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Abstract

Background and Purpose: Whether reperfusion into infarcted tissue exacerbates cerebral
edema has treatment implications in patients presenting with extensive irreversible injury. We
investigated the effects of endovascular thrombectomy and reperfusion on cerebral edema in
patients presenting with radiological evidence of Large Hemispheric Infarction (LHI) at baseline

Methods: In a systematic review and individual patient-level meta-analysis of seven randomized
controlled trials comparing thrombectomy versus medical therapy in anterior circulation ischemic
stroke published between Jan 1, 2010 and May 31, 2017 (Highly Effective Reperfusion using
Multiple Endovascular Devices (HERMES) collaboration), we analyzed the association between
thrombectomy and reperfusion with maximal midline shift (MLS) on follow-up imaging as a
measure of the space-occupying effect of cerebral edema in patients with LHI on pre-treatment
imaging, defined as diffusion-MRI or CT-perfusion ischemic core 80-300mL or non-contrast
CT-Alberta-Stroke-Program-Early-CT-Score (CT-ASPECTS) <5. Risk of bias was assessed using
the Cochrane tool.

Results: Among 1764 patients, 177 presented with LHI. Thrombectomy and reperfusion were
associated with functional improvement (Thrombectomy common odds ratio [COR]=2.30[95%ClI
1.32,4.00]; reperfusion cOR=4.73[95%Cl 1.66,13.52]) but not MLS (Thrombectomy
B=—0.27[95%CI -1.52,0.98]; reperfusion p=-0.78[95%CI —3.07,1.50]) when adjusting for age,
NIHSS, glucose, and time-to-follow-up imaging. In an exploratory analysis of patients presenting
with core volume>130mL or CT-ASPECTS<3 (n=76), thrombectomy was associated with
greater MLS after adjusting for age and NIHSS (p=2.76[95%CI 0.33,5.20]) but not functional
improvement (OR 1.71[95%CI 0.24,12.08]).

Conclusion: In patients presenting with LHI, thrombectomy and reperfusion were not associated
with MLS, except in the subgroup with very large core volume (>130ml) in whom thrombectomy
was associated with increased MLS due to space-occupying ischemic edema. Mitigating cerebral
edema-mediated secondary injury in patients with very large infarcts may further improve
outcomes after reperfusion therapies.
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Introduction

Methods

Despite the well-established benefit of endovascular thrombectomy (EVT) in anterior
circulation stroke with large vessel occlusion, over half of patients treated with EVT remain
functionally dependent at follow-up.! There is increasing focus on understanding the reasons
for poor outcome and factors that limit the efficacy of EVT.

Cerebral edema, a recognized cause of secondary injury following ischemic stroke, is
associated with substantial morbidity and mortality.2 Patients with large hemispheric
infarction (LHI), defined as extensive ischemic stroke affecting the majority of the middle
cerebral artery territory, are particularly prone to developing clinically significant brain
swelling. More than 50% of these patients develop malignant cerebral edema and the
mortality rate is up to 80% if untreated.*

The relationship between reperfusion and cerebral edema remains unclear. In animal
models, reperfusion consistently exacerbates cerebral edema. However, clinical studies have
suggested reduced edema after reperfusion.>10 These conflicting results may indicate a
variable response of cerebral tissue to reperfusion in which reperfusion may be detrimental
in established infarction but protective via reduced infarct growth in salvageable tissue.>

Accordingly, patients presenting with LHI may be at particular risk of cerebral edema when
treated with EVT. Many institutions do not restrict EVT based on the extent of pre-treatment
ischemic changes, as supported by the available data.l-11 Understanding how treatment and
reperfusion modulate cerebral edema in these patients is an increasingly relevant clinical
consideration.

To date, evidence regarding the relationship between EVT and cerebral edema in the LHI
subpopulation is scarce. In a patient-level meta-analysis of randomized controlled EVT
trials, we investigate the effects of EVT and reperfusion on cerebral edema and the impact of
cerebral edema on functional outcome in patients presenting with LHI.

The anonymized individual patient data from the components trials are available on
submission of an approved request to the VISTA-Endovascular data repository.

Search strategy and selection criteria

We performed a systematic review and meta-analysis according to PRISMA guidelines of
randomized controlled trials comparing EVT with stent retrievers versus non-endovascular
medical therapy in patients with anterior circulation ischemic stroke published between
Jan 1, 2010 and May 31, 2017111, Seven randomized controlled trials (MR-CLEAN,12
EXTEND-IA,13 ESCAPE,1* SWIFT PRIME,!> REVASCAT, 16 PISTE,1” and THRACE?®
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were identified using the search string ((“randomized controlled trial”’[Publication

Type]) AND ((thrombectomy|[Title/Abstract]) OR (clot retrieval[Title/Abstract]) OR
intraarterial[Title/Abstract]) AND (stroke[Title/Abstract])) on Pubmed. Individual patient-
level data were pooled by the Highly Effective Reperfusion using Multiple Endovascular
Devices (HERMES) collaboration. We report our findings according to the PRISMA-IPD
checklist and provide a flow diagram for studies and data inclusion. (Supplemental
Material). The meta-analysis was prospectively designed by the HERMES executive
committee, but not registered. The details of the HERMES collaboration initiation,
methodology of meta-analysis search strategy, individual participant data gathering and
checking, and qualitative assessment of between-trial differences including patient eligibility
and assessment of bias have been previously reported.211 No issues were identified in
checking individual participant data. Medical therapy included the use of intravenous
thrombolysis if clinically appropriate and standard follow-up care in dedicated acute stroke
units. Clinical data were extracted and pooled by the study statistician. Imaging studies
were de-identified and read by the independent HERMES core laboratories for baseline
non-contrast Alberta Stroke Program Early CT Score (CT-ASPECTS) assessment and
reprocessing of CT Perfusion (CTP) and diffusion MRI data using RAPID software (version
4.6) as previously described.111 All participants provided written consent and each study
was approved by the local ethics board.

Data analysis

Patients presenting with LHI were defined on pre-treatment imaging as having an

ischemic core volume of 80-300ml on diffusion MRI or CTP using an apparent diffusion
coefficient threshold <620 um2/s and a relative cerebral blood flow <30% respectively, or
CT-ASPECTS<5 on unenhanced-CT if CTP or DWI was not performed.3-19.20 Patients with
core volume 80-300ml were included, and excluded if <80ml irrespective of ASPECTS.

Reperfusion was assessed on digital subtraction angiograms in patients undergoing EVT. An
expanded thrombolysis in cerebral infarction score of 2b, 2¢ or 3 was considered successful
reperfusion.2! Follow-up Infarct Volume (FIV) was calculated using validated imaging
software based on planimetry after manual segmentation as previously.22 Hemorrhagic
transformation was scored according to the European Cooperative Acute Stroke Study 11
classification by two neurologists blinded to the clinical data (BC, FN).

The primary analysis determined factors associated with cerebral edema, as assessed by
the maximal anatomical deviation of midline cerebral structures in the axial plane. This
midline shift (MLS) was measured in millimetres on all available follow-up scans between
1 to 14 days measured by a neurologist (FN) blinded to clinical data. In patients who

had more than one follow-up scans, the scan with the highest MLS was analysed. MLS
measurements were independently assessed in 20% of the study cohort (38 consecutive
subjects) by a second neurologist (BC) and found to have excellent interrater agreement
(intraclass absolute correlation =0.98, 95%CI 0.97-0.99). Follow-up imaging performed
after neurosurgical procedures was excluded from analyses. Associations with MLS were
assessed by Mann-Whitney U test and repeated measures linear regression. Spearman’s rho
was used to assess correlation.

Stroke. Author manuscript; available in PMC 2022 November 01.
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The secondary analysis evaluated the association between cerebral edema and functional
outcome with the end point being functional improvement defined as =1 point reduction in
modified Rankin scale (mRS) at 90-days expressed as an unadjusted and adjusted common
odds ratio (cOR) from ordinal logistic regression.

Finally, we tested the association between pre-treatment core volume and cerebral edema
in an exploratory analysis using DWI and CTP core volume at baseline after excluding
patients qualifying for LHI based on CT-ASPECTS alone. To further examine the effect of
pre-treatment core volume across its entire range, we expanded the study cohort to include
patients who presented with smaller ischemic core at baseline but developed LHI at 24-hours
on follow-up DWI (>80ml FIV) or CT (CT-ASPECTS<5). Locally Estimated Scatterplot
Smoothing (LOESS) regression analysis was performed in this analysis to examine the
potentially variable and bimodal relationship between MLS with baseline core volume and
between MLS with CT-ASPECTS, and to examine whether treatment modality influenced
these relationships. LOESS is a non-parametric regression method to model complex non-
linear relationships by assigning a weighted function to each data point which is then
scatter-plotted to allow visualization of the entire dataset for hypothesis generation.

Mixed-effects modelling was used for all regression analyses and adjusted for four pre-
determined variables: age, pre-treatment National Institute of Health Stroke Score (NIHSS),
baseline glucose level, and timing of follow-up up scan expressed in number of days after
onset of stroke symptoms. Pre-specified interaction between MLS and reperfusion was
tested in the primary analysis. Pre-specified sensitivity analyses were performed for the

use of intravenous thrombolysis, whether follow-up scans were performed within or after
48-hours, baseline ischemic core volume and ASPECTS. Parenchymal hematoma (Type 1
and 2) were included in the primary analysis but adjusted in sensitivity analysis. Further
sensitivity analyses were performed for differences in baseline characteristics between the
treatment groups and imaging inclusion criteria (Core volume >80mls vs CT-ASPECTS<5).

Risk of bias was assessed using the Cochrane tool and was low overall as previously
reported.1! Statistical analyses were done with SAS (version 9.4).

Among 1764 patients included in seven studies, 99 did not have follow-up imaging. Of

the remaining 1665 patients, 177 (10.6%) with LHI at baseline were analysed in the
primary and secondary analysis in which patients undergoing EVT (n=85,48.0%) were
compared to patients receiving non-endovascular medical treatment (n=92,52.0%) (Table 1).
Successful reperfusion was achieved in 62/85 patients undergoing EVT (72.9%). Patients
who were randomized to EVT had lower median pre-treatment ischemic core volume,
higher ASPECTS and a shorter time-from-onset-to-presentation (Table 1). The majority

of patients were defined as LHI based on CT-ASPECTS (n=91,51%), followed by DWI
(n=51,29%) and CTP (n=35,20%). Parenchymal hematoma occurred in 17 patients (9.6%).
Neurosurgical interventions for management of mass effect were performed in 10 patients
(n=9 decompressive hemicraniectomy; n=1 external ventricular drainage). More than one

Stroke. Author manuscript; available in PMC 2022 November 01.
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follow-up scan was performed in 44 patients. Overall, MLS was measured on 230 follow-up
scans.

In the primary analysis, cerebral edema as measured by median MLS on follow-up
imaging (median time-from-onset 28.3 hours) was not significantly different between
treatment groups (EVT 5.0[IQR2.8-8.6] vs. medical therapy 5.5[1QR3.1-8.1]mm,p=0.97).
Malignant infarction (>5mm MLS or requiring decompressive craniectomy) also occurred
in a similar proportion (42/85[49.4%] EVT vs.50/92[54.3%)]) medical therapy,p=0.51).23
In multivariable linear regression, higher baseline NIHSS was associated with increased
MLS (p=0.25[95%CI 0.10-0.40]) but treatment modality was not (p=-0.27,[95%CI-1.52—
0.98], Supplemental Material). Sensitivity analyses for pre-specified variables (intravenous
thrombolysis, parenchymal hematoma, follow-up scans timing, baseline ischemic core
volume, ASPECTS), baseline differences between treatment groups (sex, time from
symptom onset to presentation) and different imaging inclusion criteria yielded similar
results (Supplemental Material). Among patients treated with EVT, reperfusion (=-0.78,
[95%CI-3.07-1.50]), and onset-to-reperfusion time (=0.70,[95%CI-0.04-1.43]) were not
significantly associated with MLS.

In the secondary analysis, a favorable functional outcome (defined as mRS 0-2)

was achieved in 27/177 patients (EVT 18.8% vs.12.1% Control,p=0.22). MLS was
independently associated with worse functional outcome (cOR=0.82,[95%CI0.77-0.89])
after adjusting for the pre-determined variables age, NIHSS, serum glucose, time-to-follow-
up-imaging, and EVT (Supplemental Material).

EVT (cOR=2.30,[95%CI1.32-4.00]) was significantly associated with functional
improvement. Reperfusion, when substituted for EVT in the multivariable model, was

also significantly associated with functional improvement (cOR=4.73,[95%CI1.66-13.52]).
There was a significant interaction effect between MLS and reperfusion (p=0.038) whereby
the benefit of reperfusion reduced as MLS increased.

The median FIV in the study cohort was 218.4mL (IQR108.0-307.9), with no significant
difference between the EVT group (208.4mI[IQR89.2-289.7]) and the medical management
group (223.2mL[IQR140.7-347.1],p=0.305). MLS significantly correlated with FIV
(6=0.57,p<0.0001).

In an exploratory analysis of the association between pre-treatment ischemic core volume
and cerebral edema, pre-treatment ischemic core volume was measured on baseline DWI
and CTP in 86/177 patients after excluding patients who qualified for LHI based on
CT-ASPECTS alone. Pre-treatment core volume was independently associated with MLS
(B=0.02,[95%C10.00-0.04]) in multivariable analysis within this subgroup (Supplemental
Material).

Further analysis was performed in an expanded study cohort that included an additional 741
patients who presented with smaller ischemic core at baseline but subsequently developed
LHI at 24-hours. The associations between EVT and MLS, and between MLS and functional
outcome in this expanded cohort were consistent with the primary study cohort of 177
patients presenting with LHI (Supplemental Material).

Stroke. Author manuscript; available in PMC 2022 November 01.
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On a LOESS scatterplot with pre-treatment ischemic core volume (DWI or CTP) on the
x-axis and MLS on the y-axis (=641 patients), cerebral edema as measured by MLS was
similar between patients treated with EVT and medical therapy throughout the lower ranges
of core volume but was greater in patients treated with EVT when core volume exceeded
130ml on visual inspection (Figure 1). A similar pattern was observed when CT-ASPECTS
was used as a surrogate for ischemic core volume (n=910 patients) with greater MLS in
patients treated with EVT who had pre-treatment CT-ASPECTS<3 (Supplemental Material).

Based on the visual interpretation of the LOESS scatterplots, patients presenting with core
volume>130ml or CT-ASPECTS<3 (n=76 MLS measurements) were pooled for further
post-hoc analysis. In this subgroup of very large infarcts, EVT was associated with

greater MLS (8.6mm[IQR5.5-13.8] vs.6.0mm[IQR3.3-8.4] medical therapy,p=0.025) in
univariable analysis and after adjustment for age and NIHSS (= 2.76[95%CI-0.33-5.20]).
No significant difference in functional outcome between EVT and control groups was
observed in this very large infarct subgroup (cOR=1.75[95%C10.62-4.89]). In comparison,
in the remaining subgroup of patients present presenting with core volume 80-130ml

or CT-ASPECTS 4-5 (n=154 MLS measurements), EVT was not associated with MLS
(4.1mm[IQR 2.2-6.9] vs. 4.6mm[IQR2.9-7.8],p=0.33) on univariable analysis but was
associated with functional improvement (cCOR=2.11[95%CI1.08-4.09]) (Figure 2).

Discussion

In this patient-level meta-analysis of a high-risk population for secondary injury following
ischemic stroke, EVT and reperfusion were associated with improved functional outcome
but not cerebral edema in patients presenting with LHI, except in a subgroup of patients
presenting with very extensive established ischemia with core volumes>130mls or CT-
ASPECTS<3. Clinical severity and the extent of irreversible ischemic tissue at baseline were
associated with cerebral edema development. Cerebral edema was associated with worse
outcome and represents a potential therapeutic target to improve the clinical outcome of
patients with LHI.

Our findings provide fresh insights into a topic that has yielded conflicting results between
preclinical and clinical data. In preclinical animal models, transient MCA occlusion
paradoxically led to greater infarct volume, brain water content and blood-brain barrier
disruption compared to permanent occlusion.® In contrast, clinical studies demonstrated an
association between reperfusion and reduced cerebral edema. In a secondary analysis of the
MR-CLEAN trial, successful endovascular reperfusion was associated with less MLS.8 In
the SITS-International Stroke Treatment Registry, recanalization was found to be associated
with less edema on qualitative visual assessment.19 Similarly, a retrospective observational
study (Broocks et al) showed less tissue water uptake in the ischemic lesion in patients with
successful recanalisation.?

There are several notable differences in methodology between the current analysis and these
studies. We restricted our primary study cohort to patients with evidence of LHI at baseline
in whom there is more non-salvageable tissue and less penumbral tissue to mediate the
benefit of infarct growth reduction. Although Broocks only included patients presenting with
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low ASPECTS, the substantially smaller FIV (median 120.6ml vs.218.0ml) and lower MLS
(mean 3.2ml vs.6.2ml) compared to our cohort indicates a less severely affected group with
less extensive pre-treatment infarction. EVT was not randomized in Broocks and is therefore
susceptible to selection bias and confounding factors swaying clinicians’ treatment decision.
Further, cerebral edema was measured using tissue Net Water Uptake (NWU) instead of
MLS. Experimental and clinical data suggest pathological tissue water uptake at tissue level
may not inevitably lead to macroscopic swelling with anatomical distortion. At tissue level,
ionic edema has been shown to be partially reversible in animal models.24 In a post-hoc
analysis of the GAMES-RP study, MLS was a stronger predictor of malignant edema and
the main driver of clinical deterioration when compared to NWU.2® Finally, NWU is derived
from CT Hounsfield units and has been validated on admission CT in acute ischemic stroke.
It is unclear how post-treatment intracranial hemorrhage and iodine-based contrast staining
after EVT influence post-treatment NWU measurements.

Our finding that the edema development in response to reperfusion may be dependent on the
physiological state of the tissue provides a potential explanation for the reported discrepancy
among previous studies. A bimodal response to reperfusion was first described in preclinical
studies comparing the effect of reperfusion across animals subjected to different severity of
ischemia. Reperfusion after mild to moderate ischemia was associated with less edema.
However, after severe ischemia from which tissue was unlikely to survive even with
reperfusion, edema increased after reperfusion as this supplied blood flow and water
content to already-infarcted tissue.>’ In concordance, our exploratory analysis suggests

that EVT increased mass effect among patients with substantial amount of irreversible
tissue (>130mI/ASPECTS<3), while there was no association between EVT and edema
when the study population included patients with less ischemic core and likely more
salvageable tissue. Similarly, it is plausible that pre-clinical studies used MCA occlusion
models that typically generated established infarction in the majority of the MCA territory
rapidly and therefore demonstrated a detrimental effect of reperfusion, while clinical

studies predominantly included patients who had relatively small ischemic core volumes,
thus facilitating the observed beneficial effect of reperfusion on edema. Our findings

may therefore be complementary, rather than contradictory, to the existing clinical data

by demonstrating the alternate spectrum of the bimodal response of edema formation to
reperfusion.

Our analysis adds further evidence supporting the safety and benefit of EVT in patients
presenting with large ischemic core. We showed EVT and reperfusion to be associated with
functional improvement, with the treatment benefit extending to patients presenting with
core volume up to 130ml or CT-ASPECTS<3. Our results suggest the benefit of reperfusion
in patients with large ischemic core extends beyond reducing mass effect. Despite presenting
with substantial established infarct, salvaging the remaining penumbral tissue may still be
clinically meaningful. Partial tissue salvage even within regions considered as infarcted may
also be present. In a mediation analysis of the HERMES dataset, FIV reduction was found
to explain only 12% of the benefit of EVT, suggesting patients had better outcomes after
EVT despite largely similar FIV.22 This hypothesis is further supported by recent clinical
data demonstrating intra-lesional heterogeneity and a gradient of tissue injury proportional
to the severity of the initial ischemia within the FIV lesion.26

Stroke. Author manuscript; available in PMC 2022 November 01.
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EVT was not significantly associated with clinical benefit and may be detrimental

by exacerbating edema beyond a core volume >130ml or CT-ASPECTS<3. However,

the current dataset was not powered to evaluate this small subpopulation and our

findings in this subanalysis can only be interpreted as exploratory. Several ongoing

trials investigating the role of thrombectomy in patients with large core, including
TENSION[NCTO03094715], TESLA[NCT03805308], SELECT-2[NCT03876457] and, IN
EXTREMIS LASTE[NCT03811769] are expected to provide further insights. Based on this
analysis, the interpretation of large core reperfusion trials may need to be considered in the
context of baseline infarction volumes, with attention to potential differences in treatment
responses between the moderate large core (70-130ml) and very large core (>130ml) strata.

Cerebral edema with mass effect as a secondary injury was independently associated with
poor functional outcome. Our observations support the importance of cerebral edema

as a therapeutic target in this population of patients presenting with LHI. A phase 3
randomized controlled trial CHARM(NCT02864953) is currently underway to evaluate
the efficacy of intravenous glibenclamide, a SUR1-TRPM4 antagonist, for severe cerebral
edema associated with LHI.

The strengths of the study are the prospective randomized allocation of reperfusion
treatment and the use of objective imaging criteria with independent core laboratory
adjudication for ASPECTS and automated core volume calculations for diffusion MRI and
CTP. The main limitation is the relatively small study population in relation to the overall
HERMES cohort due to several of the component studies excluding patients presenting with
large core volume. As a result, our study was underpowered, even in this meta-analysis, to
assess the effect of reperfusion grade and time-to-reperfusion, as well as the >130ml core
volume group. As the >130ml core volume threshold is based on LOESS fitting within

a limited sample size with large variability in MLS, further confirmatory investigation of
this subgroup is warranted. Second, additional imaging beyond the first (24-hour) follow-up
scan was not standardized. As mass effect usually peaks between day 2 to 4 after stroke,

we may not have captured the maximum MLS in patients who remained stable and did

not have clinical indications for re-imaging. Third, MLS represents a widely used, easily
accessible and validated quantitative measure of the space-occupying effect of cerebral
edema. In experimental stroke models, MLS has been shown to strongly correlate with
absolute hemispheric water content by weight on wet-dry analysis.2” Clinically, MLS has
been shown to correlate with increased intracranial pressure, malignant infarction, and poor
outcome in ischemic stroke.8:28 However, MLS may be disproportionally affected by infarct
topography and pre-existing cerebral atrophy. MLS may under-represent focal edema in
cortical regions and may over-represent pathology in the deep structures closer to midlines.
This may be improved by volumetric analysis accounting for lesion swelling volume.23
Incorporating edema assessment at the tissue level using quantitative water uptake may
further enhance evaluation of cerebral edema.2® Fourth, the study included patients qualified
with different imaging modalities which may contribute to heterogeneity in the study cohort.
To date, there is no consensus on the imaging definition of LHI and the combined use

of CTP core volume, diffusion MRI lesion volume and CT-ASPECTS was chosen as a
pragmatic option given that all of these are used in the literature. Finally, the study cohort
was limited to patients presenting within the early treatment time window of 6 hours from
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symptoms onset. Further studies are needed to validate our findings in patients presenting in
the late treatment window.

In summary, our data provide reassurance that iatrogenic exacerbation of space-occupying
cerebral edema following EVT in patients is unlikely in patients presenting with LHI,
particularly among patients with core volume <130ml and ASPECTS>3. The variable
edema response to reperfusion based on the physiological state of cerebral tissue provides a
potential explanation for discrepancies among previous studies. Trials directed at mitigating
the effects of cerebral edema offer an avenue to reduce morbidity and mortality in patients
with LHI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-Standard Abbreviations and Acronyms

EVT Endovascular Thrombectomy
LHI Large Hemispheric Infarction
LOESS Locally Estimated Scatterplot Smoothing
MLS Midline Shift
NWU Net Water Uptake
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Scatterplot of pre-treatment core volume with midline shift
Scatterplot with Locally Estimated Scatterplot Smoothing of pretreatment core volume with
MLS (n=641) in patients with LHI at baseline and at 24hours.
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Figure 2 —.

Comparison of cerebral edema by treatment

Boxplot of cerebral edema expressed in midline shift between treatment modality stratified
by patient subgroups. There were no differences in midline shift between the thrombectomy
(EVT) and control in the overall analysis (p=0.97), and in the 80-130ml or CT-ASPECTS
4-5 subgroup (p=0.33) on univariable analysis. In comparison, patients with EVT had
increased midline shift in the 80-130ml or CT-ASPECTS<3 subgroup (p=0.025).
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Baseline clinical and imaging characteristics of all patients presenting with large hemispheric infarction

Large Hemispheric Infarction (n=177)

All Participants (n=1764)

Medical therapy group Endovascular thrombectomy P value
(n=92) group (n=85)

Age, years 63.6 £13.3 62.0+12.9 0.40 65.6 (13.5)
Female sex 43.5% (40) 24.7% (21) 0.011 835 (47%)
Baseline NIHSS 20 (17-23) 19 (17-22) 0.11 17 (13-21)
Onset-to-emergency- 105.0 (65.0,170.0) 95.0 (55.8,151.3) 0.003 105 (60-180)
department, min
Baseline (pre-treatment) 124.0 (92.8-157.1) 97.1 (81.6-118.5) 0.005 N/A
ischemic core volume, ml
Baseline (pre-treatment) 4 (3-5) 5 (4-5) 0.027 8 (7-9)

ASPECTS

Data are mean (SD), median (IQR), or n (%). ASPECTS = Alberta Stroke Program Early CT score. N/A=not applicable. NIHSS = National

Institutes of Health Stroke Scale
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