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Abstract
It is known that atrial fibrillation (AF) is associated with the procoagulant state. Several studies have reported an increase of
circulating microparticles in AF, which may be linked to a hypercoagulable state, atrial thrombosis and thromboembolism.
We evaluated in our study alterations in both platelet (PMP, CD42b) and endothelial-derived (EMP, CD144) microparticle levels
on anticoagulant therapy with rivaroxaban in nonvalvular AF. After administration of rivaroxaban, PMP levels were increased
(median, [IQR] 35.7 [28.8-47.3] vs. 48.4 [30.9-82.8] cells/mL; P ¼ 0.012), along with an increase in EMP levels (14.6 [10.0-18.6]
vs. 18.3 [12.9-37.1] cells/mL, P < 0.001). In the multivariable regression analysis, the independent predictor of post-dose change in
PMPs was statin therapy (HR �0.43; 95% CI�0.75,�0.10, P ¼ 0.011). The post-dose change in EMPs was also predicted by statin
therapy (HR �0.34; 95% CI �0.69, �0.01, P ¼ 0.046). This study showed an increase in both EMPs and PMPs at the peak plasma
concentration of rivaroxaban. Statins have promising potential in the prevention of rivaroxaban-related PMP and EMP release.
The pro-thrombotic role of PMPs and EMPs during rivaroxaban therapy requires further study.
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Introduction

Circulating microparticles (MPs) are membrane-derived struc-

tures shed into circulation from all morphotic blood elements

as well as the vascular endothelium in response to cellular

apoptosis or activation.1,2 Previous studies have suggested that

MPs play a functional role in cardiovascular disease. Increased

levels of MPs have been found in the presence of acute cor-

onary syndromes,3 in coronary angioplasty patients4 and in

patients with a history of stroke.5 Platelet-derived MPs (PMPs)

were an independent risk factor for the infarct volume in

patients with acute ischemic stroke.6 High levels of

endothelial-derived MPs (EMPs) have been reported to impact

the severity, lesion volume and outcome of acute ischemic

stroke.7 Several studies have reported an increase of MPs in

AF, which may be linked to a hypercoagulable state, atrial

thrombosis and thromboembolism.8-12 Siwaponanan et al13

showed an increase in PMP and EMP levels in AF patients,

which may reflect endothelial damage and platelet activation.

In the recent study, the administration of dabigatran was asso-

ciated with an increase in PMP levels in the AF patients, and

the release of PMPs strongly correlated with the concentration

of drug in the blood, suggesting that lower dabigatran
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concentrations were able to diminish post-drug platelet activa-

tion.14 However, to the best of our knowledge, no study has

assessed the levels of PMPs and EMPs in patients with non-

valvular AF treated with rivaroxaban depending on the concen-

tration of anticoagulant in the blood yet. Therefore, we aimed

to evaluate the levels of the MPs expressing platelet glycopro-

tein Ib (CD42b, PMPs) and vascular endothelial cadherin

(VE-cadherin, CD144, EMPs) in patients with non-valvular

AF while on rivaroxaban.

Methods

Blood samples from 34 patients who were screened in our

department between August 2015 to August 2017 were exam-

ined. Written informed consent was obtained from each sub-

ject. The data were anonymized prior to statistical analysis. In

accordance with the Declaration of Helsinki, the study was

approved by the Jagiellonian University Ethics Committee

(No. 122.6120.97.2015, Krakow, Poland).

Recruitment Criteria

The study included patients with non-valvular AF (paroxysmal,

persistent, or permanent) receiving rivaroxaban anticoagula-

tion therapy at least 7 days prior to measurement. Patients with

unstable coronary artery disease (CAD), exacerbation of

chronic heart failure, uncontrolled hypertension, recent

(<3 months) thromboembolic events such as stroke/TIA or

systemic embolism, neoplastic disease, connective tissue dis-

ease, uncontrolled thyroid disease and chronic kidney disease

(CKD) stage 4 or higher, with an active infection or undergoing

treatment with steroids were excluded from the study.15

Methods

According to the protocol of the study, we determined the level

of PMPs and EMPs twice, at the time of the expected minimum

(22 to 24 h after intake of rivaroxaban) and maximum concen-

trations in the blood (1 to 3 hours after drug ingestion).

Following that, we determined the peak rivaroxaban plasma

concentration.

Patients received a real-life dose of rivaroxaban according

to current guidelines.16 A standardized questionnaire was used

to collect the patients’ demographics data, as well as informa-

tion about their cardiovascular risk factors and current treat-

ment.15 The CHA2DS2-VASc score was used to evaluate their

risk of stroke or systemic embolism.17 We estimated the

patients’ bleeding risk using the HAS-BLED score.18 Patients

were monitored for 12 months for cases of stroke, systemic

embolism and major bleeding.

Measurement of Platelet-Derived and Endothelial-
Derived Microparticle Levels

Sixty-eight venous blood samples were collected into CTAD

vacuum glass tubes (Vacutainer™, Becton Dickinson).

Platelet-free plasma samples were prepared following recom-

mendations by the International Society on Thrombosis and

Haemostasis.19 PMP and EMP levels were quantified through

the direct fluorescence method using a flow cytometry assay

(FACSCalibur flow cytometer, Becton Dickinson, USA), as

described previously.14,20,21 Values were reported as counts/mL

of platelet-poor plasma. The change in MP levels (DPMPsand

DEMPs, respectively) was defined as the difference between the

number of MPs at times of expected peak and trough levels of

rivaroxaban. The technicians performing these measurements

were blinded to the treatment groups.

Measurement of Rivaroxaban Concentration

Venous blood was drawn into tubes containing Monovette ®

vacuum tubes (S-Monovette, Sarstedt), each containing 3.2%
trisodium citrate solution (10:1). Plasma concentrations of riv-

aroxaban were determined in 24 patients with the BCS XP

Automated Blood Coagulation Analyzer System (Siemens

Healthcare Diagnostics Products GmbH, Marburg, Germany),

using a DiXal assay (Hyphen BioMed, Neuville-sur-Oise,

France) as per the manufacturer’s instructions.22

Statistical Analysis

The power of the study was 90% to detect a 10% difference in

median MPs, based on a previous study.13 Thirteen patients

were required in each group in order to demonstrate at least

the minimum difference in MPs. Unless otherwise specified,

variables were reported as the mean + standard deviation or

the median and interquartile range (IQR). The quantitative

variables were tested for normality of distribution with the

Shapiro-Wilk test and compared between the groups with the

t-Student test or the Mann-Whitney U test. Pre- and post-

rivaroxaban MPs levels were checked with the Wilcoxon-

sign test. The linear relationship between continuous variables

was evaluated with Pearson’s correlation test or Spearman’s

rank test. The clinical and laboratory variables that showed the

association with MPs in the univariate model (P < 0.10) were

included in the multivariate analysis. The models were adjusted

for age. P-values < 0.05 were considered statistically signifi-

cant and data were analyzed using Statsoft Inc STATISTICA

13.0 software.

Results

Clinical Characteristics of the Study Subjects

The clinical characteristics are summarized in Table 1. The

study group was comprised of 34 patients with AF (paroxysmal

n ¼ 12 [35.3%]; persistent n ¼ 10 [29.4%]; permanent n ¼ 12

[35.3%]) treated with rivaroxaban. This includes 23 patients

(67.7%) taking a standard dose of 20 mg once daily (o.d.) and

11 patients (32.3%) receiving a reduced dose of 15 mg o.d.

Almost all patients (n ¼ 33; 97.1%) were at a high risk for

stroke (CHA2DS2-VASc score �2). A quarter of patients

(n ¼ 9; 26.5%) had a high risk of bleeding (HAS-BLED score
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�3). Patients who were treated with 20 mg of rivaroxaban were

more frequently males, were younger, had a lower prevalence

of peripheral artery disease and CKD grade 3, were undergoing

antiplatelet therapy, with lower CHA2DS2-VASc and HAS-

BLED scores, and had both higher creatinine clearance and

hemoglobin compared to those treated with a dose of 15 mg

o.d. PMP and EMP levels before and after rivaroxaban admin-

istration were not associated with the concentration of rivarox-

aban (Table 1).

Plasma concentrations of PMPs and their determinants. PMP levels

after anticoagulant administration were higher in patients older

than 65 years and treated with angiotensin II receptor blockers.

Patients with hypercholesterolemia treated with a statin had

lower post-rivaroxaban PMPs (Supplemental Table 1). There

was no difference in PMPs before anticoagulant administration

in the aforementioned groups.

PMP levels increased after rivaroxaban administration

(median [IQR] 35.7 [28.8-47.3] vs. 48.4 [30.9-82.8] cells/mL;

P ¼ 0.012) (Figure 1).

In the multivariable regression analysis, statin therapy was

the only independent predictor of DPMPs (hazard ratio [HR]

� 0.43; 95% confidence interval [CI]�0.75,�0.10; R2¼ 0.18;

Table 2).

Plasma concentrations of EMPs and their determinants. EMP levels

before taking rivaroxaban correlated positively with age

(r ¼ 0.35, P ¼ 0.043), the CHA2DS2-VASc score (r ¼ 0.36,

P ¼ 0.036), and the HAS-BLED score (r ¼ 0.37, P ¼ 0.029).

Patients older than 65 years had higher EMP levels before

anticoagulant administration and a trend toward higher EMPs

after anticoagulant administration (Supplemental Table 1).

Patients treated with a statin had a lower EMPs count both

before and after rivaroxaban administration. Patients with

hypercholesterolemia had lower EMP levels after anticoagu-

lant administration and a trend toward lower EMP levels before

anticoagulant administration.

EMP levels increased after taking anticoagulants (14.6

[10.0-18.6] vs. 18.3 [12.9-37.1] cells/mL, P < 0.001) (Figure 1).

Table 1. Characteristics of Patients.a

Overall (n ¼ 34) Rivaroxaban 15 mg (n ¼ 11) Rivaroxaban 20 mg (n ¼ 23) P-value

Demographic and risk factors
Age (years) 67.4 + 11.3 75.5 + 5.2 63.6 + 11.4 0.003
Female sex 17 (50.0) 9 (81.8) 8 (34.8) 0.010
BMI (kg/m2) 29.3 + 4.4 28.9 + 4.6 29.4 + 4.4 0.750
CHA2DS2-VASc score 4.2 + 2.0 6.0 + 1.6 3.4 + 1.6 <0.001
HAS-BLED score 2.0 + 1.0 2.7 + 0.8 1.7 + 0.9 0.002
Hypertension 30 (88.2) 11 (100.0) 19 (82.6) 0.141
Diabetes mellitus 12 (35.3) 6 (54.5) 6 (26.1) 0.104
Hypercholesterolemia 31 (91.2) 11 (100.0) 20 (87.0) 0.210
Smoking (ever) 11 (32.4) 3 (27.3) 8 (34.8) 0.661
Coronary artery disease 18 (52.9) 8 (72.7) 10 (43.5) 0.110
Peripheral artery disease 7 (20.6) 5 (45.5) 2 (8.7) 0.013
Congestive heart failure 18 (52.9) 6 (54.5) 12 (52.2) 0.897
Prior stroke/TIA 6 (17.6) 2 (18.2) 4 (17.4) 0.955
Chronic kidney disease (grade 3) 3 (8.8) 3 (27.3) 0 (0.0) 0.009

Medications
Antiplatelet drugs 8 (23.5) 5 (45.5) 3 (13.0) 0.037
ACEI 24 (70.6) 8 (72.7) 16 (69.6) 0.850
ARB 7 (20.6) 2 (18.2) 5 (21.7) 0.810
Statin 28 (82.4) 10 (90.9) 18 (78.3) 0.365

Laboratory
ClCr (ml/min) 79.8 + 29.8 58.6 + 14.6 89.9 + 30.2 0.004
Hgb (g/dL) 14.2 + 1.5 13.2 + 1.2 14.7 + 1.4 0.006
PLT (103/ml) 234.8 + 130.1 210.4 + 68.6 246.4 + 151.1 0.458
Rivaroxaban concentration (ng/ml) 167.4 + 138.1 209.9 + 162.6 141.9 + 119.9 0.251
PMPs before rivaroxaban (MPs/ml) 41.0 + 21.1 39.2 + 17.1 41.8 + 23.2 0.738
PMPs after rivaroxaban (MPs/ml) 63.5 + 47.9 64.3 + 45.3 63.2 + 50.2 0.950
EMPs before rivaroxaban (MPs/ml) 15.2 + 6.6 15.6 + 5.9 15.0 + 7.0 0.786
EMPs after rivaroxaban (MPs/ml) 29.0 + 25.7 28.2 + 18.0 29.3 + 29.0 0.908

Abbreviations: BMI, body mass index; CHA2DS2-VASc score, Congestive heart failure, Hypertension, Age �75 years, Diabetes, Prior stroke/transient ischemic
attack (TIA)/thromboembolism, Vascular disease, Age 65–74 years, Sex category (female); HAS-BLED, Hypertension, Abnormal renal/liver function, Stroke,
Bleeding history or predisposition, Labile international normalized ratio (INR), Elderly, Drugs/Alcohol concomitantly; ACEI, angiotensin-converting-enzyme
inhibitors; ARB, angiotensin II receptor blockers; ClCr, creatinine clearance according to the Cockcroft-Gault equation; Hgb, haemoglobin; PLT, platelet level;
PMPs, platelet-derived microparticles; MPs/ml, number of circulating microparticles/ml; EMPs, endothelial-derived microparticles.
aValues are presented as n (%) or mean + standard deviation.
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The independent predictor of DEMPs was statin therapy

(HR �0.34; CI �0.69, �0.01; R2 ¼ 0.12; Table 3).

12-Month Follow-Up. Neither ischemic stroke nor systemic

thromboembolism were observed during the 12-month

follow-up period. A new thrombus in the left ventricular apex

was revealed with echocardiography in 1 patient treated with a

reduced dose of rivaroxaban. No major bleeding was observed

during the follow-up. Minor nasal bleeding was observed in

1 patient receiving a standard dose of rivaroxaban.

Discussion

To the best of our knowledge, this is the first study of AF

patients to demonstrate flow cytometric analysis of PMP and

EMP concentrations in nonvalvular AF patients on anticoagu-

lant therapy with rivaroxaban depending on the expected

minimum and maximum concentration of anticoagulant in the

blood. Unexpectedly, we observed that the administration of

rivaroxaban was associated with an increase in PMP and EMP

levels, suggesting post-drug endothelial and platelet activation.

Statin therapy was associated with a lower post-rivaroxaban

increase in PMPs and EMPs.

PMPs and EMPs are an essential part of the physiological

clotting process and of thrombosis. In vitro studies have shown

that PMPs released from activated platelets may be involved in

blood clot formation and fibrinolysis.23 In our study, we used

PMPs expressing platelet glycoprotein Ib (GPIb, CD42b), a

marker of platelet activation. It is a component of the GPIb-

V-IX complex on platelets that binds von Willebrand factor

and mediates platelet plug formation and adhesion to the sub-

endothelium at sites of injury.24 We assessed in our study

Figure 1. Panel A, B. Associations between administration of rivaroxaban (pre, post) and PMP, EMP levels in patients with AF. Panel C, D. Post-
rivaroxaban change in PMPs level (DPMPs) and EMPs level (DEMPs) according to statin use. Values are presented as a median and interquartile
range, and black points indicate outliers.

Table 2. Multivariable Regression Analysis of DPMPs (R2 ¼ 0.18).a

Univariate analysis Multivariate analysis

Variable HR (95% CI) P-value HR (95% CI) P-value

Age (years) 0.34 (�0.01, 0.67) 0.052 — —
Statin �0.43 (�0.75, �0.10) 0.012 �0.43 (�0.75, �0.10) 0.011
ARB 0.29 (�0.06, 0.63) 0.102 — —

aFor abbreviations, see Table 1.

Table 3. Multivariable Regression Analysis of DEMPs (R2 ¼ 0.12).a

Univariate analysis Multivariate analysis

Variable HR (95% CI) P-value HR (95% CI) P-value

Age (years) 0.33 (�0.01, 0.67) 0.059 — —
HAS-BLED

score
0.32 (�0.01, 0.67) 0.061 — —

Statin �0.35 (�0.69, -0.01) 0.046 �0.34 (�0.69, �0.01) 0.046

aFor abbreviations, see Table 1.
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EMPs expressing vascular endothelial cadherin (VE-cadherin,

CD144), a marker of endothelial activation,25 which is an

endothelial-specific adhesion protein located at the junctions

between endothelial cells and plays a crucial role in endothelial

barrier function and angiogenesis.26

There are limited data on MPs level during anticoagulation.

Siwaponanan et al13 demonstrated a marked increase in total

circulating MP levels and evidence of platelet activation and

endothelial damage, as demonstrated by increased PMP and

EMP levels, in the AF patients treated predominantly with

warfarin. Duarte et al27 reported higher PMP in the AF patients

taking rivaroxaban and warfarin compared to the non-AF

group. The authors suggested that warfarin or rivaroxaban use

decreased thrombin generation triggering, thereby attenuating

the thrombotic potential of MPs. In both studies, the relation-

ship between the time of blood collection and administration of

an anticoagulant was not evaluated. In our study, we collected

blood for analyses twice, at time intervals for the predictable

minimum and maximum rivaroxaban blood levels, because our

goal was to evaluate the expression of PMP and EPM depend-

ing on the expected concentration of anticoagulant in the blood.

Rivaroxaban, a direct activated factor X inhibitor (FXa),

causes both delayed thrombin generation and the forma-

tion.28,29 It targets free and clot-bound FXa and FXa in the

prothrombinase complex, which activates prothrombin to

thrombin.30 Looking at the mechanism of action of rivaroxa-

ban, we expected that after drug administration, levels of PMPs

would decrease during the period of its predicted highest antic-

oagulant blood concentration. Unexpectedly, we observed that

the administration of rivaroxaban was associated with an

increase in PMP and EMP levels which may suggest a pro-

thrombotic effect. Regarding baseline MPs levels, the expres-

sion of EMPs was higher before drug administration in patients

>65 years of age. Therefore, the expression of certain MPs may

be related to the drug’s peak action and influenced by age. We

hypothesize that feedback between FXa thrombin generation,

PMPs and EMPs may explain alterations in MP levels observed

in our study. However, the exact mechanism and clinical sig-

nificance of this remains to be established.

MPs have primarily been described as having procoagulant

properties.8-12 MPs expose anionic phospholipids such as phos-

phatidylserine on their outer leaflet, which assemble calcium-

dependent coagulation factors on the surface of MPs, thus

forming tenase and/or prothrombinase complexes, leading to

thrombin formation.31 Moreover, tissue factor expressed on

MPs triggers the coagulation cascade in a factor VII-

dependent manner.31 However, data from previous in vitro32,33

and in vivo34 studies suggest that MPs may also exert antic-

oagulant and fibrinolytic activity.31,35 EMPs and leukocyte

microparticles containing tissue plasminogen activator and

urokinase-type plasminogen activator may contribute to

increased plasmin generation and fibrinolysis.34 The study by

Berckmans et al36 showed that MPs in plasma from healthy

humans support fibrinolysis. Unfortunately, it has not been

established whether this fibrinolytic activity was limited to a

specific subpopulation of MPs. The study by Lacroix et al34

suggested that profibrinolytic MPs may compensate for the

effect of procoagulant MPs, which may explain the heteroge-

neity of results. The anticoagulant activity of PMPs is associ-

ated with the binding of the protein S and the activation of

protein C.37-39 Interestingly, anticoagulant and procoagulant

effects for platelets may be coupled to the same platelet stimu-

lation responses,37 and the activated protein C system has the

capacity to counterbalance the procoagulant ability of MPs.39

Nonetheless, Hérault et al40 observed the inhibiting effect of

factor Xa inhibitors on the prothrombinase activity of PMPs in

an animal model, suggesting that PMPs display a potent pro-

thrombotic effect in vivo partially reversed by xabans. Several

studies reported a beneficial effect of rivaroxaban on platelet

activation. Petzold et al41 showed that rivaroxaban exerts an

antiplatelet effect because it reduces arterial thrombosis by

inhibiting FXa-induced platelet activation in a mechanism

independent of thrombin. Sokol et al,42 in their study on AF

patients receiving rivaroxaban or apixaban, showed that 2 hours

after its oral administration, xabans inhibited thrombin-induced

platelet aggregation in patients who had been receiving the

drug for more than a week. Contrary to this observation, in the

study by Steppich et al,43 direct inhibitors of factor Xa, such as

apixaban and rivaroxaban, failed to demonstrate any significant

changes in platelet reactivity in the patients with AF after sti-

mulation with different agonists. In our study, less than 25% of

patients were receiving antiplatelet therapy, and we did not

observe any significant effect of these drugs on the MPs levels

(Supplemental Table 2). Previous studies suggested that acet-

ylsalicylic acid may reduce PMP and EMP levels in patients

with CAD.44 Perzborn et al45 investigated the effects of rivar-

oxaban in combination with antiplatelet drugs on thrombin

production and platelet aggregation in vitro and on arterial

thrombosis and hemostasis in rat models. Researchers have

shown that the combination of rivaroxaban with antiplatelet

drugs works synergistically to reduce platelet activation, which

may lead to the delayed or reduced formation of coagulation

complexes, thereby enhancing antithrombotic potency.

Previous studies have shown vasoprotective effects of rivar-

oxaban. Álvarez et al46 showed in their study on human umbi-

lical vein endothelial cells that rivaroxaban enhanced viability,

growth, and migration of endothelial cells, suggesting its pro-

tective effects on the endothelium. Also, a study by Pham

et al47 showed that rivaroxaban attenuated the development

of endothelial dysfunction in diabetic mice. The complexity

of the mechanism of rivaroxaban might have contributed to the

discrepancies in the results of studies on MPs function, as it has

been shown to increase endothelial nitric oxide (NO) synthase

expressions in endothelial progenitor cells48 and inhibit

protease-activated receptors signaling in atrial fibroblasts.49

In the AF patients anticoagulated with rivaroxaban, we

observed that treatment with statins was associated with a

lower increase in DPMPs and DEMPs. It should be emphasized

that statin-treated patients at baseline had a lower PMPs and

EMPs count prior to the administration of rivaroxaban (Supple-

mental Table 1). This may be related to the complex effect of

statins, as they inhibit platelet activation50,51 and reduce

Lenart-Migdalska et al 5



endothelial damage regardless of rivaroxaban.52 The anticoa-

gulant properties of statins are related to decreased tissue factor

expression, reduced thrombin generation and attenuation of

thrombin-catalyzed reactions, as well as increased endothelial

thrombomodulin expression.53

Our observations may help in developing individual treat-

ment strategies, particularly in patients with thrombosis despite

the use of NOAC. A protective effect of statin therapy in the

rivaroxaban anticoagulated patients may be beneficial in the

AF patients with coexisting hypercholesterolemia, although

further studies are required.

Study Limitations

Despite careful selection of the study group, the influence of

comorbidities on PMP and EMP in this subgroup of patients

could not be ruled out. We cannot ignore that the size of the

investigated group was limited. However, the number of sub-

jects was sufficient to detect differences between groups given

the results of the power calculation. While the number of

patients taking statins allowed for the evaluation of the correla-

tion with the blunt increase in microparticles, two of the other

potential factors, antiplatelets and ARBs had much lower num-

bers and likely underpowered to be able to assess. The limita-

tion of our study may also be the lack of differentiation

between the types of statins that were used by the patients, as

well as their dosages. Differences in the pharmacokinetics of

statins could influence the results observed. Due to the high risk

of thromboembolism in the study group, we did not include

patients with AF and without anticoagulation treatment.

Results of our study have provided useful information

regarding the trends of PMPs and EMPs expression; however,

it did not give us data on whether it is a persistent or only

temporary phenomenon and whether it is a result of direct

activation of platelets and endothelium or a drug effect. Indeed,

taking more serial measurements during the period of rivarox-

aban reaching its peak concentration could shed more light, and

this requires further research. Probably the ongoing studies

concerning the assessment of the concentration of NOACs in

patients with AF will provide additional data to the interpreta-

tion of the results of our study (LOAF, NCT04684056; COR-

IDA NCT02643992, MAS NCT03803579).

Conclusion

In patients with non-valvular AF, rivaroxaban administration is

associated with an increase in PMP and EMP levels. The

release of microparticles is influenced by the statin; it causes

a smaller increase after taking the drug, which suggests a pro-

tective, anticoagulant effect. This mechanism may enhance

anticoagulation therapy in patients with atrial fibrillation and

reduce the risk of thromboembolism. Our findings provided are

scientifically relevant and warrant further studies with a larger

cohort. Due to the above-mentioned limitations of the study,

we are not entitled to stop using anticoagulant therapy.
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