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Abstract

Performing endovascular treatment (EVT) in acute ischemic stroke (AIS)
patients allows a port-of-entry for intracranial biological sampling. Here, we tested the
hypothesis that specific immune players represent molecular contributors to disease,
outcome biomarkers, and potential targets for modifying AlS. We collected post-clot
blood samples immediately before EVT and interrogated the pro-inflammatory

environment.

We obtained blood samples from n = 75 subjects presenting with large vessel
occlusion (LVO) of the anterior circulation and undergoing EVT. Intracranial blood
samples were obtained by microcatheter aspiration, as positioned for stent
deployment. Peripheral blood samples were collected from the femoral artery.
Plasma samples were quality-controlled by electrophoresis and analyzed using a

Mesoscale multiplex for targeted inflammatory and vascular factors.

We quantified 37 protein biomarkers in our sample cohort. Through
multivariate analysis, adjusted for age, intravenous thrombolysis, pre-treatment
NIHSS and ASPECT scores, we found that post-clot blood levels of IL-6 were
significantly correlated (adjusted p-value < 0.05) with disability assessed by the
modified Rankin score (mMRS) at 90 days, with medium effect size. Chemokine (C-C)
ligand 17 CCL17/TARC levels were inversely correlated with mRS. When examining
peripheral blood, these correlations did not reach statistical significance after
correction. Intracranial biomarkers IL-6 and SAA levels were specifically associated

with a lower likelihood of favorable outcomes, defined as mRS 0-2.



Our findings show a signature of blood inflammatory factors at the
cerebrovascular occlusion site. The correlations between these acute-stage
biomarkers and mRS outcome support an avenue for add-on immune modulatory

strategies in AlS.



Key messages.

What is already known on this topic: examining the intracranial blood environment
advances our understanding of acute ischemic stroke (AIS) in patients. This
represents an emerging research domain that leverages mechanical thrombectomy.
What this study adds: after multiple comparisons, IL-6 and CCL17/TARC blood
levels at the acute phase correlate with mRS outcome at 90 days.

How this study might affect research, practice, or policy: this study confirms the
role of local inflammation during the acute stroke phase. It supports the continuous
investigation of disease-associated biomarkers and the development of add-on

therapeutic strategies centered on specific and localized immune modulation.



Introduction

Endovascular treatment (EVT) of acute ischemic stroke (AIS) allows access to
intracranial thrombus and its blood environment, which permits an immediate and
localized investigation of the cellular and molecular processes of the AIS immune and
angiogenic responses[1-4]. ldentifying new disease biomarkers at the intracranial
level and cross-comparing to peripheral blood is of interest to help develop

therapeutic targets as an adjunct strategy to EVT.[5]

Inflammation plays a central role in stroke pathology. In the acute phase, the
inflammatory response can initiate i) in the blood with leukocyte activations and
cytokines release due to regional cerebrovascular flow cessation [2] or ii) in the brain
parenchyma driven by tissue hypoxia, leading to astrocyte or microglial cells
reactivity and neuronal death [6,7]. After clot retrieval, reperfusion damage at the
downstream microcirculation and the correspondent brain parenchymal territory could
be contingent on the pro-inflammatory players accumulating at the occlusion site and
present in blood [8]. Only a handful of studies interrogated the clot intracranial
environment compared to peripheral blood; they showed some degree of monocyte
and neutrophil accumulation, with a specific interest in T-cell chemoattractant CXCL-
11 [2]. Neutrophil counts in ischemic post-thrombus blood were associated with
stroke outcome [2], thus supporting experimental evidence that immune cells
contribute to ischemic brain damage at the acute phase[9]. In another study,
intracranial and peripheral blood levels of vascular adhesion molecule 1 (VCAM1)
were positively correlated to reduced improvement of NIHSS stroke severity [4]. The

platelet-derived neutrophil-activating chemokine C-X-C-motif ligand (CXCL) 4 (PF-4),



sampled intracranially, was associated with the angiographic degree of reperfusion
following recanalization and functional outcome at discharge was correlated to

myeloperoxidase (MPO) level [10].

Here, we performed a quantitative analysis of a targeted panel (n = 37) of
cytokines, chemokines, vascular growth factors, and adhesion molecules in post-clot
intracranial blood samples collected during the acute phase. The samples were
obtained from a prospective cohort of patients (n = 75) who underwent EVT for AIS
caused by large vessel occlusion (LVO). We also studied femoral systemic blood
samples collected in the same timeframe. Our objective was to identify players
associated with the pathophysiology of AIS. We aimed to explore novel outcome

biomarkers and potential therapeutic entry points that could complement EVT of AIS.



Methods

Study design and participants.

Patients aged 18 years and older with suspected AIS secondary to an LVO
were recruited without any upper or lower limits of the neurological severity (NIHSS)
at baseline. Inclusion criteria were according to the 2019 Update to the 2018
Guidelines for the Early Management of Acute Ischemic Stroke [11]. Patients were
required to present imaging evidence of occlusion of the internal carotid artery (ICA),
cervical or intracranial parts, the M1 or M2 branches of the middle cerebral artery
(MCA), the basilar artery, or a tandem atheromatous occlusion defined by the
occlusion of both the cervical carotid and intracranial arteries (carotid artery or
MCA). Intravenous thrombolysis (IVT) treatment was allowed and administered
according to current guidelines [12]. All patients were included in the Endovascular
Treatment in Ischemic Stroke Follow-up Evaluation registry, a French multicenter
(n=14), open, observational, and prospective trial (ClinicalTrials.gov Identifier:
NCT03776877; https://ichgcp.net/clinical-trials-registry/NCT03776877). For blood
sampling, we obtained CPP# 2019.10.04_19.07.30.36737. Pre-hospital and in-

hospital delays in patient management were calculated in minutes.

Endovascular treatment.

All patients were treated in a dedicated neuroangiography suite under general

anesthesia or conscious sedation after evaluation by the anesthesiology team. A



balloon catheter was positioned in the ICA to allow flow arrest during thrombus
retrieval. The retriever was delivered through a microcatheter and deployed across
the thrombus. A distal aspiration during stent retrieval was performed according to
the PROTECT-PLUS technique [13]. A control angiogram was obtained to assess
recanalization and reperfusion. This sequence was repeated untii a modified
treatment in cerebral infarction (mTICI) score of 2b or 2C/3 flow was obtained
(defined as successful reperfusion). The ‘retrograde’ approach (also known as the
‘distal-to-proximal’ or ‘intracranial-first’ approach), aiming to recanalize the distal and
symptomatic intracranial occlusion before addressing the cervical carotid lesion, was
generally chosen for tandem occlusions. The interventional neuroradiologist used
another thrombectomy device in case of reperfusion failure (mTICI <2b) with the first
retriever. Reperfusion results were reported using the mTICI score. Peri-procedural
complications were recorded, including embolization in a new territory, defined as an
angiographic occlusion in a previously unaffected vascular territory observed on the
angiogram after clot removal, arterial dissection or perforation, vasospasm, and

subarachnoid hemorrhage.

Measures and main outcome.

Follow-up imaging was performed between 16 and 30 h after EVT to assess
intracranial hemorrhage. Symptomatic intracranial hemorrhage was defined as any
hemorrhage occurring within 24 h and associated with an increase of >4 points in the
NIHSS score or confirmed as the cause of death [14]. Patient assessment using the
modified Rankin Score (mRS) was carried out during a telephone visit within 3

months (+/- 15 days) following the stroke by a trained study team member certified in



MRS evaluation, independent of the management of the patient. A favorable

functional outcome was defined as a mRS <2 or equal to pre-stroke mRS.

Imaging.

Infarct volume was automatically measured with RAPID software
(iSchemiaView, Redwood City, CA, USA) on either computed tomography (CT)
perfusion imaging or magnetic resonance imaging (MRI) with a diffusion-weighted-
imaging (DWI) sequence. When baseline imaging was performed in a remote center
where RAPID software was not implemented, baseline infarct volume was semi-
manually delineated using the GE PACS console (GE Medical Systems, Prospect, IL,
USA). Perfusion mismatch corresponding to a chosen ratio between core volume and
perfusion deficit volume was assessed when available, i.e., for patients who had
perfusion MRI or CT at baseline. Perfusion mismatch was defined with RAPID
software using a mismatch ratio of at least 1.2 and a minimal penumbra volume of 10
mL, in addition to a maximum core and severely hypoperfused tissue volume (DWI
lesion and Tmax =8 sec volume <100 mL, respectively), according to DEFUSE

criteria [15].

Blood sampling.

A blood sample was obtained at the femoral puncture site immediately after
groin access (peripheral blood). After the thrombus was crossed with either a 0.021in
(Headway 21, Microvention, Tustin, CA, USA, or Trevo Pro 18, Stryker) or, less

frequently, a 0.027in (Headway 27; Microvention) inner lumen diameter microcatheter



mounted on a 0.014in microwire, a 1 or 3 cc syringe was connected to the hub of the
microcatheter. Immediately before deploying the retriever device, the dead space
volume was aspirated and discarded (0.027in = 0.7ml; 0.021in = 0.5ml dead space).
Subsequently, a sample of 0.5 ml of ischemic blood was obtained, and the EVT
procedure was initiated. When central sampling was not possible, the patient was
excluded from the study, and the EVT procedure was continued without any delay.
All samples were immediately transferred into an EDTA tube inverted manually
approximately five times to ensure the anticoagulant was evenly dispersed. A
maximum time window of 24 h (4°C) after initial sampling was allowed for sample
processing as the feasibility study showed no impact on the protein content. Samples
were centrifuged, and plasma was stored at -80° C. For quality control of protein
integrity, on randomly chosen intracranial and peripheral samples (n=10), we
performed SDS-gel electrophoresis coupled with High-Select™ Top14 Abundant

Protein Depletion Mini Spin Columns (rA36370 Thermo Scientific).

Statistical analysis.

Data are presented as the mean (standard deviation [SD]) or median
(interquartile range [IQR]) for quantitative variables according to the normality of
distribution and numbers (percentage) for categorical variables. The normality of
distribution was assessed using histograms and the Shapiro-Wilk test. For
biomarkers, values under the limit of detection were considered as zero values in
analyses. Due to the high skewness of distributions for most of the biological
parameters, we compared the intracranial versus peripheral values using Wilcoxon’s
signed rank tests and assessed the correlation between intracranial and peripheral

biomarkers values using Spearman’s rank correlation coefficients; 95% confidence
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intervals (Cls) were estimated using the Fisher z transformation. As the main
analysis, we first investigated the association of the overall mRs distribution at 90-
days with intracranial biomarkers levels before and after adjustment for pre-treatment
NIHSS and ASPECT scores using Spearman’s rank correlation analysis. To account
for multiple testing, a false discovery rate (FDR) controlling procedure was applied
and adjusted correlation coefficients were considered significant if the FDR-adjusted
p-value was inferior or equal to 0.05. As a secondary analysis, we evaluated the
association of overall mRs distribution at 90-day with peripheral biomarkers values
using the same method. We further calculated the odds ratios (ORs) of favorable
outcomes (defined as 90-day mRS 0-2 or equal to pre-stroke) for biomarkers
(intracranial or peripheral values) with adjusted correlation coefficients with 90-day
mRs distribution greater than 0.3 in absolute values. ORs were calculated per one-
standard-deviation increase in log-transformed biomarkers values using logistic
regression models before and after adjusting for pre-treatment NIHSS and ASPECT
scores. Finally, we investigated the correlation between biomarkers and infarct
volume at 24-hours using the same method described to study the correlation with
90-day mRs. Data were analyzed using the SAS software package, release 9.4 (SAS

Institute, Cary, NC, USA).
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Results

Patients’ characteristics.

Between March 2021 and March 2022, 380 patients with AIS were treated by
EVT in our comprehensive stroke center. One hundred ten patients were eligible for
study inclusion (Figure 1, flowchart).  Patients were excluded due to LVO
recanalization on baseline DSA (n = 10); patients treated with direct aspiration first
pass technique (ADAPT) technique (n = 92); microcatheter aspiration not attempted
(n =168; Figure 1). The aspiration of ischemic blood was attempted in 110 patients
and successful in 75 individuals. Successful reperfusion (defined as mTICI 2b or 3)
was achieved in 70 patients (93.3%) after the median time from symptom onset of
337 min (IQR 220-414). Symptomatic intracranial hemorrhage was observed in five
(6.9%) patients and the median infarct core at day 1 was 17 (6-69) mL. Baseline and
treatment characteristics and outcomes are reported in Table 1. The mean age was
75+ 11 years, and 60% were men. Median NIHSS and pre-procedural ASPECT
scores at presentation were 17 (IQR 11-21) and 8 (IQR 6-9), respectively. Twenty-
nine patients (38.7%) received intravenous rt-PA treatment before the EVT. The
median time from symptom onset to groin puncture was 287 min (IQR 182—-380). On
the initial angiogram, 43 (57.3%) patients showed MCA occlusion, 18 (24%) an ICA-
T, 12 (16%) a tandem occlusion, 1 (1.3%) a basilar occlusion, and 1 (1.3%) a cervical

carotid occlusion.
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Intracranial and peripheral blood biomarkers quantification.

Figure 2 A-B illustrates examples of intracranial blood sampling and quality
control utilizing SDS gel-electrophoresis of plasma samples, with or without larger
protein depletion, to identify distinct bands by coomassie blue across various
molecular weights, thereby excluding degradation (Figure 2 C-C1). The median
levels for the 37 analytes assessed from intracranial and peripheral blood samples

are reported in Supplemental Table 1.

Blood biomarkers and functional outcomes at 90-days

After adjustment for main potential confounders (age, intravenous
thrombolysis, pre-treatment NIHSS and ASPECT scores) and for multiple
comparisons, two intracranial biomarkers were significantly associated with mRs 90-
day (Figure 3A). Higher values of IL-6 (r=0.36; 95%CI, 0.13 to 0.55, adjusted FDR p-
value=0.039), was correlated with higher mRs scores, whereas higher value of
chemokine (C-C) ligand 17 (CCL17/TARC) was correlated with lower mRs scores
(r=-0.37; 95%Cl, -0.56 to -0.15; adjusted FDR p-value=0.039). We observed a similar
non-significant positive correlation with serum amyloid A (SAA; r=0.30; 95%ClI, 0.07

to 0.50; adjusted FDR p-value=0.13).

In peripheral blood samples, no correlation between biomarkers and mRS 90-

days attained statistical significance following adjustments for primary confounding

13



variables and multiple comparisons (Figure 3B). We nevertheless report the following
trend values for IL-6 (r=0.30; 95%CI, 0.06 to 0.50; adjusted FDR p=0.25), and bFGF

(r=0.30; 95%CI, 0.06 to 0.50; adjusted FDR p=0.25).

As shown in Table 2, higher intracranial levels of IL-6 were associated with a
lower likelihood (MRS 90-days >2) of favorable outcome (adjusted OR per SD
increase, 0.51; 95%CI, 0.7 to 0.95), while high intracranial CCL17/TARC levels
corresponded to favorable outcome (adjusted OR per SD increase, 2.07; 95%ClI,
1.14 to 3.76). The association were attenuated with peripheral values. As a corollary,
between intracranial and peripheral samples a fair positive correlation (>0.8) was
observed for SAA (r=0.93), IP-10 (r=0.81), IL-17A (r=0.84), IL-12/IL-23p40 (r=0.88),

IL-8(r=0.83), IL-4 (r=0.83), IL-10 (r=0.92), and IFN-Y (r=0.85).

Blood biomarkers and Infarct volume

None of the correlation coefficients between biomarkers and infarct volume
assessed prior to treatment (see Supplemental Figure 1) and at 24-hours (Figure 4)
were significant after adjustment by age, intravenous thrombolysis, pre-treatment
NIHSS and ASPECT scores, and multiple comparisons. Only a coefficient greater
than 0.3 in absolute value was found between infarct volume at 24-hours and
intracranial values of ICAM-1 (r, -0.33; 95%CI, -0.54 to -0.09) (Figure 4A). No
correlations were found when the change in infarct volume (infarct growth at 24-

hours) were analyzed (see Supplemental Figure 2).
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Discussion

We analyzed the correlation between a targeted panel of neuroinflammatory
and vascular-angiogenesis biomarkers, clinical and imaging readouts in a cohort of
consecutive AIS patients treated by EVT, using the largest cohort of blood samples
obtained to date in the intracranial ischemic arterial bed beyond the LVO. Multivariate
analysis showed that IL-6 and CCL17/TARC were associated with outcomes, here
MRS 90-days. Our results integrate emerging evidence based on the analysis of
intracranial and peripheral blood samples during the acute phase of the vascular
occlusion [1,2,4,5]. We reported inflammatory activations, possibly intersecting with
angiogenic mechanisms, detectable when the pathology unfolds, disclosing an

opportunity for biomarkers and therapeutic entry points.

Inflammatory players and AlS.

Inflammation in response to the ischemic insult has beneficial and detrimental
effects, with diverse clusters of blood and brain parenchymal immune cells involved.
Here, we quantified IL-6 levels in intracranial blood samples correlating with mRS
outcomes. Previous research indicated that IL-6 is involved in AlS, as measured in
peripheral blood clinically and experimentally [16—20]. IL-6 is released by circulating
leukocytes and resident brain microglial cells or astrocytes during disease [6,21,22].
Importantly, circulating IL-6 can stimulate the production of acute-phase proteins or
inflammatory signals from the liver [23,24], contributing to the systemic response. Our

data converged with this knowledge as levels of SAA were increased (although non-
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significant) with negative mRS outcome, unveiling a brain-peripheral inflammatory
communication during AlS.

Elevated serum IL-6 levels were implicated in a higher risk of AIS [25], and its
peripheral levels were considered to be an adverse prognostic factor in AIS patients
[25], associated with imaging parameters (mean volume of DWI lesion at admission,
perfusion deficit, final infarct size [18]). A recent study showed that an elevated
peripheral blood level of IL-6 is a biomarker of futile reperfusion in patients
undergoing EVT [16]. A lower level of IL-6 at baseline was associated with a first-
pass effect, defined as complete or near-complete reperfusion achieved after a single
thrombectomy attempt, predictive of a favorable outcome in AIS patients [17].
Significantly, pre-clinical studies have suggested a dual role for IL-6, such as its
potential to enhance post-stroke angiogenesis while concurrently reducing ischemic
damage [23-27]. Due to its multifaceted roles, targeting IL-6 in human AIS using
monoclonal antibodies is debated. Two ongoing clinical trials are assessing the
prognostic implications of IL-6 levels in ischemic stroke (NCT05004389;
NCT03297827). In our study, a higher level of central CCL17/TARC was associated
with lower mRS at 3 months. Another study showed an inverse correlation between
stroke severity (NIHSS score) and CCL17 level one day after AIS [28]. A plethora of
functions has emerged for the chemokine CCL17, as it can amplify the immune
response to enable beneficial or detrimental effects, possibly depending on disease
specificity and stage [29]. In a particular instance, CCL17 was observed to activate
macrophages/microglia in a pre-clinical model of intracerebral hemorrhage. This
activation led to a reduction in associated brain edema, improvement in neurological
deficits, and a decrease in neuroinflammation and neuronal apoptosis [30]. Further

studies in human AIS are necessary to clarify the origins and impacts of CCL17
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during both the acute and post-acute phases. It is also important to explore its
interaction between specific cytokines, such as IL-6.

Going beyond mechanical thrombectomy: conclusions.

Our data and emerging literature suggest that an immuno-modulatory strategy
delivered to the site of cerebrovascular occlusion could represent a next-generation
treatment complementing EVT. However, there is a need for a precise temporal and
qguantitative definition of the equilibriums between pro- and anti-inflammatory
pathways that occur during AlS and cerebrovascular reperfusion. These mechanisms
could extend regionally, from the occlusion to the penumbra brain tissue, where
damage needs to be reversed or halted. The biomarkers identified in our study are
coherent with a regional involvement of parenchymal astrocytes and microglial cells,
immune effectors in the brain responding to the initial ischemic insults. The lack of
blood flow and shear forces in the intravascular compartment also enables leukocyte
interaction at the endothelium, perpetuating inflammation [7]. Here, we acknowledge
that the mRS at 90 days, the traditional measure in AIS trials, remains an imperfect
outcome. Recovery after AIS depends on several factors, including patient
demographics, comorbidities, stroke interventions such as tPA or EVT, post-stroke
rehabilitation, recurrent AlS, secondary complications (infection occurs in 30% of AIS
patients), and genetic variations. A recent study indicates that around 50% of
patients with a good mRS (0-1) after AIS will have cognitive impairment or

reintegration restrictions [31].

In conclusion, this study provides evidence of acute-phase inflammation at the

AIS location, disclosing candidate players for disease biomarkers and modifying
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pharmacological strategies beyond thrombectomy. The cellular origin and the
temporal profile of specific inflammatory and vascular factors should be further

examined.
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Table 1. Main baseline characteristics and outcomes of the study sample.

Values
Age, yrs., mean (SD) 75+11
Men 45 (60.0)
Medical history
Hypertension 50 (66.7)
Diabetes 10 (13.3)
Hypercholesterolemia 19 (25.3)
Active smoking 10 (13.3)
Prior Stroke 11 (14.7)
Atrial fibrillation 19 (25.3)
Prior Antithrombotics 31 (41.3)
Aspirin 17 (22.7)
Plavix 2(1.3)
Vitamin K antagonist 3(4.0)
New oral anticoagulants 8 (10.7)
Ticagrelor 1(1.3)
Examination findings at admission
Pre-stroke mRS >1 72 (96.0)
NIHSS 17 (11 to 21)
ASPECTS * 8(61t09)
Baseline infarct volume, mlt 14 (1 to 39)
Mistmach on pefusion imaging 51/55 (92.7%)
Systolic blood pressure, mmHg, mean (SD) 148 + 27
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Glucose, mmol/l

6.95 (5.9 t0 8.4)

Cardioembolic stroke etiology 49 (65.3)
Site of occlusion
MCA 43 (57.3)
ICA terminus 18 (24.0)
Basilar artery 1(1.3)
Tandem 12 (16.0)
Cervical carotid artery 1(1.3)
Acute stroke treatment
Inravenous rtPA thrombolysis 29 (38.7)
General anesthesia 19 (25.3)

Symptom onset to groin puncture, minutest
Outcomes

Reperfusion grade at end of endovascular thrombectomy

287 (182 to 380)

mTICI 2b 13 (17.3)
mTICI 2¢ 17 (22.7)
mTICI 3 40 (53.3)

Symptom onset to successful reperfusion (mTICI >2b)
time, minutes

337 (220.0 to 414.0)

MRS at 90-day 4 (210 6)
Favorable outcome 28 (37.3)
All-cause mortality at 90-days
Any ICH 33 (45.2)
Symptomatic ICH 5(6.9)
Infarct Volume at 24-hours, ml# 17 (6 to 69)
Infarct grow at 24-hours, ml§ 5 (0 to 15)

Table 1. Values are number (%) or median (IQR) unless otherwise indicated. * 1 missing
value; T 4 missing values; ¥ 3 missing values; # 5 missing values; 8 9 missing values.
Favorable outcome at 90-days was defined as mRS 0-2 or equal to pre-stroke mRS.
Abbreviations: ASPECTS=Alberta stroke program early computed tomography score;
ICA=internal carotid artery; ICH=intracranial cerebral hemorrhage; IQR=interquartile range;
MCA=middle cerebral artery; mRS=modified rankin scale; mTICl= modified thrombolysis in
cerebral infarction; NIHSS=national institutes of health stroke scale; rtPA=recombinant tissue
plasminogen activator; SD=standard deviation.
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Table 2. Association of selected biomarkers with favorable outcome at 90-day

Biomarkers

Unfavorable

outcome (n=47)

Favorable

outcome (n=28)

Unadjusted OR

(95%Cl)

Adjusted OR

(95%Cl)

IL-6
Intracranial values
Peripheral values
TARC
Intracranial values
Peripheral values
SAA

Intracranial values

Peripheral values

280 (207 to 419)

261 (211 to 336)

65 (48 to 134)

108 (69 to 158)

3028720 (1247552
to 17834003)
5682883 (2263737

to 20459506)

241 (203 to 440)

223 (181 to 267)

98 (74 to 120)

106 (78 to 284)

1364720 (613130
to 3522763)
2614920 (1017315

to 6332840)

0.46 (0.25 to 0.82)

0.63 (0.38 to 1.05)

1.66 (1.00 to 2.75)

1.36 (0.83 t0 2.21)

0.53 (0.29 to 0.94)

0.52 (0.29 to 0.92)

22

0.51 (0.27 to 0.95)

0.80 (0.46 to 1.38)

2.07 (1.14 to0 3.76)

1.48 (0.85 t0 2.57)

0.59 (0.31 to 1.11)

0.60 (0.31t0 1.14



Values are the median (IQR) of biomarkers unless otherwise indicated.

OR indicates the odds ratio of favorable outcome (defined as 90-day mRs 0-2 or equal to pre-stroke mRs) per one standard deviation increase
in log-transformed biomarkers values, estimated from logistic regression models before and adjusted for age, intravenous thrombolysis, pre-
treatment NIHSS and ASPECT scores. Abbreviations: ASPECTS = Alberta Stroke Program Early Compute Score; Cl = confidence interval;
NIHSS = National Institute of Health Stroke Score
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Supplemental Table 1. Median (interquartile range) of intracranial and peripheral blood biomarker levels and their correlations.

Biomarkers

Intracranial levels

Peripheral levels*

Intra-patients variations

Difference in intracranial

vs. peripheral values)

P-Value

r (95%Cl)

IFN-Y, pg/mi
IL-10, pg/ml
IL-13, pg/ml
IL-1B, pg/ml
IL-2, pg/ml
IL-4, pg/ml
IL-6, pg/ml
IL-8, pg/ml
TNF-a, pg/ml
IL-12/IL-23p49, pg/ml
IL-15, pg/ml
IL-16, pg/ml
IL-17A, pg/ml

IL-1-a, pg/ml

0.005 (0.001 to 0.020)
0.65 (0.41 to 2.27)
2.91 (1.91 to 3.68)
0.27 (0.14 to 0.38)
0.33 (0.16 to 0.56)
0.07 (0.04 to 0.10)
3.11 (1.90 to 7.46)
16.7 (11.5 to 24.6)
1.67 (1.31 to 2.39)

115 (68 to 205)
2.89 (2.5 to 3.37)
277 (207 to 423)

1.91 (1.38 to 3.49)

16.6 (11.1 to 34.3)

3.93 (2.46 t0 6.93)
0.58 (0.38 to 1.56)
1.58 (0.62 to 2.57)
0.13 (0.04 to 0.27)
0.09 (0.04 to 0.27)
0.05 (0.02 to 0.07)

2.44 (1.47 to 5.55)

6.47 (4.21 to 11.14)

1.51 (1.29 to 2.09)
132 (86 to 217)
3.44 (2.91 to 4.16)
248 (198 to 328)
4.90 (2.86 to 8.04)

13.9 (10.3 to 18.2)

-3.89 (-6.78 to -2.14)
0.02 (-0.07 to 0.11)
1.15 (0.34 to 2.28)
0.09 (0.00 to 0.19)
0.19 (0.04 to 0.29)

0.03 (-0.009 to 0.06)
0.34 (-0.09 to 0.92)
9.16 (6.28 to 15.40)

0.18 (0.00 to 0.43)

-11.45 (-36.20 to -1.40)

-0.55 (-0.96 to -0.09)
28 (-39 to 174)
-2.92 (-5.50 to -1.00)

4.08 (0.01 to 15.67)

<0.0001

0.25

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.006

<0.0001

<0.0001

0.85 (0.77 to 0.91)
0.92 (0.87 to 0.95)
0.43 (0.22 to 0.60)
0.61 (0.44 to 0.74)
0.71 (0.56 to 0.81)
0.32 (0.09 to 0.52)
0.83 (0.74 to 0.89)
0.65 (0.48 t0 0.77)
0.83 (0.74 to 0.89)
0.88 (0.80 to 0.93)
0.57 (0.38 t0 0.71)
0.45 (0.24 to 0.62)
0.70 (0.56 to 0.81)

0.84 (0.75 to 0.90)
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IL-5, pg/ml
IL-7, pg/ml
TNF-B, pg/ml
VEGF-A, pg/ml
Eotaxin, pg/ml
Eotaxin-3, pg/ml
IP-10, pg/mi
MCP-1, pg/mi
MCP-4, pg/mi
MDC, pg/ml
MIP-1 a, pg/ml
MIP-1, B, pg/mi
TARC, pg/ml
bFGF, pg/mi
FLT-1, pg/ml
PIGF, pg/ml
Tie-2, pg/ml
VEFG-C, pg/ml

VEGF-D, pg/ml

0.57 (0.27 t0 0.93)
1.91 (1.22 to 2.70)
0.05 (0.00 to 0.15)
57 (42 to 80)
908 (577 to 1297)
70 (44 to 119)
448 (299 to 588)
200 (129 to 263)
232 (164 to 356)
626 (515 to 821)
18.6 (13.7 to 24.6)
72 (52 to 84)
82 (52 to 84)
24.7 (12.5t0 42.3)
137 (84 to 213)
4.5 (3.5t05.9)
3282 (2532 to 2735)
694 (461 to 1132)

1163 (867 to 1552)

0.56 (0.30 to 0.87)
4.72 (2.81 6.58)
0.31 (0.19 to 0.42)
61 (38 to 112)
278 (215 to 479)
21 (15 to 33)
399 (312 to 551)
181 (140 to 242)
101 (72 to 156)
691 (555 to 840)
19.1 (15.8 to 24.4)
78 (61 to 103)
107 (71 to 206)
9.4 (5.2 t0 20.9)
127 (97 to 168)

7.2 (6.1109.1)

4863 (4282 to 5618)

1594 (966 to 2514)

753 (530 to 1070)

-0.01 (-0.30 to 0.22)
-2.48 (-3.80 to -1.06)
-0.21 (-0.32 t0 -0.12)

-3 (-41t0 12)
584 (317 to 852)

49 (27 to 90)

5 (-26 to 74)

2.8 (-34 to 66)
136 (60 to 199)
-62 (-161 to 56)
-0.4 (-3.2t0 2.4)

-8 (-17 to 3)

-22 (-74 t0 -5)

10.3 (0.8 to 29.1)
6 (-23 to 43)

-2.5(-3.7t0 -1.5)

-1562 (-2197 to -1056)

-775 (-1503 to -317)

395 (247 to 574)

0.35

<0.0001

<0.0001

0.13

<0.0001

<0.0001

0.26

0.48

<0.0001

0.002

0.31

0.0008

<0.0001

<0.0001

0.14

<0.0001

<0.0001

<0.0001

<0.0001

0.49 (0.29 to 0.65)
0.50 (0.29 to 0.65)
0.60 (0.42 t0 0.73)
0.51 (0.31 to 0.67)
0.40 (0.18 to 0.58)
0.51 (0.31 to 0.66)
0.88 (0.81 to 0.93)
0.64 (0.47 t0 0.76)
0.36 (0.14 to 0.55)
0.74 (0.62 to 0.84)
0.75 (0.62 to 0.84)
0.78 (0.67 to 0.86)
0.61 (0.44 t0 0.74)
0.23 (-0.01 to 0.44)
0.64 (0.50 to 0.78)
0.62 (0.45 to 0.75)
0.55 (0.35 to 0.69)
0.65 (0.48 t0 0.77)

0.78 (0.67 to 0.86)
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CRP, ng/ml 2097154 (1803307 to
2711367)

SAA, ng/ml 2099721 (1071460 to
8722393)

ICAM-1, ng/ml 515804 (399829 to
613604)

VACM-1, ng/ml 890106 (330532
(3030935)

2167460 (1900109 to -86593 (-469589 to 286755)

2646626)
3638280 (1948803 to -1408179 (-5573681 to
15486136) -536136)
508850 (388147 to -3519 (-77813 to 113421)
611477)
1052269 (313885 to -24136 (-339998 to 93993)
3319126)

0.41

<0.0001

0.55

0.040

0.64 (0.48 to0 0.76)

0.93 (0.89 to 0.96)

0.63 (0.47 to 0.76)

0.38 (0.17 t0 0.57)

Values are median (interquartile range values) * unavailable for 1 patient; T P-values computed using Wilcoxon-signed rank tests.
r indicates Spearman’s rank correlation coefficients. P-values and wwidths of the confidence intervals for r values were not adjusted for multiple

comparisons and may not be used for hypothesis testing.
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Figure captions
Figure 1: Flowchart of the study

Figure 2. A-B) Example of blood sampling in a patient with right M1 occlusion (arrow, left image), with a microcatheter in the M2
segment (arrow, right image). C-C1) Example of protein check by SDS gel electrophoresis and depletion to unmask all proteins in
the peri-clot and peripheral samples.

Figure 3: Association of the level of disability assessed by the modified Rankin score (mRS)at 90-day with biological markers
assessed before thrombectomy from intracranial (A) and peripheral (B) blood samples. r indicates Spearman’s rank correlation
coefficients, calculated before and after adjustment for age, intravenous thrombolysis, pre-treatment NIHSS and ASPECT scores.
The widths of the confidence intervals were not adjusted for multiple comparisons and may not be used for hypothesis testing; *
significant at 0.05 level after adjustment for false discovery rate. Abbreviations: ASPECT = Alberta Stroke Program Early Compute
Score; ClI = confidence interval; NIHSS = National Institute of Health Stroke Score

Figure 4: Association of the Ischemic Stroke Volume at 24-hours with biological markers assessed before thrombectomy from
intracranial (A) and peripheral (B) blood samples. r indicates Spearman’s rank correlation coefficients, calculated before and after
adjustment for age, intravenous thrombolysis, pre-treatment NIHSS and ASPECT scores. The widths of the confidence intervals
were not adjusted for multiple comparisons and may not be used for hypothesis testing. None of the adjusted correlation
coefficients reached the significance level after adjustment for false discovery rate. Abbreviations: ASPECT= Alberta Stroke
Program Early Compute score; Cl = confidence interval; NIHSS = National Institute of Health Stroke Score

Supplemental Figure 1: Association of the Ischemic Stroke Volume at baseline with biological markers assessed before
thrombectomy from intracranial (A) and peripheral (B) blood samples. r indicates Spearman’s rank correlation coefficients,
calculated before and after adjustment for age, intravenous thrombolysis, pre-treatment NIHSS and ASPECT scores. The widths of
the confidence intervals were not adjusted for multiple comparisons and may not be used for hypothesis testing. None of the
adjusted correlation coefficients reached the significance level after adjustment for false discovery rate. Abbreviations: ASPECT=
Alberta Stroke Program Early Compute score; Cl = confidence interval; NIHSS = National Institute of Health Stroke Score
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Supplemental Figure 2: Association of the Ischemic Stroke Volume at baseline with biological markers assessed before
thrombectomy from intracranial (A) and peripheral (B) blood samples. r indicates Spearman’s rank correlation coefficients,
calculated before and after adjustment for age, intravenous thrombolysis, pre-treatment NIHSS and ASPECT scores. The widths of
the confidence intervals were not adjusted for multiple comparisons and may not be used for hypothesis testing. None of the
adjusted correlation coefficients reached the significance level after adjustment for false discovery rate. Abbreviations: ASPECT=
Alberta Stroke Program Early Compute score; Cl = confidence interval; NIHSS = National Institute of Health Stroke Score
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