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WHAT THIS PAPER ADDS

This study shows that platelet reactivity testing using a flow cytometry assay can predict the peri-operative
occurrence of the microembolic signals that may cause thrombotic cardiovascular events. Despite antiplatelet
therapy to prevent secondary thrombotic events, non-responders to antiplatelet agents still have a poorer
outcome. Ideally, these high risk patients are identified in an early stage. Flow cytometry base platelet reactivity
testing might be used to identify these patients.
Objective: Peri-operative antiplatelet therapy (APT) aims to prevent thrombotic events such as stroke. High
platelet reactivity ,despite the use use of APT, increases the risk of thrombotic events. Transcranial Doppler
imaging (TCD) is used to detect peri-operative microembolic signals (MES) during carotid endarterectomy
(CEA). Peri-operative MES are associated with an increased risk of procedural stroke and new silent lesions on
diffusion weighted magnetic resonance imaging following surgery. The main components of TCD detected
MES are platelet aggregates, and therefore patients displaying multiple MES during surgery could have
benefited from more stringent APT. This study investigated whether the use of flow cytometry based platelet
reactivity measurements were correlated with the incidence of pre-operative MES and thereby in the future
suitable to predict patients at increased risk of peri-operative thrombotic events.
Methods: Bilateral TCD with MES detection was performed in 197 patients undergoing CEA. Platelet reactivity
was assessed with a flow cytometry based platelet reactivity assay measuring platelet response in whole
blood. High on treatment platelet reactivity status was assessed for all patients. The secondary outcome was
major adverse cardiovascular events (MACE) within one year.
Results: In total, 197 patients were included, 49 had peri-operative MES. The platelet response to adenosine
diphosphate (ADP) correlated with MES (p ¼ .021), and high on treatment platelet reactivity after adenosine
diphosphate stimulation was associated with MACE (OR 2.34, 95% confidence interval 1.126 e 4.890, p ¼ .023).
Conclusion: Pre-operative platelet reactivity determined by flow cytometry after ADP stimulation correlated with
the occurrence of intra-operative MES and post-operative MACE. Clopidogrel treatment showed the most
substantial effect on reducing MES frequency and platelet reactivity measured by flow cytometry.
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INTRODUCTION

Post-operative silent ischaemic brain lesions shown on
diffusion weighted magnetic resonance imaging occur in up
to 17% of patients after carotid endarterectomy (CEA) and
correlate with an unfavourable neurological prognosis.1,2
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These lesions are regarded as a surrogate marker of cere-
bral ischaemia resulting from peri-operative haemodynamic
changes and arterial microemboli. These microemboli can
be detected as microembolic signals (MES) by transcranial
Doppler imaging (TCD) during surgery. The main component
of these MES are platelet aggregates.3e5

Antiplatelet therapy (APT) is the cornerstone of throm-
bosis prevention for patients with peripheral arterial dis-
ease and carotid artery disease (CAD).6e8 The P2Y12
inhibitor clopidogrel lowers platelet reactivity and is asso-
ciated with a reduction in thrombotic events. Despite a
clear thromboembolic preventive benefit, APT is also
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associated with an increased risk of bleeding or thrombosis
in a subset of patients.9 To attain optimal efficacy, moni-
toring of APT is needed. Patients at risk of either secondary
thromboembolic cardiovascular events or bleeding can be
identified by platelet function tests (PFTs). High on treat-
ment platelet reactivity (HTPR), determined by platelet
function testing, predicts clinically silent new ischaemic le-
sions in patients undergoing carotid artery stenting.10,11

This substantiates the theory that these ischaemic cere-
bral lesions have a thromboembolic pathogenesis and that
PFTs might be capable of predicting their occurrence.

Optical light transmission aggregometry (LTA) is still
considered the gold standard PFT. A meta-analysis identified
the VerifyNow (Accumetrics, Inc., San Diego, CA), an ag-
gregation based assay, as a promising point of care test to
predict bleeding by analysing platelet reactivity in patients
using aspirin or P2Y12 inhibitors. Unfortunately, VerifyNow
has a moderate predictive value for thromboembolic
events.10 Suitable cut off values for (non-)responders need
to be determined, and reproducibility and interpretability
need to be improved.12 Meanwhile, new tests have become
available that might predict thromboembolic events more
accurately. Although flow cytometry is still laborious and
not yet a point of care test, it was previously shown that
flow cytometry based assays are more sensitive for
detecting platelet reactivity changes than aggregation based
assays.13 In this study, the aim was to investigate the pre-
dictive value of platelet reactivity measurements with flow
cytometry on the occurrence of MES during CEA.
MATERIALS AND METHODS

A single centre non-randomised cohort study in a consec-
utive series of patients with symptomatic CAD undergoing
CEA was performed. Patients were recruited at the Uni-
versity Medical Centre Utrecht (UMCU) between 2012 and
2015. Patients were eligible for inclusion after meeting the
following inclusion criteria: age > 18 years, an indication for
CEA according to current guidelines,14e16 and a temporal
skull window that allows for TCD registration. Exclusion
criteria were the need for blood transfusion prior to sur-
gery, a temporal skull window unsuitable for TCD, vitamin K
inhibitor or other anticoagulant use, or artificial cardiac
valve. The institutional review board approved the study,
and all patients provided written informed consent in
compliance with the declaration of Helsinki.

The UMCU is a large tertiary vascular referral centre.
Around 70% of CEA patients are referred from primary
centres. APT was accepted and continued as originated in
the referring centre in all patients. Patients underwent CEA
under general anaesthesia using a longitudinal arteriotomy
with simultaneous electroencephalographic neuro-
monitoring and TCD monitoring.17 All patients had pre-
operative TCD imaging. An experienced vascular surgeon
or a supervised vascular trainee executed the surgery. A
shunt or patch was used if necessary, and all patients
received heparin (5 000 IU) three minutes prior to cross
clamping. Data on patient characteristics, pre-operative
physical status as defined by the American Society of An-
esthesiologists (ASA classification), comorbidities, and clin-
ical follow up were collected from patient records.

The primary outcome was the number of solid MES during
CEA recorded by TCD. Secondary endpoints were thrombo-
embolic stroke/transient ischaemic attack (TIA) (a clinical
diagnosis by a neurologist, either direct or within one day
post-operatively), post-operative troponin elevation (at least
one measurement > 0.06 mg/L less than three days post-
operatively), post-operative bleeding and re-intervention,
ipsilateral re-stenosis (on Duplex or CT angiography where
available), major adverse cardiovascular events (MACE,
defined as stroke, TIA, or amaurosis fugax, myocardial
infarction, and surgical or endovascular peripheral interven-
tion) and death. Clinical outcome is presented for three
months of follow up and complete follow up (13.4 months).
Follow up data were obtained from electronic patient files.

A Delica UMS-9UA system equipped with a 1.6 MHz probe
in a head frame (SMT Medical, Wurzburg, Germany) allowed
hands off monitoring of the ipsilateral middle cerebral artery.
TCD monitoring started prior to induction of anaesthesia and
ended when the patient was fully awake. Experienced clinical
neurophysiology technicians performed all recordings. Two
blinded experts (T.C.L. and D.v.V.) identified the solid emboli
following the International Consensus Criteria.18 Classifica-
tion of solid emboli was performed once for each patient.19

Before induction of anaesthesia, arterial blood was
collected into 0.105 M trisodium citrate vacuum tubes
(Becton Dickinson, Temse, Belgium) for flow cytometric
platelet reactivity analysis.

Flow cytometry

Measurement of platelet reactivity with flow cytometry was
performed with platelet agonists adenosine diphosphate
(ADP) and PAR-1 activating peptide (SFLLRN).13 Whole
blood samples were processed between one and six hours
after blood collection. Platelet fibrinogen binding was used
as a proxy of integrin aIIbb3 activation. Data are presented
per agonist as the sum of the median fluorescent intensity
of each agonist concentration (SMFI). HTPR is defined as
the SMFI exceeding the 75th percentile of the SMFI of all
included patients.

All analyses were performed in SPSS Statistics 25 for
Windows (IBM, Armonk, USA). Correlation between platelet
reactivity measured with flow cytometry and the number of
solid MES was assessed with Spearman’s rho and linear
regression analysis. The predictive value of the PFT for pa-
tients at risk of MES was evaluated with a logistic regression
analysis. The effect of clopidogrel on platelet reactivity and
the number of solid MES was calculated with the non-
parametric Wilcoxon signed rank test. The occurrence of
MACE was analysed with Fisher’s exact test. Data are
available on request.

RESULTS

After meeting the inclusion and exclusion criteria, 197 pa-
tients were included. The mean age at inclusion was 70
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years, and 75% were male. In total, 106 patients had per-
operative MES. Baseline characteristics are shown in
Table 1. The majority of patients received either aspirin and
dipyridamole (39.6%) or a single P2Y12 receptor inhibitor
(mainly clopidogrel, 34.5%). Oral anticoagulants were pre-
scribed to 11.7% of all patients, and 6.6% received aspirin
monotherapy. Oral anticoagulants were prescribed after
Table 1. Baseline characteristics of 197 patients undergoing
carotid endarterectomy under bilateral transcranial Doppler
imaging for peri-operative microembolic signals

Patients (n [ 197)

Gender
Female 49 (24.9)
Male 148 (75.1)

Age e y 70 � 1
History

MI, CAD and or coronary interventions 68 (34.5)
History of peripheral intervention* 38 (19.3)
Renal failure, GFR < 50 mL/min 30/179 (16.1)

Risk factors
Current smoker 64 (32.5)
Diabetes mellitus 46 (23.4)
Hypertension 149 (75.6)
Hypercholesterolaemia 124 (62.9)

BMI e kg/m2 26.85 � 0.34
eGFR e mL/min/1.73 m2 64.61 � 2.32
ASA classification

ASA 1 6 (3.0)
ASA 2 109 (55.3)
ASA 3 80 (40.6)
ASA 4 2 (1.0)

Beta blockers 72 (36.5)
Statins 171 (86.8)
Antithrombotic therapy

Monotherapy 13 (6.6)
Aspirin and clopidogrel 15 (7.6)
Aspirin and dipyridamole 78 (39.6)
Aspirin and oral anticoagulant e
Dipyridamole monotherapy e

Clopidogrel monotherapy 68 (34.5)
Oral anticoagulant monotherapy 23 (11.7)

Ipsilateral stenosis
0e50% 3 (1.5)
50e70% 16 (8.1)
70e99% 177 (89.8)
Dissection 1 (0.5)

Symptoms
Asymptomatic 23 (11.7)
TIA 71 (36.0)
Stroke 64 (32.5)
Ocular 39 (19.8)

Indication
De novo 183 (92.9)
Restenosis 14 (7.1)

Contralateral stenosis
0e50% 118 (63.1)
50e100% 68 (36,4)
Occlusion 1 (0.5)

Data are presented as n (%) or mean � standard error of mean. ASA ¼
American Society of Anesthesiologists; MI ¼ myocardial infarction;
CAD ¼ coronary artery disease; BMI ¼ body mass index; GFR ¼
glomerular filtration rate; TIA ¼ transient ischaemic attack.
* Including interventions in carotid and upper limb arteries

C
E

A
 p

0 6419 44148

MES count

4

0

10

5

15

6256502726221817151211109765321

Figure 1. Prevalence of peri-operative solid microembolic signals
(MES) among 197 patients undergoing carotid endarterectomy
(CEA) under bilateral transcranial Doppler imaging.
inclusion in the study due to the patient’s medical condi-
tion. Flow cytometry data were available for all patients.
The mean follow up was 13.4 months (SD 10.9).

Valid TCD recordings were available for 190 patients. A
median of one (IQR 5) solid MES was observed per-
operatively (Fig. 1). Eighty-four of 190 patients (44.2%)
did not display any solid MES. Several studies identified
patients suffering from � 20 solid MES as at high risk of
peri-operative stroke.19,20 Within the study, eight of 190
patients met this criterium. They were prescribed aspirin
monotherapy (n ¼ 1), aspirin and dipyridamole (n ¼ 5),
clopidogrel (n ¼ 1), or aspirin and an oral anticoagulant
(n ¼ 1). One of these patients suffered immediate post-
operative stroke and one patient needed re-operation of
their CEA.

Platelet reactivity assessed with flow cytometry showed a
weak correlation with the number of solid MES, with r ¼
.217 for the response to ADP (p ¼ .003) and r ¼ .214 for
Table 2. Correlation between the number of peri-operative
solid microembolic signals (MES) and flow cytometry (FC)
measured platelet reactivity for adenosine diphosphate
(ADP) and thrombin receptor activation peptide 6 (TRAP-6)
in 190 patients undergoing carotid endarterectomy under
bilateral transcranial doppler imaging

FC-ADP
(n [ 190)*

FC-TRAP-6
(n [ 190)*

Solid MES

FC-ADP
Correlation coefficient
Significance, 2-tailedy

FC-TRAP-6
Correlation coefficient .897z

Significance, 2-tailedy < .001 e

Solid MES
Correlation coefficient .217*,z e.214z

Significance, 2-tailedy .003 .003 e

* Only patients with P2Y12 inhibitor treatment. Invalid transcranial
Doppler registration for seven patients in total
y Spearman’s rho.
z Correlation is significant at the .01 level (two tailed).
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the response after thrombin receptor activating peptide
(TRAP-6, p ¼ .003) (Table 2). MES frequency could only be
predicted with the response to ADP determined with flow
cytometry with b < .001 (95% CI .000 e .000, p ¼ .021),
whereas the response to TRAP-6 did not (p ¼ .15).

The association of HTPR identified by flow cytometry
with being at “high risk of stroke” (i.e., displaying > 20 solid
microemboli) was investigated. HTPR was defined as a
platelet response > 75th percentile of the platelet response
of all included patients towards either ADP or TRAP-6. Five
of eight patients with > 20 MES were identified with HTPR
by flow cytometry in response to ADP. Two of eight patients
with > 20 MES were identified with HTPR by flow cytom-
etry in response to TRAP. HTPR determined with flow
cytometry in response to ADP stimulation was associated
with the occurrence of � 20 solid microemboli (OR 5.732,
Table 3. Post-operative clinical events in 197 patients under-
going carotid endarterectomy under bilateral transcranial
doppler imaging for peri-operative microembolic signals

Clinical events Patients (n [ 197)

Immediately post-operative
Stroke 4 (2.0)
Transient ischaemic attack 0 (0.0)

After symptom free period < 1 day
Stroke 1 (0.5)
Transient ischaemic attack 4 (2.0)

Hyperperfusion syndrome
BP based 23 (11.7)
BP and symptomatology 5 (2.5)

Troponin elevation 14/194 (7.2)
Bleeding 4 (2.0)
Re-intervention 5 (2.5)

Bleeding 4 (2.0)
Direct stenosis 1 (0.5)

3 month follow up
Death 1 (0.5)
Ipsilateral restenosis
0e30% 3/193 (1.6)
31e50% 13 (6.7)
51e70% 6 (3.1)
71e99% 5 (2.6)
Occlusion 1 (0.5)

Total follow up
Time e months 13.4 � 10.9
Mortality 12/196 (6.1)
Cardiovascular related death 4 (2.0)

Major adverse events
Cardiac 14/196 (7.1)
Cerebral (Stroke, TIA, AF) 19 (9.7)
Peripheral 9 (4.6)

Ipsilateral restenosis
0e30% 6/193 (3.1)
31e50% 16 (8.3)
51e70% 8 (4.1)
71e99% 7 (3.6)
Occlusion 2 (1.0)

Re-operation due to stenosis
< 1 year 3/195 (1.5)
� 1 year 2 (1.0)

Data are presented as n (%) or mean� standard deviation. BP ¼ blood
pressure; TIA ¼ transient ischaemic attack; AF ¼ amaurosis fugax.
95% CI 1.314 e 25.003, p ¼ .020) (Table 3, Fig. 2), but HTPR
determined with flow cytometry in response to TRAP-6 was
not. Thirty-four of 83 clopidogrel users had MES and 72 non-
clopidogrel users had MES. After correction for clopidogrel
use, the correlation disappeared (adjusted odds ratio 3.898,
95% CI .803 e 18.932, p ¼ .092). Clopidogrel use correlated
with fewer solid microemboli during CEA (r ¼ e.254, p <
.001). Clopidogrel users had fewer MES than non-users (b ¼
e.215, 95% CI e7.161 to e1.500, p ¼ .003).

Within 30 days post-operatively, five patients (2.5%)
suffered a stroke. The 30 day mortality rate was 0.5% (1/
197). This patient died 12 days after the CEA due to an
immediate post-operative stroke, followed by an interven-
tion related bleed that required re-intervention and sub-
sequent palliative medical care. Four patients (2.0%)
suffered an intervention related bleed with the need for re-
intervention less than two days after CEA.

The crude mortality rate during the total follow up was
6.1% (12/197). Within the follow up period of just over one
year, 42 major adverse events occurred of which there were
14 (33.3%) cardiac, 19 (45.2%) cerebral (stroke, TIA or AF),
and nine (21.4%) peripheral events. Recurrent ipsilateral
stenosis of 51% e 70% occurred in eight patients (4.1%), re-
stenosis of 71% e 99% occurred in seven patients (3.6%),
and total occlusion in two patients (1.0%). Five patients
required a re-CEA. The mean number of MES in patients
that developed MACE was significantly higher than in pa-
tients without MACE (4.11 vs. 7.17, p ¼ .018). From the
patients who displayed � 20 MES, 37.5% suffered from
MACE compared with 23.8% in patients with < 20 MES (r¼
.238). Only an HTPR status determined by flow cytometry
ADP showed an increased risk of MACE during follow up
(OR 2.346, 95% CI 1.126 e 4.890, p ¼ .023) (Tables 3 and 4).

DISCUSSION

This is the first study correlating flow cytometry analysis of
platelet reactivity to thrombotic events. It showed that
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Figure 2. Flow cytometry (FC) measured platelet reactivity for
adenosine diphosphate (ADP) for high on treatment platelet
reactivity (HTPR) status and the number of peri-operative solid
microembolic signals (MES) in 190 patients undergoing carotid
endarterectomy under bilateral transcranial Doppler imaging.



Table 4. Patients at risk of stroke and major adverse cardiovascular events (MACE) predicted by high on treatment platelet
reactivity (HTPR) status among 190 patients undergoing carotid endarterectomy under bilateral transcranial doppler imaging
for peri-operative microembolic signals

n HTPR status defined by Univariable analysis

OR (95% CI) p value

20 solid microemboli 8 FC-ADP 5.732 (1.314e25.003) .020
FC-TRAP-6 1.045 (0.204e5.367) .96

Major adverse cardiovascular events 42 FC-ADP 2.346 (1.126e4.890) .023
FC-TRAP-6 1.765 (0.837e3.721) .14

ADP ¼ adenosine diphosphate; TRAP-6 ¼ thrombin receptor activating peptide-6; CI ¼ confidence interval; FC ¼ flow cytometry.
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platelet reactivity measured by flow cytometry could pre-
dict the number of MES measured by TCD during CEA.
Platelet reactivity measured with flow cytometry after
stimulation with ADP correlated with MES frequency.
Platelet reactivity in response to ADP stimulation, measured
with flow cytometry, could identify patients at risk of post-
operative silent ischaemic brain lesions (displaying � 20
microemboli).

Although the VerifyNow is the most commonly used test
for monitoring APT, reports on the association between
VerifyNow results and clinical outcome are inconsistent.
HTPR, according to the VerifyNow P2Y12 assay, was related
to stent thrombosis, myocardial infarction, or cardiovascular
death in large trials studying more than2 500 patients un-
dergoing percutaneous coronary interventions.21,22 Some
studies found an association with clinical outcome in high
risk patients with stable CAD with diabetes and chronic
kidney failure.23 Other trials did not show a predictive
value.24,25 There is no proven benefit from adjusting APT
based on platelet reactivity test outcome.26,27

Flow cytometry is possibly a more sensitive way of
testing platelet reactivity because it has the advantage of
quantifying platelet activation on a wide scale. Flow
cytometry based assays are more sensitive than aggregation
based assays to detect platelet reactivity changes.13

Therefore, more nuanced differences in platelet activity
can be detected. Further studies are needed to verify this
hypothesis.

The correlation between MES and the occurrence of ce-
rebral symptoms is firmly grounded.28 During CEA, per-
operative MES occur due to manipulation of the athero-
sclerotic plaque (during dissection) and activation of
platelets by the exposed collagen below the injured endo-
thelium of the endarterectomy and clamp site after
restoring the blood flow. The process of microemboli for-
mation is pluricausal. Given the weak correlation between
platelet reactivity assessed with flow cytometry and the
number of solid MES, it is hypothesised that the influence
of pre-existing (elevated) platelet reactivity plays a role as
one of the factors in the formation of microemboli. The
differences in response towards ADP and TRAP support this
hypothesis. MES can be either gaseous or solid, bearing
different clinical consequences. Classifying MES as being
solid or artefacts is mentally demanding, limiting the
availability of the procedure and potentially leading to less
reliable results. Thus far, human experts are the gold stan-
dard.29 The benefit of pre-operative blood tests to predict
MES instead of a time consuming TCD measurement is
therefore substantial.

Since only five patients were identified as non-
responders to clopidogrel by flow cytometry (ADP), addi-
tional studies will have to investigate the influence of HTPR
on MES frequency. For the TCD registration, only per-
operative measurements were available; no data concern-
ing post-operative embolisation were available. The asso-
ciation of the flow cytometry assay with MES warrants
further investigation of the usability of this test.

Clopidogrel use was a strong predictor of low platelet
reactivity towards ADP and TRAP-6, measured with flow
cytometry. Clopidogrel reduces the occurrence of MES,
possibly explaining the low mean MES frequency in this
study.20,30 Previous studies on P2Y12 inhibition and MES
frequency have demonstrated that platelet response to-
wards ADP is significantly higher in patients with > 25 MES,
measured with both LTA and flow cytometry.31 A small
cohort of 100 patients on aspirin were randomised to clo-
pidogrel (n ¼ 46) or placebo (n ¼ 54) prior to surgery.
Clopidogrel use reduced the platelet response towards ADP,
resulting in a ten fold relative risk reduction of displaying >
20 post-operative microemboli.20 This was confirmed by a
retrospective cohort study investigating 270 patients on
aspirin and 75 mg of clopidogrel compared with a historical
control cohort.30 Embolisation occurred more frequent in
the historical cohort (3.2% vs. 0.4%, p ¼ .006). However,
another study found no difference in MES between the
antiplatelet regimens Asasantin (dipyridamole 200 mg/
aspirin) 25 mg twice daily, Asasantin plus 75 mg clopidogrel
once daily or Asasantin plus Rheomacrodex (dextran 40)
100 g/L intravenously (500 mL).32 In practice, despite the
protective effect of clopidogrel, only 31% of the centres
participating in the Asymptomatic Carotid Surgery Trial
(ACST)-2 study treated patients undergoing CEA with dual
antiplatelet therapy prior to intervention and only 24%
post-intervention.33 As DAPT is now increasingly incorpo-
rated in guideline recommendations; patients might
currently be better protected against the occurrence of MES
and by extension against silent lesions on diffusion
weighted imaging.34 After inclusion, oral anticoagulants



Platelet Reactivity to Predict Per-operative Solid Microemboli During CEA 805
were prescribed in 14.7% of patients possibly resulting in
more MES (i.e., advanced disease).

There are some limitations to the study. First, guidelines
switched to advising clopidogrel over acetylsalicylic acid,
yet new studies propose a low dose antiplatelet agent
combined with a direct acting oral anticoagulant.35,36 The
influence of these strategies on platelet reactivity and the
predictability of MES is uncertain. No details about the
influence of CYP2C19 polymorphisms, a gene involved in
the metabolism of clopidogrel, on the platelet reactivity
test outcome in the study can be given.23 Platelet reac-
tivity might be affected both in carriers of slow metabo-
liser and ultra rapid metaboliser genes. In patients with
CAD, slow metabolisers showed a genotypic hazard ratio
for MACE of 1.41 (95% CI 1.06 e 1.89, p ¼ .010). Easier
accessibility and lower cost of genomic analysis would
allow for assessment of abnormal responses to APT and
the risk of thrombotic complications in non-responders.
Last, this is a tertiary medical centre with high comor-
bidity rates and patients presenting with complex anat-
omy and late stage disease. Therefore, MES rates could be
above average.

Despite clopidogrel use, there remains a group of pa-
tients that have more MES and are prone to a poorer
outcome. Notwithstanding that the effect of clopidogrel
shown in the study might suggest that TCD monitoring, or
platelet function testing, is not necessary anymore, flow
cytometry testing might be of value to identify these ultra
high risk patients pre-operatively at an early stage of their
treatment. Further exploration of the nuances of platelet
function test results using flow cytometry will uncover the
potential of these tests.
Conclusion

Platelet reactivity towards ADP, assessed by flow cytometry
can predict the occurrence of per-operative solid MES
measured by TCD during CEA and post-operative MACE.
Clopidogrel treatment showed the most substantial effect
on reducing microemboli frequency and platelet reactivity
measured by flow cytometry.
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