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Abstract

Background: Ischemic stroke (IS) constitutes a relevant health concern recently in younger population causing
permanent cognitive and function-limiting disability and ranks as the 3rd cause of death in Egypt after cardiac and
hepatic diseases. Platelet activation has a crucial mechanism in arterial thrombogenesis, thus in pathophysiology of
IS. Surface expression of P-selectin (CD62P) reflects platelet activation and measured by flowcytometry. The purpose
of the study is to evaluate whether platelet activity and reactivity are considered risk factors for IS so more restrict
antiplatelet protocols could be implemented for management and recurrence prevention.

Results: Study population was 60 IS patients and 60 apparently healthy age and gender-matched controls. Patients
were subdivided into 37 patients without classical risk factors, aged 46.1 +-8.2, and 23 patients with > 1 vascular risk
factors, aged 52 £9.9. The percentage of platelets expressing CD62P reflecting ex vivo baseline activity was signifi-
cantly higher in stroke patients to controls (p =0.001), also platelet reactivity (CD62P expression after ADP provoca-
tion) was statistically significantly elevated in patients than in controls (p <0.0001) and was significantly higher in IS
patients with vascular risk factors compared to patients without risk factors (p=0.02).

Conclusion: Both baseline platelet activity and reactivity were significantly higher in IS patients, and were also higher

in IS patients with other vascular risk factors than in cryptogenic stroke and considered risk factors for IS.
Keywords: Ischemic stroke, Platelet activation, P-selectin (CD62P), Flowcytometry

Background

In North Africa and the Middle East, stroke has become
a major health problem, especially in younger popula-
tion with estimates that deaths attributed to it will nearly
double by 2030 [1]. The increasing prevalence of stroke
and its risk factors in Egypt are alarming rendering it
as an emerging public health problem. So understand-
ing its risks, etiologies and management is of a great
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importance. Generally, stroke is classified into hemor-
rhagic and ischemic types (IS), IS constitutes ~ 80% of all
stroke types.

IS is a consequence of thrombosis, rupture of athero-
sclerotic plaque or embolism. Thrombus and embolus
formation are initiated by platelet activation, aggregation
and fibrin generation via coagulation cascade [2]. Platelet
activation and hyperreactivity contribute to cerebrovas-
cular events significantly [3]. Many studies assumed that
in acute and convalescent phases after cerebral ischemia,
platelets are excessively activated or hyper-reactive [4, 5].
Platelet effects are not only augmenting the growth of an
atherosclerotic lesion, but also worsening the impact of
atherothrombosis [6]. They are loaded with a large array

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41983-021-00373-6&domain=pdf

Nashaat et al. Egypt J Neurol Psychiatry Neurosurg (2021) 57:133

of procoagulant factors and receptors which can conse-
quently lead to thrombosis and IS [6]. In spite of that, it is
unclear whether platelet activation constitutes a cause of
or a sequel to IS [7].

As an alternative method flowcytometry is used to
assess platelet function by quantifying fibrinogen bind-
ing to integrin allbb3, expression of P-selectin (CD62P)
or CD63 on platelet surface after stimulation. It has
many benefits over that of traditional light transmission
aggregometry (LTA). Estimation of platelet activation
markers, such as CD62P, CD63, and CD40L by flowcy-
tometry reflects platelet activation and reactivity (func-
tional response to agonists) [8]. LTA is time consuming,
operator dependent, labor intensive, needs large volumes
of blood and preparing PRP as well as not being sensitive
in thrombocytopenia. On the other hand, flowcytometry
analysis requires a small volume of blood and permits
the evaluation of platelet function in thrombocytope-
nia; however, unfortunately it cannot be used widely as it
lacks standardization.

Methods

This case—control cross-sectional study was approved by
the Ethics Committee of the University; Faculty of Medi-
cine, and was carried out in concordance with Declara-
tion of Helsinki. This study involved 60 adult patients
with acute non-embolic ischemic stroke. Patients were
recruited from neurology department, between 18 and
55 years old. Diagnosis of acute IS was based on clini-
cal evidence of neurological deficit attributed to focal
cerebral ischemia and detected by history (including
demographics, drug intake and cardiovascular risk fac-
tors), detailed neurological examination in addition to
neuroimaging by computed tomography (CT) scan (16
row multi-detector, Toshiba scanner, Shimoishigami,
Japan) and/or magnetic resonance imaging (MRI) (MRI
scanner Achieva, Philips Medical Systems, Best, the
Netherlands) according to Stroke Council of the Ameri-
can Heart Association/American Stroke Association. We
excluded patients with potential source of emboli includ-
ing major and minor risk; non-thrombotic cardiogenic
emboli due to cardiac valvular disease as septic vegeta-
tion, calcified valvular fragments, mitral prolapsed, aortic
stenosis, mechanical valves, cardiac tumors, AF, cardiac
chamber embolism as left ventricle thrombus or regional
dysfunction after MI. In addition, patients with stenotic
carotid atherosclerotic plaques were excluded as being
a potential source of atherosclerotic angiogenic emboli.
Also, paradoxical emboli through patent foramen (PFO)
were secluded. We excluded patients with hepatic, renal,
endocrinological disorders, malignant diseases, trauma,
major surgery, acute or chronic inflammatory disorders
or infectious diseases. Patients were subdivided into 2
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subgroups: 37 patients without traditional vascular risk
factors, and 23 patients with one or more vascular risk
factors. Sixty apparently healthy age and gender-matched
control group who were recruited from the hospital
blood bank. All individuals were interviewed using a
questionnaire and routine lab investigations were done.
By using BD-Bioscience four colors flowcytometry, both
platelet activity and reactivity were assessed. Blood sam-
ples were collected at 9 PM. Phlebotomy was performed
in supine or sitting position, 2 mL were withdrawn using
19-gauge needle by direct, single venepuncture of the
antecubital vein with a tourniquet lightly applied just
before venepuncture, first 2-3 mL of blood was dis-
carded and the rest was evacuated into sterile tubes con-
taining 0.109 M (3.2% w/v) sodium citrate anticoagulant
and very gently mixed.

Immediately, direct staining of platelets was performed
after sampling (within 20 min) in order to limit sponta-
neous platelet activation. Direct immunofluorescence
staining were performed by adding 20 pL of activation—
independent, platelet-specific antibody (CD41) and 20uL
of platelet activation-dependent monoclonal antibody
(CD62P) to 40 uL of the diluted whole blood (according
to manufacturer’s instructions). Platelet agonist was pur-
chased: the P2Y1/P2Y12 agonist ADP (adenosine 5 di-
phosphate, BIO/DATA corporation, EMERGO EUROPE,
Netherlands) as no significant differences in the per-
centage or mean fluorescent intensity (MFI) of activated
platelets were observed when different agonists were
used; so, ADP was chosen regarding its availability.

ADP provocation for platelet reactivity assessment
were done by adding 50 pL of ADP onto 450-pL diluted
whole blood, then stained directly with 20 pL of CD41
and 20 pL CD62P. Both direct and ADP-provoked stained
tubes were kept for 20 min in room temperature in dark
then re-suspended in 200 pL PBS.

In vivo platelet activation was detected by measuring
the percentage and MFI of membrane-bound CD62P in
resting platelets without agonist stimulation (Figs. 1, 2).
Platelet reactivity was detected by measuring both the
percentage and MFI of CD62P after in vitro provocation
using ADP as platelet agonist (Figs. 1, 2).

Statistical analysis

Data were collected, coded and entered as a spread sheets
using Microsoft excel for windows office 2010. Data were
managed using (SPSS) software (version 22.0) (IBM
Corp. Released 2013, Armonk, NY). Data were presented
as mean, standard deviation or numbers and percent-
ages. Student’s t-test was used between two groups of
quantitative variables, Chi-square test and Fisher’s exact
test to compare between two groups or more regard-
ing one qualitative variable. ANOVA test was used to
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Fig. 1 Contour dot plot graphs of CD62P expression on resting and ADP-activated platelets in studied IS cases and control
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Fig. 2 Histogram of CD62P expression on resting and activated platelet of IS patients and controls
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compare means between the groups and Pearson’s corre-
lation analysis was used to display strength and direction
of association between two quantitative variables and
Spearman correlation analysis was used to demonstrate
strength and direction of association of nonparametric
variables. Binary logistic regression analysis was used
to assess platelet baseline activity and ADP provocation
reactivity and Lab parameters (PLT, TLC, MPV, PDW,
total cholesterol, TG and LDL). Statistical significance
was considered at p-value < 0.05.

Results

IS patient group included 39 (65%) males and 21 (35%)
females with average age of 48.48 £9.2 years compared
with 32 (53.3%) males and 28 (46.6%) females with aver-
age age 40.72+9 years in control group and age was
found to be statistically significant higher in patients with
modifiable vascular risk factors than cryptogenic stroke
patients (Table 1). Also a statistically significant differ-
ence was found in WBC, MPV and PDW being higher
in patients than in controls, but did not significantly dif-
fer between patients with and without risk factors sub-
groups, as well as significantly higher total cholesterol,
TG and LDL and significantly lower HDL in patients than
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controls in addition to significantly higher RBS, serum
creatinine and TG among patients with vascular risk fac-
tors (Tables 2, 3).

The percentage of platelets expressing CD62P reflect-
ing ex vivo baseline activity was significantly higher in
stroke patients to controls (32.82+13 vs. 25.77 £ 10,
p=0.001), with MFI in IS patients was 103.6 £40.6
compared to 79.1+35.2 in healthy controls, that dif-
ference was statistically significant (p =0.001) (Table 4,
Figs. 3, 4), and it was significantly higher in IS patients
with vascular risk factors compared to patients with-
out risk factors (34.2+13.7 vs. 30.5+12.4, p=0.02)
(Table 5). Platelet reactivity after stimulation with
ADP showed that the percentage of platelets expressed
CD62P was 72.95+14.8 in patients compared to
62.2+£11.39 in controls, with MFI in patients was
248 £101 vs. 215+ 75.8 in controls and both difference
were statistically significant (Table 4, Figs. 1, 2).

A faint statistically significant negative correlation
detected for age with baseline CD62P MFI and post-
provocation platelet activation, and on the other hand
a weak significantly positive correlation for MPV, TG
and LDL with both platelet activity and reactivity were
detected. Otherwise, there was no statistically significant

Table 1 Demographic and clinical characteristics of studied population

Characteristics Patients (IS) (n=60) Healthy controls Test value p-value
(n=60)

Gender frequency (%) Male 39 (65%) 32(53.3%) =1881 0.197
Female 21 (35%) 28 (46.6%)

Age (years) Mean +SD 484849.257 40.724+9.07 T=4.656 0434
Range (25—69) (25-67)

Smoking frequency (%) Smoker 0 (33.9%) 10 (16.6%) X2:5.263 0.03*
Non-smoker 39 (66.1%) 50 (83.3%)

Hypertension frequency (%) Hypertensive 16 (26 7%) 0 F=18.13 <0.001*
Normal 44 (73.3%) 60 (100%)

Diabetes mellitus frequency (%) Diabetic 8(13.3%) 0 F=857 0.003*
Normal 52 (86.7%) 60 (100%)

Dyslipidemia frequency (%) Dyslipidemic 9 (15%) 0 F=9.73 0.002*
Normal 51 (85%) 60 (100%)

Thromboembolic frequency (%) Positive history 4(6.7%) 0 F=413 0.042*
Negative history 56 (93.3%) 60 (100%)

Migraine frequency (%) Migrainous 10 (16.7%) 0 F=2911 0.003*
Normal 50 (83.3%) 60 (100%)

Family history frequency (%) Positive 18 (30%) 0 F=9.09 0.001*
negative 42 (70%) 60 (100%)

*Chi-square test, Fisher-exact test is used when expected count cells <5, are statistically significant at level of significance of 95% (p <0.05), so reject the null

hypothesis

*Independent T- test is statistically significant at level of significance of 95% (p < 0.05)

bold indicates statistically significant relation

italic indicates the type of the test used
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Table 2 Hematological assessment of the studied groups (n=120)
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Laboratory investigations  Patients without risk factors Patients with risk Controls Testvalue p-value  Post hoc between
cryptogenic (A1) (n=37) factors (A2) (n=23) (healthy) group A1 and A2
(n=60)
HB (g/dl) Mean£SD  1284+15 123427 126+18 F=0.238 0.78 097
Range 9.5-16.2 8.2-16.5 9.2-16.1
WBCX10%/uL  Mean=4SD  7.94+7.94 843+33 6.26+2.0 F=8387 <0.001* 074
Range 3.77-135 45-16.75 432-10
PLTs X103/uL Mean+SD  264+78.645 270+£101.89 241+£92.82 F=121 0.30 0.964
Range 130-446 95-493 493-600
MPV (fl) Mean+SD  106+15 109+ 1.6 93%17 F=1181 <0.001* 0.781
Range 8.5-14.2 84-145 6.0-129
PDW (f1) Mean+SD 136429 135£1.9 119+£19 F=875 <0.001* 06124
Range 9.5-22 10.5-16.9 94-20.7
L-PCR (%) Mean£SD 294451 264+49 289+6.1 F=2.14 0.542 0.12
Range 154-38.1 19.5-41.9 184-47.9

* One-way ANOVA test (F) is statistically significant at level of significance of 95% (p <0.05). MPV mean platelet volume, PDW platelet distribution width, L-PCR large
platelet cell ratio, HB hemoglobin, WBC white blood cells, PLT= platelet, MPV mean platelet volume, PDW platelet distribution width, L-PCR large platelet cell ratio

bold indicates statistically significant relation

italic indicates the type of the test used

Table 3 Biochemical assessment of between studied groups (n=120)

Laboratory investigations Patients without risk  Patients with risk Healthy Testvalue p-value Posthoc
factors (A1) (n=37) factors (A2) (n=23) controls between A1
(n=60) and A2

RBS (mg/dl) Mean+SD  1156£52.7 1456£87.2 110.1£28 F=3.98 0.02* 0.049*
Range 81-218 75-379 74-188

Creatinine (mg/dl) Mean£SD  0.7440.2 0.88+0.2 0.59+1.6 F=122 <0.001* 0.02*
Range 0.3-12 0.5-2 0.3-1

Total cholesterol (mg/dl)  Mean4+SD 17424387 194.14£499 138.8+£52.2 F=127 <0.001* 0.28
Range 93-224 103-313 55-215

TG (mg/dl) Mean+SD 12544517 16584825 983+319 F=143 <0.001* 0.01*
Range 47-262 66-324 54-201

LDL (mg/dl) Mean+SD  110.5£36.6 12424483 95.1+£276 F=6.1 0.003* 035
Range 39-224 51-233 45-164

HDL (mg/dl) Mean+SD  355+£87 369+79 32.7+87 F=237 0.098 0.83
Range 13-54 25-60 12-51

*One-way ANOVA (analysis of variance) is statistically significant at level of significance of 95%. (p < 0.05). RBS random blood sugar, TG triglycerides, LDL low-density

lipoprotein, HDL high-density lipoprotein
bold indicates statistically significant relation

italic indicates the type of the test used

Table 4 Assessment of platelet activity and reactivity in patients and controls

Patient group

Control grou

p  Testvalue p-value

Platelet marker CD41

Platelet activation (in vivo) Baseline CD62P %
Baseline CD62P MFI

Platelet reactivity (in vitro) ADP induced CD62P%

ADP induced CD62P M

Mean £ SD
Mean £+ SD
Mean £ SD
Mean £+ SD
Fl Mean £+ SD

93.8+7.2
32.82+13
103.6+40.6
7295+£1438

248+101

92.7+125
2577£10
7914352
622+£11.39
215758

T=05
T=32
T=35
T=44
T=2

0.3
8 0.001*
0.001*
<0.0001*
0.04*

*In dependent Student’s T-test is significant at level of significance of 95% (p < 0.05). CD cluster of differentiation, ADP adenosine di-phosphate

bold indicates statistically significant relation

italic indicates the type of the test used
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Fig.4 Assessment of platelet activity and reactivity in patients and controls; MFI of platelet expressing CD62P

correlation between both platelet activity and reactivity = will nearly double by 2030 [9]. In agreement with our

and other tested vascular risk factors (Table 6). results, early aggregation studies demonstrated aug-
mented platelet reactivity in acute phase of IS and
Discussion larger platelet size signifying increased reactivity, a

Ischemic cerebrovascular stroke constitutes a very feature of stroke sufferers [10] as we found that PDW
relevant public health concern recently in younger and MPV significantly higher in IS compared to healthy
population with estimates that deaths attributed to it controls (p<0.001 for both). Some authors verified
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Table 5 Assessment of platelet activity and reactivity in patients with and without vascular risk factors:
Patient without Patients with Test value p-value
risk factors risk factors
Platelet activation (in vivo) Baseline CD62P % Mean£SD 3054+1724 3424137 T=1.1 0.02*
Baseline CD62P MFI Mean £ SD 75.6+30.7 84.7+£415 T=1 0.3
Platelet reactivity (in vitro) ADP induced CD62P% Mean £ SD 7284163 73.14£122 T=-—1007 0.9
ADP induced CD62P MFI Mean £ SD 212.8+80.3 2187677 T=-02 0.7

*In dependent Student’s T-test is statistically significant at level of significance of 95% (p < 0.05). CD cluster of differentiation, ADP adenosine di-phosphate

bold indicates statistically significant relation

italic indicates the type of the test used

Table 6 Correlation between patient vascular risk factors and platelet activity and reactivity

Age Gender HTN DM FH IS recurrence

R p-value R p-value R p-value R p-value R p-value R p-value
Baseline CD62P % 015 0.08 001 0.09 009 03 — 0.1 0.2 —005 09 006 05
Baseline CD62P MFI —022 0.014* 003 07 —005 05 —008 03 —-01 01 —008 03
ADP induced CD62P%  —0.18 0.049* —0.17 0.08 008 03 0.02 07 0.1 0.2 015 0.09
ADP induced MFI —0.15 009 —006 049 —045 06 -01 007 —006 04 —0.16 08

PLT count MPV WBC Total cholesterol  LDL TG

R p-value R p-value R p-value R p-value R p-value R p-value
Baseline CD62P % —003 007 0.2 0.01* 0.07 04 0.08 03 0.06 0.4 007 04
Baseline CD62P MFI 004 06 —007 04 —008 03 —-01 02 0.1 0.09 01  0.03%
ADP induced CD62P%  —0.02 0.08 0.1 0.02* 0.1 0.2 0.2 0.09 0.3 0.005* 0.1 012
ADP induced MFI 0.04 006 0.004 09 —004 06 —-01 007 0.03 0.7 —-016 02

FH family history, HTN hypertension, DM diabetes mellitus, MPV mean platelet volume, TG triglycerides, LDL low-density lipoproteins, r (correlation coefficient) is
statistically significant at level of p <0.05. CD cluster of differentiation, ADP adenosine di-phosphate

bold indicates statistically significant relation
italic indicates the type of the test used

enhanced platelet activation in acute IS and noted that
platelets were hyper-reactive in the early, subacute or
late and recovery phases [4, 5, 11-14]. Both platelet—
granulocyte aggregates and platelet-derived microparti-
cles appear to increase quantitatively [15-17] denoting
increased platelet activity.

On the other hand, some researchers stated that plate-
let activity is increased only in acute phase of IS [18]
and reduced during recovery and explained their results
due to a rapid decrease in CD62P expression because
of its shedding from cell surface [19]. From the litera-
ture reviews, it also appeared that lacunar strokes are
related to enhanced platelet activity and that circulat-
ing P-selectin elevated in large-vessel infarction [20, 21].
Apparently, surface-bound P-selectin is not affected by
aspirin intake, whether after agonists provocation or in
non-stimulated platelets [22]. Also Sabra and colleagues,
came to the same conclusion, that platelet aggregation
in IS patients is more significantly higher than in healthy

controls. However, it is difficult to be sure if that finding
is due to underlying platelet hyperreactivity or is 2nd to
the acute ischemic event [23], agreed to the previous
results, Pawelczyk and colleagues, reported higher plate-
let reactivity in response to thrombin in all IS patients in
the convalescence stage (at least 3 months later) and con-
cluded that platelet hyperreactivity and susceptibility to
agonist may contribute to atherothrombotic intensifica-
tion and may constitute one of the mechanisms resulting
in higher risk of IS and IS recurrence [8].

Regarding the correlation between platelet activation
and vascular risk factors, we did not find correlation
between platelet activity and reactivity with traditional
vascular risk factors in IS patients except for a weak posi-
tive correlation between platelet activity and reactivity
with TG and LDL, that partially agreed by Yamazaki and
colleagues, and Marquardt and colleagues, who found
that single vascular risk factors and clinical IS severity
did not significantly modify the expression of CD62P
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and CD63 so stated that simultaneous presence of mul-
tiple classical risk factors were not associated with higher
platelet activation concluding that markers of platelet
activation may state relevant information independently
from and in addition to the clinical risk factor assessment
and added that different platelet inhibitors were not asso-
ciated with lower expression of platelet activations anti-
gens is in line with previous reports showing that platelet
inhibitors such as aspirin do not modify «-granules
excretion [19, 24].

On the other hand, some authors evaluated post-IS
patient during convalescent phase and revealed that
CD62P expression in resting circulating platelets, in addi-
tion to platelets activated in vitro with agonists (TRAP,
ADP) still significantly lower than in that found in con-
trols. In parallel, those patients showed a significantly
higher PMPs [5], similar results to theirs had been earlier
reported by Singh and colleagues, who evaluated unstable
angina patients and confirmed an elevated PMPs, lower
CD62P expression [25]. Schmalbach and colleagues,
obtained same results as ours, and confirmed that PLA
and percentage of activated platelet were significantly
increased in acute IS patients compared to controls and
by regression analyses demonstrated that platelet acti-
vation was independent determinant of IS [26]. Also,
the results revealed by Serebruany and colleagues, were
in consistent and demonstrated no differences between
post-stroke patients and controls, and surprisingly lower
aggregation analyses in post-stroke patients. Addition-
ally, they reported lower CD62P expression in post-
stroke group who received aspirin, compared to patients
with no 2ry prophylaxis [27]. An explanation was platelet
shape change does not necessarily lead to degranulation
and aggregation, so formation of PMPs does not neces-
sarily result in secretion of a granules or aggregation [28,
29], also enhanced shedding of platelet surface receptors,
a phenomenon that can occur in their chronic and aug-
mented, but incomplete activation lead to the secretion
of microvesicles. Contradicted results were obtained by
other scientists who had revealed no alterations or even a
reduction in platelet reactivity in the acute phase of cer-
ebral infarctions [7].

Limitation of the work

The main study limitation is the small sample size and
conducting the study in single hospital. So, we recom-
mend doing multicenter researches to evaluate larger
numbers of patients to more evenly ensure patient dis-
tribution. In addition, we recommend using other plate-
let agonists, in addition to the ADP, to comprehensively
assess platelet reactivity.
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Conclusion

It was found that IS patients had more ex vivo active
platelets (resting baseline platelets) and also increased
susceptibility to platelet agonist (reactivity). Enhanced
platelet activity and reactivity may be one mechanism
that takes part in atherothrombotic intensification, lead-
ing to a higher risk of ischemic stroke. CD62P could be
used as a risk-predictive biomarker in IS patients, so
more strict antiplatelet protocols could be implemented
and tailored individually.
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