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Differential Effects of Ticagrelor With or 
Without Aspirin on Platelet Reactivity and 
Coagulation Activation: A Randomized Trial in 
Healthy Volunteers
Ludwig Traby1 , Marietta Kollars1, Alexandra Kaider2, Jolanta M. Siller-Matula3,  
Martin F. Wolkersdorfer4, Michael Wolzt5, Paul A. Kyrle1,* and Sabine Eichinger1

Dual antiplatelet therapy (DAPT) is standard in acute coronary heart disease but confers a bleeding risk. To compare 
the effects of ticagrelor-monotherapy with ticagrelor-based DAPT on hemostatic system activation, we conducted 
a randomized controlled trial in 44 volunteers using a loading-dose regimen and measured platelet-aggregometry 
triggered by adenosine diphosphate (multiple electrode aggregometry (MEA)-ADP) and arachidonic acid (MEA-AA), 
the vasodilator-stimulated phosphoprotein (VASP), prothrombin fragment 1.2 (f1.2), and d-Dimer. Ticagrelor-based 
DAPT and ticagrelor-monotherapy significantly decreased MEA-ADP (Δmean: −51.4 (−56.9; −45.8) and −46.2 (−51.7; 
−40.7)) and VASP (Δmean: −70.3 (−76.2; −64.4) and −69.6 (−75.5; −63.7)) at 2 hours and over 24 hours. MEA-AA 
was reduced significantly by both treatments (Δmean: −72.9 (−80.6; −65.3) and −25.7 (−33.3; −18.0)) at 2 hours, 
and stronger by ticagrelor-based DAPT over 24 hours. Both treatments decreased f1.2 (geometric mean ratio (GMR): 
0.92 (0.84; 1.01) and 0.88 (0.80; 0.96)) and d-Dimer (GMR: 0.89 (0.86; 0.92) and 0.91 (0.88; 0.94)) at 2 hours and 
d-Dimer over 24 hours. Ticagrelor-monotherapy and ticagrelor-based DAPT comparably affect hemostatic system 
activation.

Coronary heart disease (CHD) is the most frequent cause of 
death in Western countries1,2 and is associated with considerable 
morbidity and high hospitalization rates.3–5 Revascularization 
therapy with percutaneous coronary intervention and stent im-
plantation in combination with inhibition of platelet and coag-
ulation activation is the main treatment strategy in acute CHD. 
The backbone of antithrombotic CHD regimens is the inhibition 

of platelet function. Aspirin together with a P2Y12 inhibitor rep-
resents the standard antiplatelet therapy in acute CHD.6–10 High 
on-treatment platelet reactivity is a substantial problem in the 
management of acute CHD and is responsible for increased rates 
of early in-stent re-thrombosis and subsequent treatment compli-
cations.11 Dual antiplatelet therapy (DAPT) with the reversible 
P2Y12 inhibitor ticagrelor together with aspirin has significantly 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Dual antiplatelet therapy (DAPT) is effective in the preven-
tion of thrombotic complications in coronary heart disease, but 
confers a high risk of bleeding. Ticagrelor-monotherapy following 
1 month of ticagrelor-based DAPT after stenting is noninferior 
when compared with clopidogrel-based or ticagrelor-based DAPT.
WHAT QUESTION DID THIS STUDY ADDRESS?
 What is the difference in the effect on platelet reactivity 
and coagulation activation between ticagrelor-based DAPT 
and ticagrelor monotherapy?

WHAT DOES THIS STUDY ADD TO OUR KNOW- 
LEDGE?
 Evidence demonstrating the comparability of the impact 
of ticagrelor-monotherapy and ticagrelor-based DAPT on 
platelet reactivity and coagulation activation in healthy male 
volunteers.
HOW MIGHT THIS CHANGE CLINICAL PHARMA- 
COLOGY OR TRANSLATIONAL SCIENCE?
 The findings of our study support aspirin-free treatment 
concepts in cardiovascular disease.
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reduced the rate of death from vascular causes, myocardial in-
farction, or stroke, as well as the incidence of stent thrombosis 
when compared with clopidogrel-based DAPT in acute coronary 
syndromes.12,13

DAPT in acute CHD is highly effective in preventing 
thrombotic complications, but confers a considerable risk of 
bleeding.12,14–16 Novel potent P2Y12 inhibitors as antiplatelet 
monotherapy may confer a decreased risk of bleeding without los-
ing antithrombotic efficacy compared with conventional DAPT. 
To test this hypothesis, we studied the effects of monotherapy 
with the P2Y12 inhibitor ticagrelor vs. DAPT (ticagrelor plus 
aspirin) on markers of hemostatic system activation at the site 
of plug formation in blood emerging from the microvasculature 
after a standardized injury (made by creating minimal skin inci-
sions). We did not find a difference in the inhibition of platelet 
activation or coagulation activation between mono-antiplatelet 
therapy with a P2Y12 inhibitor and DAPT.17 Notably, ticagrelor 
with or without aspirin reduced coagulation activation as mea-
sured by prothrombin fragment 1.2 (f1.2), whereas antiplatelet 
therapy consisting of clopidogrel with or without aspirin lacked 
this effect. Further, we observed a significant decrease in throm-
boxane B2 (TxB2) generation by ticagrelor even in the absence of 
aspirin.17

In the present study, we sought to re-evaluate the effects of tica-
grelor without aspirin and ticagrelor-based DAPT on platelets by 
using assay systems specifically designed to assess platelet reactivity 
in venous blood. Multiple electrode aggregometry (MEA) detects 
the electrical impedance change due to the adhesion and aggre-
gation of platelets on two independent electrode-set surfaces.18 
Flow cytometric evaluation of the phosphorylation state of vaso-
dilator-stimulated phosphoprotein (VASP) provides a measure of 
the activity of the platelet adenosine diphosphate (ADP) receptor 
P2Y12. Both methods are commonly used for the rapid assessment 
of on-treatment platelet reactivity in patients with CHD.19–21 
Finally, we aimed to reassess the effects of ticagrelor  with and 
without aspirin on coagulation activation by measuring the levels 
of f1.2 and d-Dimer also in venous blood.

RESULTS
Subjects
Of the 44 volunteers (median age 24 (25th; 75th percentile: 23; 
27) years), 22 were randomized to ticagrelor together with aspirin 
and 22 were randomized to ticagrelor together with placebo.

The two groups did not differ in terms of blood counts and 
global coagulation tests at the start of treatment. No severe adverse 
event occurred in any of the volunteers.

Effects of ticagrelor combined with aspirin vs. ticagrelor 
combined with placebo on ADP-induced platelet aggregation 
evaluated with MEA-ADP
The reduction of ADP-induced platelet aggregation at 2 hours 
(baseline vs. 2 hours) did not differ between groups and was 71% 
in volunteers who received ticagrelor combined with aspirin and 
64% in volunteers who received ticagrelor combined with pla-
cebo (Table 1 and Figure 1). In line with this result, there was no 
difference between the two treatment groups with respect to in-
hibition of ADP-induced platelet aggregation at 24 hours when 
compared with the 2-hour levels (2 hours vs. 24 hours; Table S1, 
Figure  1). A slight but significant difference between the two 
treatment groups in the inhibition of ADP-induced platelet 
aggregation was observed at 24 hours when compared with the 
baseline levels (baseline vs. 24 hours; Table S1, Figure 1).

Effects of ticagrelor combined with aspirin vs. ticagrelor 
combined with placebo on arachidonic acid-induced platelet 
aggregation evaluated with MEA-arachidonic acid
The inhibition of arachidonic acid (AA)-induced platelet ag-
gregation at 2 hours (baseline vs. 2 hours) was more pronounced 
in the ticagrelor combined with aspirin group than in the tica-
grelor combined with the placebo group (87% vs. 29%; Table 1 
and Figure 1). Moreover, a significant difference in the extent 
of AA-induced platelet aggregation was detectable between 
the groups at 24  hours when compared with the baseline and 
2-hour levels (baseline vs. 24  hours and 2  hours vs. 24  hours, 
respectively; Table S1, Figure 1).

Table 1  Effects of ticagrelor combined with aspirin and ticagrelor combined with placebo on platelet reactivity evaluated 
with MEA-ADP, MEA-AA, and VASP in venous blood from baseline to 2 hours in 44 healthy male volunteers

 

MEA-ADP (U) MEA-AA (U) VASP (PRI)

Ticagrelor + aspirin Ticagrelor + placebo Ticagrelor + aspirin Ticagrelor + placebo Ticagrelor + aspirin Ticagrelor + placebo

Baseline 70 (63−79) 67 (62−74) 84.5 (78−91) 83.5 (79−94) 85 (82−87.6) 85.6 (81.8−87.1)

2 hours 20 (16−24) 24 (20−27) 11 (7−16) 60 (48−72) 10.1 (4.9−16) 12.1 (6.8−18.2)

P valuea < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

P valueb 0.19   < 0.0001   0.86  

Δmeana −51.4  
(−56.9 to −45.8)

−46.2  
(−51.7 to −40.7)

−72.9  
(−80.6 to −65.3)

−25.7  
(−33.3 to −18.0)

−70.3  
(−76.2 to −64.4)

−69.6  
(−75.5 to −63.7)

Δmeanb −5.2  
(−13.0 to 2.6)

  −47.2  
(−58.1 to −36.4)

  −0.7  
(−9.1 to 7.7)

 

Values are given as median (quartiles) or mean difference (Δmean) (95% confidence interval) for multiple electrode aggregometry ADPtest (MEA-ADP), multiple 
electrode aggregometry ASPItest (MEA-AA), and VASP. AA, arachidonic acid; ADP, adenosine diphosphate; MEA, multiple electrode aggregometry; PRI, platelet 
reactivity index; U, units; VASP, vasodilator-stimulated phosphoprotein.
aFrom baseline to 2 hours. bDifferences between treatment groups.
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Effects of ticagrelor combined with aspirin vs. ticagrelor 
combined with placebo on VASP
Compared with baseline, at 2  hours after the first intake of the 
study drug, a significant and comparable decrease in platelet re-
activity was found in the ticagrelor combined with aspirin group 
and in the ticagrelor combined with placebo group, as represented 
by a reduction in VASP (88% vs. 86%; Table 1 and Figure 1). No 
significant differences in platelet reactivity between the groups 
were found in terms of platelet inhibition as evaluated with VASP 
at 24 hours when compared with the baseline and 2-hour levels 
after the first intake of the study drug (baseline vs. 24 hours and 
2 hours vs. 24 hours, respectively; Table S1, Figure 1).

Effects of ticagrelor combined with aspirin vs. ticagrelor 
combined with placebo on TxB2 formation
Ticagrelor combined with aspirin almost completely eliminated 
the TxB2 generation 24  hours after the first intake of the study 
drug when compared with baseline (P < 0.0001). Ticagrelor and 
placebo had no significant effect on TxB2 generation when the 
baseline levels were compared with the levels at 24 hours after the 
first ticagrelor intake (P = 0.85). The decrease in TxB2 generation 
at 24 hours was significantly stronger (P < 0.0001) in the ticagre-
lor plus aspirin group than in the ticagrelor plus placebo group 
(Table S3, Figure 2).

Effects of ticagrelor combined with aspirin vs. ticagrelor 
combined with placebo on coagulation activation
Compared with baseline, at 2  hours after the first intake of the 
study drug, a decrease in coagulation activation represented by lev-
els of f1.2 and d-Dimer was found in both the ticagrelor combined 
with aspirin group and the ticagrelor plus placebo group (Table 2 
and Figure  3). With respect to d-Dimer, the decrease recorded 
from baseline to 2 hours was significant, whereas there was a trend 
toward significance in the decrease in f1.2.

No significant difference of f1.2 between groups was detected 
when the levels at 24 hours after the start of treatment were com-
pared with the baseline and 2-hour levels (Table  S2, Figure  3). 
Concerning changes in d-Dimer levels for these comparisons 
(baseline vs. 24 hours and 2 hours vs. 24 hours), there was a sig-
nificant difference between the two groups (Table S2, Figure 3).

DISCUSSION
In this study, by using MEA-ADP and VASP assays, we showed 
that ticagrelor with or without aspirin has a strong antiplatelet ef-
fect mediated by the inhibition of the ADP receptor. In healthy 

Figure 1  Boxplots of the effects of ticagrelor combined with aspirin 
and ticagrelor combined with placebo on adenosine diphosphate-
triggered platelet aggregation (multiple electrode aggregometry 
(MEA)-ADP) (a), arachidonic acid-triggered aggregation (MEA-AA) 
(b), and vasodilator-stimulated phosphoprotein (VASP) levels (c) 
in venous blood at different time points over the observation 
period compared with baseline levels. *P < 0.05 for changes from 
baseline to 2 hours, from baseline to 24 hours, from 2 to 24 hours, 
and between treatment groups. n.s., nonsignificant; PRI, platelet 
reactivity index; U, units.
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male volunteers, the MEA-ADP and VASP levels were substan-
tially reduced at 2 hours and 24 hours after ticagrelor intake with 
or without aspirin. The results of our study agree well with our 
previous findings in blood emerging from the microvasculature 
sampled directly at the site of thrombus formation.17 Ticagrelor 
without aspirin inhibited platelet activation, as represented by 
β-thromboglobulin levels in the microcirculation, to a similar ex-
tent as ticagrelor combined with aspirin.

A further finding of this study is that MEA-ADP and VASP 
levels measured after 24  hours remained lower than the baseline 

levels. This observation must be interpreted by considering the 
comparatively short half-life of ticagrelor (7–9 hours) and the tica-
grelor loading dose regimen of 180 mg in our study rather than the 
twice-daily dosing in long-term routine use. In contrast to clopido-
grel, which is a prodrug and an irreversible platelet function inhib-
itor, ticagrelor is a reversible P2Y12 inhibitor.22–24 This means that 
ticagrelor, after its release from initially inhibited platelets, may 
occupy P2Y12 receptors on previously unaffected platelets,25–27 
which may, at least in part, explain the prolonged effect on plate-
let activity assessed using MEA-ADP and VASP. Moreover, as the 
P2Y12 inhibitory effect of ticagrelor is independent of cytochrome 
P450 amplifications to generate full antiplatelet potential, an ac-
tive metabolite is generated in the process of metabolization. This 
metabolite exhibits an up to 30% stronger potency in P2Y12 inhi-
bition and has an even longer half-life (8–12 hours) than unmet-
abolized ticagrelor.28

As expected, AA-induced platelet aggregation was substan-
tially inhibited in individuals receiving ticagrelor combined 
with aspirin reflecting the cyclooxygenase dependency of the 
assay system. Importantly, ticagrelor without aspirin also in-
hibited AA-induced platelet aggregation albeit to a much lesser 
extent. The mechanisms explaining this observation could be 
intracellular cross-linked signaling pathways leading to a re-
duced reactivity to AA stimulation caused by an antiplatelet 
effect mediated by potent P2Y12 receptor inhibition via ticagre-
lor. This consideration is in line with our findings that the lev-
els of TxB2, which is generated via cyclooxygenase and, thus, is 
directly inhibited by the cyclooxygenase inhibitor aspirin, were 
not affected by ticagrelor without aspirin. Thus, it seems that 
ticagrelor also displays a moderate effect on AA-induced plate-
let aggregation, partially mimicking an aspirin effect. It has been 
postulated that ticagrelor can blunt thromboxane A2 (TxA2) 
receptor signaling in platelets and reduce platelet production 
of TxA2.29 Our study confirms the findings of previous studies 
showing that the P2Y12 receptors are critical to the generation 
of irreversible aggregation through the TxA2-dependent path-
way.30 Therefore, the antiplatelet effects of aspirin and ticagrelor 
seem to be separately additive, indicating an overlap in effects. 
As a result, strong P2Y12 receptor blockade, as with ticagrelor 
without aspirin, causes the inhibition of AA-induced platelet 

Figure 2  Boxplot of the effects of ticagrelor combined with aspirin 
and ticagrelor combined with placebo on thromboxane B2 (TxB2) 
levels in venous blood at baseline and 24 hours after study 
treatment. *P < 0.05 for changes from baseline to 24 hours and 
between treatment groups. n.s., nonsignificant.

Table 2  Effects of ticagrelor combined with aspirin and ticagrelor combined with placebo on coagulation activation 
evaluated with f1.2 and d-Dimer in venous blood from baseline to 2 hours in 44 healthy male volunteers

 

f1.2 (nmol/L) d-Dimer (μg/mL)

Ticagrelor + aspirin Ticagrelor + placebo Ticagrelor + aspirin Ticagrelor + placebo

Baseline 0.094 (0.084−0.126) 0.095 (0.079−0.159) 0.104 (0.085−0.166) 0.142 (0.089−0.230)

2 hours 0.080 (0.076−0.116) 0.091 (0.070−0.141) 0.098 (0.080−0.142) 0.138 (0.089−0.213)

P valuea 0.082 0.005 < 0.0001 < 0.0001

P valueb 0.42   0.35  

GMRa 0.92 (0.84−1.01) 0.88 (0.80−0.96) 0.89 (0.86−0.92) 0.91 (0.88−0.94)

GMRb 1.05 (0.93−1.20)   0.98 (0.93−1.03)  

Values are given as median (quartiles) and GMR (95% confidence interval) for prothrombin fragment f1.2 (f1.2) and D-dimer, respectively. GMR, geometric mean 
ratio.
aFrom baseline to 2 hours. bDifferences between treatment groups.
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aggregation albeit to a lesser extent than with DAPT. These 
findings might offer an explanation for the recent results of the 
large-scale Global Leaders trial.31 In that trial, patients undergo-
ing percutaneous coronary intervention and stenting for stable 
coronary artery disease or acute coronary syndromes were ran-
domly assigned to either ticagrelor-monotherapy for 23 months 
or to DAPT (clopidogrel or ticagrelor based) for 11  months, 

followed by aspirin monotherapy for 12 months after a common 
first month of dual platelet function inhibition. There was no 
difference with respect to major cardiovascular events in the two 
groups.

Another noteworthy finding of our study is the lack of any influ-
ence of the 300 mg aspirin loading dose on ADP-induced platelet 
aggregation. This result does not support the hypothesis that the 
higher aspirin dose routinely used in North America (300 mg daily 
vs. 100 mg daily in Europe) could explain the results of the PLATO 
trial.32 In that trial, the North American cohort, in contrast to the 
European cohort, failed to demonstrate the advantage of ticagre-
lor-based DAPT over clopidogrel-based DAPT.12 A prostanoid 
mechanism has been proposed as an explanation for this “North 
American ticagrelor-aspirin phenomenon”: the addition of aspirin 
at higher doses could cause significant reductions in the produc-
tion of prostanoids (e.g., prostaglandin I2 from the blood vessel 
wall), leading to a loss of possible synergistic antiplatelet effects of 
high endogenous prostacyclin and ticagrelor.33–35 Therefore, when 
combined with a high level of P2Y12 inhibition with ticagrelor, the 
net effect of aspirin doses > 300 mg could cause the removal of an-
tithrombotic and vasodilating prostanoids, resulting in a reduction 
of the antiplatelet effectiveness of the aspirin treatment.29

Ticagrelor with and without aspirin affected not only the 
platelet function but also the activation state of the coagulation 
system. The levels of f1.2 and d-Dimer in venous blood were di-
minished 2 hours after the first administration of the study drug 
independently of concomitant aspirin. These results confirm our 
previous findings in microvascular blood, in which ticagrelor 
combined with aspirin and ticagrelor combined with placebo re-
duced the levels of f1.2 by a geometric mean ratio of 0.58 (95% 
confidence interval 0.45−0.75) and 0.55 (95% confidence inter-
val 0.38−0.80), respectively.17 although the inhibitory effects of 
ticagrelor on ADP-induced and AA-induced platelet aggregation 
as well as on VASP were sustained over 24 hours, the inhibitory 
effects on parameters of coagulation activation only persisted for 
d-Dimer in the ticagrelor-monotherapy group. The f1.2 (in both 
groups) and d-Dimer (only in the ticagrelor combined with aspirin 
group) levels returned to the baseline values at 24 hours after intake 
of the loading dose.

The specific strengths and limitations of this study need to be 
addressed. We evaluated the effects of ticagrelor with and with-
out aspirin in an elaborate experimental in vivo setting in men, by 
performing a randomized, double-blinded, placebo-controlled, 
parallel-group trial. To study the effects of ticagrelor, we applied 
commercially available, widely used point-of-care assays that pro-
vide results relevant in clinical practice. We included only healthy 
male volunteers rather than patients with CHD, yielding a ho-
mogenous, well-characterized cohort. The lack of a clinical end 
point is an obvious disadvantage of this study design. Another 
limitation concerns the duration of treatment and, consequently, 
the lack of long-term data. To ensure safety for the probands, we 
kept the on-treatment time as short as possible and administered 
only 1 loading dose (180 mg) of ticagrelor (combined with either 
300  mg aspirin or placebo). The used dosages of ticagrelor and 
aspirin were chosen in accordance with the recommendations 
published in current guidelines regarding loading regimens of 

Figure 3  Boxplots of the effects of ticagrelor combined with aspirin 
and ticagrelor combined with placebo on prothrombin fragment 1.2 
(f1.2) (a) and d-Dimer (b) levels in venous blood at different time 
points over the observation period compared with baseline levels. 
*P < 0.05 for changes from baseline to 2 hours, from baseline to 
24 hours, from 2 to 24 hours, and between treatment groups. n.s., 
nonsignificant.
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antiplatelet therapy in acute coronary syndromes.8–10 The reported 
results represent the secondary outcome parameters of a previously 
reported study,17 and the number of subjects was powered to de-
tect a difference in the main outcome parameter, β-thromboglobu-
lin levels in microvascular blood, in that study.

The concept of aspirin sparing in cardiovascular disease is heav-
ily debated.36 Balancing the potential benefits of DAPT regarding 
cardiovascular end points with the risk of bleeding remains a chal-
lenge and has been addressed in clinical trials.12,14–16 Several trials 
compared the effects of ticagrelor or aspirin monotherapy with 
ticagrelor-based DAPT. The aforementioned Global Leaders trial 
found no difference in the rates of bleeding.31 Zhao et  al.37 pos-
tulated a positive effect of ticagrelor-based DAPT on the patency 
of saphenous vein grafts in elective coronary artery bypass graft-
ing when compared with either ticagrelor or aspirin monotherapy. 
DAPT resulted in markedly higher rates of noncoronary artery by-
pass grafting-related bleeding compared with ticagrelor or aspirin 
monotherapy.

CONCLUSION
The findings of our study support the emerging aspirin-free con-
cepts in CHD by demonstrating that P2Y12 inhibition without 
aspirin inhibits AA-induced platelet aggregation to a moderate 
level, as well as the coagulation activation to a comparable degree 
to DAPT. Therefore, our study confirms the results of previous 
ex vivo studies and supports the concept postulating that the an-
tiplatelet effects of aspirin and ticagrelor might be separately ad-
ditive. Additional studies in patients with CHD evaluating the 
concept of P2Y12 inhibitor monotherapy are warranted.

METHODS
Study population
The study population consisted of young, healthy, nonsmoking, male 
volunteers. The exclusion criteria were history of bleeding or any known 
disorders associated with an increased bleeding risk, any history of sys-
temic inflammatory or cardiovascular diseases, obesity, allergy or con-
traindication to any of the studied drugs, known gastrointestinal disease, 
any other significant findings in physical examination or laboratory 
workup, excessive consumption of alcohol, or intake of any medication 
within 2 weeks before the start of the study.

This study was conducted according to the Declaration of Helsinki 
(including current revisions) and the International Conference on 
Harmonization Good Clinical Practice guidelines. The study protocol was 
approved by the Ethics Committee of the Medical University of Vienna, 
Austria (EK 184/2010), and the trial is registered at clini​caltr​ials.gov 
(NCT02120092) and in the European clinical trials database (EudraCT 
2010-019643-19). Written informed consent was obtained from all sub-
jects before any study-related procedures were conducted.

Study design
The study was conducted as a randomized, parallel-group, dou-
ble-blind, placebo-controlled trial from May until December 2013 at 
the Departments of Medicine I and Clinical Pharmacology, Medical 
University of Vienna, Vienna, Austria. Randomization was done using 
the permuted block method with a block size of four. A person not di-
rectly involved in study-related procedures performed concealment of 
the respective drugs. Investigators involved in the study were not aware 
of the randomization codes, which were only broken after completion of 
the trial and of all laboratory analyses.

The trial was scheduled for two consecutive days. The study medica-
tion was administered in the fasting state once at day 1. Blood sampling 
was performed on day 1 before the first intake of the study medication 
and 2, 6, and 24 hours thereafter. The volunteers received 180 mg tica-
grelor (Brilique/Brilinta; AstraZeneca, Södertälje, Sweden) together with 
300 mg nonenteric coated aspirin (DAPT) or 180 mg ticagrelor together 
with placebo.

Blood sampling
Venous blood was collected from an antecubital vein after loosening the 
tourniquet by using a 21-gauge needle or an 18-gauge venous catheter. 
The first tube of collected blood was discarded. Venous blood samples for 
platelet and coagulation tests were collected in tubes containing a 3.8% 
(0.129  mol/L) solution of sodium citrate (Vacuette; Greiner Bio-One, 
Kremsmünster, Austria), hirudin (Roche, Mannheim, Germany), or into 
serum barrier gel tubes (Vacuette; Greiner Bio-One). Where required, 
the samples were centrifuged at 2,600 g for 15 minutes at 4°C. The clear 
supernatant was separated and stored at −80°C until further use.

Laboratory analyses
Multiple electrode aggregometry. MEA was performed using a bed-
side impedance aggregometer (Multiplate Analyzer; Roche).20,21,38–41 
Hirudin anticoagulated venous whole blood is used in this standard-
ized assay. The ADP-stimulated assay ADPtest (MEA-ADP) was 
used to test for the antiplatelet effect of P2Y12 inhibitors. The AA-
stimulated assay ASPItest (MEA-AA) was used to test for the anti-
platelet effect of aspirin.
Vasodilator-stimulated phosphoprotein. The platelet reactivity index 
was calculated using the results determined using flow cytometry with 
a commercially available assay (PLT/VASP P2Y12; Stago, Asnières sur 
Seine, France). Flow cytometric analysis of citrated whole blood was 
performed using a FACScan Cytometer with CellQuest 4.0.2 software 
(Becton Dickinson, Franklin Lakes, NJ).

TxB2 was determined in serum using a commercially available en-
zyme-linked immunoassay kit (Thromboxane B2 EIA Kit; Cayman 
Chemical, Ann Arbor, MI).

The f1.2 and d-Dimer levels were determined in citrated plasma using 
commercially available enzyme-linked immunoassay kits (Enzygnost 
F1+2 (monoclonal); Siemens Healthcare Diagnostics Products, Erlangen, 
Germany; Asserachrom D-Di; Stago).

Platelet and hemoglobin levels as well as prothrombin time, activated 
partial thromboplastin time, and fibrinogen level were determined using 
standard assays and procedures according to hospital routine.

Statistical methods
We analyzed the parameters of platelet reactivity and coagulation ac-
tivation according to the protocol-predefined secondary end points of 
a recently published study.17 The number of subjects was powered to 
detect a difference in the primary outcome variable (β-thromboglob-
ulin levels) in microvascular blood at baseline and 2  hours after the 
first intake of the study drug and was set to a final sample size of 22 
volunteers per group following a predefined interim analysis regarding 
the sample size.

Data are given as median and quartiles (25th and 75th percentiles), 
unless stated otherwise. Owing to their skewed distributions, some of the 
continuous outcome variables (TxB2, f1.2, and d-Dimer) were log-trans-
formed before statistical analyses.

To assess the short-term and long-term effects (by comparing baseline 
values with measurements at 2 and 24 hours after the first intake of the 
study drug), and to compare these changes between the two treatment 
groups (with or without aspirin), repeated-measures analysis of variance 
models were used. Within these analysis of variance models, the time point 
was considered as the repeated within-subject factor and the treatment 
group as the between-subject factor. In untransformed variables, effect 
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sizes are described by the mean difference (Δmean (95% confidence inter-
val)). In log-transformed variables, effects are described by the geometric 
mean ratio (95% confidence interval) obtained by retransforming mean 
differences from the logarithmic to the original scale.

All P values were the results of two-sided tests, and P values < 0.05 were 
considered statistically significant.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).

Table S1. Effects of ticagrelor combined with aspirin and ticagrelor 
combined with placebo on platelet reactivity evaluated with MEA-ADP, 
MEA-AA, and VASP in venous blood from baseline to 24 hours and from 
2 to 24 hours in 44 healthy male volunteers.
Table S2. Effects of ticagrelor combined with aspirin and ticagrelor 
combined with placebo on coagulation activation evaluated with f1.2 
and d-Dimer in venous blood from baseline to 24 hours and from 2 to 
24 hours in 44 healthy male volunteers.
Table S3. Effects of ticagrelor combined with aspirin and ticagrelor com-
bined with placebo on platelet activity evaluated with TxB2 in 44 healthy 
male volunteers. 
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