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Abstract

Background: Immune cells are involved in all stages of acute ischaemic stroke (AIS) and possess both
neuroprotective and neurodamaging properties. It has been suggested that immune system activation after stroke
may be associated with the development of haemorrhagic transformation (HT), which is the main complication
limiting the clinical use of intravenous thrombolysis with recombinant tissue plasminogen activator (rtPA) for AlS.
The purpose of our study was to analyse the association between absolute eosinophil count (AEC) at admission
and the occurrence of HT after intravenous rtPA therapy for AlS.

Methods: In this retrospective study we enrolled AlS patients who were treated with rtPA within 4.5 h of symptom
onset. Baseline stroke severity was evaluated using the National Institutes of Health Stroke Scale (NIHSS). Patients
underwent head computed tomography scans at admission which were repeated 24 h after treatment with rtPA or
promptly in case of clinical deterioration. HT was defined as blood at any site in the brain on follow-up head
computed tomography scans. Spearman’s rank correlation test was used to analyse the correlation between AEC
and NIHSS scores. The optimal AEC cut-off value for predicting HT was calculated using the area under the receiver
operating characteristic curve. Multiple logistic regression was used to determine the association between AEC
included as a binary variable and the incidence of HT.

Results: The data of 201 patients was analysed (59.7% females; median age 77 years); 23 (11.4%) of them
developed HT. The median of AEC was 62.5% greater in the non-HT group compared to the HT group (0.13 x 107/
and 0.08 x 107/, respectively, p = 0.026). No correlation was found between AEC and baseline NIHSS scores (r=
0.061, p=0393). AEC >0.11 x 10%/I predicted the occurrence of HT with 69.6% sensitivity and 60.7% specificity.

AEC 2 0.11 x 107/ was independently associated with a 78% reduction in the odds of developing HT (adjusted
odds ratio =0.223, 95% confidence interval = 0.069-0.723, p = 0.012).

Conclusion: Higher values of AEC were associated with lower odds of developing HT, thus, AEC at admission could
be considered an independent predictive marker of HT after treatment with rtPA for AlS.
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Background

In 2016 10.2% of total deaths worldwide were attributed
to stroke and it was the second leading cause of death,
surpassed only by ischaemic heart disease [1]. Up to 87%
of all stroke cases are ischaemic [2] and can be treated
with intravenous thrombolysis (IVT) using recombinant
tissue plasminogen activator (rtPA), currently considered
the gold standard treatment for acute ischaemic stroke
(AIS). However, the clinical use of IVT is limited due to
considerable time restrictions and a significant risk of
side effects, most notably haemorrhagic transformation
(HT) [3]. HT can occur spontaneously in AIS patients
not treated with rtPA [4], however, IVT greatly increases
the risk of HT [5].

A number of clinical factors have been shown to be as-
sociated with greater risk of HT, including but not lim-
ited to older age, greater stroke severity, higher glucose
levels, lower glomerular filtration rate (GFR), atrial fibril-
lation and higher systolic blood pressure [6]. However,
further investigations on new risk factors for HT should
not cease because a better understanding of the mecha-
nisms involved in the pathogenesis of HT may lead to
novel adjunctive therapy approaches for AIS. Recently
attention has been drawn to the role of immune cells in
the pathophysiology of stroke. AIS is no longer believed
to be only a vascular disease, but also an immune-
mediated condition [7]. Immune system activation after
AIS can have both neuroprotective and neurodamaging
effects [8], thus, immune modulation therapies are being
assessed as promising novel methods of treatment in
AIS [9]. Hypereosinophilia has been reported in litera-
ture as an unusual cause of AIS [10, 11], however, the
role of eosinophils in AIS without hypereosinophilia is
not clear. The aim of this study was to assess whether
absolute blood eosinophil count (AEC) at admission is
associated with the development of HT after treatment
with IVT. This paper presents the results of our study and
discusses whether eosinophils could be a potential bio-
marker for predicting haemorrhagic transformation.

Methods

The study was conducted in the Hospital of Lithuanian
University of Health Sciences Kaunas Clinics. Medical
records of AIS patients admitted between January 2014
and April 2018 were retrospectively reviewed.. Patients
were included in the study if they received alteplase for
AIS and had complete medical records. Patients were
excluded if they met any of the following criteria: (1)
evidence of acute infection at admission or any infection
that occurred during the first 24 h after admission; (2)
diagnosed chronic infectious disease; (3) active malig-
nancy, chronic inflammatory disease, autoimmune
disease, immunosuppressive drug use; (4) acute myocar-
dial infarction at admission or during the first 48 h after
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admission; (5) transient ischaemic attack less than 24 h
prior to admission; (6) previous stroke with partial
recovery; (7) endovascular therapy or carotid endarterec-
tomy following alteplase administration. Out of the 347
patients whose data was collected from medical records,
146 fulfilled one or more of the exclusion criteria, thus,
the final sample for data analysis comprised 201 patients.

Medical history, clinical examination findings and 12-
lead electrocardiograms were obtained immediately
upon hospital arrival. Venous blood samples were
collected at admission and the following laboratory
values were obtained: complete blood count, serum glu-
cose, creatinine (GFR was calculated using the CKD-EPI
formula), electrolyte levels, international normalized
ratio (INR) and activated partial thromboplastin time.
Diabetes mellitus was defined as previous use of anti-
diabetic medication or in case of new diagnosis — ac-
cording to previously published criteria by the World
Health Organisation as having fasting plasma glucose
>7.0 mmol/l or 2-h plasma glucose >11.1 mmol/l [12].
Thrombocytopenia was defined as platelet count < 150,
x 10°/1 at admission.

AIS patients were managed according to a protocol;
accordingly, a retrospective study design was feasible.
All patients presenting within 4.5h of symptom onset
who were potential candidates for IVT underwent non-
contrast head computed tomography (CT) scan and
after exclusion of intracranial haemorrhage received
treatment with intravenous alteplase. Treatment with
IVT was performed in accordance with European Stroke
Organisation 2008 guidelines [13]. The total dose of alte-
plase was 0.9 mg/kg up to a maximum dose of 90 mg:
10% of the total dose was administered intravenously as
a bolus, followed by an infusion of the remaining dose
over 60 min. Stroke severity was assessed using the
National Institutes of Health Stroke Scale (NIHSS) prior
to thrombolysis. Patients had their head CT scans
repeated 24 h after treatment with IVT or promptly in
case of clinical deterioration. HT was defined as blood at
any site in the brain on the follow-up head CT scan.
Previously published criteria by the ECASS II were used
to define symptomatic intracranial haemorrhage (sICH):
patients were classified as having sICH if there was
blood at any site in the brain on the head CT scan and
clinical deterioration or adverse effects suggestive of
clinical worsening (e.g., drowsiness, increase in hemipar-
esis) or if there was > 4 point increase in the NIHSS
score [14].

Statistical analyses were performed using SPSS soft-
ware package version 25.0 (IBM). Descriptive statistics
were calculated. Lymphocyte to monocyte ratio (LMR)
was calculated by dividing absolute lymphocyte count to
absolute neutrophil count; neutrophil to lymphocyte
count ratio (NLR) was calculated by diving absolute
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neutrophil count to absolute lymphocyte count. Histo-
grams and the Shapiro-Wilk test were used to assess
data normality; nonparametric tests were used for non-
normally distributed variables. The Student’s t-test and
the Mann-Whitney U test were used to compare inter-
group differences in continuous variables; the chi-square
test and the Fisher’s exact test were used to compare in-
tergroup differences in categorical variables. The correl-
ation between continuous variables was analysed using
Spearman’s rank correlation. The optimal cut-off value
for the ability of AEC to predict HT was calculated using
the receiver operating characteristic (ROC) curve. Mul-
tiple logistic regression analysis was performed with HT
as the dependent variable. Values are given as n (%),
mean (standard deviation [SD]), or median (interquartile
range [IQR]) unless stated otherwise. All p values are
two-sided, and p values of less than 0.05 were regarded
as statistically significant.

Results
The study sample included 120 (59.7%) females and 81
(40.3%) males. Their age ranged from 46 to 97 years with

Page 3 of 8

a median (IQR) of 77 (70-84). 14 (7.0%) patients de-
veloped sICH and 9 (4.5%) had asymptomatic HT.
Patients who developed HT were older, had higher
INR values and baseline NIHSS scores, lower GFR
values, more of them used anticoagulants prior to
admission and had atrial fibrillation compared to the
non-HT group (p<0.05). No statistically significant
difference was found in immune cell counts between
the HT and non-HT groups with the exception of
AEC which was 62.5% greater in the non-HT group
compared to the HT group. AEC in our study group
ranged from 0.00 to 0.86, x10°/l with a median
(IQR) of 0.12 (0.07-0.20). No difference in immune
cell counts was detected when comparing the sICH
group to the non-sICH group which included patients
who developed asymptomatic HT as well as those
who did not develop HT. Baseline characteristics of
the study sample based on the development of HT
and sICH are shown in Table 1.

Patients with higher AEC tended to have higher base-
line NIHSS scores; however, the correlation was weak
and statistically insignificant (Fig. 1).

Table 1 Baseline patient characteristics according to the development of haemorrhagic transformation and symptomatic intracranial

haemorrhage
Non-HT (n=178) HT (n=23) p value Non-sICH (n=187) SICH (n=14) p value

Age, years 76.0 (69.0-83.0) 82.0 (75.0-87.0) 0.020 77.0 (70.0-83.0) 83.0 (75.0-87.3) 0.033
Sex, female 107 (60.1) 13 (56.5) 0.741 111 (594) 9 (64.3) 0.717
Time to the start of IVT, min 150.0 (118.0-190.0) 1320 (110.0-163.0) 0204 150.0 (118.0-190.0) 1225 (1088-160.8)  0.134
Baseline NIHSS 9.0 (6.0-14.0) 14.0 (8.0-18.0) 0014 9.0 (6.0-14.0) 16.0 (103-19.0) 0.021
SBP, mmHg 161.0 (143.0-185.0) 172.0 (156.0-190.0) 0.162 163.0 (143.0-186.0) 167.5 (153.8-188.5) 0478
DBP, mmHg 90.0 (81.0-100.0) 100.0 (80.0-117.0) 0.193 92.0 (81.0-100.0) 90.0 (80.0-110.5) 0.849
INR 1.01 (0.95-1.07) 1.10 (1.01-1.19) 0.003 1.01 (0.95-1.08) 1.09 (1.02-1.29) 0.073
GFR, ml/min/1.73m? 63.51 (50.86-76.19) 56.85 (44.0-63.91) 0.040 62.53 (49.25-74.80) 58.00 (43.47-64.85) 0.256
Blood glucose, mmol/I 6.65 (5.91-7.71) 6.57 (6.02-8.68) 0.736 6.64 (591-7.70) 6.56(6.14-8.94) 0610
Haemoglobin, g/ 134.0 (125.0-143.0) 136.0 (128.0-149.0) 0.399 134.0 (125.0-144.0) 1305 (124.5-140.5) 0.440
Neutrophils, x 10%/I 4.56 (3.63-6.04) 397 (346-5.53) 0420 4.57 (3.58-6.06) 3.95 (3.26-4.55) 0.117
Lymphocytes, x 107/ 1.99 (146-2.57) 1.73 (1.39-2.73) 0.585 1.98 (1.44-2.57) 1.76 (1.39-2.59) 0627
Monocytes, X 10%/1 0.64 (0.50-0.80) 0.66 (0.52-0.88) 0480 0.64 (0.50-0.81) 0.69 (0.49-0.92) 0614
NLR 2.14 (157-3.39) 2.27 (1.63-3.50) 0.888 2.19 (1.57-344) 207 (1.63-242) 0.526
LMR 301 (2.32-457) 283 (222-333) 0.273 3.00 (2.29-4.56) 2.84 (239-3.21) 0425
Eosinophils, x 107/ 0.13 (0.07-0.20) 0.08 (0.05-0.12) 0.026 0.12 (0.07-0.20) 0.09 (0.06-0.21) 0454
Platelets, x 107/ 217.5(180.8-252.3) 190.0 (163.0-243.0) 0.097 216.0 (181.0-252.0) 186.0 (150.8-244.8) 0.086
Diabetes mellitus 32 (180) 3(13.0) 0.772 32(17.1) 3214 0.715
Atrial fibrillation at admission 59 (33.1) 16 (69.6) 0.001 66 (35.3) 9 (64.3) 0.031
Previous stroke 21 (19.0) 3(13.0 0.742 22 (11.8) 2(143) 0676
Pre-admission anticoagulant use 14 (7.9) 521.7) 0.049 16 (8.6) 3(214) 0.133
Pre-admission antiaggregant use 33 (18.5) 3(13.0) 0.773 35 (18.7) 1(7.1) 0472

Values are given as n (%), mean (SD), or median (IQR). DBP diastolic blood pressure, GFR glomerular filtration rate, HT haemorrhagic transformation, INR

international normalized ratio, /VT intravenous thrombolysis, LMR lymphocyte to monocyte ratio, NIHSS National Institutes of Health Stroke Scale, NLR neutrophil to

lymphocyte ratio, SBP systolic blood pressure, sICH symptomatic intracranial haemorrhage
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ROC curve analysis showed that the optimal cut-off
value for the ability of AEC to predict HT was 0.11 x 10%/1
with 69.6% sensitivity and 60.7% specificity; area under
curve was 0.643 (95% CI = 0.526-0.759, p = 0.026) (Fig. 2).

It was also revealed that contrary to HT prediction,
AEC is a poor marker for sICH prediction; area under
curve was 0.560 (95% CI =0.400-0.720, p = 0.455). The
study sample was dichotomized according to AEC: one
group was composed of 115 patients whose AEC was at
least 0.11 x 10°/1 and the other group consisted of 86
patients with AEC lower than 0.11x10°/l. A lower
incidence of HT as well as higher platelet, lymphocyte
and monocyte counts, higher prevalence of diabetes
mellitus and a shorter time interval between symptom
onset and the start of treatment with IVT were observed
among patients with higher AEC. The characteristics of
patients in both groups are summarized in Table 2.

1.0 ~
-
-
-
..... ,
0.8 /
/
’
’
[4
i )
z 06 !
2 /
=]
Z’ ,’ = = = Eosinophil count at
3 04 - I’ admission
" Reference line
'l
0.2 ]
1
0.0 T T T T ]
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Fig. 2 Receiver operator characteristic curves for the prediction of
haemorrhagic transformation using eosinophil count
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2 (1.7%) patients whose AEC was at least 0.11 x 10°/1
developed asymptomatic HT and 5 (4.3%) developed
sICH, whereas the numbers for patients with lower AEC
were 7 (8.1%) and 9 (10.5%), respectively, the difference
observed between the two groups was statistically sig-
nificant (p = 0.018) (Fig. 3).

Patients with higher AEC tended to have higher platelet
counts; however, the correlation was weak even though
statistically significant (Fig. 4). In addition, patients with
thrombocytopenia (1 =19) and those with platelet count
within the normal range (n =182) did not differ in AEC
(0.10 and 0.12 x 10”/1, respectively, p = 0.613).

The results of multiple logistic regression analysis
showed that AEC >0.11 x 10°/1 was independently asso-
ciated with a 78% reduction in the odds of developing
HT; other variables included in multiple regression ana-
lysis were not found to be linked to the occurrence of
HT with the exception of baseline NIHSS (Table 3).

Discussion

In this study we discovered that AEC at admission may
be a potential prognostic marker for HT development
after IVT. We showed that AEC >0.11 x 10°/1 was inde-
pendently associated with a 78% reduction in the odds
of developing HT. In addition, AEC was revealed to be a
poor marker for SICH development even though patients
with sICH tended to have lower AEC values. The differ-
ences might have not been detected due to a small sam-
ple size and low rate of SICH: out of the 23 patients who
developed HT, only 14 had sICH. Few studies have
previously looked at the role of eosinophils in AIS: eosi-
nopenia (defined by authors as the percentage of eosino-
phils <0.3%) at admission has been reported to be a
significant risk factor for mortality at 2 months after AIS
[15] and other authors have shown that patients with
higher AEC are more likely to have AIS without func-
tional involvement of the limbs compared to patients
with lower AEC [16]. Contrary to previously published
results by Wang et al. [17], we did not find any signifi-
cant correlation between AEC and baseline NIHSS. This
discrepancy of results may be due to the fact that in the
study by Wang et al. [17] all patients presenting with
AIS were included independent of the time from symp-
tom onset, whereas we obtained AEC within 4.5h after
the onset of AIS symptoms; it is unknown whether AEC
is a dynamic variable as is the case with NLR [18], there-
fore, results may vary due to possible rapid change of its
values after the onset of symptoms.

Neutrophil, lymphocyte and monocyte counts were
similar in all groups. NLR also did not differ significantly
between groups and these results matched the findings
of Guo et al. who reported that NLR values increase
after AIS and even though there are no differences in
NLR at admission, values measured at least 3—6 h after
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Table 2 Baseline patient characteristics dichotomized according to blood eosinophil count

AEC<0.11, x 10/ (86, 42.8%) AEC20.11, x 107/ (115, 57.2%) p value
Age, years 79.0 (70.25-84.25) 76.0 (70.0-83.0) 0.530
Sex, female 49 (57.0%) 71 (61.7%) 0496
HT 16 (18.6%) 7 (6.1%) 0.006
sICH 9 (10.5%) 5 (4.3%) 0.092
Time to the start of IVT, min 160.0 (120.0-196.3) 145.0 (110.0-180.0) 0.048
Baseline NIHSS 9.0 (58-16.0) 10.0 (7.0-14.0) 0416
SBP, mmHg 167.5 (£27.5) 164.7 (£29.6) 0.501
DBP, mmHg 94.7 (£164) 926 (x17.1) 0.390
INR 1.02 (0.97-1.10) 1.02 (0.95-1.07) 0214
GFR, ml/min/1.73m? 61.23 (44.93-75.52) 62.83 (52.34-73.81) 0.594
Blood glucose, mmol/I 6.59 (5.81-7.72) 6.66 (6.02-7.73) 0.501
Haemoglobin, g/ 134.2 (+15.8) 134.2 (+15.6) 0.996
Neutrophils, x 10%/1 4.52 (3.40-6.66) 4.55 (3.65-5.54) 0434
Lymphocytes, x 107/ 161 (124-2.16) 221 (1.72-291) <0001
Monocytes, x 10%/ 0.58 (0.46-0.74) 0.68 (0.53-0.85) 0.003
NLR 2.84 (1.75-4.80) 1.91 (1.49-291) 0.001
LMR 2.76 (206-3.81) 320 (261-4.82) <0.001
Platelets, x 107/ 2025 (171.0-2443) 220.0 (183.0-262.0) 0.038
Diabetes mellitus 7 (8.1%) 28 (24.3%) 0.003
Atrial fibrillation at admission 34 (39.5%) 41 (35.7%) 0.573
Previous stroke 8 (9.3%) 16 (13.9%) 0319
Pre-admission anticoagulant use 10 (11.6%) 9 (7.8%) 0.362
Pre-admission antiaggregant use 16 (18.6%) 20 (17.4%) 0.824

Values are given as n (%), mean (SD), or median (IQR). AEC absolute eosinophil count, DBP diastolic blood pressure, GFR glomerular filtration rate, HT
haemorrhagic transformation, INR international normalized ratio, /VT intravenous thrombolysis, LMR lymphocyte to monocyte ratio, NIHSS National Institutes of
Health Stroke Scale, NLR neutrophil to lymphocyte ratio, SBP systolic blood pressure, sICH symptomatic intracranial haemorrhage

IVT are greater in patients who later develop paren-
chymal hematoma or sICH than in those who do not
[18]. In our study, LMR values had a tendency to be
lower in the HT and sICH groups, however, the dif-
ferences were not statistically significant. Our results
were inconsistent with those reported by Ren et al.
who decribed a higher incidence of sICH after IVT in

patients whose LMR was <2.79 at admission [19].
Even though in the study by Ren et al. univariate ana-
lysis showed that patients with lower LMR had higher
incidence of sICH after IVT, there were additional
differences between groups in factors known to be
linked to HT: baseline NIHSS, age of patients and
prevalence of atrial fibrillation were higher in the
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group with lower LMR [19], what might explain the
difference found in the incidence of sICH by univari-
ate analysis.

When we further compared patients with and without
HT, we found a few differences between groups in
demographic and clinical factors (e.g., age, GFR values)
which were consistent with the results of previous stud-
ies [6, 20, 21]. Multiple logistic regression revealed that
an increase in baseline NIHSS by one unit leads to a
1.12 fold increase in the odds of developing HT; other
factors included in the multiple regression model did
not show any significant links to HT with the exception
of AEC included as a binary variable.

Early after ischaemia immune cells are released into
the bloodstream and infiltrate the brain parenchyma due
to increasing blood-brain barrier (BBB) permeability [22,
23]. Out of the several clinical trials which have investi-
gated the efficacy of immunomodulation after AIS, only
a few have yielded promising results, among them are
interleukin (IL) -1 and lymphocyte-targeted approaches
[24]. To our knowledge, eosinophils have not been
assessed as a therapeutic target in AIS, probably due to
insufficient understanding of the function of eosinophils
in cerebral ischaemia. However, there are a few hypoth-
eses which might be explanatory of the association
between AEC and HT. Eosinophils are capable of secret-
ing over 35 cytokines, growth factors and chemokines
[25], including IL-4 and IL-13 [25-27], which induce the
activation of the M2 phenotype microglia [28]. Contrary
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to the M1 phenotype microglia which contributes to
BBB disruption by releasing pro-inflammatory cytokines,
proteases and reactive oxygen species, the M2 phenotype
possesses neuroprotective properties and may facilitate
the resolution of inflammation [28—31]. Another mech-
anism behind the effect of eosinophils on the attenuated
development of HT might be associated with the modu-
lation of angiogenesis. The direct pro-angiogenic effect
of eosinophils is mainly attributed to the production of
vascular endothelial growth factor (VEGF) [32]. How-
ever, VEGF has both neuroprotective and neurodama-
ging properties, the latter can be attributed to increased
vascular permeability [33]. Early intracerebroventricular
administration of VEGF decreases infarct volume and
reduces ischaemia-induced BBB permeability, contrary
to its early intravenous administration, thus, the stimula-
tion of VEGF receptors on luminal and abluminal sites
in the brain may lead to the activation of different sig-
nalling pathways [34]. If eosinophils are able to extrava-
sate from leptomeningeal vessels and reach abluminal
sites in the brain after AIS as is the case with neutrophils
[35], then their produced VEGF might be neuroprotec-
tive and reduce BBB permeability.. On the other hand,
we must emphasize that eosinophils also secrete sub-
stances associated with disruptive BBB change, e.g,
matrix metalloproteinaise-9 [36] and pro-inflammatory
cytokines, such as IL-6 and IL-1 [37-39]. Thus, the ef-
fect of eosinophils on the development of HT might de-
pend on the delicate balance between secreted
neuroprotective and neurodamaging substances.
Although this study offers new findings on the role of eo-
sinophils in AIS, it also has some limitations. Firstly, this
was a retrospective single-centre study with a small sample
size, thus, due to the design of the study, there was a higher
probability of potential confounding factors. A small sam-
ple size might also be explanatory of the wide CI for the ad-
justed OR of AEC as well as the fact that no association
was found between AEC and sICH despite an observed link
between AEC and HT. Ergo, it must be emphasized that
the precision of our results has limitations and in order to
confirm these initial findings, a larger scale multicentre pro-
spective study is necessary. Secondly, we only used baseline
values to predict the occurrence of HT even though it is
not clear whether AEC is a static variable. Moreover, be-
cause we were not able to collect as much information as

Table 3 Multiple logistic regression analysis of risk factors for development of haemorrhagic transformation

Variables Adjusted odds ratio 95% confidence interval p value
AEC>0.11, x 107/ 0.223 0.069-0.723 0.012
Baseline NIHSS 1.116 1.005-1.239 0.041

Variables included in analysis are age, time to the start of IVT, baseline NIHSS, INR, GFR, platelet, lymphocyte and monocyte counts, haemoglobin level,
dichotomized AEC, diabetes mellitus, atrial fibrillation at admission. All numerical variables were included as continuous variables with the exception of AEC. AEC
absolute eosinophil count, GFR glomerular filtration rate, INR international normalized ratio, IVT intravenous thrombolysis, NIHSS National Institutes of Health

Stroke Scale
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we intended on patients’ history of allergic diseases, we did
not analyse this data and consequently some valuable
information might have been missed.

Conclusions

To sum up, even though our results support the hypoth-
esis that AEC could possibly be considered as an inde-
pendent predictive marker of HT after AIS treatment
with IVT, they are only suggestive of this link. Therefore,
larger prospective multicentre studies are needed to
further evaluate the temporal dynamics of AEC and its
usefulness in predicting the development HT and espe-
cially sICH which is the most clinically relevant subtype
of HT. A better understanding of the role of eosinophils
during stroke is necessary because it could aid in clinical
decision making when treating AIS with IVT and lead to
novel immunomodulatory therapies for AIS.
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