
133

In: Stroke. Dehkharghani S (Editor). Exon Publications, Brisbane, Australia. 
ISBN: 978-0-6450017-6-1; Doi: https://doi.org/10.36255/exonpublications.stroke.2021

Copyright: The Authors.

License: This open access article is licenced under Creative Commons Attribution-NonCommercial 
4.0 International (CC BY-NC 4.0) https://creativecommons.org/licenses/by-nc/4.0/

Abstract: Despite diagnostic advances and new evidence on how to best treat 
patients with ischemic stroke, the risk of stroke recurrence remains unacceptably 
high. Therefore, there is a great need for novel therapies and markers to guide risk 
stratification, reveal stroke aetiology, identify patients who may benefit most from 
interventions, predict risk for another stroke, and recognize the risk of short-term 
complications or unfavorable long-term outcomes. The purpose of this chapter is 
to provide an update on: (i) emerging markers in atherothrombotic stroke; (ii) 
role of systemic inflammation in contributing to stroke occurrence; (iii) the main 
antiplatelet agents that have been successfully used in the secondary prevention 
of non-cardiogenic ischemic stroke and transient ischemic attack; (iv) screening 
for high-on-treatment platelet reactivity after stroke; and (v) to explore novel and 
effective antiplatelet strategies for the secondary prevention of ischemic stroke. 
Rising questions such as indications for antiplatelet therapy after a successful reca-
nalisation following acute ischemic stroke should be answered in the future to 
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optimize outcomes. Finally, we aim to focus on personalized antiplatelet regimens 
and current translational research findings in this field. 

Keywords: antiplatelet therapy; cerebrovascular event; inflammation; ischemic 
stroke; personalized medicine

INTRODUCTION

Each year, over five million people die worldwide from stroke, (1). One out of 
four strokes is recurrent. Despite new evidence on how to best treat patients with 
ischemic stroke, the risk of stroke recurrence remains unacceptably high. 
Therefore, there is a great need for novel therapies and markers to: (i) guide risk 
stratification; (ii) reveal stroke aetiology; (iii) identify patients who may benefit 
most from interventions; (iv) predict risk for another stroke; and (v) recognise 
the risk of short-term complications or unfavourable long-term outcomes. In 
general, secondary stroke prevention starts with reduction of vascular risk factors 
such as obesity, hypertension, diabetes, dyslipidemia, and smoking (2). Strokes 
due to larger artery occlusion account for approximately a third of all ischemic 
strokes. In the case of symptomatic extracranial carotid stenosis, surgical inter-
vention, either endarterectomy or stenting, as close as possible in time to the 
index event seems highly beneficial (2). With intracranial large artery atheroscle-
rosis or lacunar stroke, the best medical therapy consists of antiplatelet medica-
tions, high-dose statins, aggressive control of vascular risk factors, and lifestyle 
modifications (2). 

In this chapter, platelet-related factors including thrombo-inflammation and 
antiplatelet strategies are highlighted in non-cardiogenic ischemic stroke. 
Antiplatelets offer an absolute risk reduction of 2% in all vascular events per year, 
however, they increase the risk of major extracranial bleeding by 0.1–0.3% (3). 
Currently, aspirin is the only 1A recommended antiplatelet agent in the secondary 
prevention of non-cardiogenic ischemic stroke according to an update of the 2018 
Acute Ischemic Stroke Guideline of the American Heart Association and American 
Stroke Association (AHA/ASA) (4). Hence, all recently published studies analyzed 
the effectivness of aspirin alone or in combination with another agent including 
either clopidogrel, or ticagrelor as a dual antiplatelet therapy (DAPT) (1, 4). 
However, there is significant heterogenity among trials in terms of endpoints 
(stroke recurrence only or composite endpoints such as stroke, myocardial infarc-
tion, and mortality) as well as the length of follow-up. In general, antiplatelet 
monotherapy is usually favored over DAPT since DAPT is often associated with 
bleeding complications (1, 4). This leads to the issue of long-term safety and effi-
cacy. While the guideline of AHA/ASA suggests aspirin monotherapy within 24 to 
48 hours after an acute ischemic stroke, it suggests DAPT with aspirin and clopi-
dogrel, starting within 24 hours of symptom onset, for 21 days in patients with 
minor stroke (1). Importantly, the efficacy of short-term DAPT to prevent recur-
rent ischemic stroke in patients with minor stroke or high-risk transient ischemic 
attack (TIA) was independently investigated in the CHANCE trial (Clopidogrel 
in High-Risk Patients with Acute Nondisabling Cerebrovascular Events) (5) and 
the POINT trial (Platelet-Oriented Inhibition in New TIA and Minor Ischaemic 
Stroke) (6). Both trials examined recurrence of cerebral ischemia and bleeding 
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complications up to 90 days following the index event. The former reported a 32% 
reduction in recurrent stroke without an increase in major bleeding and in the lat-
ter study DAPT was associated with a 28% reduction in ischemic stroke, but at the 
cost of more frequent bleeding. Importantly, the benefit from DAPT was even 
higher during the first 30 days of treatment, indicating that the risk of major stroke 
is extremely high immediately after a TIA or minor stroke for a few days (6).

Aspirin is recommended for secondary prevention after TIA or ischemic stroke 
on the basis of trials showing a 13% reduction in long-term risk of recurrent 
stroke (7). The previously unrecognised effect of aspirin on the severity of early 
recurrent stroke, and the diminishing benefit with longer-term use was recently 
confirmed by a meta-analysis based on pooled data from 12 trials involving 
15,778 participants (7). In patients receiving aspirin without a routine proton 
pump inhibitor (PPI) for secondary prevention, the long-term risk of major bleed-
ing is higher, particularly in older patients, resulting in a substantial risk of dis-
abling or fatal upper gastrointestinal bleeding (8). Given that half of the major 
bleeds in patients aged 75 years or older were upper gastrointestinal, the esti-
mated number needed to treat (NNT) for routine PPI use to prevent such bleeds 
is low, and co-prescription should be encouraged (8). 

There is no evidence that clopidogrel is superior to aspirin alone for secondary 
stroke prevention, but clopidogrel was significantly more effective than aspirin in 
the prevention of vascular events in patients with atherothrombotic disease mani-
fested by recent myocardial infarction, recent ischemic stroke or symptomatic 
peripheral arterial occlusive disease in the CAPRIE study (9, 10). Despite similar 
tolerability profile of these drugs, the risk of gastrointestinal bleeding was signifi-
cantly lower in clopidogrel recipients (11). 

Several studies have shown improved results after open and endovascular cor-
onary artery surgery, when patients had double and even triple antiplatelet ther-
apy (12). Reasonably, these improved results have been attributed to the aggressive 
antiplatelet therapy with additional anti-inflammatory action. Conceptually, anti-
inflammatory drugs may beneficially alter the course of atherosclerosis, thus they 
can reduce the prevalence of cardiovascular events (13). Numerous physiopatho-
logical mechanisms characterize the atherosclerotic plaque development and pro-
gression providing several therapeutic targets. However, some reports have shown 
inadequate response to DAPT with aspirin and clopidogrel in 5–30% of patients 
undergoing percutaneous coronary interventions (PCI), and this prevalence may 
increase up to 66% in patients undergoing neurointerventional procedures (14). 
The reason for such non-responsiveness can be multifactorial, due mostly to 
genetic (for example, polymorphisms on CYP2C19) and epigenetic (for example, 
platelet derived factors) alterations (15). Considering that the traditional concept 
of therapeutic regimens based on “one size fits all” does not work in preventing 
cardiovascular events, an individual approach in secondary stroke prevention is 
desired. We are witnesses to a paradigm shift in this field due to succesful imple-
mentation of numerous translational research findings into clinical practice.

EMERGING MARKERS IN ATHEROTHROMBOTIC STROKE

Considerable interest for cell-derived microparticles as disease markers has 
emerged, pointing out their role in hemostatic response. Besides, systemic 
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inflammation-related factors leading to residual platelet reactivity have been high-
lighted recently. Based on the current trend, the assessment of systemic inflamma-
tory parameters will play a pivotal role in decision-making regarding primary and 
secondary stroke prevention.

Microvesicles

In general, microvesicles (MVs), small extracellular plasma membrane particles 
shed by activated and apoptotic cells, have been linked to the development of 
cardiovascular diseases. MVs from vascular and resident cells, by facilitating 
exchange of biological information between neighboring cells, serve as mediators 
in the systemic circulation. Platelet-derived MVs (pMVs) via their procoagulant, 
pro-inflammatory and pro-atherosclerotic effects, play a pivotal role in the devel-
opment and progression of atherosclerosis (16). These pMVs – the main source of 
total microparticles – promote the adhesion of platelets and leukocytes, especially 
monocytes, to endothelial cells at endothelial lesion sites via platelet/endothelial 
cell adhesion molecule (PECAM-1) and intercellular adhesive molecule-1 
(ICAM-1) (17). Recently, the novel aspects of MV-mediated regulatory mecha-
nisms including endothelial dysfunction (18), vascular wall inflammation (19), 
apoptosis (20) and their impact on the coagulation cascade (21) have been widely 
explored (22). Increased pMV formation was observed in TIA, acute ischemic 
stroke (IS) and convalescent stroke patients (23, 24). In addition, some pMV 
parameters in convalescent stroke subjects were found to be predictive for the 
next vascular event, despite decline in pMVs over time elapsed from stroke (25). 
High levels of circulating endothelial- and leukocyte-derived MVs after stroke 
were found to be associated with worse cardiovascular outcome within three 
years (26). Unfortunately, vascular disease-specific MVs precisely predicting the 
occurrence of either ischemic stroke or acute coronary syndrome have not been 
found so far. However, predominantly pMVs exhibiting thrombo-inflammatory 
properties contribute to progression of atherosclerosis and subsequent vascular 
complications (16). 

Screening for high-on-treatment platelet reactivity

A recent meta-analysis reported data on the risk of ischemic stroke/TIA recur-
rence, indicating that patients with high-on-treatment platelet reactivity (HTPR) 
had a significantly higher risk for ischemic stroke/TIA recurrence (RR = 1.81, 
95%CI: 1.30–2.52; p < 0.001) (27).  Based on platelet function testing, the preva-
lence of ex vivo HTPR in cardiovascular diseases varies between 3–62% with aspi-
rin monotherapy, 8–61% with clopidogrel monotherapy and 56–59% when 
dipyridamole is added to aspirin in the early, subacute or late phases after TIA/
stroke onset (28). In our own cohort, we combined the examination of endothe-
lial and platelet-derived microvesicles and ex vivo platelet function in post-stroke 
patients taking clopidogrel. Both measurements were performed in whole blood 
and from the lower and upper blood fractions separated after 1-hour gravity sedi-
mentation by the analogy with erythrocyte sedimentation rate (ESR) (29). We 
observed that the total MV number measured in the lower fraction after sedimen-
tation showed a negative correlation with the area under the curve (AUC, 
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reflecting the aggregation) value measured by Multiplate (Roche, Switzerland). 
When the values for each patient were dichotomized based on their HTPR status, 
a difference was found between clopidogrel responder and resistant cases. In clop-
idogrel non-responders, a positive correlation was found between the total MV 
number in the sedimented blood fraction and the AUC measured in whole blood. 
Similar association was recently found between antiplatelet potency of P2Y12 
antagonists (prasugrel and ticagrelor) and decreased plasma CD42+/CD62P+ 
pMVs numbers (30). Although these observations are promising, a large, ade-
quately-sized, prospective follow-up study should be conducted to explore the 
predictive value of this novel pMV-based approach in identification of patients at 
increased risk for vascular events. Although several studies show an increased rate 
of recurrent cerebrovascular ischemic events in patients presenting with HTPR, 
the diagnostics of HTPR remain unsolved (27, 31). Measurement of ex vivo plate-
let function in patients on antiplatelet therapy, using laboratory tests that correlate 
with their clinical effectiveness, would potentially enable physicians to tailor anti-
platelet strategies to an individual. Importantly, a greater AUC (≥70 as a cut-off 
value) from the separated upper blood sample after 1-hour gravity sedimentation 
emerged as a novel independent predictor of future stroke episodes, while the 
clopidogrel resistance state based on Multiplate electrode aggregometry from the 
whole blood was not able to predict recurrent stroke in a prospective study. Based 
on atomic force microscopy, the more reactive (greater AUC), ascending platelets 
were found to be larger in volume, suggesting a link between the function and size 
of platelets. In accordance, platelets with a higher mean volume showed associa-
tion with high residual platelet reactivity after conventional dual antiplatelet ther-
apy in patients with coronary artery disease (32). The ongoing release of MVs 
despite antiplatelet therapy might explain recurrent thrombotic events after acute 
myocardial infarction and worse clinical outcomes on clopidogrel compared to 
ticagrelor. Ticagrelor attenuates the increase of extracellular vesicle concentration 
in plasma after acute myocardial infarction compared to clopidogrel (33). This 
highlights the pleiotropic effect of ticagrelor attenuating the increase of concentra-
tion of MVs compared to clopidogrel (30, 33). However, similar findings are still 
lacking in patients after ischemic stroke. Ideally, the choice of antiplatelet agents 
should depend on patient-specific comorbidities, and the patient’s access to health 
care. In the real world, aspirin, due to its low cost and extensive experience, is the 
leading choice of drug in most cases. Clopidogrel and aspirin with extended-
release dipyridamole are reasonable alternatives as first-line therapy in those who 
have suffered a stroke, but the individually tailored dose and switch to other 
medication in the case of resistance requires more evidence.

Systemic inflammation

The extent of ischemic brain injury correlates with the magnitude of both local 
and systemic immune responses. In turn, inflammation is known to contribute to 
stroke occurrence (34). Therefore, the assessment of systemic inflammatory 
parameters carries additional clinical significance in primary and secondary stroke 
prevention. Observations on biomarker studies (35), and large-scale clinical trial 
support the operation of immune and inflammatory pathways in vascular 
 diseases  (36). An accurate review of the correlations between inflammation, 
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infection, immunity and atherosclerosis was published by Libby et al. (37). 
Assessment of the thrombo-inflammatory cascade in the acute phase (38) and 
later in convalescent stroke patients are equally important (39). The association 
between infection and stroke is bidirectional. Although infection can lead to 
stroke, stroke per se induces immune suppression, increasing the risk of infec-
tion (39). An early activation of leukocytes indicated by an increase of leukocyte 
antisedimentation rate (LAR) was shown to be characteristic of acute ischemic 
cerebrovascular events (40, 41). The delayed and ameliorated LAR per se could 
differentiate TIA from definitive ischemic stroke (40). Deficient early activation of 
leukocytes predisposes to post-stroke infections, a considerable cause of post-
stroke morbidity (40). Trials with antibiotics have not reduced recurrent 
 cardiovascular events, nor have vaccination strategies yet achieved clinical transla-
tion (42). Inflammatory biomarkers, such as C-reactive protein (CRP), measured 
with a highly sensitive assay (hsCRP), have been implemented into clinical prac-
tice, adding prognostic information on cardiovascular risk (43, 44). Based on 
JUPITER (Justification for the Use of Statins in Prevention: an Intervention Trial 
Evaluating Rosuvastatin) trial data, statins reduced the rate of first myocardial 
infarction, stroke, or confirmed cardiovascular death by 47% when given to 
patients with low-density lipoprotein-C levels of <130 mg/dl and hsCRP of 
>2 mg/l (hazard ratio: 0.53; 95%CI: 0.40 to 0.69; p < 0.00001) (43). In current 
guidelines, hsCRP carries a class IIb assessment and is most appropriate in pri-
mary prevention when clinical decisions to initiate statin therapy are uncertain. 
Ongoing multinational trials are pursuing whether reducing inflammation will 
decrease vascular event rates. In secondary prevention, CANTOS allocated the 
anti-IL-1 antibody to stable post-ACS patients who had an hsCRP > 2 mg/L despite 
effective statin therapy (45). Those CANTOS participants who achieved a reduc-
tion of hsCRP to below 2 mg/L in response to the anti-inflammatory therapy had 
a greater than 30% reduction in cardiovascular and in all-cause mortality (46). 
Besides CRP, another systemic inflammatory marker that has been extensively 
evaluated in the acute phase of ischemic stroke is interleukin-6 (IL-6). The pro-
inflammatory cytokine IL-6 was described as an early marker of brain damage 
caused by ischemic stroke (47, 48). In contrast to other pro-inflammatory cyto-
kines (e.g. IL-1 beta, TNF-alpha and TNF-receptors), serum level of IL-6 showed 
a significant increase within the first hours following ischemic stroke and reached 
a plateau by day 3 and returned to baseline by day 7, correlating with increasing 
volumes of lesion and poor functional outcome (48, 35). In addition, an altered 
physiological balance between pro-and anti-inflammatory molecules was observed 
in acute stroke patients, indicating a down-regulated anti-inflammatory response 
reflected by a lower level of interleukin-10 (49). Antagonism of such negative 
effects of IL-6 in ischemic stroke with antiplatelet agents showed conflicting 
results in patients with acute coronary events and ischemic stroke (50–52). 
However, there also appeared to be differences in the effect of each antiplatelet 
drug on IL-6, with ticagleror appearing to be more effective than clopidogrel in 
acute coronary events (53). Increased serum IL-6 per se is associated with higher 
risk of cardio- and cerebrovascular diseases. The circulating levels of IL-6 vary 
greatly between young individuals with moderate internal carotid artery steno-
sis (54). Recently, IL-6 G allele promoter emerged as a novel predictor for recur-
rence of stroke in the young (54). Besides, other inflammatory markers have also 
been associated with tissue damage due to acute ischemic stroke, such as IL-8, 
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IL-9, CXCL-1 (55). Patients with radiologically confirmed cerebral infarctions had 
significantly elevated serum levels of CXCL-1 and IL-8 levels, and the latter cor-
related with age (55). In a recent prospective cohort study including 680 patients 
with ischemic stroke and TIA, IL-6, IL-8, and CRP independently predicted 1-year 
recurrent vascular events including ischemic stroke (56). Both IL-6 and CRP inde-
pendently predicted 1-year mortality and poor functional outcome (56). A clear 
increase in inflammatory markers in the early stage of ischemic stroke suggests 
that therapy to high-risk patients with hyperinflammatory state may be beneficial. 
Accordingly, drugs that simultaneously decrease platelet function and inflamma-
tion may improve the treatment of cardiovascular disorders. In a platelet- monocyte 
inflammatory model system, dipyridamole exhibited selective anti-inflammatory 
action, inhibiting inflammatory gene expression in platelet-monocyte aggregates 
that may contribute to its effectiveness in the secondary stroke prevention (57).

The tumor necrosis factor (TNF) superfamily (TNFSF) are proteins which are 
expressed predominantly by immune cells and regulate diverse cell functions, 
including immune response and inflammation. These molecules can also stimu-
late and inhibit certain immunological processes, depending on the receptor they 
act on (58). The superfamily contains 19 members that bind to 29 members of 
TNF receptor superfamily (59). OX40 ligand (OX40L/TNFSF4) has been studied 
in 294 patients with ischemic stroke and it was found that serum OX40L levels 
were significantly higher in patients with severe cerebral infarction compared to 
healthy controls, and were significantly higher in nonsurvivors compared to 
 survivors. A multivariate logistic regression analysis also showed that serum 
OX40L level was an independent prognostic factor for 60-day mortality (60). 
TNF-related apoptosis-inducing ligand (TRAIL/TNFSF10) showed significant 
negative correlations with NIHSS score and stroke volume independently from 
stroke subtypes, suggesting that serum TRAIL might also have a role in acute 
ischemic stroke (61). Tumor necrosis factor-like weak inducer of apoptosis 
(TWEAK/TNFSF12) is also involved in the inflammatory process during ischemic 
stroke. TWEAK and its membrane receptor Fn14 are upregulated in infarcted 
brain tissue, suggesting its role in stroke outcome (62). The role of inflammatory 
markers in the severity and outcome of stroke is crucial, and these examples illus-
trate the potential of guiding therapy according to inflammatory status assessed 
by biomarkers in trials and clinical practice. 

Inflammatory status as a predictor of recurrent non-cardiogenic 
ischemic stroke

In the real world, simple laboratory tests such as the count of peripheral blood cell 
components in the hyperacute stage of ischemic stroke also provide significant 
information on risk of complications and outcome. According to a systematic 
review, an elevated neutrophil-to-lymphocyte ratio (NLR) correlated with poor 
functional outcome and increased chance of developing symptomatic intracranial 
hemorrhage (63). During stroke reperfusion therapy, NLR predicted cerebral 
edema and clinical worsening at an early stage (64). According to another recent 
review, novel peripheral blood cell ratios such as platelet-to-neutrophil ratio 
(PNR), platelet-to-white blood cell ratio (PWR) and NLR were associated with a 
90-day mortality of patients with AIS (65). Patients with high NLRs or low PWRs 
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and PNRs may have a greater risk of mortality than other patients (65). Expansion 
of circulating CD4+CD28- T-cell subset was found to be associated with an 
increasing risk of stroke recurrence and death (66).

In a study of people without known cardiovascular disease, the The Emerging 
Risk Factors Collaboration concluded that assessment of the CRP or fibrinogen 
level in people at intermediate risk for a cardiovascular event could help prevent 
one additional event over a period of 10 years for every 400 to 500 people 
screened (67). Studies suggest a cumulative effect of LDL cholesterol and CRP on 
recurrent stroke and TIA in patients with ischemic stroke, recommending evalu-
ation of both LDL cholesterol and CRP for better medical management with statin 
in patients with a history of ischemic stroke (68). A prospective cohort study 
demonstrated an association between higher levels of IL-6, CRP and fibrinogen, 
but not leukocytes, and an increased incidence of occlusive vascular events in 
patients after stroke (69). Others found a pivotal role of activated leukocytes 
(partcularly neutrophils) and platelets (partcularly reticulated) in thrombus for-
mation (70). As a vicious circle, atherosclerosis reduces platelet survival and 
thereby increases the percentage of younger reticulated platelets in the circula-
tion, thus having a greater propensity for thrombus participation under shear 
conditions of coronary artery stenosis (71). In accordance, elevated circulating 
reticulated platelets, as a marker of increased platelet production/turnover were 
observed following an ischemic event in a TIA/ischemic stroke population (71). 
In a cheap and simple laboratory setting, the motion of peripheral blood cells 
(leukocytes, neutrophils, platelets etc.) were examined during 1-hour gravity 
sedimentation by the analogy of ESR. An upward motion (called antisedimenta-
tion) of both leukocytes and platelets proportional to their activation was 
described previously in acute ischemic stroke (40), post-stroke infection (41) and 
burn patients (72). In contrast, a downward motion of neutrophils during 1-hour 
gravity sedimentation expressed by a negative value of neutrophil antisedimenta-
tion rate was observed in those patients who suffered from composite vascular 
events during 36-month follow-up. In contrast, neither leukocyte antisedimenta-
tion rate nor platelet antisedimentation rate was found to be predictive for future 
vascular events reflecting the role of leukocytes and platelets predominantly in 
the acute phase of stroke. In accordance with others, our finding also suggests 
that neutrophils are important markers of stroke outcome (73) as their predictive 
role has recently been shown in patients with acute coronary syndrome (74). 
Besides hsCRP, procalcitonin (PCT)––a prohormone of calcitonin, produced by 
C-cells of the thyroid gland––emerged as an independent prognostic marker of 
1-year functional outcome and death (odds ratio (OR) 2.33 (95% CI, 1.33–3.44) 
and 3.11 (2.02–4.43), respectively, P < 0.0001 for both, adjusted for age, NIHSS, 
other predictors, and vascular risk factors) in patients with AIS (75). In the 
Northern Manhattan Study (NOMAS) cohort, the associations of PCT and midre-
gional proatrial natriuretic peptide (MRproANP) with ischemic stroke risk dif-
fered by stroke etiology. PCT levels in the top quartile were particularly associated 
with small vessel stroke (adjusted HR, 5.1; 95% CI, 1.4–18.7) and MRproANP 
levels with cardioembolic stroke (adjusted HR, 16.3; 95% CI, 3.7–70.9) (76). In 
an intention-to-treat-analysis, the PCT-guided antibiotic therapy did not improve 
functional outcome at three months after severe ischemic stroke, while a post hoc 
analysis demonstrated a significant increase on the first day of infection in patients 
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with pneumonia and sepsis compared to patients with urinary tract infections or 
without infections (77).

PERSPECTIVES

Careful assessment of risks for infection are needed in anti-inflammatory trials. 
The measurement of inflammatory biomarkers should be combined with the use 
of imaging biomarkers. Several promising attempts using novel modalities 
should be mentioned. For example: (i) borderzone infarcts and impaired collat-
eral flow were able to identify a subgroup of patients with intracranial stenosis 
who were at particularly high risk of recurrent stroke on medical treatment (78); 
(ii) the Stroke Imaging Package Study of Intracranial Atherosclerosis (SIPS-ICAS) 
study group provided novel insights into the pathophysiology of intracranial 
atherosclerosis and identified specific imaging markers for risk stratification and 
prognosis prediction by high-resolution magnetic resonance imaging (79); and 
(iii) considering the overlap between subjects with cardio- and cerebrovascular 
pathology, a special combination of a pharmacological stressor (dipyridamole) 
and post-stress/rest neuroimaging along with assessment of certain systemic 
markers were used in more precise identification of patients at risk for a shared 
coronary and cerebral ischemia (80). In another innovative study, enhanced 
platelet production (higher platelet count), secretion (increased CD62P and 
CD63 expression) and activation (more neutrophil-platelet and monocyte-plate-
let complexes) were observed in recently symptomatic (≤4 weeks of TIA or isch-
aemic stroke) carotid stenosis patients with ‘Grey-Scale Median echodense 
plaques’ compared with their asymptomatic counterparts, suggesting that simul-
taneous assessment of neurovascular imaging and platelet biomarkers may aid 
risk-stratification in carotid stenosis (81).

CONCLUSION

Large, adequately-sized, prospective multicentre studies are needed to determine 
whether assessment of HTPR at high and low shear stress with a range of user-
friendly platelet function testing platforms, in conjunction with pharmacogenetic 
data, will improve our ability to predict the risk of recurrent vascular events in 
patients with different stage of atherosclerosis, providing a chance to enhance 
secondary prevention following TIA or ischaemic stroke (27, 82). The principle 
that each patient should be considered as an individual in choosing the most 
appropriate treatment remains a cornerstone for an optimal treatment to achieve 
a better clinical outcome. In this context, medical therapy, both for primary and 
secondary prevention, as well as in the acute phase of a cardiovascular event, 
should be chosen, also taking into consideration inflammatory parameters. With 
increased understanding of the specific mechanisms that regulate the relationship 
between thrombo-inflammation and atherosclerosis, new, more effective and spe-
cific anti-inflammatory treatment may become available. However, approximately 
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one-third of patients are estimated to be nonadherent to secondary prevention 
medications (83). Persistence with antiplatelet medication within a cohort of hos-
pitalized ischemic stroke patients was associated with a 72.5% lower likelihood of 
recurrent hospitalized stroke (84). This is likely to be helped by a better interper-
sonal communication between professionals and the lay population in the future.
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