (no 

symptoms) to 6 (deceased) to patients after stroke. Outcomes were assessed either in person 

or by telephone by certified raters blinded to the measurement results. As part of their 

routine stroke evaluation for EVT, all patients underwent a non-contrast head CT as well as a 

CT angiogram of the head and neck. Since 2016, the clinical protocol has also included CT 

perfusion imaging, which was processed with the use of fully automated software (RAPID, 

iSchemaView, Menlo Park, CA, USA). Irreversibly injured brain (“ischemic core”) was 

diagnosed if the relative cerebral blood flow was less than 30% of that in normal tissue.13 In 

addition, all patients underwent magnetic resonance imaging (MRI) as part of their routine 

clinical work-up at 24 hours post-intervention. Final infarct volumes were measured using 

RAPID software and defined as pixels with apparent diffusion coefficient (ADC) values 

below 680 × 10−6 mm2/sec. Since automated volume computation based on ADC threshold 

values can become inaccurate in the setting of significant hemorrhagic transformation, 

manual tracings were employed in these instances to calculate the final infarct volume 

(Analyze 11.0, AnalyzeDirect, Overland Park, KS, USA). Infarct growth was calculated as 

the difference between the initial, pre-EVT infarct core and final infarct volume on follow-

up imaging. The degree of reperfusion was determined by the Thrombolysis in Cerebral 

Infarction (TICI) score, where a score of 2B (reperfusion of more than half of the previously 

occluded target artery ischemic territory) or 3 represented successful reperfusion.14

Statistical Analyses

Baseline characteristics of included subjects were summarized by means and standard 

deviations (SD) for normally distributed continuous variables, by medians and interquartile 

ranges (IQR) for skewed continuous variables, and by numbers (%) for categorical variables. 

We dichotomized mRS scores into favorable (mRS 0–2) and unfavorable (mRS ≥3) 

outcomes. We used χ2-, t- or Mann-Whitney U tests as appropriate for unadjusted 

comparisons and performed adjusted analyses via ordinal logistic or linear regression 

modeling, as appropriate. Given the large number of possible confounders with p<0.01 in 

the univariable analysis, variable selection for adjusted analyses was performed based on 

knowledge from prior studies and theoretical considerations. An odds ratio (OR) above 1 

constituted a decrease in blood pressure associated with a shift on the mRS towards a worse 

outcome. Since reperfusion is a major predictor of final infarct size and functional outcome, 

we performed sensitivity analyses in the subgroup of patients with successful reperfusion. 

An additional subgroup analysis was performed for patients treated with general anesthesia. 

All statistics were computed using SPSS (Version 24, IBM Corp). Statistical significance 

was set at P<0.05 (two tailed) for the primary hypothesis that ∆MAP/aMAP is associated 

with functional outcome.

Results

Subject characteristics

Three hundred-ninety patients undergoing endovascular thrombectomy were included for 

data analysis (mean age 71 ± 14 years, mean admission NIHSS 17 ± 6), of which two 
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hundred ninety-four were assessed for functional outcome at 90 days. Baseline 

characteristics for all patients are displayed in Table 1. The median procedure duration was 

117 minutes (range 25 – 379). For patients who were successfully recanalized (TICI = 2B, 

3), the median time from procedure start to recanalization was 66 minutes (range 9 – 323).

Blood pressure reductions and functional outcome

The mean MAP at admission was 105 ± 18 mmHg, which increased to 114 ± 21 mmHg 

upon arrival in the angiosuite. Compared to their own admission blood pressure, 87% of 

patients experienced reductions in MAP during endovascular thrombectomy. The average 

maximum MAP reduction (∆MAP) was 31 ± 20 mmHg. ∆MAP did not significantly vary by 

institution or by site of occlusion (Supplemental Table I and II).

Ninety-six (33%) of patients achieved functional independence (mRS 0–2) at 3 months. 

Patients with good outcome were overall younger (65 vs. 74 years, P<0.001), more likely to 

be male (56% vs. 38%, P=0.004), and had fewer comorbidities and lower NIHSS scores at 

presentation (14 vs. 18, P=0.001). They were more frequently treated with tPA prior to 

endovascular thrombectomy (70% vs. 55%, P=0.0016). Differences were also observed in 

the distribution of ASPECT scores (P=0.005) and degree of reperfusion (P=0.001). The 

mean ∆MAP among patients with favorable outcomes was 20 ± 21 mmHg compared to 30 

± 24 mmHg among patients with unfavorable outcomes (P=0.002). Results were similar for 

SBP reductions and functional outcome at 90 days (Table 2).

Associations of mRS at discharge and 90 days for all patients and their respective values for 

∆MAP and aMAP are summarized in Table 3. ∆MAP was independently associated with 

higher (worse) mRS scores at discharge (adjusted OR per 10-mmHg 1.17; 95% CI 1.04–

1.32; P=0.009) and at 90 days (adjusted OR per 10-mmHg 1.22; 95% CI 1.07–1.38; 

P=0.003) after adjusting for age, ASPECT score, baseline blood pressure, admission NIHSS, 

TICI score, and onset-to-reperfusion time (Figure 2). For every 10-mmHg reduction in MAP, 

there was a 22% increased likelihood of shifting towards worse outcomes on the mRS at 90 

days. The association between aMAP and outcome was also significant at discharge 

(P=0.002) and 90 days (P=0.001). A similar effect size and significance was found for the 

relationship using systolic blood pressure (SBP) measurements to substitute for MAP (Table 

3) and for the subpopulation of reperfused patients (Supplemental Table III).

Blood pressure reductions and infarct progression

We calculated infarct growth in 154 patients who underwent both CT perfusion imaging 

with sufficient quality to estimate initial core infarct (CBF<30%) and follow-up MRI at 24 

hours for determination of final infarct size.

In this subgroup, intraprocedural blood pressure reductions (∆MAP) and sustained relative 

hypotension (aMAP) were significantly associated with infarct growth (P=0.003 and 

P=0.005, Figure 3, Supplemental Table IV). After adjusting for age, admission NIHSS, TICI 

score and core infarct volume, ∆MAP remained independently associated with infarct 

growth (P=0.036) and final infarct volume (P=0.035). On average, there was a 4.1 ml 

increase in infarct volume for every 10-mmHg decrease in MAP during endovascular 

thrombectomy.
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Discussion

In this cohort of LVO patients from two large academic stroke centers, we demonstrated that 

blood pressure reductions and sustained relative hypotension during endovascular 

thrombectomy are independent predictors of worse functional outcome at discharge and 90 

days.

Our results are in agreement with several other retrospective analyses that suggest that 

hypotension may contribute to worse outcomes related to the use of general anesthesia in 

endovascular stroke therapy.10,15-17 In a post-hoc analysis of the MR CLEAN trial, Treurniet 

et al. demonstrated similar “dose-dependent” association between blood pressure reductions 

and unfavorable outcome among patients undergoing general anesthesia for mechanical 

thrombectomy.10 Two additional retrospective studies found that SBP below 140 mmHg and 

MAP below 70 mmHg were predictors of poor neurological outcome15,18 Our study 

provides evidence for a potential mechanism leading to worse outcomes associated with 

blood pressure reductions. Using short-term imaging endpoints, we found greater infarct 

progression and larger final infarct volumes associated with blood pressure reductions. This 

finding supports the construct that the ischemic penumbra is dependent on maintenance of 

cerebral perfusion pressure for preservation of flow to ischemic areas. 6,7,19 Because blood 

vessels in these areas are not only maximally dilated but also have lost their intrinsic 

autoregulatory capacity, reductions in systemic blood pressure may be detrimental to this 

pressure-passive system and result in infarct progression. A strength of our study is the large 

sample size and inclusion of patients from two large academic stroke centers. Baseline 

characteristics by institution are summarized in Supplemental Table V. The significant 

number of patients included in this study allowed for adjustment for important covariates 

and known predictors of poor outcome. Blood pressure was managed according to AHA 

guidelines without specific protocol, reflecting current clinical practice.11 While existing 

guidelines recognize that hypotension and hypovolemia should be corrected to maintain 

perfusion, parameters for patient selection and specific blood pressure targets remain 

elusive. A single blood pressure target below 180/105 mmHg for all patients, as currently 

recommended, is likely inadequate for the management of this highly complex and 

heterogeneous patient population.

Although the majority of thrombectomies in our cohort (65%) were performed under 

conscious sedation, which has been associated with greater hemodynamic stability compared 

to general anesthesia, we observed frequent and substantial reductions in blood pressure. 

Hemodyanmic parameters and outcomes by anesthesia type are summarized in 

Supplemental Table VI. Whalin et al. reported similar reductions in blood pressure among 

patients treated with conscious sedation and found that a greater than 10% decrease in blood 

pressure from pre-procedural baseline was a predictor of poor outcome.20 Instead of 

calculating blood pressure reductions below currently recommended thresholds21 or pre-

procedural baseline, we used earliest recorded blood pressure as the reference as it is 

unaffected by commonly-performed interventions such as hemodynamic augmentation with 

intravenous fluids or blood pressure lowering for administration of tPA. This earlier blood 

pressure reference better reflects a patient’s true baseline after acute LVO stroke. A 

sensitivity analysis using pre-procedural blood pressure as the baseline to compute ∆MAP 
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and aMAP showed similar results, but a smaller effect size (Supplemental Table VII). 

Thirty-six patients had intraprocedural blood pressure decreases compared to their pre-

procedural baseline, but never dropped below their admission blood pressure. These patients 

had smaller final infarct volumes (median 20 vs. 34 ml) and increases in MAP from 

admission to arrival in the angiosuite may have provided some protection against blood 

pressure reductions. Hemodynamic parameters based on admission and pre-procedural 

blood pressure baselines are also compared in Supplemental Table VIII.

Blood pressure is commonly elevated after large-vessel occlusion stroke and may represent a 

response to maintain cerebral perfusion.22,23 The rate of infarct growth after LVO stroke is 

highly variable and depends not only on the duration of arterial occlusion but also the ability 

to maintain collateral blood flow above the threshold of infarction.24 Patients with 

unfavorable outcome had similar average intraprocedural blood pressure compared to those 

with good outcomes, but presented with significantly higher baseline MAP and SBP. Several 

authors have demonstrated a strong association between higher admission blood pressure 

and poorer collaterals, suggesting the need for a greater hypertensive response to maintain at 

least partial perfusion to the ischemic tissue.25,26 These patients may be more vulnerable to 

even small blood pressure reductions and simply maintaining blood pressure above 140 

mmHg may be inadequate. In contrast, patients presenting with lower NIHSS scores despite 

intracranial large-vessel occlusion and presumably better collateral circulation have been 

shown to tolerate even substantial intraprocedural hypotension.20 In addition to sustained 

relative hypotension below individual admission blood pressure, we found that even one-

time reductions pose a significant risk to patients perhaps due to vascular collapse 

downstream of the occlusion.

Our findings stand in contrast with a secondary analysis of the GOLIATH trial in which 

patients undergoing endovascular stroke therapy were randomized to general anesthesia or 

conscious sedation. In a post-hoc analysis, the authors found no statistically relevant 

association between hemodynamic parameters and outcome.27 However, the trial included a 

blood pressure management protocol that aimed at simultaneously maintaining mean arterial 

pressure and systolic blood pressure above 70 and 140 mmHg, respectively.28 While the 

authors report significant differences in hemodynamic variables among treatment groups, the 

rigorous blood pressure protocol and frequent use of vasopressors (98% in the general 

anesthesia group, 57% in the conscious sedation group) may have protected patients from 

more severe blood pressure reductions and sustained relative hypotension. In addition, the 

decrease in metabolic demand during general anesthesia may provide some protection 

against blood pressure reductions.

Our study has several limitations. First, although larger than prior studies, it remains a 

retrospective analysis. As with all such studies, missing data may bias the results in 

unpredictable ways. For example, we did not collect data on anesthetic medications 

administered during EVT. Three-month functional outcomes were available for only 75% 

(294/390) of patients. However, both groups (patients with and without 3-months outcomes) 

were comparable in terms of important baseline characteristics (Supplemental Table IX). 

Furthermore, a similar association and effect size between blood pressure reductions and 

outcome were found when discharge mRS was assessed for the entire cohort and the 
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subgroup of patient with 90-day outcomes. Second, while intraprocedural blood pressure 

was managed according to current guidelines, a lower blood pressure target has not been 

clearly defined. As a result, blood pressure interventions such as use of vasopressor therapy 

were inconsistently applied in this observational cohort. This may have prevented or 

mitigated blood pressure declines in some patients, but is unlikely to have affected the 

observed relationship in which greater reductions in blood pressure were associated with 

increased risk for larger infarct volumes and higher likelihood for unfavorable outcome. 

Third, the growth rate of early DWI lesions and clinical outcomes are strongly associated 

with the degree of reperfusion achieved during EVT. In addition to adjusting for the degree 

of reperfusion, we performed a sensitivity analysis selecting only those patients who 

achieved successful reperfusion (TICI 2B or 3). The odd ratios for worse outcome were 

similar in models that were either unadjusted or adjusted for degree of reperfusion as well as 

in the subgroup of reperfused patients, supporting the notion that the effect of blood pressure 

declines on outcome was independent of reperfusion status (Supplemental Table III). 

Nevertheless, we cannot exclude the possibility that the blood pressure effect was at least 

partly due to differences in reperfusion. Fourth, blood pressure was measured using either 

non-invasive cuff and invasive arterial catheter. Despite this lack of uniform measurement, 

our main findings held across blood pressure measurement type (Supplemental Table X). 

Lastly, since our study was limited to patients with anterior circulation large-vessel 

occlusion, our results may not be generalizable to patients with posterior circulation strokes.

The question of optimal blood pressure management in the initial stages of large-vessel 

occlusion stroke is of particular importance in the current era of endovascular thrombectomy 

where patients are commonly transferred to a comprehensive stroke center. A recent meta-

analysis reported a median emergency department door-to-reperfusion time of 148 minutes 

(IQR 112, 197).29 Patients who initially present to an outside facility on average face an 

additional delay of 129 minutes during which they are vulnerable to hemodynamic 

instability and blood pressure reductions, which may contribute to the increase in mortality 

associated with interfacility transfer.30,31 However, it remains unknown if an intervention to 

maintain or augment blood pressure can actually improve outcomes. Additional studies are 

needed to approach this question through a prospective, randomized trial evaluating blood 

pressure management in the acute phase of large-vessel occlusion stroke. Such a trial should 

take into consideration individual patient factors such as baseline blood pressure, site of 

vascular occlusion and collateral blood vessel status. Until the results of such a trial are 

available, it seems reasonable to minimize blood pressure reductions during endovascular 

stroke therapy by maintaining blood pressure close to an individual patient’s baseline.

Conclusions

Blood pressure reductions during endovascular stroke therapy are common and may lead to 

larger infarct volumes and worse functional outcomes. Every 10-mmHg reduction in mean 

arterial pressure prior to reperfusion increased the risk of worse outcome by 22%. These 

results underline the importance of blood pressure management during EVT and highlight 

the need for further investigation of active blood pressure management in LVO stroke.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Schematic of data analysis and blood pressure reduction parameters.
MAP was measured continuously during EVT (black line). ∆MAP was measured as the 

single greatest drop in blood pressure during EVT from baseline admission levels (A). 

aMAP was calculated as the total area between admission MAP and intraprocedural MAP 

(B). Measurements were calculated until the time of vessel recanalization.
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Figure 2: Association of blood pressure reduction with functional outcomes at discharge and 90-
days.
The difference between baseline mean arterial pressure (MAP) and lowest MAP during 

endovascular thrombectomy (∆MAP, light blue) and area between admission MAP and 

intraprocedural MAP (aMAP, dark blue) were plotted per each mRS score at discharge and 

90-days. Bar graphs represent mean (∆MAP) and median (aMAP) for each mRS score 

category; error bars indicate the 95% confidence interval.
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Figure 3: Association of blood pressure reduction with infarct growth.
∆MAP (left) and aMAP (right) were divided into equal quartiles and plotted against infarct 

growth. Bar graphs represent mean for each quartile of blood pressure reduction and relative 

hypotension; error bars indicate the 95% confidence interval.
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Table 1:
Demographics and baseline characteristics.

Data are mean (standard deviation) and n (%). ICA, internal carotid artery; tICA, terminal internal carotid 

artery; ACA, anterior cerebral artery; MCA, middle cerebral artery; NIHSS, National Institutes of Health 

Stroke Scale; MAP, mean arterial pressure; TICI, thrombolysis in cerebral infarctions score. 

Total patients 390

Outcomes assessed at 90 days, n(%) 294 (75)

Age, mean±SD 71±14

Gender, female(%) 219 (56)

Race, n(%)

 White 326 (84)

 Black or African American 37 (9)

 Asian 4 (1)

 Other 16 (4)

Medical History*, n(%)

 Hypertension 238 (61)

 Coronary artery disease/myocardial infarction 73 (19)

 Hyperlipidemia 143 (37)

 Chronic heart failure 45 (12)

 Atrial fibrillation 137 (35)

 Diabetes mellitus 83 (21)

 Past ischemic stroke 41 (11)

 Current/past smoker 93 (24)

Occlusion on CTA*, n(%)

 ICA/tICA 81 (18)

 ACA 7 (2)

 M1 MCA 282 (63)

 M2 MCA 79 (18)

Admission NIHSS, mean±SD 17±6

Admission MAP, mean±SD 105±18

ASPECTS, median (IQR) 9 (7–10)

Core infarct volume, median (IQR) 8 (0–25)

Treated with tPA, n(%) 264 (68)

General anesthesia, n(%) 140 (35)

Mean onset to bolus time, minutes±SD 138±74

Mean onset to admission, minutes±SD 304±291

Mean onset to EVT, minutes±SD 404±345

Mean onset to reperfusion, minutes±SD 463±266

Mean baseline BP measurement to EVT, median (IQR) 78 (48–114)
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TICI, n (%)

 0 60 (15)

 1 8 (2)

 2A 34 (9)

 2B 160 (41)

 3 120 (31)

In-hospital mortality, n(%) 46 (12)

90-day mortality, n(%) 84 (29)

*
Percentages may add up to more than 100% due to comorbidity.
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Table 2:
Hemodynamic variables.

Data are mean (SD) and n (%). SD, standard deviation; mRS, modified Rankin scale; MAP, mean arterial 

pressure; SBP, systolic blood pressure; ΔMAP, difference between baseline and lowest MAP during 

endovascular thrombectomy; aMAP, area between baseline and intraprocedural MAP; ΔSBP, difference 

between baseline and lowest SBP during endovascular thrombectomy; aSBP, area between baseline and 

intraprocedural SBP.

Favorable
outcomes
(mRS 0–2)

Unfavorable
outcomes
(mRS 3–6)

p-value

Total patients 390 96 198

Baseline SBP, mmHg±SD 149±26 142±24 152±25 0.001

Baseline MAP, mmHg±SD 106±19 102±17 107±19 0.055

Mean minimum SBP, mmHg±SD 113±26 114±25 110±27 0.182

Mean minimum MAP, mmHg±SD 80±18 82±18 77±19 0.043

Mean maximum SBP, mmHg±SD 186±31 183±33 189±31 0.164

Mean maximum MAP, mmHg±SD 132±23 130±23 134±22 0.211

Mean procedural SBP, mmHg±SD 144±19 143±22 144±18 0.494

Mean procedural MAP, mmHg±SD 100±13 99±15 100±12 0.394

Patients with intra-procedural blood pressure reduction below admission, 
n(%)

339 (87) 80 (83) 176 (89) 0.183

Mean ΔSBP, mmHg±SD 37±34 28±29 43±35 <0.001

Mean ΔMAP, mmHg±SD 26±23 20±21 30±24 0.002

Mean percent ΔSBP,% 23±20 18±19 26±21 0.002

Mean percent ΔMAP,% 22±20 19±19 26±21 0.005

SBP hypotensive area, mmHg*min 592 (118–1968) 370 (43–1120) 786 (190–2714) <0.001

MAP hypotensive area, mmHg*min 409 (58–1431) 225 (20–990) 603 (94–1943) <0.001
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Table 3:
Association of hemodynamic variables with functional outcome.

aOR, adjusted odds ratio (adjusted for age, ASPECT score, baseline blood pressure, admission NIHSS, TICI 

score, and time-to-reperfusion); OR, odds ratio; MAP, mean arterial pressure; SBP, systolic blood pressure; 

mRS, modified Rankin scale; ΔMAP, difference between baseline and lowest MAP during endovascular 

thrombectomy; aMAP, area between baseline and intraprocedural MAP; ΔSBP, difference between baseline 

and lowest SBP during endovascular thrombectomy; aSBP, area between baseline and intraprocedural SBP.

Likelihood of a shift towards worse outcome on discharge mRS

Variables OR 95% CI p Value aOR 95% CI p Value

ΔMAP, per 10-mmHg 1.19 1.1–1.28 <0.001 1.17 1.04–1.32 0.009

ΔSBP, per 10-mmHg 1.16 1.09–1.22 <0.001 1.12 1.04–1.22 0.005

aMAP, per 300-mmHg*min 1.1 1.06–1.15 <0.001 1.1 1.03–1.16 0.002

aSBP, per 300-mmHg*min 1.08 1.05–1.11 <0.001 1.07 1.01–1.1 0.014

Likelihood of a shift towards worse outcome on 90-day mRS

Variables OR 95% CI p Value aOR 95% CI p Value

ΔMAP, per 10-mmHg 1.22 1.12–1.34 <0.001 1.22 1.07–1.38 0.003

ΔSBP, per 10-mmHg 1.17 1.1–1.25 <0.001 1.25 1.06–1.26 0.002

aMAP, per 300-mmHg*min 1.15 1.09–1.21 <0.001 1.15 1.06–1.24 0.001

aSBP, per 300-mmHg*min 1.1 1.06–1.14 <0.001 1.09 1.03–1.14 0.002
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