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LIST OF ABBREVIATIONS 

ACS: acute coronary syndrome 

ADP: adenosine diphosphate 

AF: atrial fibrillation 

AMI: acute myocardial infarction 

ASA: acetylsalicylic acid, aspirin 

ATLAS ACS-2–TIMI-51: Anti-Xa Therapy to Lower Cardiovascular Events in 

Addition to Standard Therapy in Subjects With Acute Coronary Syndrome ACS 2–

Thrombolysis In Myocardial Infarction 51 trial 

AUGUSTUS: A Study of Apixaban in Patients With Atrial Fibrillation, Not Caused 

by a Heart Valve Problem, Who Are at Risk for Thrombosis (Blood Clots) Due to 

Having Had a Recent Coronary Event, Such as a Heart Attack or a Procedure to 

Open the Vessels of the Heart 

BARC bleeding definition: Bleeding Academic Research Consortium 

BMI: Body Mass Index  

CABG: Coronary Artery Bypass Graft 

CAD: Coronary Artery Disease 

CHD: Coronary Heart Disease 

CI: Confidence Interval  

CIF: Cumulative Incidence Function 

CNMA: Component Network Meta-Analysis 

COMPASS: Cardiovascular OutcoMes for People Using Anticoagulation StrategieS 

CVE: CardioVascular Event 

DALYs: Disability Adjusted Life Years 

DAPT: Dual Antiplatelet Therapy 

DES: Drug Eluting Stent 

DOAC: Direct Oral AntiCoagulant 

EMBASE: Excerpta Medica database 

GUSTO bleeding definition: Global Strategies for Opening Occluded Coronary 

Arteries 
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HPR: High Platelet Reactivity 

HR: Hazard Ratio 

HUMIR: Hungarian Myocardial Infarction Registry 

IPA: Inhibition of Platelet Aggregation 

ISTH bleeding definition: International Society for Thrombosis and Hemostasis  

LD: Loading Dose 

LPR: Low Platelet Reactivity 

MACE: Major Adverse Cardiovascular Event 

MACCE: myocardial infarction, major cerebral or cardiovascular event 

MEDLINE: Medical Literature Analysis and Retrieval System Online, National 

Library of Medical Publications 

MD: Maintenance Dose 

MD: Mean Difference 

MI: Myocardial Infarction 

NMA: Network Meta-Analysis 

DOAC: Direct Oral AntiCoagulant 

NPR: Normal Platelet Reactivity 

NVAF: non-valvular atrial fibrillation 

OAC: Oral AntiCoagulation 

PAD: peripheral artery disease 

PCI: percutaneous coronary intervention 

PIONEER-AF PCI: Prevention of bleeding in patients with AF undergoing PCI trial 

PLATO bleeding definition: Platelet Inhibition and Patient Outcomes 

PRI: Platelet Reactivity Index 

PROBAST: Prediction model Risk Of Bias Assessment Tool 

PROSPERO: International Prospective Register of Systematic Reviews 

PRU: Platelet Reactivity Unit  

PS: Propensity Score 
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RCT: Randomized Controlled Trial 

REACH: REduction of Atherothrombosis for Continued Health registry 

RE-DUAL PCI: Dual antithrombotic therapy with dabigatran after PCI in atrial 

fibrillation trial 

RR: Relative Risk, Risk Ratio 

SCAD: stable coronary artery disease 

ST: stent thrombosis 

SOCRATES: Acute Stroke Or Transient IsChaemic Attack TReated With Aspirin or 

Ticagrelor and Patient OutcomES 

SUCRA: Surface Under the Cumulative RAnking curve 

TASS: Ticlopidine Aspirin Stroke Study 

TAVI: Transcatheter Aortic Valve Implantation  

TAT: Triple Antithrombotic Therapy 

THALES trial: The Acute Stroke or Transient Ischaemic Attack Treated with 

Ticagrelor and ASA for Prevention of Stroke and Death  

TIA: Transient Ischemic Attack 

TIMI bleeding definition: Thrombolysis In Myocardial Infarction 

TRIOLOGY ACS: Comparison of Prasugrel and Clopidogrel in Acute Coronary 

Syndrome Subjects trial  

TRITON TIMI-38: Trial to Assess Improvement in Therapeutic Outcomes by 

Optimizing Platelet Inhibition with Prasugrel–Thrombolysis in Myocardial Infarction 

VASP-P: VAsodilator-Stimulated Phospho Protein  

VKA: Vitamin-K Antagonist 

WOEST trial: What is the Optimal antiplatElet & Anticoagulant Therapy in Patients 

With Oral Anticoagulation and Coronary StenTing trial 
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1. PROLOGUE 
1.1. Coronary artery disease 

Heart disease is a major cause of death and disability in developed countries. One 

common type of the heart disease is called coronary heart disease (CHD), sometimes 

referred to as coronary artery disease (CAD). CAD is the foremost single cause of 

mortality and loss of Disability Adjusted Life Years (DALYs) globally1. A large 

number of this burden falls on low- and middle-income countries accounting for 

nearly 7 million deaths and 129 million DALYs annually. The coronary arteries 

supply blood flow to the heart muscle. Plaque damages the coronary arteries, and 

blood platelets can accumulate to these damaged areas, causing blockage of blood 

flow. This can lead to ischemia or acute coronary syndrome (ACS). ACS is a life-

threatening, disabling medical condition that affects more than 22.000 patients over 

the age of 20 years in Hungary.2 Rupture of an atherosclerotic plaque that results in 

partial or complete occlusion of an epicardial coronary artery causing imbalance 

between the oxygen supply and demand, is the most common mechanism 

responsible for ACS. Plaque disruption exposes subendothelial collagen, which 

results in activation of platelets and the coagulation cascade, leading to thrombus 

formation and myocardial infarction (MI). Therefore, platelet inhibition therapy 

plays a key role in the treatment and secondary prevention of acute myocardial 

infarction (AMI).3 
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1.2. Effect on clinical endpoints achieved by platelet aggregation inhibitors 

Antiplatelet therapy represents the cornerstone treatment and secondary prevention 

of CAD. Compared with placebo, antiplatelet therapy has been shown to reduce 

recurrent major adverse cardiovascular events (MACE) among patients with stable 

CAD or ACS.4 Patients with ACS undergoing percutaneous coronary intervention 

(PCI) with drug-eluting stents (DES) are currently recommended dual antiplatelet 

therapy (DAPT), consisting of aspirin (acetylsalicylic acid, ASA) with a P2Y12 

receptor (also known as adenosine diphosphate (ADP)-receptor) inhibitor for at least 

12 months.5–8 The pharmacological mechanism of action of platelet aggregation 

inhibitors is the inhibition of thrombocyte activation and/or impeding aggregation. 

The treatment goal is preventing thrombotic complications such as stent thrombosis.9 

However, this strategy increases bleeding risk even in patients with a high 

thrombotic risk of ACS.10–12  

Furthermore, the degree of the achieved platelet inhibition, as adjudged based on the 

on-treatment residual platelet reactivity may be variable. Specifically, important 

inter-individual variability in the response to ADP antagonist therapy has been 

observed with a potential impact on the clinical outcomes. Patients with a low 

response to clopidogrel i.e. with high-on clopidogrel platelet reactivity have a higher 

risk of ischemic adverse events.13–15 Some reports found another tendency in patients 

with low-on clopidogrel platelet reactivity toward propensity for bleeding events, 

however, this was not invariable in all reports.16–18 Lines of evidence support that the 

risk represented by the degree of platelet inhibition is more expressed in high-risk 

individuals, like those who experienced a recent MI.19,20 The choice of optimal DAPT 

regimen and duration for patients with CAD requires a tailored approach based on 

the patient clinical presentation, baseline risk profile and management strategy. 
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1.3. Aspects of combined treatment of anticoagulation and platelet aggregation 

inhibitor therapy  

Non-valvular atrial fibrillation (NVAF) is the most commonly diagnosed heart 

rhythm abnormality. In Hungary, it is estimated that approximately 200,000 adults 

over the age of 65 have NVAF and it occurs in every 10th person over the age of 70.21  

NVAF is also an independent risk factor for ischemic stroke severity, recurrence, and 

mortality.22,23 Anticoagulation is required for the prevention of thrombo-embolic 

complications related to NVAF.23 Over the past decade, novel direct oral 

anticoagulants (DOACs), dabigatran, rivaroxaban, apixaban and edoxaban have 

become the treatment of choice in patients with NVAF over warfarin.24  

However, estimates suggest that about 30% of patients with NVAF may have 

simultaneously CAD and 15% will require PCI with stent placement to treat 

obstructive coronary artery disease during their lifetimes.25  

Furthermore, the optimal antithrombotic regimen after PCI in patients with NVAF is 

still unclear. Oral anticoagulation (OAC) is indicated for stroke prevention whereas 

DAPT is given for the prevention of stent thrombosis. On the other hand, the 

combination of OAC and DAPT, also known as triple antithrombotic therapy (TAT), 

comes with a price of a considerably increased risk of major bleeding and mortality.26 

Identifying an optimal antithrombotic regimen to prevent bleeding and ischemic 

events presents an unmet challenge to physicians treating patients with NVAF.  
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2. AIMS 

The main aims of our studies were the following: 

• to evaluate the significance of low platelet reactivity on adverse 

cardiovascular events 

• to investigate the safety and efficacy outcomes of oral anticoagulation and 

dual antiplatelet therapy after percutaneous coronary intervention 

• to compare the safety and efficacy outcomes of ticagrelor with other P2Y12 

receptor inhibitors and/or aspirin in the treatment of high-risk patients in 

secondary stroke prevention 

This PhD thesis is based on 3 studies. The first study is a meta-analysis of 

observational and randomized controlled trials (RCT). The second study is a 

propensity score matched survival analysis of the prospective Hungarian Myocardial 

Infarction Registry (HUMIR) collecting clinical data on consecutive patients treated 

for AMI in Hungary. The third study is based on a network meta-analysis (NMA) of 

RCTs.   
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3. BACKGROUND 

3.1. Risk of adverse events associated with low platelet reactivity in patients with 

percutaneous coronary intervention 

Clopidogrel used to be the gold standard antiplatelet agent before the introduction of 

new more potent P2Y12 inhibitors, such as ticagrelor and prasugrel, which 

demonstrated their clinical advantage in large randomized controlled trials involving 

ACS patients. Both prasugrel and ticagrelor provide more effective inhibition of 

platelet function than aspirin, however, their use was followed by an increased 

bleeding risk. 7,27 

Platelet function testing provides information on individual response to antiplatelet 

drugs and platelet reactivity that has been associated with a strong correlation to 

clinical outcomes after ACS.28,29 Several studies have found a strong relationship 

between high platelet reactivity (HPR) and increased risk of thrombotic events.30,31 

With the use of more effective agents the prevalence of HPR has decreased and an 

increasing proportion of patients have low on-treatment ADP reactivity. However, 

the clinical significance of low platelet reactivity (LPR) is less well established and it 

is not measured routinely. 

This study demonstrated increased risk of major and minor bleeding events with 

LPR while patients with LPR had lower risk of non-fatal MI and the composite 

endpoint of serious vascular events while mortality remained insignificant between 

the two groups.32 
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3.2. Oral anticoagulation and outcomes in patients with acute myocardial infarction 

In patients with NVAF and ACS in addition to antiplatelet therapy anticoagulation is 

required. The possible drawbacks of this combination have been well studied in 

patients with AF. 33,34 Specific considerations regarding patients with AF undergoing 

PCI include the fact that DAPT is essential to prevent stent thrombosis, but 

insufficient for stroke prevention.35 Besides that, OAC treatment is necessary for 

stroke prevention; however, it is unable to provide adequate prevention for new 

coronary events.34–36   

Antiplatelets on top of OAC significantly increases the risk of bleeding 

complications, therefore long-term triple therapy should be avoided.37,38 

Recently, several trials attempting to optimize the adjunctive pharmacotherapy with 

direct OACs based protocols were published showing a reduction of bleeding 

complications.39,40 Most of these trials were underpowered for ischemic endpoints, 

and the addition of a P2Y12 inhibitor or aspirin to an OAC showed no significant 

impact on efficacy. Due to the lack of data on high-risk ACS patients the 

generalizability of AMI treatment remains unclear. 41 

This study showed that the seemingly higher risk of all-cause mortality and MACE, 

in patients with AMI who have undergone PCI and treated with concomitant DAPT 

and were on oral anticoagulation therapy, may be attributable to inherently higher 

risk of these cases.41  
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3.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-

risk patients in secondary stroke prevention 

Stroke is ranked as the second leading cause of death worldwide with a mortality 

rate of 5.5 million per year. For patients who have suffered an ischemic stroke, 

antiplatelet therapy is also important for secondary prevention.42 Platelet aggregation 

plays an important role in the mechanisms of stroke; therefore, antiplatelet therapy 

interferes with the evolution of these events exerting important preventive capability. 

According to some recent data ticagrelor might show favorable outcomes in stroke 

prevention in high-risk patient population.43 Most recently the The Acute Stroke or 

Transient Ischaemic Attack Treated with Ticagrelor and ASA for Prevention of 

Stroke and Death (THALES) trial further supported the potential of ticagrelor and 

aspirin in stroke prevention. In this trial, combined antiplatelet therapy with 

ticagrelor resulted in a significant, 17% relative reduction of stroke in patients with 

mild-to-moderate acute non-cardioembolic ischemic stroke.44 

Importantly, evidence supports that the intensified or combined antiplatelet therapy 

is also associated with an increased risk of bleeding that may have an important 

impact on the risk-benefit relations of these therapies.45 

This NMA demonstrated benefits of ticagrelor plus aspirin treatment on secondary 

prevention in patients with vascular risk factors with the significant reduction of 

ischemic stroke by 20%. While the risk of bleeding, including intracranial bleeding 

increased. There was no considerable difference in the risk of mortality with 

ticagrelor on top of aspirin.46  
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4. METHODS 

4.1. Risk of adverse events associated with low platelet reactivity in patients with 

percutaneous coronary intervention 

A manual search of medical literature was performed in the National Library of 

Medical Publications (MEDLINE), Excerpta Medica Database (EMBASE) and 

Cochrane Library for relevant articles on LPR until Nov 2020.  No language 

restriction was used. Our PICO format included the following terms: (P) patients 

with ACS and/or undergoing PCI and receiving DAPT consisting of aspirin and 

clopidogrel, prasugrel or ticagrelor, (I) LPR (C) non-LPR or HPR based on 

measurement of on-treatment platelet reactivity defined by an ADP-specific platelet 

function assay and (O) major adverse cardiac events (MACE) and bleeding. 

The non-LPR group consisted of HPR or HPR plus normal platelet reactivity (NPR) 

where data was given for NPR. The clinical outcomes of interest, evaluated at the 

longest available follow-up of ADP-receptor inhibitor treatment  were (a) major 

bleeding events (defined using the trials internal definitions using Bleeding 

Academic Research Consortium (BARC 3-5) or Thrombolysis In Myocardial 

Infarction (TIMI) major criteria), and (b) minor bleeding events (BARC 1-2 or TIMI 

minor) (16), (c) definite/probable stent thrombosis (ST), (d) non-fatal MI (type 1, 4a, 

4b), (e) a composite endpoint of the reported serious vascular events that included 

cardiovascular death, non-fatal MI or non-fatal stroke, (f) repeated target vessel 

revascularization, and (g) all-cause mortality.  

Studies that assessed responsiveness to clopidogrel, that is a difference between 

baseline and posttreatment PR (inhibition of platelet aggregation [IPA]), were 

disregarded. The review protocol was registered in the PROSPERO (International 

Prospective Register of Systematic Reviews) database a priori under the registration 

number of CRD42019136393. 

All the relevant articles were combined in a reference manager software (EndNote 

X8; Clarivate Analytics, PI, USA) to remove duplicates by searching overlaps 

between titles, abstracts, authors, and publication year. After removing duplicates, 
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we screened the articles by title, abstract, and relevant full texts systematically for 

eligibility. Disagreements between reviewers were solved by consensus. 

Unpublished data and meeting abstracts were not considered for the present analysis 

because results could not be considered as certain and definitive. 

The primary endpoint of the analysis was the frequency of major bleeding. All-cause 

mortality, cardiovascular death, non-fatal MI, stent thrombosis, non-fatal stroke, 

major plus minor bleeding and repeated target vessel revascularization were defined 

as secondary endpoints. Both MI and major bleeding were defined according to the 

internal definitions of the studies. If multiple major bleeding definitions were used, 

we extracted TIMI major bleeding47 and BARC48 major bleeding if available.  

Statistical computations were performed using R (v 4.0.03) package ‘dmetar’ 

designed for the evaluation of meta-analyses and OpenMeta[Analyst] open source 

statistical software.49,50 A random-effect model was applied at all the analyses with 

DerSimonian-Laird estimation to derive risk ratios (RR) on dichotomous outcomes 

and weighted mean difference on continuous data with 95% confidence interval. 

Heterogeneity was tested with chi2 heterogeneity statistic for which a p-value <0.1 

was considered potentially heterogenous. Consistency was assessed using I2 

statistics.51 Sensitivity analyses were carried out omitting one study at a time and 

calculating the effect size with the 95% CI to investigate the influence a single study 

has on the final estimation regarding LPR with increased bleeding risk. 

The methodological qualities of the studies were assessed using PROBAST 

(Prediction model Risk Of Bias Assessment Tool) for assessing the quality of cohorts 

and the Newcastle-Ottawa Scale with reference to observational studies.52,53 

Publication bias was estimated using funnel plots. Visual evaluation and Egger's 

regression intercept were used to the check for asymmetry. 
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4.2. Oral anticoagulation and outcomes in patients with acute myocardial infarction 

Data were analyzed from the HUMIR to identify and follow patients after an index 

event of PCI during the treatment of an AMI. The HUMIR is a prospective registry 

collecting clinical data on consecutive patients treated for an AMI in Hungary. The 

data of the patients are collected prospectively according to the statute of 

CCXLVI./2013 of Hungary via a national internet-based registry.2,54,55 Data capture 

covers 178 structured categories including those regarding the performed coronary 

interventions. Data capture covers 178 structured categories including those 

regarding the performed coronary interventions. The system is web-based: the 

records of data, the control, and the necessary data corrections take place on-line. An 

independent cardiologist validates the recorded data by occasionally checking 

hospital source documents. At the time of the index event variables are recorded, 

including social security number, gender, past medical history, time of onset of 

complaints, time of first medical contact, and that of hospital admission. Information 

about blood pressure, pulse rate, electrocardiogram, and Killip class observed on 

hospital admission are also recorded. 

The study protocol was approved and the need for informed consent was waived by 

the Scientific Council for Health, Scientific and Research Ethics Committee, 

Budapest, Hungary (ETT TUKEB 34858-3/2019/EKU). The study protocol conforms to 

the ethical guidelines of the 1975 Declaration of Helsinki. 

With the intention of analysis, AMI patients (both with or without ST-segment 

elevation) receiving coronary stent were eligible for enrolment between 1st Jan 2014 

and 31st Dec 2017. We created two treatment groups were based on the discharge 

medication; forming a patient group of anticoagulated cases (OAC group) and a 

control group of cases without anticoagulation.  

The primary efficacy endpoint was all-cause mortality within one year after the index 

procedure. Secondary endpoints included the transfusion and the composite 

endpoints of major adverse events (MACE) defined as mortality, non-fatal 

myocardial infarction (MI) type 1 according to the fourth universal definition of MI, 
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or stroke.56  Events were obtained from the vital status database of the National 

Health Insurance Fund. Data related to recurrent hospitalization for AMI, stroke, 

repeat revascularization, as well as for bleeding event leading to blood transfusion 

were extracted from the database of the National Health Insurance Fund. 

A propensity score (PS) matched cohort with comparable risk profiles by adjusting 

for differences in baseline characteristics was built in order to provide an unbiased 

comparison. For comparisons across different treatment regimens, we applied a PS-

adjusted approach.57 PS was computed by using a logistic regression model for OAC 

versus control groups where besides age (scale) and gender (category), history of 

congestive heart failure, hypertension, stroke, diabetes, and vascular disease (e.g. MI, 

stroke, or peripheral artery disease (PAD)) was entered as categorical variables and 

were used as predictors. The majority of cases with OAC had AF. As in our aims, PS 

should reflect the probability of being treated with anticoagulation, the parameters 

were selected to provide an analogy to the elements of the CHA₂DS₂-VASc score. To 

isolate the effect of comorbidities from that of arrhythmia, sensitivity analyses with 

creating an alternative control group (Control B) using the PS score but excluding 

non-anticoagulated AF patients from pairing as well as a subgroup analysis of AF 

patients were performed. Cox regression models were used to calculate hazard 

ratios. To control the potential influence of competing risk, transfusion outcome 

analyses were supplemented by computing cumulative incidence function (CIF) to 

show the probability of each event and Gray's test to estimate the difference in the 

CIF between groups. P-values of <0.05 were considered to indicate statistical 

significance. The analyses were conducted using the IBM SPSS Statistics for 

Windows, version 26 (IBM Corp., Armonk, N.Y., USA) statistical package and with 

the ‘cmprsk’ package in R.58  
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4.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-

risk patients in secondary stroke prevention 

We performed a systematic review of the available literature in accordance with the 

PRISMA Extension Statement for Reporting of Systematic Reviews Incorporating 

Network Meta-analyses of Health Care Interventions and the review protocol was 

registered with PROSPERO under the number of CRD42020170746. Data were 

collected from MEDLINE®, Cochrane Collaboration of Clinical Trials®, and 

EMBASE® until 1st Aug 2020 from articles reporting randomized clinical trials with 

ticagrelor antiplatelet therapy. No language restriction was applied. The query 

included the following search terms: ‘ticagrelor’, ‘AZD 6140’ and ‘stroke’ using the 

‘AND’ Boolean operator. 

In the analysis studies were included that fulfilled the following criteria: (1) RCTs, (2) 

assessing the clinical efficacy and/or safety of an antiplatelet regime including 

ticagrelor alone or as part of a DAPT strategy with ticagrelor plus aspirin, and (3) 

reported on the occurrence of stroke in minimum duration of 30 days (4) in patients 

with cerebrovascular, coronary or peripheral artery disease. Studies were excluded if 

any of the following criteria were applied: (1) non-randomized studies, (2) single-arm 

studies, (3) outcomes of interest were not reported or were impossible to extract or 

calculate from published results, (4) comparing merely the biological efficacy of the 

antiplatelet treatment, or (5) duplicate publications. All the relevant articles were 

combined in a reference manager software (EndNote X8; Clarivate Analytics, PI, 

USA) to remove duplicates by searching overlaps between titles, abstracts, authors, 

and publication year. Each phase was carried out by 2 independent investigators in 

duplicate, none of whom were blinded to publication data. Third-party arbitration 

resolved any discrepancies. 

For definitions of stroke, the internal definitions of the included trials were used if 

compliant with focal loss of neurologic function caused by an ischemic or 

hemorrhagic event, with residual symptoms lasting at least 24 hours or leading to 

death.  
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The primary efficacy outcome of our analysis was the occurrence or recurrence of 

stroke including ischemic or hemorrhagic forms. Major bleeding and all-cause 

mortality were assessed as main safety endpoints. Secondary outcomes included the 

individual endpoints of ischemic stroke, hemorrhagic stroke, and TIA, MI, major 

cerebral or cardiovascular event (MACCE) defined as the composite of death, MI and 

stroke, and cardiovascular death. Additionally, data of disabling stroke (defined as 

death or Rankin scale >1) were also collected. Furthermore, safety outcomes as the 

frequency of major and minor bleeding complications and intracranial bleeding were 

also evaluated. In the case of the availability of multiple major bleeding definitions, 

we extracted TIMI major bleeding. The data from the intention to treat analyses were 

extracted and the endpoints of interest were collected until the longest follow-up 

available.  

The methodological qualities of the studies were also assessed using the Cochrane 

Collaboration tool for assessing the quality of RCTs. Considering that different 

control groups were used by the trials for comparing outcomes of ticagrelor-

medicated patients and that the study arms included combinations as well as 

monotherapy with different antiplatelets we prespecified the use of multiple 

treatment NMA supplemented with component NMA (CNMA) modeling.  

At the first level, each potential antiplatelet combination was entered as an 

individual study arm, and data were pooled in a multiple treatment NMA that 

allows integration of direct and indirect comparisons. We calculated the risk ratio 

(RR) and its standard error using a frequentist approach to construct an NMA model 

accounting for the correlated treatment effects.59 A random-effects model was 

applied by adding the estimated heterogeneity to the variance of each comparison 

using an adaptation of the DerSimonian-Laird estimator. The choice of the random-

effects model was made based on the consideration that the true preventive effect of 

antithrombotic treatment may vary from study to study influenced by the 

heterogeneity of the included trials. 
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Values of I2 representing the amount of inconsistency and Cochran’s Q statistics and 

its corresponding p-value measuring the heterogeneity in the network were also 

calculated. A special case encountered in our network was that treatment arms may 

be combinations of other treatments or have common components. Therefore, the 

influence of individual components was intended to be evaluated in an additive 

model assuming that the effect of treatment combinations is the sum of the effects of 

its components.59 

For easier interpretation, effect sizes are depicted in the forms of forest plots with 

aspirin set as reference. Furthermore, a comparative ranking of the treatments 

according to the P-scores method (a frequentist analog of SUCRA was conducted.60 

The assumption of consistency that the direct evidence in a network for the effect size 

between two treatments does not differ from the indirect evidence was assessed by 

net heat plots as well as by net-splitting. The latter method splits our network 

estimates into the contribution of direct and indirect evidence, which allows 

controlling for inconsistency in specific comparisons. 

To assess publication bias, a comparison-adjusted funnel plot, an extension of the 

common funnel plot in cases of multiple treatment comparisons was used displaying 

Eggers’ test results in support61 with the additional use of the Cochrane 

Collaborations assessment tool.  

The clustering of the treatment arms was assessed using the estimated RR compared 

to aspirin in the nearest neighbor analysis. An explorative analysis was performed to 

assess the potential impact of background risk on the estimated treatment effect. 

Within this risk of stroke of the study population using clopidogrel plus aspirin 

therapy was calculated and this continuous variable was used to construct regressor 

in a Bayesian meta-regression analysis. Additional analyses exploratory analyses 

included stratification and subgrouping based on the included patient population, 

multilevel meta-analysis as well as multivariate meta-analysis of direct comparisons 

using structural equation modeling. 
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All calculations were performed with the R statistical software package version 3.6.3 

(R Development Core Team, 2010) software using the packages ‘meta 4.11-0’, 

'netmeta 1.2-0', and ‘gemtc 0.8-4. A p-value < 0.05 was considered to represent 

statistical significance. 
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5. RESULTS 

5.1. Risk of adverse events associated with low platelet reactivity in patients with 

percutaneous coronary intervention 

Twenty studies involving 19 076 (range: 107-6 267) patients were analyzed. There 

were 18 observational and 2 RCTs investigating the effect of LPR on clinical 

outcomes in patients with PCI intervention. The main characteristics of the included 

studies are shown in Table 1. Most of the patients had ACS62,63,72,73,64–71, in 4 studies 

patients with stable CAD16,30,74,75 were included and in 4 studies both stable CAD and 

ACS76–79 patients were followed. Dose of the antiplatelet medication was different as 

follows: 600 mg loading dose (LD) and 75 mg maintenance dose (MD) up to 150 mg 

MD; and 300 mg LD plus 75 mg MD for clopidogrel; 60 mg LD or 10 mg MD for 

prasugrel in one case 20 mg LD and 3.75 mg MD was used79; ticagrelor was reported 

in 1 study71 with 180 mg LD and 90 mg MD. Study definitions of bleeding were 

discrepant (Table 1). 
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Study name/  
First author 

(Publication year) 

Follow- 
up 

(months) 

Patient 
number 

Antiplatelet 
(LD/ MD, mg) 

Clinical 
setting 

Clinical 
endpoint 

Platelet 
function 

test 

Selected 
cutoff for 

LPR 

LPR N (%) Definition of 
bleeding 

Kabbani (2003) 12 112 clopidogrel 
(300/75) 

sCAD MI  
UREV 
RREV 

flow 
cytometry 

pGP IIb/IIIa 
act ≤ 24.9% 

56 (50) NR 

ARMYDA-PRO/ Patti 
(2008) 

1 160 clopidogrel 
(600/75) 

ACS MACE  
MI, TVR 

Verify Now lowest 
quartile 

40 (25) BARC 

ISAR/Sibbing (2010) 1 2533 clopidogrel 
(600/75) 

CAD bleeding MEA 188 AU x 
min 

975 (38.5) TIMI 

Tsukahara (2010) 16 184 clopidogrel 
(300/75) 

ACS ST 
bleeding 

WBA-neo PATI >28 
μmol/L 

46 (25) BARC 

Huczek (2011) 1 374 clopidogrel 
(600/75) 

ACS bleeding D, 
MI 

Verify Now PRU≤150 124 (33) TIMI 

ARMYDA- 
BLEEDS/Patti (2011) 

1 310 clopidogrel 
(600/75) 

SA 
NSTEMI
MI 

 
major 
bleeding 

Verify Now lowest 
quartile 

77 (24.8) BARC 

Bonello (2012) 12 301 clopidogrel (60 
LD) 

ACS ST 
bleeding 

VASP-P PRI<16% 84 (27.9) TIMI 

Cuisset (2012) 1 107 clopidogrel 
(600/75) 
prasugrel  
(10 MD) 

ACS ST  
MI 
TVR 
bleeding 

VASP-P PRI<20% 23 (21.5) BARC 

ARMYDA-
PROVE/Mangiacapra 
(2012) 

1 732 clopidogrel 
(600/75) 

SA D, MI, TVR, 
bleeding 

Verify Now PRU≤178 248 (33.9) TIMI 

POBA/Cuisset (2013) 6 1542 clopidogrel 
(600/75, 
600/150,  
60 LD) 
prasugrel  
(10 MD) 

NSTEMIS
TEMI 

ST 
bleeding  

VASP-P PRI≤10% 69 (4.5) BARC 

Mangiacapra (2014) 1 800 clopidogrel 
(600/75) 

sCAD 
NSTEMI 

ST 
bleeding 
ST, TVR, D 

Verify Now PRU≤ 178 272 (34.0) TIMI 

APACHE/ 
Alfredsson (2015) 

6 113 clopidogrel 
(600/75) 

NSTEMI 
STEMI 

D, MI, 
stroke 
bleeding 

MEA AUC*min≤ 
468 

93 (82.3) TIMI 
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Li (2016) 12 512 clopidogrel 
(600/75, 
300/75) 

ACS bleeding Verify Now PRU≤ 85 46 (8.9) BARC 

Jin (2017) 6 278 clopidogrel 
(300/75) 

ACS bleeding, 
entry-site 
complicatio
n 

LTA lowest 
quartile 

61 (21.94) TIMI 

TOPIC/Deharo (2017) 11.9 646 clopidogrel (75 
MD) 
prasugrel 
(60/10) 
ticagrelor 
(180/90) 

ACS bleeding 
stroke 
D 
UREV 

VASP-P PRI< 20% 305 (47.2) BARC 

Mangiacapra (2018) 60 500 clopidogrel 
(600/75) 

sCAD MI, ST, 
RREV 
bleeding 

Verify Now PRU< 178 160 (32.0) TIMI 

Lee (2019) 48 814 clopidogrel 
(600/75) 

SA, ACS all-cause 
death 

Verify Now PRU< 85 71 (8.7) BARC 

TROPICAL- ACS/ 
Aradi (2019) 

12 2527 clopidogrel 
(600/75) 

ACS D, MI, TVR, 
bleeding 

MEA ADP≤18U 484 (19.2) BARC 

Mshelbwala (2020) 
 

12 252 clopidogrel 
(600/75) 

ACS MACE Verify Now PRU ≤208 144 (57.1) BARC 

PENDULUM/ 
Nakamura (2020) 

12 6267 clopidogrel 
(300/75) 
prasugrel 
(20/3.75) 
 

ACS  
non-ACS 

 Verify Now PRU ≤85 677 (10.8) BARC 

Table 1. Characteristics of the studies included. 
Abbreviations: ACS acute coronary syndrome; AUC area under the curve; BARC Bleeding Academic Research Consortium Criteria; D death; 
LD loading dose; LTA light transmission aggregometry; MD maintenance dose; MEA multiplate electrode aggregometry; MACE major adverse 
cardiac events; MI myocardial infarct; NR not reported; NSTEMI non ST elevation myocardial infarct; PRI platelet reactivity index, PRU platelet 
reaction units; RREV repeated revascularization; SA stable angina; sCAD stable coronary artery disease; ST stent thrombosis; STEMI ST 
elevation myocardial infarct; TIMI Thrombolysis In Myocardial Infarction47; TVR target vessel revascularization; UREV urgent revascularization; 
VASP-P vasodilator-stimulated phosphoprotein. 
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Analysis of bias showed high quality of source information with low probability of 

possible bias. No obvious publication bias was found. The mean prevalence of LPR 

was 27% (95% CI for mean 20-35%, range 4.5-82%). Overall heterogeneity of major 

and minor bleeding events was considerable (I2= 80%, p<0.01). To find possible 

determinant of the observed heterogeneity, we analyzed the prevalence of LPR and 

bleeding events according to type of platelet function device, definition of bleeding 

events and amount of clopidogrel loading dose.  

Based on the sensitivity analysis all types of ADP-specific assays were able to predict 

the occurrence of bleeding events and the higher risk of patients with LPR was 

consistent regardless of the clinical presentation. It should be mentioned that 

considerable heterogeneity was found in the results between vasodilator-stimulated 

phosphoprotein (VASP-P) and Verify Now assays. However, the Multiplate assay 

was associated with more homogenous outcomes (Figure 1/A). Subgroup analysis 

was also performed to assess the potential influence of different clopidogrel LD 

regimes. Despite the different types of clopidogrel LD, heterogeneity remained high 

(Figure 1/B). When bleeding outcomes were divided into major and minor events 

separately the heterogeneity was reduced significantly for major bleeding (I2=34%) 

while heterogeneity remained high for minor bleeding (I2=82%) (Figure 2). 
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Figure 1. Subgroup analyses. 

Panel A Subgroup analysis on bleeding events according to platelet reactivity measuring device.  
Subgroup analysis showed considerable heterogeneity in the Verify Now (I2= 76.35%) and VASP-P assay group (I2= 90.62%). 
The Multiplate device group showed more homogeneous findings (I2=12.09%). Abbreviations: RR risk ratio; CI confidence interval. 
The diamond represents the cumulative RR and CI of all patient groups. *Mean difference (95% CI) 

  

  

A 
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Figure 2. Subgroup analyses 
Panel B Subgroup analysis on LPR event rate according to clopidogrel loading dose (LD). 
The subgroup analysis shows that different loading dose of Clopidogrel did not decrease the level of heterogeneity. Abbreviations: RR risk 
ratio, CI confidence interval. The diamond represents the cumulative RR and CI of all patient groups. *Mean difference (95% CI) 

B 
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Figure 3. Forest plots of major and minor bleeding events. 
 
Panel A Forest plots of major bleeding events. 
Forest plots show increased risk of major bleeding events associated with LPR (RR=2.00, 
95% CI: 1.42-2.83, p<0.01). 
Abbreviations: OR odds ratio, CI confidence interval. The diamond represents the cumulative 
OR and CI of all patient groups. *Mean difference (95% CI). 
 
Panel B Forest plots for minor bleeding events. 
Forest plots show increased risk of minor bleeding events associated with LPR (RR=2.68, 
95% CI: 1.29-5.57, p<0.01). 
Abbreviations: RR risk ratio, CI confidence interval. The diamond represents the cumulative 
OR and CI of all patient groups. *Mean difference (95% CI). 
  

A 

B 
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The pooled results of the random-effects model meta-analysis demonstrated a 

significant increase in major and minor bleeding events with LPR (RR=2.80, 95% CI: 

1.95-4.02, p<0.01) (Figure 3). 

 

Figure 4. Principal pooled analysis. 
Forest plots of major and minor bleeding risk in studies following PCI with LPR versus 
without LPR. The grey rectangles are proportional with the study weight. The diamond 
represents the cumulative OR and CI. Abbreviations: LPR low platelet reactivity, OR odds 
ratio, CI confidence interval. 

Patients with LPR had significantly lower risk of non-fatal MI and of serious vascular 

events (RR=0.59, 95% CI: 0.38-0.91, p<0.05) and (RR=0.50, 95% CI: 0.30- 0.84, p<0.01) 

respectively (Figure 4). 

The risk for ST was 45% lower in the case of LPR, however, this difference did not 

reach the level of statistical significance (RR=0.55, 95% CI: 0.27-1.11, p=0.10) (Figure 

4). Even though the mortality of LPR patients was numerically higher the difference 

between the two groups remained insignificant (RR=1.57, 95% CI: 0.69-3.57, p=0.28) 

(Figure 4). No considerable difference was found regarding repeated 

revascularization (RR=0.96, 95% CI: 0.57-1.60, p=0.84) (Figure 4). Body mass index 

(BMI) was significantly lower in the LPR group (SMD=-0,18, 95% CI: -0.32 - -0.05, 

p<0.01) (Figure 5.). 
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Figure 5. Summary of the outcomes of the secondary endpoints. 
The diamond represents the cumulative RR and CI of all patient groups. *Mean difference 
(95% CI). Abbreviations: MI myocardial infarction, LPR low platelet reactivity, RR risk ratio, 
CI confidence interval. 
 

 

Figure 6. Forest plots showing the association of body mass index (BMI) with LPR. 
BMI was significantly lower in the LPR group (WMD=-0,64, 95% CI: -1.24 - -0.04, p=0.037) 
Abbreviations: SD standard deviation; SMD standard mean deviation; WMD weighted mean 
difference; CI confidence interval. The diamond represents the cumulative WMD and CI of all 
patient groups. *Mean difference (95% CI). 
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5.2. Oral anticoagulation and outcomes in patients with acute myocardial infarction 

A study population of 30 681 patients was identified that of 6.51% (n=1875) received OAC 

(OAC group). The majority of the OAC group was treated with vitamin-K antagonists (VKA) 

(86%), while direct oral anticoagulants (DOACs) were used in 14% of the cases (2.9% 

dabigatran, 5.8% rivaroxaban, and 5.2% apixaban). Among 1875 patients of the OAC group 

in 1646 cases anticoagulation was indicated due to AF Of these cases, 733 patients had AF 

verified during the hospitalization and in 229 cases (12.2%) had no AF but different 

indications for anticoagulation. These included deep vein thrombosis (3.4%) or pulmonary 

embolism (2.7%), an intracardiac thrombus (2.2%), and left ventricular aneurysm (1.9%), 

mechanical heart valves (1.3%), and miscellaneous thrombotic or embolic reasons altogether 

less than 1%. Patients treated with OAC were older and were more frequently man. The PS-

matching resulted in a matched population of 3750 patients with balanced characteristics 

leaving only some statistically significant but clinically less relevant differences in 

continuous parameters like the heart rate (mean difference (MD): 6.22 beats/min), systolic 

blood pressure (MD: 2.22 mmHg), weight (MD: 2.23 kg), and height (MD: 1.06 cm) 

In the overall cohort, OAC-treated subjects had a significant, 25% higher hazard for all-cause 

mortality (13.17% vs. 10.52%, hazard ratio (HR): 1.25, 95% CI 1.01-1.42, p=0.001). Similarly, 

rates of MACE and transfusion were higher (14.51% vs. 11.70%, HR: 1.24, [1.01-1.40], p=0.001 

and 9.97% vs. 6.88%, HR: 1.47 [ 1.26-1.70], p<0.001 (Figure 6). 
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Figure 7. Kaplan-Meier curves of overall mortality, major adverse events and 
transfusion-free survival comparing patients with or without oral-anticoagulant 
treatment. 
Abbreviations: NOOAC patient group treated without oral anticoagulant therapy, OAC patient 
population treated with oral anticoagulant therapy. 

 

A tendency of anticoagulated cases for higher rate transfusion prevailed in the PS-

matched cohort. (9.97% vs. 8.16% HR: 1.21, [ 0.97-1.49], p=0.086). Rate of mortality 

and MACE, however, were less frequent in the OAC-group compared to the PS-

matched control group without OAC (13.17% vs. 14.1%, HR: 0.91 [ 0.77-1.09], p=0.303 

and 14.5% vs. 15.36%, HR: 0.92 [ 0.78-1.09], p=0.335). Importantly, none of these 

reached the level of significance (Figure 7).  
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Figure 8. Curves plotting the risk of mortality and major adverse cardiac events among 
oral anticoagulation treated patients compared between cases receiving or not 
receiving aspirin. 
 

Importantly, unadjusted subgroup analyses showed a higher risk of ischemic 

endpoints with VKA or DOAC treatment. MACE and bleeding were significantly 

higher with VKA but not with DOAC. Among DOACs, rivaroxaban-treated cases 

had higher rates of transfusion. Regarding the different antiplatelet strategies, 

compared to the unmatched control higher rate of ischemic and bleeding endpoints 

were found among the anticoagulated cases unconstrained if they received or not 

received aspirin or received single or double antiplatelet therapies. All these 

endpoints were more frequent among cases treated with old P2Y12 inhibitors but not 

among those receiving newer ADP antagonists. Furthermore, after PS adjustment all 

but the differences regarding aspirin therapy disappeared.  

Similarly, PS-balanced comparisons within the OAC-group showed no differences in 

mortality, MACE, or bleeding with the only exception of the lower mortality (HR: 

0.77, [0.60-0.997], p=0.048) and MACE risk (HR: 0.73 [ 0.58-0.92], p=0.008) of the 

aspirin-treated cases compared to the counterparts not receiving aspirin (Figure 7).  
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5.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-

risk patients in secondary stroke prevention  

Twenty-six RCTs involving 124 495 (range: 48-21162) patients were analyzed. The  

main characteristics of these trials are shown in Table 2. Patients were recruited to 

the trials due to non-severe ischemic stroke or transient ischemic attack (TIA)80–82, 

ACS10,27,91–95,83–90, high risk for ACS96,97, PAD98 , coronary artery bypass graft surgery 

(CABG)99, known CAD100,101 or transcatheter aortic valve implantation (TAVI)102. 

According to the applied antiplatelet medication (aspirin or clopidogrel, prasugrel or 

ticagrelor in monotherapy or combined with aspirin), study groups were divided 

into 6 groups. The 6 antiplatelet treatment arms allowed 15 possible pairwise 

comparisons that of 7 was implemented in the included trials. The geometry of the 

network is depicted in Figure 7A-C. The dose of the long-term P2Y12 inhibitor 

treatment was different in the trials using 90 mg bid or 60 mg bid for ticagrelor, 75 

mg od for clopidogrel, and 10 mg od for prasugrel. Aspirin was administered in a 

low dose (75 mg-150 mg). Study definitions of bleeding were incosistent47,48 (Table 2).  
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Study name/ 
First author 

(Publication year) 

Follow-up 
(months) 

Treatment  
(total daily dose, 

mg) 

No. sample size/ 
T/C 

Clinical 
setting 

Exclusion 
criteria 

Clinical 
endpoint 

Definition of 
bleeding 

DISPERSE-2/ 
Cannon (2007) 

3 ticagrelor (2x90) + 
aspirin (75-100) vs. 
ticagrelor (2x180) + 
aspirin (75-100) vs. 
clopidogrel (75) + 
aspirin (75-100) 

990: 334/323/327 NSTE-ACS HR for 
bleeding 

bleeding  
MACCE 

TIMI 

PLATO/Wallentin 
(2009) 

12 ticagrelor (2x90) + 
aspirin (75-100) vs. 
clopidogrel (75) + 
aspirin (75-100) 

18624: 
9333/9291 

ACS CI against 
clopidogrel, 
need for 
OAC, HR for 
bradycardia 

bleeding  
MACCE 

TIMI 
 
 

PEGASUS-TIMI 54/ 
Bonaca (2015)  

33 ticagrelor (2x90) + 
aspirin (75-150) vs. 
ticagrelor (2x60) + 
aspirin (75-150) vs. 
placebo + aspirin 
(75-150) 

21162: 
7050/7045/7067 

1-year 
post-ACS 

recent 
bleeding, 
prior stroke, 
need for OAC 

MACCE TIMI 

Bonello (2015) 1 ticagrelor (180) + 
aspirin (150) vs. 
prasugrel (10) + 
aspirin(150) 

213: 106/107 NSTE-ACS 
high risk 

selection for 
surgery or 
medical 
therapy 

rate of 
periprocedural 
myonecrosis 
MACCE 
bleeding 

BARC 

PHILO/ Goto (2015)  12 ticagrelor (2x90) + 
aspirin (75-100) vs. 
clopidogrel (75) + 
aspirin (75-100)  

801: 401/400 ACS active or 
history of 
bleeding, HR 
for 
bradycardia 

bleeding  
MACCE 

PLATO 

EUCLID/ Hiatt (2016) 30 ticagrelor (2x90) vs. 
clopidogrel (75) 

13855: 
6930/6955 

PAD HR for 
bleeding 

bleeding  
MACCE 

TIMI 

SOCRATES/ 
Johnston (2016) 

3 ticagrelor (2x90) vs. 
aspirin (100) 

13199: 
6589/6610 

AIS, TIA TIA or stroke MACCE PLATO 

PRAGUE-18/ 
Motovska (2018) 
 

12 ticagrelor (2x90) + 
aspirin (100) vs. 
prasugrel (10) + 
aspirin (100)  

1230: 
596/634 

ACS history of 
stroke, 
serious 
bleeding in 6 
months 

bleeding  
MACCE 

BARC 
TIMI 
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Tang (2016) 6 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100)  

400: 200/200 STEMI OAC, CABG bleeding  
MACCE 

TIMI 
 

Wang (2016) 12 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100) 

200: 100/100 ACS active or 
history of 
bleeding 

bleeding  
MACCE 

PLATO 

Zhang (2016) 6 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100) 

181: 91/90 ACS malignant 
with HR 
bleeding 

MACCE  
stent 
thrombosis 

PLATO 

Dehghani (2017) 1 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100)  

144: 76/68 STEMI OAC, active 
or HR 
bleeding, PCI 
or CABG 
previous 3 
months 

bleeding  
MACCE 

BARC 

ExcelsiorLOAD2/ 
Hocholczer (2017) 

1 ticagrelor (180) + 
aspirin (100)  vs. 
clopidogrel (75) +  
aspirin (100) vs. 
prasugrel (60)  + 
aspirin (100) 

110/45/20/45 stable CAD AMI  
OAC  
acute 
bleeding 

PRU BARC 
TIMI 

Wu (2018) 12 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100) 

257/129/128 ACS active 
bleeding 
history of ICH 

MACCE NA 

Zhao (2018) 12 ticagrelor (2x90) + 
aspirin (100) vs. 
ticagrelor(2x90) vs. 
aspirin (100) 

500/168/166/166 CABG HR for 
bleeding, 
history of ICH 

vein graft 
patency, 
bleeding 

TIMI 

TREAT/Berwanger 
(2019) 

12 ticagrelor (2x90) + 
aspirin (75-100) vs. 
clopidogrel (75) + 
aspirin (75-100) 

3799/1913/1886 STEMI-
ACS 

OAC 
ischemic 
stroke within 
3 months 

MACCE 
bleeding 

BARC 
TIMI 
PLATO 

THEMIS-PCI/ 
Bhatt (2019) 

40 ticagrelor (2x90), 
(2x60) + aspirin 
(75-100) vs. 

19220/9619/9601 stable CAD previous MI 
or stroke 

MACCE BARC 
TIMI 
PLATO 
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placebo + aspirin 
(75-100) 

REAC-TAVI/ 
Jimenez Diaz (2019) 

4 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100) 

68/24/24/20 TAVI OAC 
bleeding 
diathesis 
recent stroke 

PRU NA 

TWILIGHT/ 
Mehran (2019) 

12 ticagrelor (2x90) + 
aspirin (81-100) vs. 
ticagrelor (2x90) + 
placebo 

7119/3555/3564 high risk* STEMI 
OAC 

MACCE 
bleeding 

BARC 
GUSTO 
ISTH 
TIMI 

TICAKOREA/  
Park (2019) 

12 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100)  

800/400/400 ACS OAC 
active 
bleeding 
history of 
bleeding 

bleeding BARC 
TIMI 
PLATO 

TiCAB/ 
Schunkert (2019) 

12 ticagrelor (2x90) vs. 
aspirin (100)  

1859/931/928 CABG OAC MACCE BARC 

ISAR REACT-5/ 
Schüpke (2019) 

12 ticagrelor (2x90) + 
aspirin (≤100) vs. 
prasugrel (10) + 
aspirin (≤100)  

4018/2012/2006 ACS OAC history 
of stroke or 
TIA 

MACCE 
bleeding 

BARC 

PRINCE/  
Wang (2019) 

3 ticagrelor (2x90) + 
aspirin (100) vs. 
clopidogrel (75) + 
aspirin (100)  

675/336/339 TIA 
ACS 

ICH 
ischemic 
stroke 
ACS 

HPR  
stroke 

PLATO 

POPular AGE/ 
Gimbel (2020) 

12 ticagrelor (2x90) + 
aspirin (100) or 
prasugrel (10) vs. 
clopidogrel (75) + 
aspirin (100) 

1002/502/500 NSTE-ACS 
 

recent major 
surgery 

bleeding 
all-cause 
death  
MI 
stroke 

BARC 
PLATO 
TIMI 

TICO/  
Byeong-Keuk (2020) 

12 ticagrelor (2x90) or 
ticagrelor (2x90) + 
aspirin (100)  

1527/1529 ACS HR for 
bleeding prior 
ICH OAC 

net adverse 
clinical event 
(death, MI, 
ST, stroke, 
TVR) 

TIMI 

THALES/ 
Johnston (2020) 

1 ticagrelor (2x90) + 
aspirin (75-100) vs. 
placebo + aspirin 

11016/5523/5493 ACS, 
stroke 

history of 
ICH, stroke or 
TIA 

composite of 
stroke or 
death 

GUSTO 



38 
 

Table 2. Characteristics of the included trials.  
Abbreviations: ACS acute coronary syndrome; AMI acute myocardial infarction; BARC Bleeding Academic Research Consortium; CABG 
coronary artery bypast graft; CAD coronary artery disease; CI: contra indication; C clopidogrel; GUSTO Global Strategies for Opening Occluded 
Coronary Arteries; HPR high platelet reactivity; HR high risk; ICH intracranial hemorrhage; ISTH International Society for Thrombosis and 
Hemostasis; MACCE major adverse cardiac and cerebrovascular events; MI myocardial infarction; NA not applicable; NSTE-ACS non ST 
segment elevation ACS; PAD peripheral artery disease; PLATO Platelet Inhibition and Patient Outcomes; PRU platelet reactivity unit; sec 
secondary; ST stent thrombosis; STEMI ST-segment elevation myocardial infarction; T ticagrelor; TAVI transcatheter aortic valve implantation; 
TIMI Thrombolysis in Myocardial Infarction; TVR target vessel revascularization; OAC oral anticoagulation; vs versus; *only loading dose was 
given preprocedural. 
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Figure 9. Network layout and the results of the primary endpoints. 
Network graphs depict the overall structure of comparisons of primary endpoints in our 
network. The numbers and the thickness of the edges correspond to the number of studies 
a specific comparison was tested within. The blue triangles mark the multiarm trials of the 
network. (Panel A-C) Forest plots show the results of the random-effects network meta-
analyses as comparisons with aspirin monotherapy set as reference. (Panel D-E) 
Abbreviations: A aspirin; C clopidogrel; P prasugrel; T ticagrelor; RR risk ratio; CI 
confidence interval. 

Analysis of bias showed high quality of the source information with a low 

probability of bias. No obvious publication bias was found. In the included trials 

3035 (2.43%) stroke events occurred. Compared to aspirin monotherapy stroke risk 

was significantly (23%) lower with aspirin plus clopidogrel and 20% lower with 

aspirin plus ticagrelor combinations. With ticagrelor alone and with the combination 

of aspirin and prasugrel stroke risk was also lower (11% and 24%) but 14% higher 

with clopidogrel monotherapy, however, these latter results did not reach the level of 

statistical significance (Figure 8 A, D). The data were consistent (I2=0% [0.0%; 34.2%]) 

and without significant heterogeneity neither within designs nor between designs 

(p=0.6828 and p=0.8351, respectively).  

The risk of ischemic stroke was significantly reduced with ticagrelor plus aspirin 

(RR: 0.80 [0.71-0.89]). Ticagrelor monotherapy also resulted in a decreasing trend in 

the risk of ischemic stroke (RR: 0.88 [0.77-1.00], p=0.05). In the case of hemorrhagic 

stroke, none of the treatments influenced the risk significantly. Combination 
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ticagrelor to aspirin increased the risk of intracranial bleeding with 53% (RR: 1.53 

[1.16-2.03], p=0.05). Data of ischemic stroke were consistent and homogenous while 

in the case of hemorrhagic stroke moderate heterogeneity was seen (I2=47%) (Table 

3).  

Mortality events (5194) were reported in 23 trials. Compared with aspirin, mortality 

was 20% higher with aspirin plus clopidogrel and showed a decreasing trend with 

aspirin plus prasugrel (RR: 0.78 [0.59-1.03]). With the other treatments, the difference 

remained less than 10% and did not reach the level of statistical significance (Figure 

8). Low degree of heterogeneity was noted in mortality data (I2=12.3% [0.0%; 47.1%]). 

Twenty-one trials reported 2811 major bleeding events classified by the individual 

trial definitions. Compared with aspirin alone major bleeding was in similar ranges 

with antiplatelet monotherapies while the relative risk was twice higher with 

combined antiplatelet therapies (Figure 8/B,E). Low degree inconsistency was noted 

for major bleeding data (I2 = 10.2% [0.0%; 45.9%]). Analyses of the clinical outcomes 

suggested clustering of treatment arms with antiplatelet monotherapies separating 

from combination therapies (Figure 9). Subgroup analyses stratified according to the 

inclusion conditions showed data consistent in all strata with more effective stroke 

reduction of the ticagrelor plus aspirin combination as well as the higher risk of 

bleeding. Net adverse clinical events data showed a higher level of inconsistency and 

variances with non-significant relations except for the benefit of ticagrelor plus 

aspirin in ACS trials. Clopidogrel plus aspirin and ticagrelor plus aspirin were 

ranked as the most effective strategy for the prevention of stroke (P-score, 0.79 and 

0.73). For the prevention of ischemic stroke, the ranking for aspirin plus ticagrelor 

(A+T) was higher (P-score, 0.72, and 0.81). Ranking with regards to the major 

bleeding or stroke prevention showed opposite tendencies (R=-0.879, p=0.021) 

(Figure 9). Regarding major bleeding aspirin was ranked as the safest strategy (P-

score, 0.82) (Table 4). 

The component analysis reflected that the use of each antiplatelet agent conveyed the 

reduction of stroke risk, but this effect reached the level of statistical significance only 
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in the case of ticagrelor. An important increase in bleeding risk was characteristic for 

all drugs, however, no important change in mortality risk was detected (Table 5). 

  



42 
 

Secondary outcomes A+T A+C A+P C T 

Ischemic stroke 0.80 (0.71; 0.89)* 0.81 (0.63; 1.05) 0.88 (0.6; 1.741) 1.15 (0.89; 1.50) 0.90 (0.79; 1.02) 

Hemorrhagic stroke 0.94 (0.62; 1.42) 0.70 (0.36; 1.35) 0.37 (0.084; 1.68) 
 

0.64 (0.27; 1.53) 

MACCE 0.89 (0.76; 1.06) 0.95 (0.76; 1.19) 0.92 (0.57; 1.50) 0.83 (0.60; 1.15) 0.85 (0.70; 1.03) 

Myocardial infarction 0.84 (0.69; 1.02) 0.96 (0.74; 1.25) 0.62 (0.41; 0.94)* 0.78 (0.52; 1.19) 0.82 (0.61; 1.11) 

CV Mortality 0.99 (0.82; 1.18) 1.08 (0.85; 1.38) 0.93 (0.60; 1.43) 
 

1.01 (0.77; 1.33) 

Major and minor bleeding 2.58 (2.04; 3.27)* 2.09 (1.56; 2.82)* 1.95 (0.95; 3.99) 1.21 (0.73; 2.02) 1.36 (1.03; 1.79)* 

Minor bleeding 4.17 (2.90; 6.00)* 3.27 (2.17; 4.92)* 1.85 (0.19; 17.88) 2.45 (1.14; 5.22)* 3.08 (1.61; 5.88)* 

Intracranial hemorrhage 1.53 (1.16; 2.03)* 0.96 (0.55; 1.67) 1.26 (0.04; 40.49) 0.66 (0.28; 1.56) 0.67 (0.33; 1.35) 

Table 3. Network meta-analysis results of the secondary outcomes. 
Results are risk ratios (95% confidence intervals) from the network meta-analysis between the column defining intervention versus aspirin 
monotherapy. Here RR > 1 means that the column defined treatment is worse compared to aspirin. Significant results are marked with 
asterisks. Abbreviations: A aspirin; C clopidogrel; CV cardiovascular; MACCE: major adverse cardiac and cerebrovascular events;, P 
prasugrel; T ticagrelor. 
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Intervention A+C A+T A+P T A C 

Stroke 0.7936 0.7330 0.7043 0.4992 0.2120 0.0578 
Ischemic stroke 0.7273 0.8147 0.5307 0.5758 0.2534 0.0981 
Hemorrhagic stroke 0.5156 0.2965 0.7941 0.4849 0.4089 - 
Intracranial hemorrhage 0.4989 0.0192 - 0.7832 0.4342 0.7644 
Any bleeding 0.2877 0.0440 0.3405 0.6288 0.9441 0.7549 
Major bleeding 0.2904 0.0965 0.2181 0.7591 0.8242 0.8117 
Minor bleeding 0.3851 0.0870 0.6025 0.3821 0.9382 0.6052 
Mortality 0.0175 0.4772 0.9209 0.6106 0.4029 0.5709 
Cardiovascular mortality 0.2399 0.5903 0.6643 0.4865 0.5190 - 
Myocardial infarction 0.2117 0.5486 0.9173 0.5571 0.1324 0.6329 
MACCE 0.3521 0.5785 0.4734 0.7066 0.1946 0.6948 

Table 4. The P-score probabilities of antiplatelet treatments on clinical outcomes.  
P-score provides likelihood of an intervention to be the most beneficial. The P-score ranking system is a frequentist 
analog of SUCRA (SUrface Under the Cumulative Ranking curve) that measures the certainty that one treatment is 
better than another treatment, averaged over all competing treatments. The higher number indicates better 
treatment rank. Abbreviations: A aspirin, C clopidogrel, MACCE major adverse cerebro- and cardiovascular events, 
P prasugrel, T ticagrelor. 
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Figure 10. Cluster analysis of the included treatment arms. 
Panel A depicts the relative risk of stroke and major bleeding with their respective confidence intervals related to aspirin 
monotherapy. Both the risk ratio values and the P-score values showed a strong negative correlation between stroke and major 
bleeding risk. (R=-0.871, p=0.024, and R=-0.899, p=0.015, respectively) Panel B shows the three-dimensional projection of the 
predictor space of the nearest neighbor analysis derived from the analysis of the 11 analyzed predictors. The plot shows 
discernible clustering of combined and monotherapies. 
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Stroke p-value Major bleeding p-value Mortality p-value 

Aspirin -0.10 [0.26;0.06] 0.2094 0.73 [0.41; 1.05] <0.0001 0.07 [-0.18; 0.31] 0.6043 

Clopidogrel -0.13 [0.32;0.05] 0.1462 0.70 [0.46; 0.94] <0.0001 0.10 [-0.05; 0.26] 0.1821 

Prasugrel -0.27 [0.84;0.30] 0.3488 0.71 [0.32; 1.09]  0.0003 -0.23 [-0.54; 0.07] 0.1282 

Ticagrelor -0.22 [0.32;0.12] <0.0001 0.77 [0.57; 0.97] <0.0001 0.00 [-0.11; 0.11] 0.9809 

Inconsistency 

(I2) 

0% [0.0%;34.2%] 
 

10.2% [0.0%;45.9%] 
 

12.3% [0.0%;47.1%] 
 

Heterogeneity       

Additive model  0.6707  0.3305  0.2991 

Standard model  0.8165  0.2724  0.5929  

Table 5. Effect of the individual antiplatelet drugs in the supplementary component network meta-analysis models. 
Risk difference [95%-Confidence interval]. 
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6. DISCUSSION 

6.1. Risk of adverse events associated with low platelet reactivity in patients with 

percutaneous coronary intervention 

In the present meta-analysis involving 19.064 patients, we found evidence that 

patients with LPR after PCI are at a higher risk of bleeding. LPR response to 

antiplatelet therapy is also associated with a lower risk of non-fatal myocardial 

infarction. The composite endpoint of serious vascular events demonstrated lower 

risk with LPR. The risk of all-cause mortality did not differ significantly between LPR 

and non-LPR patient groups. Importantly, despite the differences in the 

methodology, patient selection and cut-off definition among studies, the increased 

risk of bleeding was homogenously reflected. 

In a large population study prospectively reporting on the impact of enhanced 

response to clopidogrel treatment including 2.533 patients with CAD undergoing 

planned PCI, LPR was found to be associated with a two-fold higher risk for in-

hospital major bleeding events.103 Further reports supported this concept that LPR is 

a marker for a higher risk for bleeding also among prasugrel-treated patients.65,66 

However, according to some recent studies optimal platelet reactivity does not 

denote the same range in every patient population. In the “Comparison of Prasugrel 

and Clopidogrel in Acute Coronary Syndrome Subjects” trial (TRIOLOGY ACS) 

involving ACS patients without PCI found no relationship between LPR and major 

bleeding risk. Among medically managed non-ST-segment elevation ACS patients 

receiving prolonged DAPT, platelet reactivity unit (PRU) values were not 

significantly associated with the long-term risk of major bleeding events, suggesting 

that LPR does not independently predict serious bleeding risk.104 

To assess the potential influence of different clopidogrel LD regimes, we performed a 

subgroup analysis. Our results showed no association between different LDs of 

clopidogrel and the rate of bleeding events. Our findings are in line with a recent 

meta-analysis that compared the use of different LDs of clopidogrel and found that 

these are not associated with an increased risk for major bleeding in 30 days. 
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However, it also suggested that the administration of 600 mg LD of clopidogrel is 

associated with a lower risk of MACE.105 This observation is further supported by a 

retrospective study of patients with stable coronary artery disease (SCAD) which 

shows no difference between different LD groups in terms of major bleeding and 

hemoglobin drop post PCI.106 

When interpreting data from different platelet function studies the complex 

mechanisms of bleeding should be considered. Besides the potential impact of 

platelet inhibition, several clinical factors may affect the risk of these events. Residual 

PR as an independent risk factor also has several associations with patient 

characteristics and these may also influence the expressed risk. HPR is more 

frequently seen in obese and diabetics, while LPR may more likely arise in patients 

with advanced age and lower body weight.107,108 Our analysis demonstrated a 

significant association between LPR and lower BMI. These characteristics may also 

influence the prognosis and when analyzed in multivariate models the magnitude of 

risk, like in case of ischemic risk with HPR is considerably reduced.109  

Importantly, the periprocedural bleeding risk is substantially influenced by the 

access site selection being significantly higher with transfemoral interventions. 

Bleeding avoidance strategies like the routine use of the transradial approach may 

interfere with this risk by reducing bleeding and improving outcomes among high-

risk ACS patients.110 

 In our analysis, the rate of transradial approach was 59% (reported in 8 studies 

including 8.667 patients (45%). However, since this data was not presented in a 

considerable proportion of studies this impedes the further analysis of potential 

impact of access site selection.   

Our findings are partly in line with the results of a previous meta-analysis published 

in 2015 including 17 trials with a total of 20.839 patients validating standardized cut-

off points for platelet function testing. In that study thienopyridine-treated patients 

with HPR were associated with a 2.73- fold higher risk for ST (p<0.00001) and a 1.5-

fold higher risk for mortality (p<0.05) compared with those with optimal PR 
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following PCI meanwhile patients with LPR were associated with a 2-fold increased 

risk for major bleeding complications without any further reduction in the risk of 

ST.105 In our study, there was no considerable difference between LPR and non-LPR 

groups regarding mortality, ST or repeated revascularization. However, the risk of 

serious vascular events resulted in significant difference favoring the LPR group. 

Regarding the risk of non-fatal MI, the event rate was significantly lower in the LPR 

group. 

Some limitations of our analysis should be discussed. Observational studies were 

included that are usually unbalanced regarding baseline clinical characteristics of the 

patients. These studies could reflect the real-world practice better, meanwhile due to 

lack of monitoring drug compliance, underreporting negative results and incomplete 

follow-up their interpretation may be more difficult and might carry ascertainment 

biases. To balance possible confounding factors data were pooled with logarithmic 

transformation according to the random-effect model via generic inverse weighting 

with the intent of methodical compensation of these factors.  

Furthermore, patients were not treated uniformly regarding the LDs of clopidogrel 

and that platelet function assessments were performed at different time points after 

PCI with different devices and cut-offs for LPR that may contribute to heterogeneity.  

Moreover, there are multiple tests on the field without a real-gold standard. 

Considering the plethora of the available platelet functions tests we aimed to restrict 

our analyses to those that implement a method based on ADP-dependent in vitro 

platelet activation in order to best assess the efficacy of ADP receptor dependent 

activation pathway. From this aspect we did not restrict the acceptable 

methodologies based on the final readout of the method. The use of different P2Y12 

inhibitors may have also influenced residual platelet reactivity. Due to the lack of 

patient-level data subgroup analyses were not done to identify drug-related efficacy. 

It is also important to note that different definitions of bleeding may also contribute 

to heterogeneity. We aimed to collect data according to the two most widely used 

standardized definitions the TIMI bleeding and BARC criteria.  
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6.2 Oral anticoagulation and outcomes in patients with acute myocardial infarction 

Our analysis of a large, prospective, unselected database of patients treated with PCI 

due to an event of AMI showed that AMI patients receiving OAC were older and 

had a more severe risk profile than patients in the control group and thus 

anticoagulation was associated with a higher rate of mortality, MACE and 

transfusion. However, after performing PS-matching these differences were balanced 

off, and in the PS-matched sample, no difference regarding mortality or MACE 

persisted. Transfusion remained more frequent in the OAC group; however, this 

difference did not reach the level of statistical significance. PS-adjusted analyses of 

the risks within the OAC-treated groups did not explore major differences except for 

the higher mortality and MACE rates were seen among patients not receiving 

aspirin. 

Conditions requiring long-term anticoagulation including AF, ventricular thrombi, 

or pulmonary embolism are markers associated with poor prognosis among patients 

who underwent PCI.111–113 AF is associated with  increased risk for heart failure, 

dementia, and stroke. Besides other less common causes like ventricular thrombus 

and deep vein thrombosis or pulmonary embolism, this arrhythmia is the most 

common cause of anticoagulation among MI patients.  

The importance of comorbidities is, however, reflected variably in earlier studies. 

Patients included in the “REduction of Atherothrombosis for Continued Health” 

(REACH) registry had a higher risk of major adverse events after a 4-year follow-up 

if they also suffered from AF. This difference - contrasting our analyses - remained 

important even after balancing for clinical parameters (24.3% vs 13.3% unadjusted 

and 18.9% and 9.4% adjusted event rates, respectively). Beyond differences in the 

inclusion criteria of the REACH registry, some other disparities should be noted that 

may explain the partially discordant results. Importantly, in the REACH register, a 

set of clinical factors were used for regression adjustment. Regression adjustment is 

used frequently in observational studies and it attempts to characterize the effect 
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estimate at the mean of the factor levels entered the model. But importantly it keeps 

the sample untouched even if the treatment groups differ considerably in their risk 

profile. We found that the characteristics of OAC-treated patients consist of a 

minority of the MI population with major differences from the control cases. 

Moreover, the PS-based stratification showed that the risk of ischemic and bleeding 

endpoints was neither homogenous nor linear concerning the PS. Thus, to achieve 

balance in the measured confounders PS matching was used instead. Furthermore, 

we used PS as a balancing score to adjust for potential remaining differences within 

the OAC group analyses.114 The unfavorable results of patients with AF in the 

REACH registry can also be explained by the undertreatment of these cases, as the 

rate of anticoagulation reached only 52% in the 4th year. This is in line with our data 

where AF, but not anticoagulation was associated with unfavorable results regarding 

both ischemic and bleeding in regression adjustment analyses. 

In our registry, a different approach was conducted to analyze the outcomes of 

patients after the event of AMI based on their intended OAC treatment status. Earlier 

experience with warfarin suggested an incremental ischemic benefit when 

anticoagulant therapy was used in combination with aspirin.115 These results set the 

scene for studies using DOACs as an adjunct option to antiplatelet therapy in ACS. 

With the only exception of rivaroxaban, ACS trials among patients without AF failed 

to support this concept.116 However, in the “Anti-Xa Therapy to Lower 

Cardiovascular Events in Addition to Standard Therapy in Subjects With Acute 

Coronary Syndrome ACS 2–Thrombolysis In Myocardial Infarction 51” (ATLAS 

ACS-2–TIMI-51) trial low dose rivaroxaban reduced the risk of major adverse events 

with a significant mortality reduction.117  Meta-analysis of these trials found a 

homogenous effect of DOAC anticoagulation in reducing ischemic endpoints, 

however, this benefit was counterbalanced with the higher risk of bleeding compared 

to placebo.118 Low-dose rivaroxaban also resulted in higher rates of major bleeding 

but better cardiovascular outcomes in patients with aspirin-treated stable 

atherosclerotic vascular disease in the Cardiovascular OutcoMes for People Using 
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Anticoagulation StrategieS (COMPASS) trial.119 Comorbidity adjusted analyses 

regarding the agent used for anticoagulation found comparable outcomes of DOAC 

treated cases to VKA, with an unexpected trend for higher mortality in the case of 

rivaroxaban. When considering the results of the analysis it is important to note that 

the use of DOAC represented a minority of our OAC group and that low-dose 

rivaroxaban was not used in our cohort that makes the importance of this statistically 

non-significant difference questionable.   

Interaction between anticoagulation and antiplatelets has been most extensively 

examined in cases with AF receiving antiplatelet therapy because of a coronary event 

or intervention.120 Recently data from multiple randomized trials were published.121–

124 Pooled meta-analysis of these trials found that anticoagulation applied with single 

antiplatelet treatment reduces bleeding risk, however, a trend for a higher rate of MI 

and ST was observed compared to dual-antiplatelet combined anticoagulation.125 

This observation contrasted the What is the Optimal antiplatElet & Anticoagulant 

Therapy in Patients With Oral Anticoagulation and Coronary StenTing (WOEST) 

trial that found a significant reduction of major adverse events and a decreasing 

trend of the elements of the composite endpoint if aspirin was withheld in 

anticoagulated patients. However, in line with the DOAC trials, our results reflected 

a worse prognosis of anticoagulated patients without aspirin.  
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6.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-

risk patients in secondary stroke prevention  

In this multiple treatment network meta-analysis of 26 trials involving 124.495 

patients, we found evidence that the choice of antiplatelet strategy influences the risk 

of stroke in patients with high thrombotic risk. Within this comprehensive analysis of 

randomized trials testing ticagrelor in a wide range of clinical scenarios we found 

that ticagrelor plus aspirin, as compared to aspirin alone, was associated with a 

significant risk reduction of stroke (20%). Data of this analysis showed an important 

trade-off between stroke prevention and bleeding risk. However, when the risk of 

major bleeding was taken into consideration, the probability of being the best choice 

of treatment was the highest for aspirin monotherapy while the lowest for aspirin 

plus ticagrelor. Additionally, this combination significantly increased the risk of 

intracranial bleeding. We found important clustering of clinical endpoints among 

antiplatelet monotherapies and combinations while in models considering the 

components of the combinations the highest stroke prevention potential and the 

highest bleeding risk was attributable to ticagrelor.  

Platelet-driven thrombotic events play a pivotal role in the development of ischemic 

vascular events. Earlier analyses found favorable results for aspirin as initial therapy 

in the prevention of ischemic stroke. 126 However, aspirin monotherapy is not capable 

of preventing ischemic events in patients at high risk of recurrences like in cases with 

recent minor stroke or TIA or in patients with acute coronary syndrome.127 Later 

development in antiplatelet therapy aimed at the inhibition of alternative pathways 

including the P2Y12 receptor-mediated activation and in combination with aspirin 

providing a greater reduction of thromboembolic complications. In the Ticlopidine 

Aspirin Stroke Study (TASS) ticlopidine alone was superior to aspirin with a 21% 

risk reduction of fatal and nonfatal stroke. However, due to its unfavorable side-

effects and with the availability of more tolerable ADP inhibitors ticlopidine is used 

scarcely in the clinical praxis. Consequently, as no study was performed comparing 

ticlopidine to ticagrelor, data of ticlopidine studies were not included in our network 
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meta-analysis.128 Moreover, with reassuring results on the reduction in ischemic 

events seen in ACS, the question was raised whether the intensification of 

antiplatelet therapy could be similarly beneficial in the prevention of ischemic stroke.  

Our findings are partly in line with previous meta-analyses indicating that ticagrelor 

was more effective in reducing combined ischemic and hemorrhagic stroke 

compared with other antiplatelet regimens in patients with CAD, cerebrovascular 

disease or PAD and extended these with the observation that stroke prevention 

potential is consistently reflected in trials with ticagrelor treatment regardless the 

inclusion condition. Importantly, prevention and bleeding trade-off show clustering 

at the level of antiplatelet monotherapies and combinations. P2Y12 inhibitor and 

aspirin combination show more effective stroke prevention, but its use is associated 

with an increase in the risk of bleeding. This risk includes intracranial bleeding that is 

significantly higher with ticagrelor and aspirin. The analysis did not show important 

benefits of ticagrelor based combination when compared to clopidogrel. Net adverse 

clinical events showed only benefit among studies with ACS patients.129 

Our network analysis included some trials that also applied prasugrel, another 

effective but irreversible P2Y12 blocking agent in combination with aspirin. It is 

important to note that in the fundamental TRITON TIMI-38 trial increasing the risk 

of bleeding events including fatal bleeding was found in patients with a history of 

TIA or stroke.7  Although TRITON-TIMI-38 was not powered for poststroke/TIA 

events, and only a limited percentage of patients had a history of cerebrovascular 

disease, prasugrel is contraindicated for them.7 As all included trials were performed 

after the TRITON TIMI-38 thus TIA or stroke was a contraindication for prasugrel 

treatment while ticagrelor was applied even amongst the highest risk for intracranial 

bleeding like those with recent stroke. We believe that the clinical applicability of 

prasugrel among patients with earlier cerebrovascular events remains to be studied 

in greater detail. The magnitude of its treatment effect is, however, at the range of the 

other P2Y12 inhibitors when applied in patients without a cerebrovascular history.   
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It remains unclear if the preventive effect of ticagrelor is explainable with its more 

effective inhibition of P2Y12 dependent platelet activation or with additional effects 

like increase in adenosine levels due to an additional blockage via ENT-1 leading to 

platelet inhibition, inflammatory milieu modulation, vasodilation and protection 

from ischemia and reperfusion injury.130 With the integration of these data, ticagrelor 

may have additional protective effects on cerebral ischemia-reperfusion. 

Additionally, to the potentially lower bleeding risk due to the reversible P2Y12 

inhibition, animal studies indicated neuroprotective effects of ticagrelor through 

endothelial nitric oxide synthase modulation resulting in increased blood flow and 

reducing infarct volume.131 

Both the THALES trial and the subgroup analysis of the SOCRATES trial support 

these findings indicating a risk reduction of 32% with ticagrelor and 27% with aspirin 

plus ticagrelor over aspirin in patients with minor ischemic stroke or high-risk TIA. 

45,80 However, it is important to note that these trials also found an important increase 

of bleeding complications that may reduce or cancel out the ischemic benefit. 

Functional health status such as disabling stroke outcome (defined as death or 

Rankin scale >1) was reported only in the THALES and SOCRATES trials. The 

analysis of this endpoint did not explore important differences. 
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7. NOVEL FINDINGS 

Based on the results of the cited experiments and studies, our major novel findings 

can be summarized as follows: 

• our meta-analysis supports that LPR is associated with an increased 

bleeding risk of patients who underwent coronary stent implantation. 

The possible benefit of this marker in risk stratification or improvement 

of risk prediction if combining with other factors in prediction models 

remains to be established by further studies. 

• our analysis of a real-life, coronary intervention treated acute 

myocardial infarction population found that the apparent higher rate of 

all-cause mortality, and MACE, among OAC-treated patients compared 

to the patients without OAC treatment may be attributable to the 

inherently higher risk of these cases. The data from risk-adjusted 

analyses found a signal for a worse prognosis of anticoagulated cases if 

aspirin was withheld. 

• our analysis of clinical trials supports that the use of ticagrelor as mono- 

or aspirin combined therapy resulted in more effective stroke 

prevention in a high-risk patient population. Highlighting the trade-off 

between bleeding risk and stroke prevention the data show that besides 

ischemic risk also bleeding risk should be assessed and considered. 

This lower risk of ischemic stroke with ticagrelor was counterbalanced 

with a higher risk of major bleeding including an importantly increased 

risk of intracranial bleeding. The decision regarding the choice of 

antiplatelet agent and its duration should be individualized according 

to the risks and benefits of the chosen treatment.  
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