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Abstract

Atrial fibrillation (AF) is a complex arrhythmia with multifaceted management. This thesis explores ways to improve cardiovascular outcomes in specific AF populations. For those undergoing percutaneous coronary intervention (PCI), it investigates optimal antithrombotic strategies since current recommendations are inadequate. For those undergoing cardiac surgery, it investigates the safety and efficacy of concomitant surgical ablation (SA), which remains underperformed despite recommendations.

The first study assessed 387 patients with AF receiving triple antithrombotic therapy (TAT) with aspirin, a P2Y12 inhibitor and oral anticoagulation (OAC) for 1 month or ≤1 week post-PCI. At 30 days, TAT for ≤1 week (including those receiving no further aspirin post-PCI) was associated with less bleeding despite greater use of ticagrelor/prasugrel but similar ischaemic events versus 1-month TAT. 

The second study recruited 39 patients with AF receiving TAT with ticagrelor/prasugrel, TAT with clopidogrel or dual antithrombotic therapy (DAT) with ticagrelor post-PCI. Bleeding time was shorter among patients receiving DAT compared with TAT with ticagrelor/prasugrel. Cyclo-oxygenase-1-dependent platelet aggregation, assessed by light transmittance aggregometry, was higher with DAT compared with both TAT groups. There were no differences in platelet aggregation with adenosine diphosphate and thrombin-receptor-activating peptide or in fibrin clot properties. DAT consisting of ticagrelor and OAC may provide sufficient antithrombotic effect without excessive anti-haemostatic effect.

The third study compared 652 propensity-matched patients with AF undergoing cardiac surgery with or without concomitant SA. Early post-operative complication rates were similar. Ten-year survival was increased for patients in the SA-group compared with the no-SA group but incidence of ischaemic stroke was similar.

In AF patients undergoing PCI, DAT with ticagrelor/prasugrel and DOAC may be  a suitable default regimen with acceptable safety and efficacy which should be studied further. In AF patients undergoing cardiac surgery, concomitant SA potentially improves survival without important safety concerns and wider uptake should be encouraged.
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[bookmark: _Toc194438753]1.1 Introduction

Atrial fibrillation (AF) is the commonest sustained arrhythmia reported worldwide. Together with atrial flutter (AFL), it affected approximately 60 million people in 2019.1 The prevalence of AF in adults across most of the Western world is estimated to more than double over the next few decades as the population ages, accumulates more risk factors and is screened more thoroughly.2-4

Atrial fibrillation is characterised by rapid, disorganised electrical activity in the atria that results in their ineffectual contraction. The pathogenesis of AF is not fully understood but thought to be a complex interplay of triggers for initiation and substrate for perpetuation. The electrical mechanism was initially proposed to be a random propagation of multiple electrical wavelets that could sustain themselves via reentry independent of the initial trigger due to abnormal atrial tissue acting as the substrate.5 This was termed the multiple wavelet hypothesis. However, more recent study identified that the majority of AF triggers originate from around the pulmonary veins (PVs) and respond to treatment by radiofrequency (RF) ablation.6 Disruption of muscle fibres connecting the left atrium to the PVs (other connections such as to the coronary sinus and the Ligament of Marshall may also be involved) is suspected to be the reason for rapidly-firing foci initiating AF.7 A newer ‘rotor theory’ postulates that the fibrillatory conduction results from a few vortices (rotors) spinning continuously at high frequency rather than multiple wavelets.8

Regardless of the underlying electrophysiology, the development of a perpetuating substrate is likely to involve a combination of progressive left atrial fibrosis, dilatation and remodelling.9 These pathological processes come together under the recently defined concept of atrial cardiomyopathy.10 Predisposition to AF involves both inherited and acquired factors with an estimated lifetime risk of 37% after the age of 55 in individuals from the Framingham Heart Study.11 Inherited risk is polygenic while cardiovascular comorbidities such as hypertension, diabetes mellitus, coronary artery disease (CAD), heart failure, obesity and obstructive sleep apnoea (OSA) are some of the clinical risk factors associated with atrial cardiomyopathy and the development and/or progression of AF.3, 11, 12 There is also close association with AFL, which involves a more regular, macroreentrant electrical activation, usually of the right atrium. Typical AFL and AF can trigger each other and they share similar outcomes.13

The diagnosis of AF is based on electrocardiographic traces of heart rhythm showing no clear P waves (the representation of electrical activity in the atria) and irregular intervals between R waves (representative of electrical activity in the ventricles).14 Clinical presentation varies widely, from asymptomatic detection to rate- or rhythm-related symptoms to more serious events including heart failure, haemodynamic instability and cardioembolic stroke.15 AF can be classified according to temporal pattern: paroxysmal describes AF that terminates within 7 days of onset (spontaneously or with treatment), persistent describes AF that is continuously sustained for >7 days while permanent AF describes a scenario where there is no clinical intention to restore sinus rhythm and it is accepted long-term.14 Progression from paroxysmal to persistent AF is associated with poorer outcomes and tends to occur as atrial cardiomyopathy worsens.16 AF itself contributes to further atrial remodelling, becoming more difficult to reverse and giving rise to the concept that “AF begets AF”.10, 17

Through its symptoms and associated conditions, AF results in impaired quality of life and increased risk of hospitalisations and mortality.3 The healthcare burden associated with AF is high and, together with the rising prevalence, highlights the importance of addressing its many facets definitively.18

[bookmark: _Toc194438754]1.2 Management of Atrial Fibrillation

The latest European Society of Cardiology (ESC) guidelines on AF outline four aspects to its management termed the principles of AF-CARE: Comorbidity and risk factor management, Avoid stroke and thromboembolism, Reduce symptoms by rate and rhythm control and Evaluation and dynamic reassessment.14 While holistic care is desirable, one or more aspects can prove challenging, especially given the wide spectrum of patients affected by AF.
[bookmark: _Toc194438755]1.2.1 Risk Factor Modification

The association between atrial remodelling and AF development and progression would suggest that addressing contributory risk factors impacts disease burden. In fact, weight loss, alcohol abstinence, moderate exercise and tighter glycaemic and blood pressure control have all been shown to improve AF-related outcomes in randomised control trials (RCTs) or large registries.19-23 Conversely, poor control of cardiovascular risk factors is related to increased rates of AF recurrence following catheter ablation.24 Treatment of OSA with continuous positive airway pressure resulted in reversal of atrial remodelling in a small RCT.25

[bookmark: _Toc194438756]1.2.2 Stroke Prophylaxis

Atrial fibrillation is associated with a roughly five-fold increased risk of stroke, and worse outcomes such as mortality and long-term disability compared to non-AF-related stroke.26, 27 The main cause of stroke in patients with AF is attributed to embolism from thrombus formation in the left atrium, particularly the left atrial appendage (LAA), although non-cardioembolic stroke related to cerebrovascular disease is also possible due to associated risk factors.28 The conditions for left atrial thrombus formation in AF are thought to be a combination of hypercoagulability, endothelial dysfunction and reduced blood flow, a commonly-described triad.29 Thrombus of cardioembolic origin has a higher percentage composition of fibrin than non-cardioembolic thrombus, reflecting differences in shear rates between cardiac and arterial substrates as well as the elevated levels of procoagulants seen in patients with AF compared to sinus rhythm.29-31 This includes impaired breakdown of von Willebrand factor by flow-dependent ADAMTS13 (A Disintegrin And Metalloproteinase with a ThromboSpondin type 1 motif member 13) and increased expression of tissue factor leading to thrombin formation.32, 33

The risk of stroke or systemic embolism varies between patients and several scores exist to aid with stratification. Perhaps most widely used is the CHA2DS2-VASc score developed by Lip et al which incorporates heart failure, hypertension, age, diabetes mellitus, prior stroke or systemic embolism, vascular disease and sex category (female) as risk factors.34 It is easy to calculate and strongly predictive of low-risk patients who do not need medication for stroke prophylaxis.35-37 However, the latest version of the ESC guidelines on AF has recommended excluding sex/gender from the risk score and using the CHA2DS2-VA score instead.14 Stroke prophylaxis treatment largely involves the long-term use of oral anticoagulant (OAC) agents in patients with a high enough estimated risk i.e. a strong recommendation for those with a CHA2DS2-VA score ≥2 (Class I) and a slightly weaker recommendation for those with a score ≥1 (Class IIa).14, 38 

Vitamin K antagonists (VKAs) such as warfarin and the direct-acting OACs (DOACs) rivaroxaban, apixaban, dabigatran and edoxaban are most commonly used (Table 1.1).39 VKAs are limited by their narrow therapeutic range and numerous drug and food interactions, requiring frequent monitoring of the international normalised ratio (INR) and dose adjustment. A meta-analysis of all four major DOAC phase 3 trials demonstrated their superiority over warfarin for reducing rates of stroke, other systemic embolism, mortality and intracranial haemorrhage (ICH) in patients with AF.40 Most other bleeding outcomes were similar but gastrointestinal bleeding was increased with high-dose dabigatran, rivaroxaban and high-dose edoxaban compared with warfarin, unlike apixaban.41-44 DOACs are recommended over VKAs in most patients for their favourable risk-benefit profile. VKAs, however, are still recommended over DOACs if patients also have mechanical heart valves or moderate/severe mitral stenosis due to their exclusion from the aforementioned DOAC trials and evidence suggesting inferiority of DOACs.45









Table 1.1: Summary of the main pharmacological properties of common oral anticoagulants.46-50
	
	Warfarin
	Dabigatran
	Rivaroxaban
	Apixaban
	Edoxaban

	Mechanism of action
	Inhibits formation of vitamin K-dependent clotting factors (II, VII, IX and X)
	Direct competitive thrombin antagonist
	Direct competitive factor Xa antagonist
	Direct competitive factor Xa antagonist
	Direct competitive factor Xa antagonist

	Onset of action (hours)
	48-72
	1-3
	2-4
	3
	1-2

	Half-life (hours)
	35
	12-17
	5-13
	12
	10

	Renal elimination
	Minimal
	80%
	33%
	25%
	50%

	CYP metabolism
	Yes
	No
	Yes
	Yes
	Minimal


CYP = cytochrome P450

Antiplatelet agents such as aspirin and clopidogrel, even in combination, are inferior to OAC and therefore not recommended for stroke prophylaxis regardless of risk.38, 51, 52 Of note, the ACTIVE W (Clopidogrel plus aspirin versus oral anticoagulation for atrial fibrillation in the Atrial fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular Events) trial compared dual antiplatelet therapy (DAPT) consisting of aspirin and clopidogrel with a VKA in patients with AF and additional risk factors for stroke.51 It was stopped prematurely due to the superiority of VKA in reducing vascular events. In similar patients but who were unsuitable for a VKA, the AVERROES (Apixaban Versus Acetylsalicylic Acid to Prevent Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin K Antagonist Treatment) trial compared apixaban with aspirin and also ended early due to superiority of the DOAC in reducing the risk of stroke and systemic embolism without increasing the risk of bleeding.52

Anticoagulation is effective at reducing stroke risk but this comes at the expense of increasing the risk of bleeding. Major events such as ICH and gastrointestinal bleeding directly affect morbidity and mortality, but even minor bleeding may lead to OAC discontinuation.40, 53, 54 Among the various risk-score-based assessments of bleeding, the HAS-BLED score is recommended to identify high-risk patients (defined as scoring ≥3), address modifiable risk factors and monitor regularly for changes to their profile but not to make decisions about commencing or withdrawing/withholding OAC in patients with AF.14 The risk factors included in the HAS-BLED score are uncontrolled hypertension, abnormal renal and/or hepatic function, previous stroke, bleeding history or predisposition, labile INR whilst treated with a VKA, age, use of antiplatelets or non-steroidal anti-inflammatory agents, and excessive alcohol intake.55 

Other therapies to reduce stroke risk involve occluding or excluding the LAA percutaneously or surgically (see Section 1.3.2.4). These invasive strategies are usually reserved for patients with a perceived high risk for OAC therapy (e.g. previous ICH) or performed in addition to cardiac surgery for a separate indication. The Watchman device, which is inserted percutaneously, has been investigated in two major trials and showed similar rates of stroke to warfarin therapy, with higher ischaemic and significantly lower haemorrhagic strokes.56 A large clinical trial directly comparing the Watchman device to DOAC therapy in patients with AF and a CHA2DS2-VASc score ≥2 in men and ≥3 in women is ongoing (NCT04394546). Surgical closure of the LAA in patients on concomitant OAC results in further reduction in stroke risk; however, it is not yet considered a suitable replacement for OAC due to lack of evidence.14, 57

[bookmark: _Toc194438757]1.2.3 Symptom Control

A number of mechanisms are thought to be involved in precipitating AF symptoms. A fast heart rate is an important component but some symptoms may persist even if rate control is achieved and this is likely the result of loss of atrial contribution to cardiac output.58 Rhythm control involves restoration and long-term maintenance of sinus rhythm and inherently also involves a degree of heart rate control. The two strategies, rate and rhythm control, have been studied and compared extensively to determine suitability for the wide range of clinical presentations and patient characteristics.59-62 Current guidance on treatment is based on the interpretation that these trials did not demonstrate a significant difference in important endpoints, including mortality, leaving rate control as the initial, default strategy.63

Achieving rate control in AF may be enough to improve symptoms in most patients and is also important to reduce the risk of tachycardia-induced cardiomyopathy.64, 65 The first-line method is pharmacological through the use of beta-blockers, non-dihydropyridine calcium channel blockers and digoxin, separately or in combination. In the absence of tachycardia-induced cardiomyopathy or other types of heart failure, a target heart rate <110 beats per minute is recommended.14, 64 If pharmacotherapy is inadequate and rhythm control options (discussed below) are not deemed appropriate, ablation of the atrioventricular node preceded by pacemaker implantation is a drastic, albeit effective, next-line option.66

A rhythm control strategy aims to restore and maintain normal sinus rhythm, with rate control also coming as a direct consequence in most cases. Treatments, either alone or in combination, include electrical cardioversion, antiarrhythmic medication such as amiodarone and flecainide, catheter ablation and surgical ablation (SA). The primary indication to adopt a rhythm control strategy is a reduction in symptom burden, and the level of treatment (non-invasive vs invasive) is dependent on factors such as clinical appropriateness and patient choice.14, 37, 67 Catheter ablation is recommended as a first-line therapy in symptomatic patients with paroxysmal AF and may be considered in persistent AF. Recent evidence has emerged demonstrating a reduction in adverse cardiovascular events with early rhythm control over standard of care in patients with AF and other cardiovascular conditions, and so catheter ablation can be pursued for improvement in morbidity and mortality in selected patients at increased risk.14, 63, 68 SA is discussed in depth in Section 1.3.2.

[bookmark: _Toc194438758]1.2.4 Evaluation and Reassessment 

The principle of regular re-evaluation of patients with AF has been introduced more recently to highlight the progressive nature of the disease.14 Clinicians should not expect initial decisions on stroke prophylaxis and rate/rhythm control taken at the time of diagnosis to remain appropriate long-term, but may need to be modified depending on changing risk. Apart from reassessing thrombotic and bleeding risk, regular cardiac imaging is recommended, especially to monitor for deterioration of ventricular and/or valvular function.69 Quality of life metrics specific to AF are also of increasing importance but those currently in use, such as the Atrial Fibrillation Effect on QualiTy-of-Life (AFEQT) questionnaire, are not validated.70, 71

[bookmark: _Toc194438759]1.3 Atrial Fibrillation in Specific Patient Populations

The prevalence of AF among patients with other cardiovascular conditions, such as CAD and valvular heart disease (VHD), is high and likely to increase.3, 72 Simultaneous management often requires careful consideration due to the relationships that exist between the various therapies.

[bookmark: _Toc194438760]1.3.1 Patients undergoing Percutaneous Coronary Intervention

Coronary artery disease is the leading cause of morbidity and mortality in the world.3 In both acute and chronic settings, significant disease is commonly treated by percutaneous coronary intervention (PCI), involving the insertion of drug-eluting stents to maintain vessel patency across the targeted lesion.73, 74 Drug-eluting stents reduce the development of neointimal hyperplasia but have an increased risk of causing local thrombosis through a variety of mechanisms such as exposure to prothrombotic material including stent struts and polymer, slow coronary blood flow and a persistent prothrombotic state following a coronary event. Stent thrombosis is a rare complication of PCI (0.5-3%) but mortality can be as high as 45%.75 The risk of stent thrombosis is curbed by the administration of antiplatelet agents while stent endothelialisation takes place. Discontinuation of antiplatelet therapy, stent malapposition, underexpansion or undersizing, increased stent length and complex disease are all predictors of early stent thrombosis.75, 76 Approximately 17 to 46% of patients with AF have or will develop CAD, while 5 to 12% of patients undergoing PCI have a history of AF.77, 78

[bookmark: _Toc194438761]1.3.1.1 Antithrombotic Therapy

Antiplatelet therapy aims to limit the crucial role that platelets occupy in thrombotic processes by inhibiting their activation and subsequent aggregation through several mechanisms (Figure 1.1). Aspirin and P2Y12 inhibitors are the most commonly used oral antiplatelet agents and are described in Table 1.2. Inhibiting platelet activity, however, also negatively impacts haemostasis so these agents are also associated with increased bleeding risk, especially in combination.79, 80 A common regimen following stent insertion involves DAPT with aspirin and a P2Y12 inhibitor for 3-12 months, then long-term or lifelong single antiplatelet therapy (SAPT). The choice and duration of antiplatelet therapy depends on the balance between perceived risk of future ischaemic and bleeding events, which may be guided by the DAPT and PRECISE-DAPT (PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual Anti Platelet Therapy) risk scores.81, 82 Antiplatelets also reduce the risk of myocardial infarction (MI) in other diseased segments of the coronary arteries and are used in the secondary prevention of peripheral vascular and cerebrovascular disease.
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Figure 1.1: Illustration of the main thrombotic processes involved in the coagulation cascade and platelet activation. The ultimate result is formation of thrombus made up of aggregated platelets and a fibrin mesh. Of particular relevance are: 1.) the inhibitory targets of aspirin, P2Y12 inhibitors and anticoagulants; 2.) the link between the common pathway of the coagulation cascade and platelet activation through the agonistic effect of thrombin on platelet PAR-1 and PAR-4 receptors. AA = arachidonic acid; ADP = adenosine diphosphate; Ca2+ = calcium; GP = glycoprotein; PAR = protease-activated receptor; TPα = thromboxane receptor α; TXA2 = thromboxane A2. Figure adapted with permission from reference 83. 

Table 1.2: Summary of the main pharmacological properties of contemporary oral antiplatelet agents.84-90
	
	Aspirin
	Clopidogrel
	Prasugrel
	Ticagrelor

	Mechanism of action
	Inactivation of platelet COX1 prevents the conversion of AA to the platelet agonist TXA2
	Binding to platelet P2Y12 receptor inhibits ADP-mediated platelet activation and aggregation
	Binding to platelet P2Y12 receptor inhibits ADP-mediated platelet activation and aggregation
	Binding to platelet P2Y12 receptor inhibits ADP-mediated platelet activation and aggregation

	Reversibility
	Irreversible
	Irreversible
	Irreversible
	Reversible

	Onset of action (hours)
	1
	2-8
	0.5-4
	0.5-4

	Offset of action (days)
	Up to 10
	3-10
	5-10
	3-5

	Half-life (hours)
	<1
	0.5-1 (active metabolite)
	0.5-1 (active metabolite distribution half-life)
	8-12

	Renal impairment
	No dose adjustment
	No dose adjustment
	No dose adjustment
	No dose adjustment

	CYP metabolism
	Yes, predominantly CYP2C19
	Yes, predominantly CYP2C19
	Yes, predominantly CYP3A4 and CYP2B6
	Yes, CYP3A4 or CYP3A5


AA = arachidonic acid; ADP = adenosine diphosphate; COX1 = cyclo-oxygenase 1; CYP = cytochrome P450; TXA2 = thromboxane A2.




While aspirin has been an established antiplatelet agent for several decades, secondary prevention of ischaemic events is improving with the more recent introduction of P2Y12 inhibitors. Within the P2Y12 inhibitor class, the newer agents prasugrel and ticagrelor have shown superiority over clopidogrel in reducing ischaemic events in patients with acute coronary syndrome (ACS). Prasugrel resulted in a 19% relative risk reduction in death from cardiovascular causes, non-fatal MI or non-fatal stroke compared with clopidogrel in the TRITON-TIMI 38 (TRial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet InhibitioN with Prasugrel-Thrombolysis In Myocardial Infarction 38) trial, while ticagrelor resulted in a 16% relative risk reduction in similar outcomes compared with clopidogrel in the PLATO (PLATelet inhibition and patient Outcomes) trial.91, 92 Prasugrel was associated with an increase in major bleeding compared with clopidogrel. Ticagrelor, on the other hand, was associated with an increased risk of study-defined non-coronary artery bypass graft (non-CABG)-related bleeding but not an overall increase in major bleeding compared with clopidogrel.

The main difference in P2Y12 inhibitor efficacy relates to their pharmacokinetic and pharmacogenomic properties. Clopidogrel, a prodrug, is converted to its active metabolite via two oxidative steps involving cytochrome P450 (CYP) enzymes, which then irreversibly binds to the platelet P2Y12 receptor.93 Prasugrel is similarly converted to an active metabolite but is more efficiently metabolised.88 Ticagrelor does not require metabolic activation to exert its effect, though it does have an equipotent active metabolite.88, 90 Both achieve superior and more consistent platelet inhibition than clopidogrel in patients with CAD, as determined through platelet function testing.94-96 Multiple factors have been investigated to understand clopidogrel unresponsiveness, which varies widely and can reportedly affect up to 44% of patients.93, 97 Of particular importance, polymorphisms in the CYP2C19 gene include certain loss-of-function alleles that are associated with lower levels of the active metabolite of clopidogrel, reduced platelet inhibition (high on-treatment platelet reactivity) and increased risk of cardiovascular events compared to non-carriers on clopidogrel.98 This genetic polymorphism does not appear to affect pharmacodynamic responses or clinical outcomes in patients on prasugrel or ticagrelor.99

Anticoagulants exert an indirect antiplatelet effect by inhibiting the formation of thrombin which itself acts as a platelet activator via the protease-activated receptor (PAR) 1 and 4 pathways (Figure 1.1).100 Dabigatran may also have a more direct antiplatelet effect.101 A number of early trials demonstrated superiority of DAPT (aspirin and ticlopidine) over OAC and aspirin in preventing thrombotic and bleeding events after PCI.79, 102-104 However, it must be recognised that they were performed with older generation stents and implantation techniques that were associated with much higher risk of stent thrombosis than seen with contemporary practice. The role of lower-dose anticoagulant therapy in reducing ischaemic events in patients in sinus rhythm has more recently been investigated in the COMPASS (Cardiovascular OutcoMes for People using Anticoagulation StrategieS) trial. The addition of very-low-dose rivaroxaban at 2.5 mg twice daily to aspirin resulted in fewer adverse cardiovascular events but more bleeding events compared with aspirin monotherapy.105 Rates of ICH or fatal bleeding were comparable.

Taken together, the results of these trials that have just been discussed and those of ACTIVE W and AVERROES (see Section 1.2.2) lead to the perception that neither DAPT nor OAC is able to provide adequate ‘cross-cover’ for both AF and PCI. This results in the need for treatment with both antiplatelet and anticoagulant therapy when patients with AF undergo PCI for concomitant CAD. Inhibition of both the protein and platelet arms of coagulation increases the bleeding risk considerably, highlighting the importance of investigating outcomes in this particular group of patients.106, 107 

[bookmark: _Toc194438762]1.3.1.2 Randomised Control Trials

Various combinations of antiplatelets and OACs have been compared in a number of important RCTs. The first of these was the WOEST (What is the Optimal antiplatElet and anticoagulant therapy in patients with oral anticoagulation and coronary StenTing) trial, which recruited 573 patients on long-term OAC (all on a VKA) who underwent PCI.108 AF was the clinical indication for OAC in 69% of patients. Patients were randomised in a 1:1 ratio to receive open-label clopidogrel alone or clopidogrel and aspirin. With patients also taking OAC, this trial therefore compared dual antithrombotic therapy (DAT) with triple antithrombotic therapy (TAT). The primary endpoint was occurrence of any bleeding event at 1 year from PCI and classified according to various criteria: Thrombolysis in Myocardial Infarction (TIMI), Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) and Bleeding Academic Research Consortium (BARC). Secondary endpoints included death, MI, stroke, revascularisation of the target vessel and stent thrombosis according to the Academic Research Consortium (ARC) criteria. Overall bleeding was lower on DAT compared with TAT (19.4 vs 44.4%, hazard ratio [HR] 0.36, 95% confidence interval [CI] 0.26-0.50, p<0.001). However, rates of ICH were similar. There were also significantly less thrombotic events in the DAT group (composite secondary outcome 11.1 vs 17.6%, HR 0.6, 95% CI 0.38-0.94, p<0.025).

PIONEER AF-PCI (OPen-Label, Randomized, Controlled, Multicenter Study ExplorIng TwO TreatmeNt StratEgiEs of Rivaroxaban and a Dose-Adjusted Oral Vitamin K Antagonist Treatment Strategy in Subjects with Atrial Fibrillation who Undergo Percutaneous Coronary Intervention) was the first RCT to include patients on DOACs based on their emerging superiority over VKAs at the time.109 2124 patients with AF were randomised to one of three regimens within 72 hours of PCI: low-dose rivaroxaban and a P2Y12 inhibitor for 12 months; very-low-dose rivaroxaban, a P2Y12 inhibitor and aspirin for 1, 6 or 12 months; or warfarin, a P2Y12 inhibitor and aspirin for 1, 6 or 12 months. The doses of rivaroxaban used in this trial are currently not approved for stroke prophylaxis in AF.42 The primary endpoint was a composite of major or minor bleeding according to TIMI criteria or bleeding requiring medical attention. Secondary efficacy endpoints included the occurrence of major adverse cardiovascular events (MACE) and stent thrombosis. Excluding the group on very-low-dose rivaroxaban, clinically significant bleeding occurred in 16.8% on DAT compared with 26.7% on TAT (HR 0.59, 95% CI 0.47-0.76, p<0.001). Duration of TAT was ≥6 months in most patients. There were similar rates of MACE and stent thrombosis.

RE-DUAL PCI (Randomized Evaluation of Dual Antithrombotic Therapy with Dabigatran versus Triple Therapy with Warfarin in Patients with Nonvalvular Atrial Fibrillation Undergoing Percutaneous Coronary Intervention) compared two doses of dabigatran (110 and 150 mg twice daily) and a P2Y12 inhibitor with TAT consisting of warfarin, a P2Y12 inhibitor and aspirin.110 2725 patients with AF were randomised to one of the three regimens within 120 hours of PCI and followed up for at least 6 months (mean 14 months). In patients receiving TAT, aspirin was discontinued after 1 month if treated with bare-metal stents or after 3 months if treated with drug-eluting stents. The primary endpoint was the first major or clinically-relevant non-major (CRNM) bleeding event according to the International Society on Thrombosis and Haemostasis (ISTH) criteria. Secondary efficacy endpoints included definite stent thrombosis and a composite of thromboembolic events, death or unplanned revascularisation. Bleeding was lower in both DAT regimens compared with TAT (both HRs <0.75, both p<0.01). There were similar rates of thromboembolic events and stent thrombosis.

With its factorial design, AUGUSTUS (An Open-Label, 2x2 Factorial, Randomised Controlled, Clinical Trial to Evaluate the Safety of Apixaban Versus Vitamin K Antagonist and Aspirin Versus Aspirin Placebo in Patients With Atrial Fibrillation and Acute Coronary Syndrome or Percutaneous Coronary Intervention) independently investigated two aspects of antithrombotic therapy: optimal OAC and the effect of aspirin.111 4614 patients with AF and recent ACS or PCI received a P2Y12 inhibitor and were randomised to apixaban or VKA and to aspirin or placebo. AUGUSTUS also included patients with ACS who did not undergo PCI but were medically managed (23.9%). The primary outcome was major or CRNM bleeding according to ISTH criteria. Secondary efficacy endpoints included composites of death or hospitalisation and death or ischaemic events (stroke, MI, stent thrombosis or urgent revascularisation). Less bleeding occurred with apixaban compared with VKA (10.5 vs 14.7%, HR 0.69, 95% CI 0.58-0.81, p<0.001). More bleeding occurred with aspirin (TAT) compared with placebo (DAT) (16.1 vs 9.0%, HR 1.89, 95% CI 1.59-2.24, p<0.001). The combination of a VKA, P2Y12 inhibitor and aspirin resulted in the highest number of bleeding events (18.7%) while DAT with apixaban and no aspirin resulted in the lowest (7.3%). There was a non-significantly higher incidence of ischaemic cardiovascular events in patients not taking aspirin.

Completing the quartet of currently-approved DOACs, ENTRUST-AF PCI (EdoxabaN TReatment VersUS Vitamin K Antagonist in PaTients with Atrial Fibrillation undergoing Percutaneous Coronary Intervention) investigated the use of edoxaban in antithrombotic regimens for this patient population.112 1506 patients were randomly assigned to a regimen of edoxaban and a P2Y12 inhibitor (DAT) or VKA, a P2Y12 inhibitor and aspirin (TAT) for 12 months. Aspirin was given for a variable duration at the investigator’s discretion but for a minimum of 1 month. Randomisation occurred between 4 hours and 5 days after PCI. The primary outcome was major or CRNM bleeding according to ISTH criteria. Secondary efficacy outcomes included stroke, MI, stent thrombosis and death. DAT was non-inferior but not superior to TAT with regards to bleeding events (17 vs 20%, HR 0.83, 95% CI 0.65-1.05, p=0.001 for non-inferiority). There was an unexpected, significantly lower number of bleeding events in the TAT group compared with DAT in the first 14 days since randomisation, which may have been attributed to a high proportion of patients with subtherapeutic INR during this time. Similar rates of ischaemic cardiovascular events were reported in both groups.

All these RCTs, summarised in Table 1.3, compared a regimen of DAT and TAT but there were some important differences. Firstly, WOEST and AUGUSTUS were the only two trials to compare strategies with the same OAC while the other three compared a VKA with a DOAC. This means that the direct effect of eliminating aspirin from triple therapy can only be fully appreciated in WOEST and AUGUSTUS. Secondly, the bleeding criteria used to define the primary endpoint were different. Thirdly, the secondary composite efficacy endpoints varied although they broadly included the same cardiovascular outcomes. With regards to stent thrombosis, RE-DUAL PCI only reported patients with definite stent thrombosis, WOEST, AUGUSTUS and ENTRUST-AF PCI reported patients with definite or probable stent thrombosis and PIONEER AF-PCI did not specify the category. All the studies were underpowered to detect a difference in efficacy outcomes owing to the much lower prevalence of ischaemic events compared to bleeding events in current practice. Due to an average delay of a few days between PCI and the time of randomisation, it is likely that most patients in these trials received a short period of TAT. Combined formal analysis was needed to better appreciate any disparity.


Table 1.3: Summary of major randomised control trials involving patients with atrial fibrillation undergoing percutaneous coronary intervention on various regimens of dual and triple antithrombotic therapy.
	Trial name (year of publication
	Participants
	DAT regimen
	TAT regimen
	OAC of choice
	P2Y12 inhibitor of choice
	Duration of therapy
	Primary endpoint (bleeding) 

	WOEST (2013)
	573
	VKA + P2Y12 inhibitor
	VKA + P2Y12 inhibitor + aspirin
	Warfarin
	100% clopidogrel
	12 months
	TIMI, GUSTO, BARC criteria bleeding (any)

	PIONEER AF-PCI (2016)
	2124
	DOAC (low dose) + P2Y12 inhibitor
	VKA + P2Y12 inhibitor + aspirin
	Rivaroxaban or warfarin
	94% clopidogrel, 6% ticagrelor or prasugrel 
	1, 6 or 12 months
	TIMI major or minor criteria or bleeding requiring medical attention

	RE-DUAL PCI (2017)
	2725
	DOAC (higher and lower dose) + P2Y12 inhibitor
	VKA + P2Y12 inhibitor + aspirin
	Dabigatran or warfarin
	88% clopidogrel, 12% ticagrelor
	12 months (aspirin discontinued after 1 or 3 months)
	ISTH major or CRNM bleeding

	AUGUSTUS (2019)
	4614
	DOAC or VKA + P2Y12 inhibitor
	DOAC or VKA + P2Y12 inhibitor + aspirin
	Apixaban or warfarin
	93% clopidogrel, 7% ticagrelor or prasugrel
	6 months
	ISTH major or CRNM bleeding

	ENTRUST-AF PCI (2019)
	1506
	DOAC + P2Y12 inhibitor
	VKA + P2Y12 inhibitor + aspirin
	Edoxaban or warfarin
	92% clopidogrel, 8% ticagrelor or prasugrel
	12 months (aspirin discontinued after 1-12 months)
	ISTH major or CRNM bleeding


N.B. The regimen of very-low-dose rivaroxaban, P2Y12 inhibitor and aspirin in PIONEER AF-PCI was not considered for comparison. BARC = Bleeding Academic Research Consortium; CRNM = clinically-relevant non-major; DAT = dual antithrombotic therapy; DOAC = direct oral anticoagulant; GUSTO = Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries; ISTH = International Society on Thrombosis and Haemostasis; OAC = oral anticoagulant; TAT = triple antithrombotic therapy; TIMI = Thrombolysis in Myocardial Infarction; VKA = vitamin K antagonist.
[bookmark: _Toc194438763]1.3.1.3 Meta-analyses

Lopes et al conducted a network meta-analysis in 2019 to compare safety and efficacy outcomes of the antithrombotic strategies in the WOEST, PIONEER AF-PCI, RE-DUAL PCI and AUGUSTUS trials.113 This was updated in 2020 to include ENTRUST-AF PCI and a total of 11542 patients.114 The primary safety outcome was TIMI major bleeding and the primary efficacy outcome was MACE as defined by each trial. The previous version reported a degree of heterogeneity among the studies, possibly resulting from the different OACs used, duration of therapy, duration of follow-up and other factors. The meta-analysis demonstrated that DAT, comprising of a DOAC and a P2Y12 inhibitor, conferred the lowest bleeding risk of all investigated regimens compared with TAT comprising of VKA and DAPT as a reference (odds ratio [OR] 0.52, 95% credible interval 0.35-0.79). No significant differences were reported in the MACE composite or in the individual thrombosis-related outcomes but the authors acknowledged the higher number of patients experiencing stent thrombosis when aspirin was not part of the regimen.

Another meta-analysis by Gargiulo et al (n=10234) excluded WOEST and the 709 patients on very-low-dose rivaroxaban in PIONEER AF-PCI, reporting similar findings to Lopes et al related to bleeding risk.115 However, it also demonstrated a borderline higher risk of MI and stent thrombosis on DAT compared with TAT (3.6 vs 3.0%, risk ratio 1.22, 95% CI 0.99-1.52, p=0.07 and 1.0 vs 0.6%, risk ratio 1.59, 95% CI 1.01-2.50, p=0.04, respectively). The concern about higher thrombotic risk on DAT was also highlighted in a meta-analysis by Galli et al, which had similar exclusions.116 Subgroup analysis of patients who underwent PCI after ACS showed a significantly higher rate of MI with DAT compared to TAT (OR 1.43, 95% CI 1.02-2.00). DAT was also associated with an increased risk of stent thrombosis compared with TAT (OR 1.60, 95% CI 1.02-2.52).116

The subsequent meta-analysis by Capodanno et al adds another twist to the tale. It used a different statistical approach to report no significant differences in MACE between DAT and TAT with VKA (HR 1.07, 95% CI 0.94-1.22).117 Trial sequential analysis suggested that future studies were unlikely to demonstrate any significant difference between the two investigated regimens regarding MACE, while conclusively demonstrating the superiority of DAT regarding bleeding risk. The contrasting results of these meta-analyses can potentially be explained by a degree of heterogeneity of patient cohorts and definition of outcomes such as stent thrombosis.118

[bookmark: _Toc194438764]1.3.1.4 Temporal Changes in Ischaemic and Bleeding Risk

Prothrombotic effects of the inflammatory response to ACS and/or PCI diminish and stent endothelialisation improves over several weeks to months after PCI. These two factors contribute to a gradual reduction in ischaemic risk after ACS and/or PCI, so maintaining appropriate balance with bleeding risk in regard to antithrombotic therapy must also take into account their relationship over time.119 Analysis of 19,826 patients with ACS undergoing PCI from the RENAMI (REgistry of New Antiplatelets in patients with Myocardial Infarction) and BleeMACS (Bleeding complications in a Multicenter registry of patients discharged with diagnosis of Acute Coronary Syndrome) registries demonstrated that the average daily ischaemic risk was higher than the average daily bleeding risk in the first 2 weeks (ischaemic risk-bleeding risk=0.01%, p=0.01).120 This was mostly observed in males, patients with incomplete revascularisation, patients with ST-elevation myocardial infarction (STEMI) and patients taking clopidogrel over other P2Y12 inhibitors. Ischaemic risk remained higher than bleeding risk until three months after ACS but bleeding risk was higher from months 4 to 12 (end of study), although both trends were nonsignificant. In this study, only 4.2% of patients were taking OAC and no subgroup analysis was performed to account for this. The prevalence of AF in this cohort is also unclear.

Most studies have looked at ischaemic and bleeding risk within the first 12 months after ACS and/or PCI. There is less clarity on antithrombotic treatment and ischaemic/bleeding risk beyond a year, but two RCTs have investigated this in patients with chronic coronary syndromes (CCS).121, 122 OAC-ALONE (Optimizing Antithrombotic Care in Patients with Atrial Fibrillation and Coronary Stent) randomised patients with AF, stable CAD and >1 year since PCI to receive OAC monotherapy (VKA or DOAC) or DAT (OAC and aspirin or clopidogrel).121 The trial experienced slow recruitment and was prematurely terminated. It consequently did not reach sufficient power to demonstrate non-inferiority of OAC monotherapy to DAT for its primary endpoint, a composite of all-cause death, MI, stroke or systemic embolism at 1 year. The AFIRE (Atrial Fibrillation and Ischemic Events with Rivaroxaban in Patients with Stable Coronary Artery Disease) trial included patients with AF who underwent PCI or CABG >1 year prior or had significant CAD (≥50% stenosis) confirmed on angiography but being treated medically.122 2236 patients were randomised to receive rivaroxaban monotherapy or DAT (rivaroxaban and either aspirin or a P2Y12 inhibitor). This trial was also terminated prematurely (median treatment duration of 23 months) on the grounds of increased mortality in the DAT group. For the primary efficacy endpoint, a composite of stroke, systemic embolism, MI, unstable angina requiring revascularisation, or death from any cause, rivaroxaban monotherapy was non-inferior to DAT (4.14 vs 5.75% per patient-year, HR 0.72, 95% CI 0.55-0.95, p<0.001 for non-inferiority). ISTH major bleeding was lower with rivaroxaban monotherapy compared with DAT (1.6 vs 2.8% per patient-year, HR 0.59, 95% CI 0.39-0.89, p=0.01). Post hoc analysis demonstrated superior efficacy and safety in patients with a history of prior revascularisation (n=1697).123 One important consideration is that both trials were performed in an East Asian population which may have different ischaemic and bleeding risk profiles to other populations.124 The doses of rivaroxaban and prasugrel used in AFIRE were lower than those licensed in Europe and North America for their respective indications, limiting more widespread validity.

[bookmark: _Toc194438765]1.3.1.5 Current Guidelines

The five RCTs have had a major impact on recent ESC and North American recommendations, especially with regards to duration of therapies. Barring some slight variation among guidelines for different conditions, the latest default recommended strategy for patients with AF after PCI is TAT for up to 1 week or hospital discharge, followed by 12 months of DAT (SAPT and OAC), then lifelong OAC.14, 73, 74, 125 A DOAC is preferred over VKA unless another indication is present e.g. mechanical heart valve. For patients at high bleeding risk, a shorter duration of DAT and earlier switching to OAC alone is suggested. The ESC defines high bleeding risk as meeting ≥1 major or 2 minor criteria of the Academic Research Consortium for High Bleeding Risk (ARC-HBR) or a PRECISE-DAPT score ≥25 (Tables 1.4 and 1.5).74, 82, 126 For patients at high ischaemic risk, a longer duration of TAT (up to 1 month) can be considered. Based on trial and registry evidence, factors associated with higher risk of thrombosis include multivessel disease in patients with diabetes, length and number of stents, treatment of a chronic total occlusion, a history of stent thrombosis on adequate antiplatelet therapy and chronic kidney disease (CKD).73, 74

Table 1.4: Academic Research Consortium for High Bleeding Risk criteria for high bleeding risk.
	Major criteria
	Minor criteria

	Anticipated use of long-term OAC 
	Age ≥75 years

	Severe CKD
	Moderate CKD

	Haemoglobin <11g/dL
	Haemoglobin 11-12.9 g/dL for men or 11-11.9 g/dL for women

	Spontaneous bleeding requiring hospitalisation and/or transfusion in the past 6 months or at any time, if recurrent
	Spontaneous bleeding requiring hospitalisation and/or transfusion within the past 12 months not meeting the major criterion

	Moderate or severe baseline thrombocytopenia
	Chronic use of non-steroidal anti-inflammatory drugs or steroids

	Moderate or severe ischaemic stroke within the past 6 months
	Any ischaemic stroke at any time not meeting the major criterion

	Liver cirrhosis with portal hypertension
	

	Active malignancy within the past 12 months (excluding non-melanoma skin cancer)
	

	Previous spontaneous ICH
	

	Previous traumatic ICH within the past 12 months
	

	Presence of a cerebral arteriovenous malformation
	

	Chronic bleeding diathesis
	

	Recent major surgery or major trauma within 30 days prior to PCI 
	

	Non-deferrable major surgery on DAPT
	


CKD = chronic kidney disease; DAPT = dual antiplatelet therapy; ICH = intracranial haemorrhage; OAC = oral anticoagulant; PCI = percutaneous coronary intervention.
Table 1.5: PRECISE-DAPT score constituents
	Age

	Previous bleeding

	White blood cell count

	Haemoglobin level

	Creatinine clearance



The guidelines recommend a P2Y12 inhibitor over aspirin during DAT, with clopidogrel being the agent of choice because of its high representation in the trials (>90%). The number of patients receiving the more potent P2Y12 inhibitors (ticagrelor and prasugrel) was small in the RCTs but the latest ESC guidelines on CCS issued a weak (Class IIb) recommendation for their combination with OAC in DAT when there is moderate or high risk of stent thrombosis.73 This recommendation is suggested as an alternative to TAT with aspirin, clopidogrel and OAC (TAT-C). The latest ESC guidelines on ACS simply acknowledge the limited trial evidence and have in fact removed a similar Class IIb recommendation for DAT with ticagrelor or prasugrel present in the previous version.74, 127 The combination of ticagrelor or prasugrel with aspirin and OAC (TAT-T or -P) is not recommended due to higher bleeding risk as reported in small retrospective studies and RCT subgroup analysis.128-130

[bookmark: _Toc194438766]1.3.1.6 Outstanding Considerations

The latest guidelines are comprehensive and based on recent important RCTs but gaps in the evidence continue to fuel debate.

1.) What is the role of aspirin in triple antithrombotic therapy?

The relevance of aspirin in a DAPT regimen after PCI outside the context of AF is already being challenged in favour of earlier SAPT with a potent P2Y12 inhibitor.131-133 GLOBAL LEADERS (A Clinical Study Comparing Two Forms of Anti-platelet Therapy After Stent Implantation) was a large trial (n=15968) that compared 1 month of DAPT (aspirin and ticagrelor), followed by 23 months of ticagrelor monotherapy with 12 months of DAPT (aspirin and ticagrelor or clopidogrel) followed by 12 months of aspirin monotherapy after PCI for ACS or CCS.134 There was no significant difference in the primary composite outcome of death or new Q-wave MI at 24 months and similar rates of bleeding. Non-inferiority was demonstrated in the GLOBAL LEADERS Adjudication Sub-StudY (GLASSY) analysis involving central adjudication of investigator-reported outcomes.135 The TWILIGHT (Ticagrelor With Aspirin or Alone in High-Risk Patients after Coronary Intervention) trial demonstrated that, after 3 months of event-free DAPT with aspirin and ticagrelor in high-risk patients undergoing PCI, bleeding was reduced over a further 12 months on ticagrelor monotherapy compared with aspirin and ticagrelor, while the composite endpoint of death, non-fatal MI and non-fatal stroke was similar.136 Meta-analyses including these two RCTs and others highlight the safety of early aspirin discontinuation (after 1-3 months) and comparable efficacy to prolonged DAPT.137, 138 These outcomes may be supportive of even earlier aspirin discontinuation in the presence of OAC for AF but additional considerations come into play.

The default duration of TAT is up to 1 week or hospital discharge, based on most patients likely having received it for some time before randomisation in the discussed trials (mean 6.6 days in AUGUSTUS). Landmark analysis of RE-DUAL PCI, which had a much shorter mean time to randomisation of 1.6 days, suggested that the observed benefits of DAT over TAT could be achieved even if aspirin is stopped earlier i.e. immediately post-PCI.139 However, landmark analysis of ENTRUST-AF PCI reported a reduced composite endpoint of ischaemic and bleeding outcomes in the first 14 days with TAT, which may argue in its favour over DAT for this length of time after PCI.140 A landmark analysis of AUGUSTUS showed that, from randomisation to day 30, there were roughly as many excess bleeding events on aspirin (TAT) as there were excess ischaemic events on placebo (DAT). With 80% of definite or probable stent thrombosis events in the trial occurring within the first 30 days from PCI, this trade-off would seem to favour TAT.119, 141 Therefore, the question about how long to give aspirin for, if at all, remains in equipoise.



2.) Is there a role for tailoring antithrombotic regimens? 

The factors that could best identify patients more likely to benefit from DAT or TAT in this particular population need clearer definition. Various subgroup analyses have been performed on the individual RCTs. High PRECISE-DAPT and HAS-BLED scores were predictive of increased bleeding.140, 142 Interestingly, increasing CHA2DS2-VASc score was associated with both higher bleeding and higher incidence of stent thrombosis in ENTRUST-AF PCI, the latter regardless of treatment regimen.140 Separate analysis of each trial showed no difference in ischaemic outcomes between DAT and TAT regardless of the setting in which patients underwent PCI (ACS or CCS), in contrast to the meta-analysis by Galli et al.116, 130, 143-145 Similarly, procedural complexity did not appear to have a significant impact on ischaemic outcomes in either DAT or TAT groups, although these results should be interpreted with caution due to low numbers.145, 146

3.) What is the role of ticagrelor and prasugrel in dual antithrombotic therapy regimens?

The guidelines recommend clopidogrel as the default P2Y12 inhibitor to use in combination with OAC but both ticagrelor and prasugrel are known to achieve more potent and consistent platelet inhibition.94-96, 99 The concern shared by some meta-analyses about the increased risk of thrombotic events on DAT compared with TAT may be offset by the use of ticagrelor or prasugrel instead of clopidogrel. Trials reflecting more contemporary P2Y12 inhibitor use are needed but powering one to detect significant differences in events with low incidence such as stent thrombosis would likely require very large numbers of patients. Nevertheless, the safety of DAT with ticagrelor or prasugrel should be explored more thoroughly in such studies at the least.

[bookmark: _Toc194438767]1.3.2 Patients undergoing Cardiac Surgery

The commonest indications for surgical intervention on the heart are revascularisation of complex CAD via CABG and treatment of severe VHD via repair or replacement of one or more stenotic or regurgitant valves.3 VHD, like CAD and AF, is associated with cardiovascular risk factors and can occur concurrently. Repeat sternotomy is associated with increased operative risk due to adhesions, therefore addressing multiple pathologies at the same operation is often favoured.147, 148 The prevalence of AF in patients undergoing cardiac surgery varies widely but is estimated at 10-28% and increasing.149, 150 This high prevalence and the increased risk of morbidity and mortality attributed to patients with prior AF presents unique opportunities for their management.

[bookmark: _Toc194438768]1.3.2.1 Surgical Treatment of Atrial Fibrillation

Hypothesising about the electrophysiological basis of AF and AFL led to the experimental development of several surgical interventions to treat these arrhythmias. Based on the multiple wavelet hypothesis, Cox et al designed a surgical technique aimed at disrupting any potential re-entrant circuits by making multiple incisions in the atria that acted as electroanatomical barriers.5, 151-153 These incisions created a maze-like environment, directing electrical impulses from the sinoatrial node to all areas of the atria and to the atrioventricular node while theoretically impeding pathological circuits from forming and causing AF. Electrical isolation of the PVs was another effect later found to be important after evidence of their involvement in triggering AF.6, 153 Now known as the Maze or Cox-Maze (CM) procedure, this surgical technique has undergone various modifications over the years. 

The original procedure, CM I, caused a degree of left atrial dysfunction and unacceptably high pacemaker implantation rates due to the inability to generate an appropriate sinus tachycardia response to exercise.154 CM II addressed these issues by removing an incision around the sinus node area and relocating the left atrial transverse roof atriotomy to the posterior wall to enhance intra-atrial conduction.153, 155 CM III relocated the septal incision posterior to the superior vena cava orifice which improved exposure of the left atrium and resulted in improved rates of post-operative sinus rhythm restoration and reduced rates of pacemaker implantation and atrial tachyarrhythmia (ATA) recurrence.155, 156 Over time, it also became possible to perform CM III via right minithoracotomy as a standalone procedure, thus avoiding a sternotomy and the need for cardiopulmonary bypass (CPB).153  Long-term freedom from AF was reported in 90-96% of patients after CM I-III in a few centres.157-159

Despite the efficacy of CM III, there was limited adoption in other surgical centres due to its complexity and prolonged duration on CPB. The current iteration of the procedure, CM IV, replaced most of the incisions of CM III with ablation lesions at similar sites, delivered via bipolar RF energy and/or cryoablation.160 This made the procedure simpler and shorter and it is now the gold standard for surgical treatment of AF.161 The procedure, with lesion sets in the left and right atria, is described as follows: the left atrium is accessed via a left atriotomy incision. Ablation lesions are created around the right upper and lower PVs and the left upper and lower PVs. ‘Roof’ and ‘floor’ lines connect them superiorly and inferiorly, forming a box. Other lines connect the box to the mitral annulus and to the coronary sinus. The LAA is excised or closed and a line can also be created connecting it to the left-sided PVs. The right atrium is accessed via a right atriotomy incision. Ablation lesion lines are created from the superior vena cava down to the inferior vena cava, the tricuspid annulus and along the right atrial free wall. Antiarrhythmic drugs such as amiodarone are often administered post-operatively for a few months to reduce the risk of early arrhythmia recurrence which could impact atrial remodelling and later recurrence.162

[bookmark: _Toc194438769]1.3.2.2 Safety and Efficacy of Surgical Ablation

Several studies have reported on the efficacy of SA in restoring and maintaining sinus rhythm. A meta-analysis including 20 studies (n=1407) reported 70% freedom from AF at 12 months in patients undergoing concomitant SA compared with 30% AF freedom in the control group (cardiac surgery without ablation) (risk ratio 2.32, 95% CI 1.92-2.80, p<0.001).163 5-year freedom from AF following CM III/IV in experienced centres was 78-80%, or 66-73% in patients off antiarrhythmic drugs.164-166 A large observational study from St. Louis, United States, where the CM procedure and all its upgrades were pioneered, reported high rates of success even up to 10 years after CM IV (77% freedom from ATA, 61% in patients off Class I/III antiarrhythmic drugs).167 These results seemingly demonstrate remarkable long-term efficacy of CM IV, especially when compared to outcomes for catheter ablation after a similar length of time (52% freedom from arrhythmia but only 32% if patients underwent a single procedure).168 However, they should also be viewed with caution as most ablations were performed by a single highly experienced surgeon and use of prolonged electrocardiographic monitoring (majority utilising 24-hour Holter monitors) decreased to just 31% at 10 years, highlighting possible overestimation of efficacy. In fact, two small RCTs (Adiyaman et al and Haldar et al) comparing catheter ablation to SA utilised implantable loop recorders to provide continuous cardiac rhythm monitoring and reported poor rates of AF freedom in the surgical groups (29% 2-year arrhythmia freedom and 26% 1-year arrhythmia freedom respectively) as well as lack of superiority to the catheter groups.169, 170 Therefore, the historical high efficacy of SA may need to be revised as more surgical centres adopt the procedure and future studies incorporate more rigorous rhythm monitoring to define success.

Predictors of late AF recurrence after CM IV across the various studies include age, non-paroxysmal AF, longer pre-operative AF duration, increased left atrial size, absence of sinus rhythm on discharge and early post-operative ATA.164-167, 171, 172 There was no significant difference in AF recurrence rates between patients undergoing standalone CM IV or ablation in conjunction with CABG, aortic valve (AV) or mitral valve (MV) surgery.164, 167, 173, 174 However, ablation with concomitant AV or MV surgery was unsurprisingly associated with longer cross-clamp and CPB duration and increased rates of renal failure, reoperation due to bleeding and post-operative pacemaker implantation (the latter only with concomitant AV surgery).173, 174 There was also no difference in efficacy between sternotomy and minimally-invasive approaches to ablation.165, 167, 175 Standalone CM IV via sternotomy is a relatively safe procedure with a low incidence of peri-operative stroke and mortality.174 A right minithoracotomy was associated with fewer post-operative major complications, lower 30-day mortality and a lower median length of stay in intensive care and hospital.175

Surgical technique may also affect safety and long-term success although there is some debate about how extensive the lesion set should be. Left atrial lesions (including PV isolation only) are sometimes performed over the full biatrial CM lesion set to shorten procedure time or reduce the risk of significant bradyarrhythmias.176 The latter stems from concern that a number of studies and meta-analyses reported a higher incidence of pacemaker implantation following biatrial SA compared with left-sided ablation, and no difference in AF recurrence rates long-term.163, 167, 172, 176-178 Among these, of particular note was the Cardiothoracic Surgical Trial Network (CTSN) RCT which demonstrated similar rates of 1-year AF freedom in the biatrial ablation subgroup compared with the PV isolation subgroup (66 vs 61%, p=0.60).177 The incidence of pacemaker implantation was increased with SA compared with no ablation (1-year incidence rate ratio 2.64, 95% CI 1.20-6.41, p=0.01) but not between biatrial ablation and PV isolation subgroups (26.6 vs 16.4%, p=0.22).

This data was criticised by Dr. Cox himself who argued that CM has a higher success rate when performed correctly and fully, citing contrasting meta-analysis data and the importance of including cryoablation to the coronary sinus which was not mentioned in the CTSN trial.179-181 On an electrophysiological level, Cox et al hypothesise that right atrial remodelling to accommodate multiple re-entry circuits may occur later in life and so may not be reflected in certain studies showing non-inferiority of left-sided-only lesion sets.182 The group further states that it is challenging to predict which patients benefit more from a full CM IV lesion set but the risk of pacemaker implantation should not affect this decision because it is very unlikely to cause permanent sinus or atrioventricular node damage if the lesions are applied correctly. Cox et al also suggest that the higher incidence of pacemaker implantation with additive SA is more likely to do with unmasking underlying sinus node dysfunction once AF is disrupted or early post-operative junctional rhythm.179, 182

[bookmark: _Toc194438770]1.3.2.3 Other Long-term Outcomes following Surgical Ablation

Pre-operative AF is an independent risk factor for mortality, stroke and other adverse cardiovascular events in patients undergoing CABG and/or valve surgery.183-185 The addition of AF ablation to other cardiac surgery did not impact 1-year mortality or stroke in the CTSN trial and the meta-analysis by McClure et al.163, 177 In a large cohort from St. Louis (n=10859), Musharbash et al reported improved 10-year survival in patients undergoing cardiac surgery and concomitant CM IV compared with patients with AF undergoing cardiac surgery without CM IV (62 vs 42%, HR 0.47, 95% CI 0.26-0.86, p=0.014).186 There was no difference in survival between patients undergoing CM IV and patients undergoing cardiac surgery with no history of AF, while no comparison could be made on long-term stroke outcomes. Predictors of mortality among patients who underwent CM IV included age, chronic lung disease, prior MI and temporal pattern of AF (paroxysmal vs non-paroxysmal, HR 0.55, 95% CI 0.35-0.86, p=0.008). The latter highlights the importance of treating AF at the earliest opportunity before irreversible atrial remodelling can occur. Nationwide studies or large registries in Europe, Northern New England and South Korea have also reported on improved long-term survival in patients with AF undergoing cardiac surgery when concomitant ablation was performed compared with no ablation.187-191 Kim et al also reported a reduced risk of ischaemic stroke or systemic thromboembolism and hospitalisation for heart failure with SA (HR 0.62, 95% CI 0.55-0.71, p<0.001 and HR 0.87, 95% CI 0.79-0.96, p=0.005, respectively) but, importantly, LAA occlusion was not accounted for.191

The PRAGUE-12 study was a multicentre RCT that randomised 224 patients with AF to undergo cardiac surgery with or without concomitant left atrial SA.192 The SA group unsurprisingly had higher rates of sinus rhythm at one year but there was no difference in stroke or mortality between the groups. Further analysis at five years showed a reduction in stroke incidence in the SA group although it was underpowered for this assessment (subdistribution hazard ratio [sHR] 0.32, 95% CI 0.12-0.84, p=0.02).193 Five-year follow-up of the Amaze trial, a more recent double-blinded RCT with similar patient groups, showed no significant difference in quality of life, stroke and mortality but this might have been due to small sample size or limited follow-up.194, 195 Of particular note, LAA occlusion was additionally performed in all SA patients in the PRAGUE-12 trial. Amaze had less discrepancy albeit still significant (55% LAA occlusion in the SA group vs 30% in the no SA group).192, 194 Quality of life changes after SA can be challenging to ascertain but improvement has been reported after standalone procedures while it is less clear how much is attributed to successful SA when concomitant cardiac surgery is performed.166, 196

[bookmark: _Toc194438771]1.3.2.4 Surgical Occlusion of the Left Atrial Appendage

The LAA is a source of thrombus formation and occlusion at the time of concomitant cardiac surgery is frequently undertaken in patients with AF, even when undergoing standalone SA.197  This is commonly performed by excision and closure, stapling, endovascular closure or, more recently, by device occlusion.198 A meta-analysis (n=3653) consisting of seven studies (three small RCTs and four observational studies) showed a significant reduction in stroke risk after LAA occlusion compared with no LAA occlusion at 30 days (0.95 vs 1.9%, OR 0.46, p=0.005) and at latest follow-up (1.4 vs 4.1%, OR 0.48, p=0.01) in patients with AF undergoing cardiac surgery.198 Mortality was also significantly decreased in the LAA occlusion group while reoperation rates for bleeding were comparable. A large observational study (n=10524) of Medicare recipients with AF undergoing cardiac surgery demonstrated that concomitant LAA occlusion was associated with a significantly lower risk of hospitalisation for thromboembolism and all-cause mortality compared with no LAA occlusion (4.2 vs 6.2%, unadjusted sHR 0.66, 95% CI 0.56-0.79, p<0.001 and 17.3 vs 23.9%, HR 0.70, 95% CI 0.64-0.77, p<0.001, respectively).199

The largest RCT to investigate the efficacy and safety of this procedure was LAAOS III (Left Atrial Appendage Occlusion Study).57 4881 patients with AF and a CHA2DS2-VASc score ≥2 were randomised in a 1:1 ratio to undergo or not undergo concomitant LAA occlusion at the time of cardiac surgery. Mean follow-up was 3.8 years and 76.8% of patients continued to receive OAC 3 years post-operatively. The primary outcome, a composite of the first occurrence of ischaemic stroke or noncerebral systemic embolism after surgery, was 4.8% in the LAA occlusion group compared with 7% in the no LAA occlusion group (HR 0.67, 95% CI 0.53-0.85, p=0.001). This difference was more evident >30 days post-operatively, suggesting that early post-operative thromboembolism is related to the surgery itself due to factors such as aortic cross-clamping and intracardiac manipulation. There was no difference in surgical reexploration rates due to bleeding, mortality, MI or hospitalisation with heart failure between the groups. The latter is particularly interesting as it contrasts with the results of a prior observational study which supported the hypothesis that removal of the LAA, a source of atrial natriuretic peptide, increases the risk of heart failure due to impaired salt and water clearance.200 LAA occlusion caused only minimal prolongation of cross-clamp and CPB time. LAAOS III gave important evidence into the additive benefits of LAA occlusion but some questions still remain. The trial did not perform subgroup analysis into efficacy of the different methods of LAA occlusion and patients who underwent mechanical valve implantation were excluded. The majority of patients received OAC throughout the study but LAA occlusion reduced the risk of ischaemic stroke even in those who did not.201 The observed effect of LAA occlusion based on use of OAC was limited in power and therefore LAAOS III can only support an additive benefit of the procedure to OAC rather than a substitutive one.14

[bookmark: _Toc194438772]1.3.2.5 Left Atrial Reduction

Due to concern about decreased ablation success and increased thromboembolic risk in patients with a large left atrium, reduction in chamber size has also been proposed and investigated as an additional surgical technique.202, 203 Badhwar et al reported >90% sinus rhythm restoration after one year in a small cohort of patients with long-standing AF (termed permanent by the authors) and a large left atrium (>5.5 cm diameter).202 A larger, more recent observational study showed that, in patients undergoing SA and other cardiac surgery, concomitant left atrial reduction significantly reduced the incidence of stroke long-term compared with no reduction  (HR 0.54, 95% CI 0.32-0.9, p=0.018).204 There was no difference in early post-operative complications, long-term mortality and AF recurrence between the groups. A significantly higher proportion of patients in the left atrial reduction group also underwent LAA occlusion and this may have acted as a confounder.
[bookmark: _Toc194438773]1.3.2.6 Current Guidelines

Indications for SA to restore sinus rhythm have been published by the Society of Thoracic Surgeons (STS) and more recently by the ESC.14, 161 Both sets of guidelines are in favour of AF ablation at the time of concomitant cardiac surgery. The STS guidelines provide a strong (Class I) recommendation, citing more evidence with concomitant MV operations than with concomitant AV replacement and/or CABG, while the ESC guidelines provide a more restrained Class IIa recommendation, highlighting the increased risk of pacemaker implantation with biatrial lesions.163, 177 Standalone SA has a moderate recommendation (Class IIa) in patients with symptomatic paroxysmal or persistent AF refractory to antiarrhythmic drugs and/or catheter ablation. The CM III/IV lesion set is favoured over PV isolation alone, especially in the context of left atrial enlargement or more than moderate mitral regurgitation. Closure of the LAA to reduce future thromboembolic risk in patients with AF undergoing any cardiac surgery has a strong recommendation by the STS and ESC guidelines, primarily based on the results of LAAOS III.14, 37, 161 Long-term OAC after SA and/or LAA occlusion is recommended based on risk score assessment regardless of procedural success.

[bookmark: _Toc194438774]1.3.2.7 Outstanding Considerations

Research on patients with AF undergoing cardiac surgery is challenging due to the complexity of treatment and the large number of variables involved. Several observational studies have been carried out but there is a paucity of long-term and RCT data. Some important questions thus require further evidence.

1.) What are the long-term mortality and stroke outcomes following surgical ablation?

Existing studies indicate that longer follow-up is more likely to demonstrate significant differences in outcomes such as mortality and stroke risk.57, 186-189, 193 However, there is lack of clarity about the independent association of sinus rhythm restoration with a reduction in mortality and stroke due to the additional effect of LAA occlusion in available RCTs.177, 193 Long-term retrospective data is suggestive of a survival benefit with SA but is limited by a potential degree of bias and lack of uniform rhythm outcome measures.167, 186 Expert consensus guidelines recommend more long-term outcome studies with standardised rhythm monitoring and clearly-defined time points.205

2.) How can the use of surgical ablation increase?

The latest guidelines strongly recommend SA at the time of concomitant cardiac surgery, yet it is only performed in a minority of patients.150 A perceived increase in procedure duration and risk are some of the barriers preventing greater uptake.206 Multiple publications have underscored that this is not the case, but most have come from specialist centres with several years of experience. Expert consensus guidelines recommend periods of training so that more surgeons become adept at SA.205 Generalisability of CM IV should be encouraged by highlighting its successful performance and prognostic benefit in as many centres as possible worldwide.

[bookmark: _Toc194438775]1.4 Conclusion

AF is a complex, multifaceted condition that affects a significant and increasing proportion of the world population. Despite the great volume of research devoted to its understanding and management, there is much more work to be done. AF appears to be the final electrical manifestation of various pathophysiological processes within the atria that have not yet been fully elucidated. Different patient groups are affected to varying extents and this contributes to the heterogeneity in clinical presentation and success of therapy. Regardless of the mechanisms involved, most patients will eventually need lifelong stroke prophylaxis at some point, usually in the form of OAC. While effective, this does come with an increased bleeding risk. 

Ischaemic stroke is perhaps the most feared complication of AF while ICH is the most feared complication of OAC. Balancing the ischaemic and bleeding risks to avoid catastrophic cerebral events is an issue that patients with AF and their physicians have to consider at every turn. No therapy for AF has come close to removing, or at least greatly diminishing, the risks associated with our current practice. There is also emerging evidence of long-term benefit with early rhythm control such as reduced MACE and improved survival. The degree of impact that early sinus rhythm restoration has on long-term atrial remodelling and stroke risk independent of OAC remains to be seen.

Patients with AF are more likely to have other cardiovascular comorbidities and therefore more likely to require PCI or cardiac surgery. This thesis aims to explore some of the challenges that need to be addressed with the ischaemic and bleeding risks related to antithrombotic therapy after PCI. It also explores the potential long-term benefits of attempting to treat AF definitively at the time of cardiac surgery. Investigating these concepts further may contribute to the optimisation of MACE risk in these special groups of patients.


[bookmark: _Toc194438776]2 Materials and Methods

[bookmark: _Toc194438777]2.1 Hypotheses and Rationale

The questions posed in Sections 1.3.1.6 and 1.3.2.7 highlight the need to further investigate the concomitant management of AF and other cardiovascular conditions like CAD and VHD. The following hypotheses were generated as a result:

· In patients with AF undergoing PCI, a DAT regimen consisting of ticagrelor/prasugrel and OAC is a suitable alternative to TAT, regardless of P2Y12 inhibitor used, due to a more pragmatic efficacy and safety profile.

· In patients with AF undergoing cardiac surgery, concomitant SA independently reduces the risk of mortality and stroke due to long-term maintenance of sinus rhythm.

[bookmark: _Toc194438778]2.1.1 Approaching the Investigation of Dual and Triple Antithrombotic Therapy

The previous chapter explored antithrombotic therapy after PCI in patients with AF but the optimal strategy is still uncertain and the increasing use of ticagrelor or prasugrel over clopidogrel presents a challenge to current guidance. Suitable methods for investigation within the limitations of a single thesis needed to be devised.

[bookmark: _Toc194438779]2.1.1.1 Assessing Clinical Outcomes

Unclear or conflicting evidence regarding TAT and DAT has the potential to create prescribing differences between operators, therefore understanding contemporary practices in an observational study would be a reasonable first step towards optimising clinical practice. Since TAT regimens are now recommended for no longer than 1 month before dropping to DAT, only short-term outcomes would constitute a fair comparison of the various regimens currently used. Investigating the safety and efficacy of antithrombotic therapies can be challenging if there is a lot of heterogeneity in the choice of agents and duration of each. Furthermore, assessing non-inferiority for ischaemic outcomes, especially rare ones like stent thrombosis, would not be possible from the number of such patients treated in a single centre. Even the large RCTs discussed in the previous chapter were underpowered to detect differences in ischaemic outcomes and the conclusions derived from their meta-analyses were varied. A new RCT would require a significant alteration in the antithrombotic regimen arms from previous trials but would likely still need to recruit hundreds or thousands of patients for sufficient power, an arduous process with no guarantee of success. Observational studies looking into DAT regimens with OAC and ticagrelor or prasugrel, where the evidence is more limited, could help to inform the design of a more targeted prospective study.

[bookmark: _Toc194438780]2.1.1.2 Assessing Pharmacodynamics and Bleeding Time

Investigating the pharmacodynamics of DAT and TAT across multiple tests may provide insights into their effect on thrombogenicity and haemostasis with much fewer participants than required for a clinical trial and also serve as a stepping stone before embarking on a large trial.

Concern over variability in pharmacodynamic response between P2Y12 inhibitors, especially after PCI with stent implantation, has been an important reason for continued development of and research into methods that test platelet function. High platelet reactivity during treatment with a P2Y12 inhibitor is predictive of ischaemic events while low platelet reactivity is predictive of bleeding.207 While their routine use in clinical practice is not recommended, platelet function tests are valuable tools to assess proof of concept.208 In fact, two important RCTs related to DAPT de-escalation discussed in the previous chapter have sub-studies that utilise multiple electrode aggregometry (MEA) to explore the mechanisms behind their findings.134, 136, 209, 210

The GLOBAL LEADERS platelet sub-study (n=36) demonstrated that platelet aggregation in response to arachidonic acid (AA) increased when aspirin was discontinued and a similar effect was seen with adenosine diphosphate (ADP) when ticagrelor was discontinued, as expected.209 Interestingly, recovery of collagen-induced aggregation was observed after cessation of either aspirin or ticagrelor while there was no change in response to thrombin-receptor-activating peptide (TRAP). In the TWILIGHT platelet sub-study (n=51), platelet reactivity in response to AA and collagen was higher in patients receiving ticagrelor monotherapy but similar to DAPT in response to ADP and TRAP.210 Similar observations were made using light transmittance aggregometry (LTA) in the TEMPLATE (Ticagrelor Monotherapy and Platelet Reactivity) trial, which included 110 patients receiving ticagrelor monotherapy or ticagrelor and aspirin after 12 months of DAPT following PCI.211

Adding OAC into the equation, with its known action on the thrombin-mediated PAR-1 and -4 activation, may provide the opportunity to investigate its influence on platelet reactivity on top of the observed differences between P2Y12 monotherapy and DAPT. However, studies have failed to demonstrate significant change in platelet aggregation with AA, ADP, TRAP and collagen, either on DOAC monotherapy or when added to DAPT.212, 213 This likely reflects the fact that samples intended for platelet aggregation studies must be anticoagulated, usually by means of collection in a citrated tube, thus preventing assessment of platelet aggregation induced by thrombin generation. An indirect antiplatelet effect of DOACs via GP VI inhibition has been proposed and tested in vitro including in combination with aspirin.214, 215 This suggests that the reported effect of aspirin on collagen-induced aggregation and thromboxane levels would be worth revisiting in the presence of OAC.214 Further data incorporating a breadth of agonists and platelet function tests is needed to better elucidate the antiplatelet effects of different antithrombotic combinations, especially in the early post-ACS setting.

Fibrin plays a crucial role in thrombus formation and so associated mechanisms could be explored. Impaired fibrinolysis or hypofibrinolysis, detected by the measurement of increased clot density and prolonged clot lysis time, has shown correlation with MACE and stent thrombosis in a number of studies.216-219 Interestingly, most analysed plasma samples were obtained from patients receiving DAPT following a recent ACS. As with platelet function tests, discerning the individual effects of the antithrombotic agents on fibrin clot properties can be challenging. Aspirin has been reported to increase fibrin clot porosity and reduce clot lysis time in vitro and in healthy volunteers.220, 221 P2Y12 inhibitors do not have a direct effect on fibrin clot properties but attenuation of inflammatory response to endotoxaemia by P2Y12 inhibitors was associated with reduced clot density and lysis time, with a greater difference seen with ticagrelor compared with clopidogrel in healthy volunteers.222 However, in the PLATO sub-study, there was no difference in the degree of correlation between adverse fibrin clot properties and cardiovascular death with ticagrelor compared with clopidogrel.217 In patients with AF, OAC monotherapy also demonstrated reduced clot lysis time and increased clot permeability.223, 224 Addition of dabigatran to DAPT with clopidogrel in patients with CAD showed a delay in fibrin clot formation but not maximum turbidity or lysis time.213 Assessing the combined effects of antithrombotic regimens on fibrin clot properties in patients with AF after ACS requires further investigation. Establishing the contribution of aspirin to fibrin clot modulation in the presence of P2Y12 inhibitors and OAC after ACS may also help to appreciate the thrombotic risk posed by its omission.

Unlike platelet function testing, adverse fibrin clot properties do not show clear correlation with bleeding events.217, 219 Thromboelastography (TEG) and rotational thromboelastometry (ROTEM) are viscoelastic assays used to quantitatively assess impaired coagulation and hyperfibrinolysis in the setting of trauma-, liver- or cardiac surgery-induced coagulopathy but their ability to predict bleeding, especially in the context of ACS, is unclear.225-227 Bleeding time testing has been used for several decades as a widely-available means to assess haemostasis. Its use in clinical practice has been questioned due to a low predictive value, especially for post-operative bleeding.228, 229 Nevertheless, it remains the only in vivo method that is acceptable and can easily be performed in a research setting.230 For these reasons, it was selected as a comparator of haemostasis between antithrombotic regimens in the absence of other reliable surrogates for clinically-relevant bleeding.

[bookmark: _Toc194438781]2.1.2 Approaching the Investigation of Surgical Treatment of Atrial Fibrillation

The increased risk of stroke in AF is well-established and evidence for the increased risk of heart failure and death associated with AF is emerging.3 SA is one of the more effective methods to restore sinus rhythm long-term and LAA occlusion has also shown additive benefit in preventing stroke together with anticoagulation.57, 231 Therefore, observing long-term clinical outcomes following these two procedures, which are often performed simultaneously and also in conjunction with other cardiac surgery, could help to inform on their safety and efficacy and potentially encourage more widespread use. RCTs involving complex surgical procedures are challenging but moderate-to-large retrospective studies may provide relevant signals. Because of the numerous variables involved, known and unknown, any operated population being studied must have a well-matched control. In order to tease out the independent effects of SA, the control group should consist of patients with AF undergoing concomitant cardiac surgery but without SA. This is because the concomitant procedure being performed (such as CABG for complex CAD and valve repair or replacement for VHD) may have a significant and confounding impact on long-term clinical outcomes. It is also important to account for factors that may have influenced the operator’s decision whether to perform SA or not, especially if these same factors are likely to affect outcomes. Propensity score matching is one method that attempts to reduce the number of confounding variables present in observational studies by assigning a score to each patient based on the probability of receiving the treatment being investigated and then matching those with similar scores.232 The score is calculated from multiple variables that the user determines as potentially having an impact on treatment assignment or the outcome being investigated.233 The use of propensity score matching for comparing clinical outcomes in patients with AF receiving or not receiving SA is further discussed in Section 2.3.3.4.

[bookmark: _Toc194438782]2.2 Study Outline and Aims

The overarching primary aim is to explore methods of optimising outcomes in patients with AF who require invasive treatment for other cardiovascular conditions. Based on the hypotheses and suggested approaches, three studies were designed with specific aims:

1.) A retrospective, observational study in patients with AF undergoing PCI to investigate:
a. Bleeding risk between DAT and TAT irrespective of the P2Y12 inhibitor used
b. The early efficacy of DAT with ticagrelor and prasugrel

2.) A pilot observational study in patients with AF undergoing PCI to investigate pharmacodynamics of DAT with ticagrelor or prasugrel and TAT via assessment of:
a. Bleeding time
b. Platelet function testing in response to various agonists
c. Fibrin clot properties

3.) A retrospective, observational study in patients with AF undergoing cardiac surgery to investigate:
a. The effect of concomitant SA on mortality
b. The effect of concomitant SA on long-term stroke outcomes
c. The long-term efficacy of SA in maintaining sinus rhythm
d. The safety of concomitant SA

[bookmark: _Toc194438783]2.3 Methods

[bookmark: _Toc194438784]2.3.1 Investigating Clinical Outcomes of Antithrombotic Regimens after Percutaneous Coronary Intervention in Atrial Fibrillation

[bookmark: _Toc194438785]2.3.1.1 Study Population

A retrospective observational study was performed on all consecutive patients with AF taking OAC who underwent PCI with stenting between January 2020 and December 2022 at South Yorkshire Cardiothoracic Centre (SYCC), Northern General Hospital, Sheffield, United Kingdom. The complete list of patients was obtained from the relevant SYCC database (Infoflex). Patients with a new diagnosis of AF during admission were included if OAC was commenced ≤72 hours from PCI. Exclusion criteria for analysis related to scenarios in which the bleeding and ischaemic risks were less clear: PCI with balloon angioplasty or drug-coated balloon only; deaths during the procedure; doses of OAC below those indicated for the management of AF, such as low- or very-low-dose rivaroxaban; long-term OAC commenced or restarted >72 hours post-PCI; and OAC for an indication other than AF, such as for venous thromboembolism or metallic valve implantation. The analysis considered only the first PCI undertaken for each patient during this period; staged or repeat procedures were excluded.


[bookmark: _Toc194438786]2.3.1.2 Antithrombotic Regimens

Patients were categorised according to the antithrombotic regimen determined by the operator and other attending physicians post-PCI or prior to hospital discharge based on procedure reports, discharge summaries and prescriptions issued. Being a retrospective study dependent on prescribing choices made by multiple healthcare professionals in the presence of a wide spectrum of risk and absence of resolute guidance, a degree of variability was to be expected. Consequently, patients were assigned to one of two main groups: TAT for 1 month followed by DAT or TAT for ≤1 week followed by DAT. Patients who received no further aspirin post-PCI (and therefore received DAT from the outset) were also included in the ≤1 week TAT group. The median duration of TAT in the ≤1 week group was 3 days. No patients were commenced on TAT for an intended period between 1 week and 1 month. Adherence to the prescribed regimen was confirmed at patients’ first follow-up clinic visit 6-12 weeks after PCI.

[bookmark: _Toc194438787]2.3.1.3 Clinical Outcomes

Bleeding and ischaemic outcomes were recorded up to 30 days after PCI based on subsequent admission and attendance records to hospital or primary care. Bleeding events were defined according to ISTH criteria, in keeping with the primary outcome used in the majority of relevant RCTs. Major bleeding was defined as fatal, symptomatic in a critical area or organ (such as intracranial, intraspinal, intraocular, retroperitoneal, intraarticular, intramuscular with compartment syndrome or pericardial), or causing a fall in haemoglobin level of ≥20 g/L or requiring a transfusion of ≥2 units of whole blood or red cells.234 CRNM bleeding was defined as requiring medical intervention by a healthcare professional, leading to hospitalisation or increased level of care, or prompting a face-to-face evaluation but not meeting the criteria for major bleeding.235 Bleeding events within the first 24 hours after PCI were not included due to the possible confounding effects of intraprocedural heparin and/or glycoprotein (GP) IIb/IIIa receptor antagonists. Major adverse cardiac and cerebrovascular events (MACCE) included cardiovascular death, non-fatal MI, stroke or transient ischaemic attack (TIA), and definite stent thrombosis as defined by the ARC-2 criteria.236 Only the first bleeding event or MACCE was considered for each patient at primary analysis.

Bleeding risk was estimated using the PRECISE-DAPT score (Table 1.5), with a score ≥25 considered high risk.82 Complex PCI was defined similar to the TWILIGHT study as any of the following: 3 vessels treated; ≥3 lesions treated; ≥3 stents implanted; total stent length ≥60 mm; bifurcation with 2 stents implanted; left main PCI; use of atherectomy; coronary artery bypass graft PCI; or chronic total occlusion PCI.237 CHA2DS2-VASc and HAS-BLED scores were also calculated.

[bookmark: _Toc194438788]2.3.1.4 Statistical Analysis

Continuous variables are presented as mean ± standard deviation or median (interquartile range [IQR]), as appropriate. The Kolmogorov-Smirnov test was used to assess normality. The unpaired Student’s t-test for normally distributed data and Mann-Whitney U test for non-parametric data were used to compare continuous variables. Categorical variables are presented as total numbers (proportions) and compared using the chi-square test. Bleeding and ischaemic events were compared between groups by Kaplan-Meier curve and log-rank analysis. Cox proportional-hazards regression was used to evaluate the risk of bleeding and ischaemic events, including antithrombotic regimen groups and P2Y12 inhibitor type as the two covariates. All calculations were performed using IBM SPSS Statistics 29 (SPSS Statistics for Macintosh, Version 29.0, Armonk, New York, USA: IBM Corp) and GraphPad Prism 10 (GraphPad Prism version 10.0.0 for Macintosh, GraphPad Software, Boston, Massachusetts, USA). A P-value <0.05 was considered statistically significant. No adjustment was made for multiple testing and so the results are considered exploratory.
[bookmark: _Toc194438789]2.3.1.5 Ethical Approval

This study was approved by the ethics committee of The University of Sheffield (application reference number: 059596) and by the Clinical Research and Innovation Office of Sheffield Teaching Hospitals National Health Service (NHS) Foundation Trust. Informed patient consent was not required due to the nature of the study’s design.

[bookmark: _Toc194438790]2.3.2 Investigating the Effect of Triple and Dual Antithrombotic Therapy on Platelet Function and Fibrin Clot Properties

The methodology for this study is protocol-driven.

[bookmark: _Toc194438791]2.3.2.1 Study Population

This was an observational pilot sub-study on patients with AF prescribed TAT or DAT straight after undergoing PCI with stenting for ACS at SYCC, Northern General Hospital, Sheffield, United Kingdom. It formed part of an overarching study entitled CVRU-OBS (Observational study of platelet function and fibrin clot properties in patients with suspected, proven or increased risk of cardiovascular disease). The study protocol is provided as Supplementary Document 1. Patients were grouped according to whether they were commenced on TAT or DAT after PCI, maintained until study procedures were undertaken, and by P2Y12 inhibitor used. The decision to commence TAT or DAT (i.e. inclusion or not of aspirin), duration of therapy and choice of P2Y12 inhibitor was determined solely by the operator at PCI and not subject to any influence by enrolment in this study. The study specifically included patients with ACS over CCS for 2 reasons: the opportunity to investigate a potentially heightened thrombotic milieu and the increased use of ticagrelor or prasugrel. All procedures performed in the Cardiac Catheter Suite were screened regularly and eligible participants were identified from medical databases stating their medical history and procedure reports. Adherence to the intended regimen was confirmed at hospital discharge and subsequent study visits. Screening commenced in March 2023 and the first patient was enrolled in April 2023. The last patient was enrolled in May 2024.
The inclusion criteria were:
1.) 18 years of age or greater
2.) Undergone successful PCI with stenting of one or more coronary arteries within 2 weeks of a diagnosis of ACS
3.) Non-valvular AF diagnosed before or at PCI
4.) Patient commenced on an antithrombotic regimen before or at the earliest opportunity after PCI fulfilling either of the following criteria:
a. Aspirin, any P2Y12 inhibitor and OAC
b. SAPT (any P2Y12 inhibitor) and OAC

The exclusion criteria were:
1.) Undergoing PCI for CCS
2.) Type 2 MI
3.) PCI treated with balloon angioplasty and/or drug-eluting balloons only
4.) Within 24 hours of infusion of a GP IIb/IIIa inhibitor
5.) Started or restarted on warfarin following PCI
6.) DOAC at a dose below that licensed for stroke prophylaxis
7.) Haemoglobin <100 g/L
8.) Woman of child-bearing potential who had confirmed or possible pregnancy
9.) Unwilling or unable to provide informed consent
10.) Other practical reason which, in the opinion of the investigator, would not be compatible with study participation eg. history or strong possibility of poor compliance with medication

[bookmark: _Toc194438792]2.3.2.2 Study Visits

After signing consent, participants undertook 2 study visits. Visit 1 was performed straight after obtaining consent and involved data collection to confirm medical history, baseline blood results, PCI details and prescribed antithrombotic treatment. Visit 2 involved measuring bleeding time and taking a venous blood sample for platelet function testing and assessment of fibrin clot properties. These are described in further detail in the next 3 sections. Additional blood was taken and stored for future analysis related to inflammatory biomarkers and deoxyribonucleic acid. Collected data was stored on physical case report forms, including one pertaining to laboratory analyses (Supplementary Documents 2 and 3). Visit 2 was intended to coincide with a time when all participants were either on TAT or DAT following recent PCI. Particularly for patients on TAT, this was before any de-escalation to DAT. Visit 2 was also planned to take place not later than 30 days after diagnosis of ACS and not earlier than 24 hours after PCI to ensure that the effects of any parenteral heparin administered during PCI would be negligible after >5 elimination half-lives.238 Participants were instructed to take all their prescribed antithrombotic medications together and measurement of bleeding time and venous blood sampling was performed 2-4 hours afterwards to coincide with the onset of action of most antiplatelets and DOACs (Tables 1.1 and 1.2).

[bookmark: _Toc194438793]2.3.2.3 Bleeding Time

Bleeding time testing was performed by adhering to a standard operating procedure utilising the Ivy method.239 A sphygmomanometer cuff was placed around the arm and inflated to 40 millimetres of mercury. This level was maintained throughout the test in order to maintain standardisation of venous pressure between participants. The ventral aspect of the ipsilateral forearm was cleaned with an alcohol wipe and an area devoid of visible veins was identified at or just inferior to the antecubital fossa. A puncture was made on the skin in this area using a standard spring-action safety lancet (Haemolance Plus Max Flow with a 1.6 mm blade depth) and a stopwatch was simultaneously started. This was repeated at 2 locations more medially, one at 10 seconds and another at 20 seconds from the first puncture. Filter paper (Whatman Grade 1) was gently placed at the edge of each blood droplet 30 seconds after the puncture that produced it and every 30 seconds after that. The bleeding time was measured as the mean time from puncture to cessation of bleeding of the 3 punctures. The test ended if bleeding continued for 30 minutes and this time was recorded for any punctures that had not stopped by then.



[bookmark: _Toc194438794]2.3.2.4 Platelet Function Testing

The tests chosen for assessment of platelet function were LTA, MEA, VerifyNow assay, vasodilator-stimulated phosphoprotein (VASP) phosphorylation analysis with flow cytometry and serum thromboxane B2 (TXB2) assay. This not only enabled investigation of various mechanisms of platelet activation but also investigation of the same mechanism via different assays for improved reliability. All platelet function tests except the TXB2 assay were performed immediately after obtaining venous blood samples at Visit 2 by individuals blinded to participants’ treatment and adhering to a standard operating procedure. The tests are individually described in brief below but all involved a method of quantifying platelet activation or, inversely, the degree of inhibition brought about by the particular antithrombotic treatment a participant was receiving at the time.

Light transmittance aggregometry is the gold standard for monitoring platelet function in the presence of antiplatelet treatment.240 It is based on the concept that platelet aggregation in a plasma sample is proportional to transmittance of light through it. Using light transmittance through platelet-poor plasma (PPP) as a representation of 100% aggregation and transmittance through unstimulated platelet-rich plasma (PRP) as 0%, the change in aggregation over time in response to various agonists can be quantified. Two tubes containing 0.5 mL of 3.2% sodium citrate solution were each filled with 4.5 mL of a participant’s blood. They were placed in a centrifuge at 200 revolutions per minute (RPM) for 10 minutes at room temperature. PRP was obtained by aspirating the supernatant and pipetting it into a separate tube. The remaining blood was placed in the centrifuge at 1500 RPM for a further 10 minutes and PPP was obtained from the supernatant and pipetted into another tube. The agonists used were AA at a final concentration of 1 mmol/L, ADP (5 and 20 μmol/L), collagen (4 μg/mL), 5-hydroxytryptamine (5-HT) at 1 μmol/L plus adrenaline at 10 μmol/L and TRAP (8 and 32 μmol/L). 10 μL of each agonist (7 in total including the different concentrations) was added to separate test tubes containing a stir bar and 240 μL of PRP in a Platelet Aggregation Profiler (PAP)-8 machine (Bio/Data Corporation, Horsham, Pennsylvania, USA). At the same time, 10 μL of 0.9% saline was added to each of 7 test tubes containing 240 μL of PPP in the PAP-8 machine to act as controls. For each agonist, maximum aggregation (adjusted for baseline aggregation) was recorded as a percentage.

Multiple electrode aggregometry, like LTA, measures aggregation over time but through changes in electrical impedance between two electrodes in response to platelet activation and resultant aggregation on their surface.240 The change in impedance representing degree of aggregation is plotted against time on a graph. 1.6 mL of blood was collected from participants in a hirudin tube and allowed to stand for 30 minutes at room temperature. 300 μL of blood and 300 μL of 0.9% saline were added to an agonist-specific test well (ADP or TRAP) on a Multiplate aggregometer and left to incubate for 3 minutes. 20 μL of ADP or TRAP were added to their corresponding test wells after which the machine automatically ran electrical aggregometry for 6 minutes. The maximum height of the impedance curve in aggregation units and the area under the curve (AUC) were recorded.

The VerifyNow assay is a point-of-care test based on light transmittance through a cartridge containing beads coated in fibrinogen.241, 242 Cartridges also contain a specific agonist which is intended to activate platelets that then bind to fibrinogen, causing agglutination and an increase in light transmittance measured in reaction units. For this study, P2Y12 cartridges containing ADP were used and the degree of platelet reactivity in a sample was quantified in P2Y12 reaction units (PRU).242 2 mL of whole blood from a participant was collected in a citrated tube and allowed to stand for 20 minutes. The P2Y12 cartridge was inserted into the VerifyNow machine followed by the blood sample. After automatic analysis, the result in PRU was recorded.

Flow cytometry was used to analyse VASP phosphorylation which is a P2Y12-specific process.243 Activation of the platelet P2Y12 receptor pathway by ADP causes dephosphorylation of VASP whereas, in the absence of P2Y12 receptor pathway activation, prostaglandin E1 (PGE1) causes an increase in cytosolic cyclic adenosine monophosphate levels, which leads to VASP phosphorylation. Phosphorylated VASP can be labelled with a fluorescent antibody. Therefore, the degree of P2Y12 inhibition can be estimated by comparing the level of phosphorylated VASP, measured by median fluorescence intensity (MFI), achieved with PGE1 compared with that obtained with PGE1 plus ADP. 4.5 mL of blood was collected in a citrated tube. 5 μL of blood was pipetted into each of 3 tubes followed by the addition of specific reagents obtained from VASP kits (BioCytex, Marseille, France). The contents of each tube are summarised in Table 2.1.

Table 2.1: Constituents of the tubes used for the vasodilator stimulated phosphoprotein assay. Each constituent added was in the quantity of 5 μL.
	
	Tube 1
	Tube 2
	Tube 3

	Whole blood
	✓
	✓
	✓

	Reagent 1: diluent
	✓
	✓
	✓

	Reagent 2a: PGE1
	✓
	
	

	Reagent 2b: PGE1 + ADP
	
	✓
	✓

	Reagent 3: fixative
	✓
	✓
	✓

	Reagent 4a: mouse anti-phosphorylated VASP monoclonal antibody + permeabilising agent
	✓
	✓
	

	Reagent 4b: negative/isotype control (mouse monoclonal antibody) + permeabilising agent
	
	
	✓

	Reagent 5: staining reagent
	✓
	✓
	✓


ADP = adenosine diphosphate; PGE1 = prostaglandin E1; VASP = vasodilator stimulated phosphoprotein.

In essence, the difference between tubes 1 and 2 was the addition of ADP in the latter, while tube 3 acted as a control. An Accuri C6 flow cytometer (Becton, Dickinson and Company, Franklin Lakes, New Jersey, USA) was used to measure the MFI of the samples. The platelet reactivity index (PRI) was calculated by the formula: PRI = (MFIPGE1 - MFIPGE1+ADP) / MFIPGE1 x 100.243

Thromboxane A2 produced from AA is hydrolysed to the more stable metabolite TXB2, which can be measured in serum and interpreted as a marker of cyclo-oxygenase 1 (COX1)-dependent platelet activation.244 5 mL of venous blood was also collected in a serum separator tube and promptly incubated at 37oC for 30 minutes. The sample was then placed in a centrifuge at room temperature and 1000 RPM for 10 minutes. The supernatant was pipetted in 0.5 mL aliquots into 3 cryovials, which were then placed in a freezer at -80oC. The TXB2 assay was performed later on batches of serum samples from multiple participants by laboratory staff who were blinded to their treatment. The samples were thawed at room temperature prior to analysis with an enzyme-linked immunosorbent assay (ELISA) kit (Cayman Chemical, Ann Arbor, Michigan, USA). The TXB2 Express ELISA standard was diluted in buffer to achieve concentrations of 15.6, 31.3, 62.5, 125, 250, 500, 1000 and 2000 pg/mL. 50 μL of sample or standard at each concentration was added to separate duplicate test wells of a flat-bottomed, polystyrene 96-well plate. 50 μL of TXB2 acetylcholinesterase tracer and 50 μL of anti-TXB2 monoclonal antibody were also added to each well. The plate was covered with a plastic film and incubated on an orbital shaker at room temperature for 2 hours. The wells were emptied and rinsed 5 times with wash buffer. 200 μL of Ellman’s Reagent were added to each well. The plate was once again placed on an orbital shaker and left to develop in the dark for 60-90 minutes. The plate was placed in a Multiskan FC plate reader (Thermo Fisher Scientific, Waltham, Massachusetts, USA) with absorbance set at a wavelength of 405 nm. Readings were taken when absorbance in the maximum binding control wells was in the range of 0.3-1.5 absorbance units (AU) after blank subtraction. The TXB2 concentration was determined from a standard curve based on percentage sample absorbance over control absorbance. Results were reported in pg/mL but subsequently converted to ng/mL.

[bookmark: _Toc194438795]2.3.2.5 Fibrin Clot Assessment

[bookmark: OLE_LINK1]The method used for assessment of fibrin clot properties has been performed in previous studies.217, 245, 246 Venous blood collected at Visit 2 was placed in a citrated tube kept on ice. It was then placed in a centrifuge at 4oC and 1500 RPM for 10 minutes. The supernatant (plasma) was pipetted in 0.5 mL aliquots into 3 cryovials which were then placed in a freezer at -80oC. Fibrin clot assessment on plasma samples from multiple participants was then performed later by individuals blinded to their treatment using a standard operating procedure. The samples were thawed at 37oC for 20 minutes in a water bath. Permeation buffer consisted of 50 mmol/L Tris (Thermo Fisher Scientific) and 100 mmol/L sodium chloride (Sigma-Aldrich, St. Louis, Missouri, USA) adjusted to a pH of 7.4. 25 μL of plasma was pipetted onto duplicate wells of a flat-bottomed, polystyrene 96-well plate. 25 μL of control plasma was pipetted onto separate duplicate wells. 75 μL of lysis mix (1.67% 10 μg/mL tissue plasminogen activator, 98.33% permeation buffer) was then pipetted into each well. After 3 minutes, 50 μL of activation mix (0.45% 20 U/mL thrombin, 2.25% calcium chloride, 97.3% permeation buffer) was pipetted into each well. The plate was placed in a Multiskan FC plate reader (Thermo Fisher Scientific). After shaking for 5 seconds, the absorbance was set to a wavelength of 340 nm and analysis was commenced. The fibrin clot parameters recorded were lag time, maximum absorbance and lysis time (Figure 2.1). Lag time refers to the time from initiation to exponential increase in absorbance. Maximum absorbance/turbidity is the optical density at which 3 consecutive readings were obtained, corrected for absorbance during lag time. It is a representation of fibrin clot density or turbidity and measured in AU. Lysis time was taken as the time from maximum absorbance till it dropped by 50%.
Absorbance (AU)
Time (s)
Lag time
Maximum turbidity
Lysis time

Figure 2.1: Fibrin clot turbidimetry assay parameters. AU = absorbance units.
[bookmark: _Toc194438796]2.3.2.6 Statistical Analysis

Continuous variables are presented as mean ± standard deviation or median (IQR), as appropriate. Categorical variables are presented as total numbers (proportions) and compared using Fisher’s exact test. The unpaired t-test, the Mann-Whitney U test and the Kruskal-Wallis test were used to compare continuous variables, as appropriate. P-values were adjusted by the Bonferroni correction for multiple pairwise testing. All calculations were performed using IBM SPSS Statistics 29 (SPSS Statistics for Macintosh, Version 29.0, Armonk, New York, USA: IBM Corp) and GraphPad Prism 10 (GraphPad Prism version 10.0.0 for Macintosh, GraphPad Software, Boston, Massachusetts, USA). A P-value <0.05 was considered statistically significant. There were no prior data comparing pharmacodynamics of DAT and TAT therefore no sample size calculation was performed. A sample size of 15 patients per group was targeted, in keeping with recommendations for pilot studies.247

[bookmark: _Toc194438797]2.3.2.7 Ethical Approval

This study obtained ethical approval by the Yorkshire and the Humber – Sheffield Research Ethics Committee (reference no. 20/YH/0106) and the Health Research Authority (Integrated Research Application System project identification: 278733).

[bookmark: _Toc194438798]2.3.3 Investigating Clinical Outcomes of Surgical Ablation of Atrial Fibrillation

[bookmark: _Toc194438799]2.3.3.1 Study Population

A retrospective observational study was performed on all consecutive patients with AF who underwent cardiac surgery between April 2011 and March 2022 at SYCC, Northern General Hospital, Sheffield, United Kingdom. The complete list of relevant patients was obtained from the SYCC database. Equipment to perform SA is readily available at SYCC so patients were included even if AF was first detected during the admission leading up to cardiac surgery or at the time of surgery itself, but not if AF developed solely post-operatively. Pre-operative demographic data was obtained from the aforementioned SYCC database. Time in AF before surgery was estimated based on the first documentation of this rhythm in primary, secondary or tertiary care records. The study period coincided with a transition from use of the European System for Cardiac Operative Risk Evaluation (EuroSCORE) model for determining operative risk to the updated EuroSCORE II model which is better suited to contemporary cardiac surgical practice.248 EuroSCORE II was retrospectively calculated for surgeries performed prior to its use at SYCC. The CHA2DS2-VASc score was calculated for all patients. The latest transthoracic echocardiogram before surgery (median 6 months) was used to measure left ventricular function and left atrial size (volume). Missing left atrial data were retrospectively measured using the modified Simpson’s biplane method.

[bookmark: _Toc194438800]2.3.3.2 Surgical Procedures

Surgery was performed for a separate indication to AF i.e. CABG, valve replacement/repair or a combination of these. Patients undergoing concomitant surgery on the aorta, septal myomectomy, atrial septal defect (ASD) closure and/or left atrial mass excision were excluded due to insufficient numbers. Standalone SA and/or LAA occlusions were also excluded for this reason. Patients were grouped based on whether they also received concomitant ablation for AF at the time of cardiac surgery. Biatrial CM IV was considered to include PV isolation and superior, inferior, mitral, LAA-connecting and right-sided lines as described in Figure 1.3. It was performed in 51% of patients in the SA group while the rest had incomplete lesion sets that were missing one or more lines (38% incomplete left atrial only ablation and 11% incomplete biatrial ablation). Bipolar RF ablation and cryoablation were used in combination for the majority of cases. The decision whether to perform SA, and to what extent, was based on the operating surgeon’s clinical judgement before or at the time of surgery. LAA occlusion was an adjunctive procedure carried out via external resection/exclusion, endocardial obliteration or the use of a clip and was dependent on favourable anatomy. A median sternotomy was the commonest mode of surgical access.


[bookmark: _Toc194438801]2.3.3.3 Clinical Outcomes

Post-operative complications using STS definitions were recorded from the SYCC database and discharge reports. Long-term stroke data were collected from primary, secondary and tertiary care NHS records. Mortality data were collected from Sheffield Teaching Hospitals NHS Foundation Trust Information Services and SYCC databases. The definition of a primary cardiovascular death was derived from a 2017 consensus report by the Standardised Data Collection for Cardiovascular Trials Initiative and included those resulting from MI, sudden cardiac death, heart failure, stroke, cardiovascular procedures, cardiovascular haemorrhage and other cardiovascular causes.249

Rhythm outcomes were determined via 12-lead electrocardiograms, Holter monitoring (24-hour to 7-day) and implantable cardiac device interrogation (implantable loop recorders and pacemakers). Arrhythmia recurrence was defined as any evidence of ATA (AF, AFL or atrial tachycardia) on one standard 12-lead electrocardiogram or lasting longer than 30 seconds on Holter or device interrogation.

[bookmark: _Toc194438802]2.3.3.4 Statistical Analysis

Categorical variables are presented as total numbers (proportions) and continuous variables are presented as mean ± standard deviation or median (IQR), as appropriate. Normality was assessed using the Kolmogorov-Smirnov test. Categorical variables were compared using the chi-square test or Fisher’s exact test and continuous variables were compared using the unpaired Student’s t-test for normally distributed data and the Mann-Whitney U test for data with non-normal distribution.

Propensity score matching was used to improve the balance in variables between patients undergoing surgery with or without concomitant SA. This was done to reduce possible selection bias related to treatment of AF. Good propensity score matching incorporates as many variables as possible but these should fulfil certain criteria for suitability. First, the variables should be considered notable predictors of mortality, stroke or AF recurrence in a similar population based on current literature. Second, they should be known or measured at baseline i.e. pre-exposure. Third, they should all be obtainable for most patients. Missing data from even one variable nullifies the entire propensity score for a patient, resulting in their exclusion from matching. Too much of this form of listwise deletion drastically reduces the power of a study. Based on these three criteria, the final variable selection was: age, sex, body mass index (BMI), type of AF (paroxysmal or non-paroxysmal), duration of AF, left atrial volume index (LAVI) as a measure of left atrial size, left ventricle ejection fraction (EF), CHA2DS2-VASc score, New York Heart Association (NYHA) class, hypertension, diabetes, chronic lung disease, previous cardiac surgery, previous stroke, previous MI, extracardiac arteriopathy, pulmonary hypertension, latest creatinine clearance before surgery, operative urgency (elective or emergency), surgical access (sternotomy or minimally-invasive) and procedure weight as categorised by EuroSCORE II (CABG only, single non-CABG surgery, two procedures or three or more procedures not including SA).

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]After generating propensity scores for patients with complete data for the selected variables, matching was carried out between the two groups (with or without SA) via greedy nearest neighbour matching without replacement.250 A tolerance level of 0.1 standard deviations of the logit of the calculated propensity score was recommended for use.251 Testing to ensure homogeneity between the matched groups was then carried out. Variables in both matched groups were then compared to ensure homogeneity.

Binary logistic regression was used to calculate OR for post-operative complications between matched groups. Overall survival was compared between matched groups with Kaplan-Meier curve and log-rank analysis. Multivariate Cox proportional-hazards regression was used to calculate adjusted HRs for predictors of survival. Cardiovascular death and ischaemic stroke were analysed via competing risk regression using the Fine-Gray method to calculate sHRs.

All calculations were performed using IBM SPSS Statistics 29 (SPSS Statistics for Macintosh, Version 29.0, Armonk, New York, USA) including the R plugin and R 4.4.0 (The R Foundation for Statistical Computing, Vienna, Austria). A P-value <0.05 was considered statistically significant. No adjustments were made for multiple comparisons and so the results should be considered hypothesis-generating.

[bookmark: _Toc194438803]2.3.3.5 Ethical Approval

This study was approved by ethics reviewers from The University of Sheffield (application reference number: 052104).

[bookmark: _Toc194438804]2.4 Conclusion

This chapter describes conceptualisation of two studies to investigate the management of patients with AF after PCI and one study to investigate the management of AF in patients undergoing cardiac surgery. The overarching aim is to improve cardiovascular outcomes in patients whose comorbidities are becoming increasingly intertwined and where additional consideration is often required. Data collection and analysis is reported in subsequent chapters.

The methods proposed are intended to cultivate various research-related skills such as statistical analysis, laboratory techniques and communication with patients. Both retrospective and prospective approaches are incorporated. A range of thrombotic, haemostatic and electrophysiological mechanisms will be explored. The level of diversity planned in this thesis hopes to represent the composite nature of AF and its management.


[bookmark: _Toc194438805]3 Short-term Clinical Outcomes of Dual and Triple Antithrombotic Therapy after Percutaneous Coronary Intervention in Atrial Fibrillation

[bookmark: _Toc194438806]3.1 Background

The rationale for this study has been described in Section 2.1.1.1. In summary, current antithrombotic recommendations following PCI in patients with AF are based on RCTs comparing the safety and efficacy of TAT consisting of aspirin, a P2Y12 inhibitor and OAC, with DAT without aspirin. Differences in OAC between trial arms, limited use of more potent P2Y12 inhibitors and sparse data on the immediate cessation of aspirin after PCI have left gaps in the evidence base. Resultant heterogeneity of practice provides the opportunity for an observational study that compares different strategies.

The aim of this study has been described in Section 2.2. The methods have been described in Section 2.3.1. In brief, a retrospective observational study was performed on all patients with AF undergoing PCI at SYCC in 3 years. 30-day safety and efficacy were compared between patients receiving 1 month of TAT and ≤1 week of TAT (including DAT from the outset).

[bookmark: _Toc194438807]3.2 Results

[bookmark: _Toc194438808]3.2.1 Patient Characteristics

387 patients were included in the primary analysis; 236 (61%) were planned for 1 month of TAT and 151 (39%) were planned for ≤1 week of TAT after PCI (Figure 3.1). Of the latter group, 96 patients were planned to receive TAT for up to 1 week and 55 patients received DAT without aspirin straight after PCI. Baseline clinical characteristics were well-balanced between the groups, with the exception that clopidogrel was the most favoured P2Y12 inhibitor in the 1 month TAT group (78% of these patients) while ticagrelor was the preferred option in the ≤1 week TAT group (59% of these patients) (Table 3.1). Prasugrel was used in only 2% of patients. Apixaban was the OAC used in the majority of patients (82%). Rivaroxaban was the second commonest OAC (12%) and a small number of patients were taking dabigatran (3%), edoxaban (1%) or warfarin (1%). Over half of patients were at high bleeding risk (52% with PRECISE-DAPT score ≥25) and the mean HAS-BLED score was 2.0 ± 0.6. PCI was performed for ACS in 79%, including ST-segment elevation MI (28%), non-ST-segment elevation MI (46%) and unstable angina (5%), while PCI was performed for CCS in 21%, including stable angina (18%) and significant CAD prior to transcatheter aortic valve implantation (3%).
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Figure 3.1: Consort diagram for patient inclusion and grouping. AF = atrial fibrillation, OAC = oral anticoagulation, PCI = percutaneous coronary intervention, SYCC = South Yorkshire Cardiothoracic Centre, TAT = triple antithrombotic therapy.
Table 3.1: Baseline characteristics of included patients with atrial fibrillation undergoing percutaneous coronary intervention grouped by triple antithrombotic therapy duration.
	
	Total (n=387)
	1 month TAT (n=236)
	≤1 week TAT (n=151)
	P-value

	Age at PCI (years)
	75 (68-81)
	75 (68-80)
	75 (68-81)
	0.579

	Female sex, n (%)
	102 (26)
	66 (28)
	36 (24)
	0.369

	Hypertensive on medication, n (%)
	266 (69)
	171 (72)
	101 (67)
	0.242

	Diabetes mellitus, n (%)
	129 (33)
	81 (34)
	48 (32)
	0.601

	Previous stroke/TIA, n (%)
	58 (15)
	38 (16)
	20 (13)
	0.443

	Heart failure, n (%)
	60 (16)
	33 (14)
	27 (18)
	0.301

	CKD (eGFR <60 mL/min/1.73 m2), n (%)
	106 (27)
	61 (26)
	45 (30)
	0.395

	Previous MI, n (%)
	70 (18)
	38 (16)
	32 (21)
	0.204

	Previous PCI, n (%)
	95 (25)
	57 (24)
	38 (25)
	0.821

	Previous CABG, n (%)
	26 (7)
	12 (5)
	14 (9)
	0.109

	CHA2DS2-VASc score
	4±1.5
	4.1±1.5
	4.0±1.6
	0.592

	HAS-BLED score
	2±0.6
	2±0.6
	2±0.6
	0.594

	PRECISE-DAPT ≥25, n (%)
	200 (52)
	117 (50)
	83 (55)
	0.301

	Complex PCI, n (%)
	150 (39)
	91 (39)
	59 (39)
	0.919

	Indication for PCI
	
	0.151

	ACS, n (%)
	306 (79)
	181 (77)
	125 (83)
	

	CCS, n (%)
	81 (21)
	55 (23)
	26 (17)
	

	P2Y12 inhibitor after PCI
	
	<0.001

	Clopidogrel, n (%)
	243 (63)
	185 (78)
	58 (38)
	

	Ticagrelor, n (%)
	137 (35)
	48 (20)
	89 (59)
	

	Prasugrel, n (%)
	7 (2)
	3 (1)
	4 (3)
	

	Long-term OAC 
	
	0.213

	Apixaban, n (%)
	317 (82)
	187 (79)
	130 (86)
	

	Rivaroxaban, n (%)
	46 (12)
	33 (14)
	13 (9)
	

	Other OAC, n (%)
	24 (6)
	16 (7)
	8 (5)
	


ACS = acute coronary syndrome; CABG = coronary artery bypass graft; CCS = chronic coronary syndrome; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; MI = myocardial infarction; OAC = oral anticoagulation; PCI = percutaneous coronary intervention; TAT = triple antithrombotic therapy; TIA = transient ischaemic attack.
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Patients receiving ≤1 week of TAT had significantly lower rates of ISTH-defined major or CRNM bleeding at 30 days post-PCI compared with patients receiving 1 month of TAT (3.3 vs 9.3%, p=0.025) (Table 3.2 and Figure 3.2). Multivariate Cox regression analysis demonstrated independent association of ≤1 week of TAT with reduced rates of clinically-relevant bleeding (adjusted HR 0.31, 95% CI 0.11-0.88, p=0.028).

Table 3.2: Bleeding events at 30 days after percutaneous coronary intervention. 
	
	1 month TAT (n=236)
	≤1 week TAT (n=151)
	HR
	95% CI
	P-value

	Major or CRNM bleeding, n (%)
	22 (9.3)
	5 (3.3)
	0.347
	0.131-0.916
	0.033

	Major bleeding, n (%)
	6 (2.5)
	2 (1.3)
	0.424
	0.105-2.578
	0.520

	CRNM bleeding, n (%)
	16 (6.8)
	3 (2.0)
	0.286
	0.083-0.982
	0.047


CI = confidence interval; CRNM = clinically-relevant non-major; HR = hazard ratio; TAT = triple antithrombotic therapy.
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Figure 3.2: Cumulative incidence of major and clinically-relevant non-major bleeding at 30 days after percutaneous coronary intervention. TAT = triple antithrombotic therapy.

Major adverse cardiac and cerebrovascular events within 30 days post-PCI were similar in both groups: 4.6% with ≤1 week of TAT vs 4.7% with 1 month of TAT (p=0.998) (Table 3.3 and Figure 3.3). Adjustment for P2Y12 inhibitor with multivariate Cox regression analysis did not alter this result (adjusted HR 0.97, 95% CI 0.34-2.72, p=0.966). There was only one case of definite stent thrombosis in the entire cohort, occurring 2 weeks post-PCI in the 1-month TAT group.

Within the group receiving ≤1 week of TAT, the incidence of MACCE in those who discontinued aspirin immediately after PCI (n=55) was 3.6 vs 5.2% in those who received up to 1 week of aspirin after PCI (n=96), with no definite stent thrombosis in either subgroup. Rates of clinically-relevant bleeding were 1.8 vs 4.2%, respectively.
Table 3.3: Major adverse cardiac and cerebrovascular events by patient group at 30 days after percutaneous coronary intervention.
	
	1 month TAT (n=236)
	≤1 week TAT (n=151)
	HR
	95% CI
	P-value

	MACCE (including stent thrombosis), n (%)
	11 (4.7)
	7 (4.6)
	0.999
	0.387-2.577
	0.998

	Cardiovascular death, n (%)
	5 (2.1)
	4 (2.6)
	

	Nonfatal MI (excluding stent thrombosis), n (%)
	2 (0.8)
	1 (0.7)
	

	Stroke or TIA, n (%)
	3 (1.3)
	2 (1.3)
	

	Definite stent thrombosis, n (%)
	1 (0.4)
	0 (0)
	


[image: ]CI = confidence interval; HR = hazard ratio; MACCE = major adverse cardiac and cerebrovascular events; MI = myocardial infarction; TAT = triple antithrombotic therapy; TIA = transient ischaemic attack.
Figure 3.3: Cumulative incidence of major adverse cardiac and cerebrovascular events at 30 days after percutaneous coronary intervention. TAT = triple antithrombotic therapy.
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Owing to different P2Y12 inhibitor use in both groups, baseline clinical characteristics were also compared between patients taking clopidogrel and ticagrelor/prasugrel (Table 3.4). Ticagrelor/prasugrel was used more commonly than clopidogrel after PCI in patients who were younger (p=0.002), had a lower CHA2DS2-VASc score (p=0.042) and presented with ACS (p<0.001).

Table 3.4: Baseline characteristics of the included patients with AF undergoing PCI based on P2Y12 inhibitor used.
	
	Total (n=387)
	Clopidogrel (n=243)
	Ticagrelor/Prasugrel (n=144)
	P-value

	Age at PCI (years)
	75 (68-81)
	77 (69-82)
	72.5 (66-79)
	0.002

	Female sex, n (%)
	102 (26)
	65 (27)
	37 (26)
	0.820

	Hypertensive on medication, n (%)
	266 (69)
	174 (72)
	98 (68)
	0.460

	Diabetes mellitus, n (%)
	129 (33)
	82 (34)
	47 (33)
	0.823

	Previous stroke/TIA, n (%)
	58 (15)
	37 (15)
	21 (15)
	0.864

	Heart failure, n (%)
	60 (16)
	39 (16)
	21 (16)
	0.700

	Previous MI, n (%)
	70 (18)
	46 (19)
	24 (17)
	0.576

	Previous PCI, n (%)
	95 (25)
	60 (25)
	35 (24)
	0.932

	Previous CABG, n (%)
	26 (7)
	21 (9)
	5 (3)
	0.050

	CHA2DS2-VASc score
	4±1.5
	4.1±1.5
	3.8±1.6
	0.042

	HAS-BLED score
	2±0.6
	2.1±0.6
	1.95±0.6
	0.118

	PRECISE-DAPT ≥25, n (%)
	200 (52)
	133 (55)
	67 (47)
	0.118

	Complex PCI, n (%)
	150 (39)
	90 (37)
	60 (42)
	0.366

	Indication for PCI
	
	<0.001

	ACS, n (%)
	306 (79)
	171 (70)
	135 (94)
	

	CCS, n (%)
	81 (21)
	72 (30)
	9 (6)
	

	Long-term OAC
	
	0.088

	Apixaban, n (%)
	317 (82)
	191 (79)
	126 (88)
	

	Rivaroxaban, n (%)
	46 (12)
	34 (14)
	12 (8)
	

	Other OAC, n (%)
	24 (6)
	18 (7)
	6 (4)
	


ACS = acute coronary syndrome; CABG = coronary artery bypass graft; CCS = chronic coronary syndrome; MI = myocardial infarction; OAC = oral anticoagulation; PCI = percutaneous coronary intervention; TIA = transient ischaemic attack.
There were nonsignificant trends towards increased major or CRNM bleeding events (adjusted HR 1.28, 95% CI 0.55-3.00, p=0.568) as well as MACCE (adjusted HR 1.09, 95% CI 0.39-3.06, p=0.875) with ticagrelor/prasugrel compared with clopidogrel. In patients undergoing PCI for ACS, MACCE occurred in 5.2% patients taking ticagrelor/prasugrel (n=135) and in 5.8% patients taking clopidogrel (n=171). In the ≤1 week TAT group, incidence of major or CRNM bleeding and incidence of MACCE at 30 days was 5.2% and 5.2% on TAT-T or -P (n=58), 2.6% and 5.3% on TAT-C (n=38), 0% and 5.7% on DAT with ticagrelor/prasugrel (n=35), and 5.0 % and 0% on DAT with clopidogrel (n=20), respectively.

[bookmark: _Toc194438811]3.3 Discussion

In this retrospective observational study, patients with AF planned for ≤1 week TAT after PCI had less major or CRNM bleeding at 30 days than patients planned for 1 month of TAT. This lower incidence of bleeding with the shorter duration or avoidance of TAT was seen despite significantly greater use of ticagrelor or prasugrel instead of clopidogrel. There was no difference in MACCE between the different antithrombotic regimens and no clear difference in clinical outcomes according to the P2Y12 inhibitor used but the confidence intervals were wide, and the findings can only be considered to provide pilot data in support of larger studies that explore the use of DAT immediately after PCI.

The current evidence for antithrombotic therapy in patients with AF after PCI and the issues that arise in contemporary practice have been discussed extensively in Chapter 1. Increasing use of the more effective P2Y12 inhibitors ticagrelor and prasugrel over clopidogrel, especially in ACS, as well as the almost ubiquitous use of DOACs over warfarin for nonvalvular AF were not adequately addressed in the original trials. None of them included more than 12% of patients on ticagrelor or prasugrel and only AUGUSTUS, with its 2x2 factorial design, compared TAT and DAT using the same DOAC (apixaban) in around half of enrolled patients.108-112 This study included a majority of patients taking apixaban and a much higher proportion of ticagrelor use than seen in the large clinical trials. The median age was also higher than in the original trials, probably reflecting a more real-world representation of this patient population. Even in more recently-published observational studies comparing DAT with TAT in clinical practice, the proportion of patients receiving ticagrelor/prasugrel remains relatively small: 6% in the WOEST 2 registry, 3% in a multicentre German registry and 12% in a multicentre Japanese registry.252-254

Primary outcomes were restricted to the first 30 days after PCI as most patients were expected to have de-escalated from TAT to DAT by this time and use of TAT beyond 30 days is not recommended. There was a marked difference in P2Y12 inhibitor between the groups, with clopidogrel used more commonly in longer TAT regimens and ticagrelor (and, to a much smaller extent, prasugrel) used more commonly in shorter TAT or DAT regimens, consistent with guideline recommendations to avoid TAT-T or -P due to concerns over excessive bleeding risk. For this reason, multivariate analysis of bleeding and MACCE outcomes included adjustment for P2Y12 inhibitor use. TAT for ≤1 week was independently associated with a 69% risk reduction in major or CRNM bleeding compared with a longer TAT duration of 1 month. Patients receiving DAT straight after PCI had the lowest incidence of bleeding but direct comparison with TAT of any duration was limited by small numbers. Nevertheless, dropping aspirin immediately or shortly after PCI expectedly resulted in less bleeding and is in keeping with the intentions of current guidelines to appropriately minimise this risk. Ticagrelor and prasugrel were associated with a nonsignificant increase in bleeding compared with clopidogrel, mostly driven by their use in TAT regimens. This further reinforces the recommendation not to use a combination of aspirin, ticagrelor/prasugrel and OAC.129, 130

Using ≤1 week TAT was not associated with an increase in MACCE; however, this study was expectedly underpowered to detect a difference, as were all the trials to date in this field while meta-analyses have reported contrasting results (see Section 1.3.1.3). The slight increase in MACCE with ticagrelor/prasugrel observed in this study appears to contradict their superior efficacy over clopidogrel in the PLATO and TRITON-TIMI 38 trials.91, 92 However, there was significantly higher use of ticagrelor/prasugrel among patients undergoing PCI after ACS, which may have confounded outcomes due to higher ischaemic risk, similar to observations made in a subgroup analysis of RE-DUAL PCI.130 
Stent thrombosis is rare but carries a high mortality risk, hence why it is very challenging to design studies with enough power to investigate such an important complication.75 One case of subacute stent thrombosis was observed out of the 387 patients. There was no clear association with antithrombotic regimen but stent underexpansion and lesion calcification are known predictors.75, 255 Operators may think they are erring on the side of caution by choosing TAT after PCI to provide maximum protection against stent thrombosis and other ischaemic events but bleeding, including minor bleeding, can cause a reduction in quality of life, issues with antithrombotic compliance and itself precipitate an ischaemic event.256-258 Pooled analysis from three trials comparing bivalirudin to heparin plus a GP IIb/IIIa inhibitor demonstrated that non-CABG-related TIMI major bleeding, even in the first week after PCI, was strongly associated with death within 1 year (HR 6.0, 95% CI 3.1-11.6, p<0.001 for days 2-7 post-PCI).258 Furthermore, clopidogrel provides less consistent platelet inhibition than prasugrel or ticagrelor due to pharmacokinetic and pharmacogenomic differences and thus less predictable efficacy.94-96, 259 DAT with clopidogrel very early after PCI in patients with an impaired antiplatelet response could explain the increased risk of early stent thrombosis observed in aforementioned pooled trial analyses. This study supports the safety of shorter TAT or DAT after PCI, with ticagrelor or prasugrel being suitable P2Y12 inhibitors in a DAT regimen but not a TAT regimen. The indirect antiplatelet effect of OAC through the inhibition of thrombin-mediated platelet activation (via the PAR-1 and -4 pathways) may sufficiently substitute for the inhibition of thromboxane A2 (TXA2) release by aspirin in patients also receiving a P2Y12 inhibitor but further evidence is needed to establish optimum antithrombotic outcomes and durations.260, 261 RCTs investigating DAT with ticagrelor or prasugrel should ensue and drive positive change in international guidance from current reservation.74

This study had a number of limitations. First, it was inherently limited by its retrospective and observational nature. Second, small numbers of events in a relatively short period of time limited the ability to compare antithrombotic regimens and the study was expectedly underpowered to detect differences in MACCE. Few covariates could be tested in multivariate analysis due to the possibility of overfitting. In particular, we were unable to account for the effect of different bleeding and ischaemic risk profiles. A longer follow-up period may have increased the number of events; however, this would risk diluting the true difference between the regimens which hardly ever comprise of TAT beyond 1 month in modern practice. Despite this, we were still able to observe a significant difference in bleeding. Third, patient adherence with the assigned antithrombotic therapy could not be accurately assessed except by confirming it remained unchanged at hospital discharge and at first clinic follow-up 6-12 weeks post-PCI or upon readmission for a bleeding/ischaemic event. Fourth, no adjustment was made for multiple testing and the results should be considered hypothesis-generating.

[bookmark: _Toc194438812]3.4 Conclusion

In patients with AF undergoing PCI with stents, ≤1 week of TAT was associated with a lower 30-day incidence of clinically-relevant bleeding compared with 1 month of TAT. No significant difference in MACCE between these two groups was observed. These findings support the rationale for prospective studies investigating the safety and efficacy of DAT regimens with ticagrelor or prasugrel immediately after PCI.

[bookmark: _Toc194438813]4 Pharmacodynamic Effects of Dual and Triple Antithrombotic Therapy after Percutaneous Coronary Intervention in Atrial Fibrillation (a CVRU-OBS sub-study)

[bookmark: _Toc194438814]4.1 Background

The previous chapter demonstrated that DAT was associated with reduced bleeding compared with TAT but no apparent increase in MACCE. The two main contributing factors to these clinical discrepancies between regimens appear to be the choice of P2Y12 inhibitor and the addition/continuance or withdrawal of aspirin after PCI. The rationale for this study has been described in Section 2.1.1.2. While the pharmacodynamic differences between P2Y12 inhibitors have been clearly described, there are less data on the pharmacodynamics of aspirin therapy in the presence of other antithrombotic agents. A few studies have investigated the pharmacodynamics of SAPT and DAPT after ACS but not in the context of AF requiring concomitant OAC.209-211 Attempting to determine the mechanistic contributions of aspirin to the antithrombotic effects of TAT over DAT could provide support to the debated clinical evidence for its relevance or futility in this situation.

The aim of this study has been described in Section 2.2. The methods have been described in Section 2.3.2. In brief, a prospective observational study was performed on patients with AF commenced on TAT or DAT after PCI for ACS at the operator’s discretion. Bleeding time, platelet function tests and fibrin clot properties were compared between patients on TAT and DAT at 1 week post-PCI.

[bookmark: _Toc194438815]4.2 Results

[bookmark: _Toc194438816]4.2.1 Patient Characteristics

Thirty-nine patients were enrolled in this sub-study; 21 commenced on TAT and 18 commenced on DAT after PCI and throughout the study period. All patients received aspirin before PCI but only patients in the TAT group continued it. The TAT group was further divided by P2Y12 inhibitor: 16 patients receiving ticagrelor (n=13) or prasugrel (n=3) (TAT-T or -P) and 5 patients receiving clopidogrel (TAT-C). The DAT group was not divided as all patients received ticagrelor. The baseline characteristics of patients in the groups were well-balanced (Table 4.1). Apixaban was the commonest DOAC used (78% in DAT and 100% in both TAT groups). Other DOACs used in the DAT group included rivaroxaban (11%), edoxaban (6%) and dabigatran (6%).

Table 4.1: Baseline characteristics of the included patients with atrial fibrillation based on antithrombotic therapy after percutaneous coronary intervention.
	
	DAT (n=18)
	TAT-T or -P (n=16)
	TAT-C (n=5)
	P-value

	Age at PCI (years)
	75 (72-78)
	70 (62-78)
	67 (64-79)
	0.227

	Male sex, n (%)
	17 (94)
	15 (94)
	5 (100)
	1.000

	BMI, kg/m2
	27 (24-30)
	29 (27-34)
	31 (27-34)
	0.142

	Hypertension, n (%)
	13 (72)
	10 (63)
	2 (40)
	0.420

	Diabetes mellitus, n (%)
	7 (39)
	4 (25)
	2 (40)
	0.639

	Heart failure, n (%)
	5 (28)
	5 (31)
	3 (60)
	0.458

	CKD (eGFR <60 mL/min/1.73 m2), n (%)
	3 (17)
	4 (25)
	0 (0)
	0.621

	Current smoker, n (%)
	3 (17)
	4 (25)
	0 (0)
	0.621

	CHA2DS2-VASc score
	4 (3-6)
	3 (2-5)
	4 (3-4)
	0.296

	HAS-BLED ≥3, n (%) 
	3 (17)
	2 (13)
	0 (0)
	1.000

	PRECISE-DAPT ≥25, n (%)
	8 (44)
	5 (31)
	2 (40)
	0.814

	Complex PCI, n (%)
	4 (22)
	6 (38)
	3 (60)
	0.296

	Type of ACS
	
	0.809

	STEMI, n (%)
	7 (39)
	6 (38)
	1 (25)
	

	NSTE-ACS, n (%)
	11 (61)
	10 (63)
	4 (75)
	

	Type of AF
	
	0.899

	Paroxysmal, n (%)
	6 (33)
	7 (44)
	2 (40)
	

	Persistent, n (%)
	12 (67)
	9 (56)
	3 (60)
	


ACS = acute coronary syndrome; AF = atrial fibrillation; BMI = body mass index; CKD = chronic kidney disease; DAT = dual antithrombotic therapy; eGFR = estimated glomerular filtration rate; NSTE-ACS = non-ST-elevation acute coronary syndrome; PCI = percutaneous coronary intervention; STEMI = ST-elevation myocardial infarction; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel.
There was no difference between the onset of ACS and timing of the study visit between the groups but the time from PCI to the study visit was shorter in the TAT-T or -P group (Table 4.2). On the day of the study visit, the time between ingestion of antithrombotic therapy and study-related procedures (venous blood sampling and measurement of bleeding) was similar in both groups (Table 4.2).

Table 4.2: Comparison of study-related timings between treatment groups.
	
	DAT (n=18)
	TAT-T or -P (n=16)
	TAT-C (n=5)
	P-value

	Time from ACS to main study visit (Visit 2) (days)
	11 (7-16)
	10 (3-12)
	10 (3-22)
	0.211

	Time from PCI to main study visit (Visit 2) (days)
	7 (6-8)
	3 (2-7)
	8 (2-17)
	0.029

	Time from antithrombotic dosing to bleeding time (hours)
	2.9 (2.0-3.5)
	3.1 (2.6-4.0)
	2.8 (2.4-3.9)
	0.726

	Time from antithrombotic dosing to venous sampling (hours)
	2.8 (2.0-4.0)
	3.0 (2.5-4.0)
	2.8 (2.4-4.0)
	0.586


ACS = acute coronary syndrome; DAT = dual antithrombotic therapy; PCI = percutaneous coronary intervention; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel.

[bookmark: _Toc194438817]4.2.2 Bleeding Time

Bleeding time was significantly shorter among patients receiving DAT compared with TAT-T or -P (median 27.8 vs 30 minutes, p=0.025) but not compared with TAT-C (median 24 minutes, vs DAT p=1.000) (Figure 4.1). 44% of patients receiving DAT reached the maximum bleeding time compared with 88% of those receiving TAT-T or -P and 20% of those receiving TAT-C (vs DAT p=0.039 and p=1.000, respectively) (Figure 4.2).
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Figure 4.1: Bleeding time by antithrombotic regimen group. DAT = dual antithrombotic therapy. TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel.
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Figure 4.2: Percentage of patients who reached the maximum bleeding time (30 minutes) by antithrombotic regimen group. DAT = dual antithrombotic therapy; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel.
[bookmark: _Toc194438818]4.2.3 Platelet Function Tests

[image: ]The platelet count was similar in DAT, TAT-T or -P and TAT-C groups (median 223 vs 207 vs 166 x109/L, p=0.530). Comparison of the maximum platelet aggregation responses to various agonists via LTA is displayed in Figure 4.3 and Table 4.3. There was no difference in maximum platelet aggregation with 5 and 20 μmol/L ADP between DAT and TAT-T or -P (median 25 vs 27%, p=1.000; and 37 vs 34%, p=0.918, respectively) and between DAT and TAT-C (median 25 vs 35%, p=0.396; and 37 vs 51%, p=0.338, respectively). There was also no difference in maximum platelet aggregation with 8 and 32 μmol/L of TRAP (TAT-T or -P and TAT-C vs DAT, median 24 and 21 vs 37%, both p>0.05; 65 and 63 vs 72%, both p>0.05, respectively). Platelet aggregation was higher with DAT compared with TAT-T or -P and TAT-C groups in response to AA (63 vs 3%, p=0.010; and vs 2%, p=0.022, respectively), collagen (72 vs 37 and 27%, both p<0.001) and 5-HT plus adrenaline (74 vs 45, p<0.001; and vs 39%, p=0.002, respectively).
Figure 4.3: Summary of the maximum platelet aggregation to various agonists at light transmittance aggregometry by antithrombotic regimen group. Data is represented as median with interquartile range. 5-HT = 5-hydroxytryptamine; AA = arachidonic acid; ADP = adenosine diphosphate; DAT = dual antithrombotic therapy; ns = non-significant; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel; TRAP = thrombin-receptor-activating peptide.

[image: ][image: ]With the VerifyNow P2Y12 assay, patients receiving DAT and TAT-T or -P had similar platelet reactivity and inhibition (median PRU 12 vs 9 and median inhibition 94 vs 95%, both p=1.000, respectively) but those receiving TAT-C had higher platelet reactivity (median 103 PRU) and lower inhibition (median 48%) compared with DAT (p=0.001 and p=0.002, respectively) (Figure 4.4 and Table 4.3). The platelet reactivity obtained from measuring VASP dephosphorylation was also similar between DAT and TAT-T or -P groups (median PRI 3.9 vs 0.0, p=0.828) but higher in the TAT-C group (median PRI 65.5) compared with DAT (p=0.003) (Figure 4.5 and Table 4.3). Conversely, the ADP-specific test on MEA demonstrated similar platelet reactivity with DAT compared with TAT-T or -P (median AUC 41 vs 29, p=0.096) and with TAT-C (median AUC 28, vs DAT p=0.834) (Figure 4.6 and Table 4.3). The MEA TRAP test was also similar in all 3 groups (Figure 4.6 and Table 4.3). Serum TXB2 levels were reduced in patients receiving TAT-T or -P and TAT-C compared with DAT (median 0.9 and 0.3 vs 86.4 ng/mL, both p<0.001) (Figure 4.7 and Table 4.3).

Figure 4.4: VerifyNow P2Y12 assay by antithrombotic regimen group measuring platelet reactivity (left) and degree of platelet inhibition (right). DAT = dual antithrombotic therapy; PRU = P2Y12 reaction units; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel.
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[image: ]Figure 4.5: Platelet reactivity on flow cytometry measuring vasodilator-stimulated phosphoprotein (VASP) dephosphorylation by antithrombotic regimen group. DAT = dual antithrombotic therapy; PRI = platelet reactivity index; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel.

Figure 4.6: Platelet reactivity measured by area under the curve on multiple electrode aggregometry by antithrombotic regimen group. Data is represented as median. ADP = adenosine diphosphate; AUC = area under the curve; DAT = dual antithrombotic therapy; MEA = multiple electrode aggregometry; ns = non-significant; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel; TRAP = thrombin-receptor-activating peptide.
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Figure 4.7: Serum thromboxane B2 levels in ng/mL by antithrombotic regimen group. DAT = dual antithrombotic therapy; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel.

Table 4.3: Comparison of various platelet function tests between treatment groups.
	
	DAT (n=18)
	TAT-T or -P (n=16)
	TAT-C (n=5)
	P-value (DAT vs TAT-T or -P)
	P-value (DAT vs TAT-C)

	LTA maximum aggregation (%)
	

	ADP 5 μmol/L
	25 (21-32)
	27 (22-31)
	35 (24-46)
	1.000
	0.396

	ADP 20 μmol/L
	37 (31-42)
	34 (28-38)
	51 (37-61)
	0.918
	0.338

	AA 1 mmol/L
	63 (34-72)
	3 (2-4)
	2 (2-4)
	0.010
	0.022

	Collagen 4 μg/mL
	72 (69-79)
	37 (27-42)
	27 (17-43)
	<0.001
	<0.001

	5-HT (1 μmol/L) plus adrenaline (10 μmol/L)
	74 (69-80)
	45 (31-58)
	39 (25-53)
	<0.001
	0.002

	TRAP 8 μmol/L
	37 (24-55)
	24 (15-37)
	21 (15-44)
	0.257
	1.000

	TRAP 32 μmol/L
	72 (64-78)
	65 (55-70)
	63 (54-73)
	0.098
	0.356

	MEA (AUC)
	

	ADP test
	41 (27-47)
	29 (22-31)
	28 (24-39)
	0.096
	0.834

	TRAP test
	116 (87-136)
	89 (65-102)
	66 (59-99)
	0.118
	0.078

	VerifyNow P2Y12
	

	Platelet reactivity (PRU)
	12 (6-24)
	9 (7-35)
	103 (77-155)
	1.000
	0.001

	Platelet inhibition (%)
	94 (87-96)
	95 (84-96)
	48 (12-54)
	1.000
	0.002

	VASP dephosphorylation (PRI)
	3.9 (0.0-12.5)
	0.0 (0.0-3.4)
	65.5 (40.6-80.0)
	0.828
	0.003

	Serum TXB2 (ng/mL)
	86.4 (35.6-161.7)
	0.9 (0.7-3.5)
	0.3 (0.1-0.9)
	<0.001
	<0.001


5-HT = 5-hydroxytryptamine; AA = arachidonic acid; ADP = adenosine diphosphate; AUC = area under the curve; DAT = dual antithrombotic therapy; LTA = light transmittance aggregometry; MEA = multiple electrode aggregometry; PRI = platelet reactivity index; PRU = P2Y12 reaction units; TAT-C = triple antithrombotic therapy with clopidogrel; TAT-T or -P = triple antithrombotic therapy with ticagrelor or prasugrel; TRAP = thrombin-receptor-activating peptide; TXB2 = thromboxane B2;  VASP = vasodilator-stimulated phosphoprotein.




[bookmark: _Toc194438819]4.2.4 Fibrin Clot Properties

[image: ]There were no differences in fibrin clot lag time and lysis time between DAT and combined TAT groups (median 452 vs 404s, p=0.156 and median 896 vs 844s, p=0.942, respectively) (Figure 4.8). There was also no difference in mean clot maximum turbidity between the two groups (0.60 ± 0.20 vs 0.61 ± 0.18 AU, p=0.844) (Figure 4.9).

[image: ]Figure 4.8: Fibrin clot lag and lysis time (s) by antithrombotic regimen group. DAT = dual antithrombotic therapy; TAT = triple antithrombotic therapy.
Figure 4.9: Fibrin clot maximum turbidity by antithrombotic regimen group. AU = absorbance units; DAT = dual antithrombotic therapy; TAT = triple antithrombotic therapy.
[bookmark: _Toc194438820]4.3 Discussion

This study highlighted pharmacodynamic differences between TAT and DAT in patients with AF and recent ACS treated by stenting so as to better understand the role of aspirin in this context. The main findings in relation to DAT, i.e. the absence of aspirin, are threefold: 1.) a reduction in bleeding time compared with TAT using a P2Y12 inhibitor of similar potency, 2.) reduced inhibition of COX1-mediated platelet activation and 3.) similar inhibition of thrombin-related pathways.

Choosing an appropriate antithrombotic regimen for patients undergoing PCI with a concomitant indication for OAC must simultaneously take into account the duration of aspirin and also the type of P2Y12 inhibitor to prescribe. Both these factors have important implications for patients’ risk of bleeding and ischaemic events post-procedure. Meta-analyses of landmark RCTs demonstrated that DAT causes less bleeding than TAT and similar or borderline-increased incidence of ACS and stent thrombosis.114-117 However, both effects may have been driven by the predominant use of clopidogrel, which is known to provide inconsistent P2Y12 inhibition, thus potentially exposing some patients to inadequate antiplatelet cover if no longer receiving aspirin.95, 96, 259 There has been limited investigation of DAT with ticagrelor or prasugrel alongside OAC clinically to determine its efficacy, and even less at the mechanistic level. This study utilised an array of tests targeting various thrombotic pathways for this purpose.

P2Y12 inhibition was consistently at a high level and similar in both DAT and TAT-T or -P groups as confirmed by LTA and MEA with ADP and the VerifyNow and VASP assays. This was expected due to the exclusive use of ticagrelor in the DAT group. It is important to note that, despite not being recommended by international guidelines due to increased bleeding risk, TAT-T or -P was more commonly chosen in the ACS setting by some PCI operators at SYCC than TAT-C, albeit for no longer than 1 week. In the TAT-C group, P2Y12 inhibition was overall reduced and more variable compared with DAT with ticagrelor on the VerifyNow and VASP assays. Similar yet nonsignificant trends were observed in the ADP response with LTA, likely due to small numbers of patients. The difference between clopidogrel and ticagrelor is supported by larger pharmacodynamic studies.95, 96, 262

The MEA ADP test results obtained in this study were inconsistent compared with the other tests of P2Y12 activity, which may be in keeping with previous studies reporting low-moderate correlation between MEA, VerifyNow and LTA.263-265 A study by Vries et al reported lower platelet reactivity with VerifyNow and LTA compared with MEA measured simultaneously in patients receiving ticagrelor, prasugrel or aspirin.264 The presence of PGE1 in the VerifyNow assay intended to suppress P2Y1 activity and increase the assay’s sensitivity to P2Y12 inhibition has been proposed as one hypothesis to explain the discrepancy with MEA, although its significance has been disputed.266 Wadowski et al also observed a lack of correlation between ADP-induced platelet aggregation measured by LTA and MEA in patients receiving ticagrelor.267 Another possible explanation is the dilution of hirudin-anticoagulated whole blood with 0.9% saline required for MEA causing a reduction in the concentration of divalent cations, which promotes platelet TXA2 formation and release.268

The main differences in platelet reactivity between DAT and TAT were observed in AA- and collagen-induced platelet aggregation via LTA and thus reflective of the absence or presence of aspirin. A greater response to 5-HT plus adrenaline was similarly observed in the DAT group, which may be explained by the use of citrate anticoagulation since this lowers divalent cation levels and is known to cause artefactual TXA2 release in response to stimulation with adrenaline.268, 269 Aspirin irreversibly binds to COX1 and inhibits the conversion of AA to TXA2, a potent platelet agonist which, under normal conditions, is itself metabolised to the more assayable TXB2.84, 85, 244 Aspirin is clearly a strong inhibitor of the AA-TXA2 pathway but assessment of maximum platelet aggregation by LTA in these samples must also take into account the potential confounding effects of other agonists such as ADP and the presence of their inhibitors.270 Measurement of serum TXB2 levels represents the most reliable way to assess the specific effect of aspirin.270 4 patients in the DAT group demonstrated negligible AA-induced platelet aggregation by LTA, which may at least partly relate to inhibition of P2Y12-mediated amplification of the response to TXA2 but has also been reported in other studies on healthy donors not receiving aspirin or other non-steroidal anti-inflammatory agents.271-273 All patients in the DAT group, however, had high levels of serum TXB2, confirming the true absence of aspirin activity at the time of sampling.

Collagen in the subendothelium acts as both a substrate for platelet adhesion and as a potent agonist for platelet activation via the GP VI receptor.274-276 At relatively low concentrations, it plays a significant role in the release of AA and the inhibitory effect of aspirin is clearly demonstrated despite the presence of a P2Y12 inhibitor and a DOAC in this study.277 Despite some evidence suggesting that DOACs may have an additive effect on GP VI-mediated platelet activation and TXB2 levels, this study’s results emphasise that aspirin is still the predominant inhibitor of this pathway.214, 215, 278 Thrombin is also a potent platelet agonist that activates PAR-1 by cleaving the amino-terminal extracellular domain to create a new terminus that acts as a tethered ligand for transmembrane signalling.100 TRAP somewhat simulates these effects by mimicking the tethered ligand itself for PAR-1 activation and so, while it can be considered reflective of thrombin-mediated platelet activation, it is not a direct substitute for thrombin.100, 279 Therefore, TRAP-induced platelet aggregation cannot reliably assess the antiplatelet effect of DOACs and mixed results have been observed in other studies.212, 278, 280-282 This study demonstrated no difference in TRAP-induced platelet aggregation between DAT and TAT groups, suggesting the lack of a significant role by aspirin.

Viewed together, these platelet function test results exhibit similarities to those obtained by other studies investigating the pharmacodynamics of P2Y12 monotherapy versus DAPT i.e. without OAC. The GLOBAL LEADERS and TWILIGHT platelet sub-studies and the TEMPLATE study all reported significantly increased AA- and collagen-induced platelet aggregation with ticagrelor monotherapy compared with DAPT but no change in response to ADP and TRAP.209-211 Galli et al conducted two small pharmacodynamic studies on antiplatelet and OAC combinations, one comparing DAPT (aspirin and clopidogrel), SAPT (aspirin) plus very-low-dose rivaroxaban and DAPT plus very-low-dose rivaroxaban, and another comparing DAPT and SAPT (P2Y12 inhibitor) plus very-low-dose rivaroxaban.283, 284 AA- and collagen-induced platelet aggregation were once again increased in regimens without aspirin. However, TRAP-induced platelet aggregation was increased in the absence of clopidogrel in the first study and in the absence of aspirin in the second. It is unclear whether these results contrast with our study due to the lower dose of rivaroxaban, the higher concentration of TRAP or other factors. So far, there has been one platelet study investigating DAT and TAT after PCI, derived from the Greek AntiPlatElet Atrial Fibrillation (GRAPE-AF) nationwide registry.262 It looked at platelet reactivity in response to ADP using VerifyNow and found no difference between DAT and TAT or between OAC agents when using the same P2Y12 inhibitor.

In order to provide a more comprehensive antithrombotic assessment not limited to platelet function testing, fibrin clot parameters were also measured. Impaired fibrin network architecture and impaired clot breakdown (hypofibrinolysis) are known to be associated with adverse cardiovascular outcomes.216-219 Furthermore, aspirin, VKAs and DOACs increase clot porosity and lysis time when investigated separately.220, 221, 223, 285 On a background of DAPT, clot lag time was increased with the addition of  dabigatran or very-low-dose rivaroxaban in separate studies.213, 283 In this study, which is the first to compare fibrin clot parameters between DAT and TAT, no difference was observed in clot lag time, clot lysis time or clot turbidity. This would suggest minimal contribution from aspirin in the presence of a P2Y12 inhibitor and a DOAC and complements the data from Galli et al demonstrating reduced thrombin generation (including increased lag time) with a P2Y12 inhibitor and very-low-dose rivaroxaban compared with the same P2Y12 inhibitor and aspirin.284

Bleeding time in patients receiving DAT was reduced compared with patients receiving TAT-T or -P but not with patients receiving TAT-C. The test was stopped at 30 minutes for pragmatic reasons but the majority of patients in the TAT-T or -P group continued to bleed up until this point and possibly would have carried on for a lot longer. Limited quantitative difference between groups can therefore be inferred from the test in this study, and correlation with other platelet function tests or fibrin clot properties cannot be performed appropriately. Nevertheless, the results obtained are suggestive of an additional anti-haemostatic effect by aspirin on top of P2Y12 inhibition and OAC, which could be attributed to the aforementioned platelet activation pathways involving collagen and AA.
This study identified thrombotic pathways in which aspirin is involved to a greater or lesser extent. The avoidance or withdrawal of aspirin straight after PCI for ACS in patients with AF appears to reduce bleeding by largely sparing the TXA2 pathway of platelet activation. However, in patients receiving DAT comprising of ticagrelor or prasugrel and a DOAC, consistent P2Y12 inhibition is achieved and the inhibitory effects on fibrin clot generation and sustainability are no different than with aspirin also on board. From a haemostatic perspective, DAT with ticagrelor and TAT-C may, on average, carry similar risks while TAT with ticagrelor likely carries excessive risk. From an ischaemic perspective, targeting both platelet and protein pathways with a DAT regimen that excludes aspirin but includes potent, consistent P2Y12 inhibition may provide sufficient antithrombotic cover for important events in the precarious post-ACS period such as stroke and stent thrombosis, especially in the presence of modern drug-eluting stents. Pharmacodynamic studies like this one lay the groundwork for further investigation of DAT with ticagrelor or prasugrel as an effective and relatively safe regimen to be used straight after coronary stenting for ACS.

Several limitations were present in this study. First, despite its prospective nature, the antithrombotic regimen was not randomised but instead decided by the patients’ clinical team. There were, however, no differences in baseline characteristics between the groups. This also led to the study being more representative of contemporary practice at SYCC than of conventional, guideline-recommended practice due to a relatively low number of patients on TAT-C. Nevertheless, the main aim of the study was to investigate pharmacodynamics of aspirin removal so maintaining relatively consistent P2Y12 inhibition throughout allowed for fairer comparison of DAT and TAT than higher use of clopidogrel would have. Most patients were also on apixaban and so differences between DOACs could not be assessed. With regards to the bleeding time test, the limitations arising from capping at 30 minutes have already been discussed, mainly that the observed difference in bleeding between DAT and TAT could not be fully appreciated quantitatively. The number of patients who reached maximum bleeding time was analysed to provide a semi-quantitative method of assessment. In addition, the test could have been subject to performance bias; however, it was carried out in front of an independent witness who was blinded to the patients’ treatment. Finally, this was a pharmacodynamic study on a small number of patients and so the results are merely intended to provide pilot data for future research.

[bookmark: _Toc194438821]4.4 Conclusion

The use of DAT without aspirin improves haemostasis through sparing of COX1-mediated platelet activation but has a similar effect on other pathways and fibrin clot properties  compared with TAT using P2Y12 inhibitors of consistent potency. DAT with ticagrelor or prasugrel, combined with a DOAC, may provide sufficient antithrombotic effect without excessive anti-haemostatic effect but this merits further investigation in larger studies.

[bookmark: _Toc194438822]5 Long-term Clinical Outcomes of Surgical Ablation of Atrial Fibrillation

[bookmark: _Toc194438823]5.1 Background

The rationale for this study has been described in Section 2.1.2. In summary, concomitant SA is recommended at the time of cardiac surgery in patients with AF but it remains widely underperformed. A number of large observational studies have demonstrated a reduction in mortality with concomitant SA but have not accounted for LAA occlusion and important characteristics related to AF progression such as arrhythmia duration and left atrial size.

The aim of this study has been described in Section 2.2. The methods have been described in Section 2.3.3. In brief, a retrospective observational study was performed on patients with AF undergoing cardiac surgery at SYCC in 11 years. Patients were grouped based on whether or not they received concomitant SA, and propensity score matching was carried out to balance the cohorts. Thirty-day complications and long-term ATA recurrence, stroke and mortality were compared between the matched groups.

[bookmark: _Toc194438824]5.2 Results

[bookmark: _Toc194438825]5.2.1 Patient Characteristics

Of the 1205 eligible patients, 51% (n=619) received concomitant SA and 49% (n=586) underwent cardiac surgery without ablation (Figure 5.1). Most baseline characteristics between these unmatched groups were significantly different (Table 5.1). Patients who did not receive SA tended to be older, have a higher BMI and CHA2DS2-VASc score and have a lower creatinine clearance, left ventricular EF and EuroSCORE II value. A higher percentage of patients in this group had relevant comorbidities such as hypertension, diabetes mellitus and chronic lung disease compared with patients undergoing concomitant SA, but a lower percentage were in NYHA class III or IV. Patients who did not receive SA had been in AF for longer prior to surgery and a higher percentage were classified as having non-paroxysmal disease. The SA group had a higher percentage of patients with the following procedure-related variables: greater procedure ‘weighting’ based on EuroSCORE II, elective surgery, MV surgery and tricuspid valve (TV) surgery. Conversely, a higher percentage in the no-SA group [image: A diagram of a patient's flowchart

Description automatically generated]underwent CABG and AV surgery and had a history of prior cardiac surgery.

Figure 5.1: Consort diagram for patient inclusion. AF = atrial fibrillation; ASD = atrial septal defect; LAA = left atrial appendage; SYCC = South Yorkshire Cardiothoracic Centre.
Table 5.1: Baseline characteristics of the unmatched groups of patients with atrial fibrillation undergoing cardiac surgery.
	
	Total patients (n=1205)
	Concomitant surgical ablation (n=619)
	No surgical ablation (n=586)
	P-value

	Age, years
	73 (67-78)
	70 (64-76)
	75 (69-79)
	<0.001

	Female sex, n (%)
	413 (34)
	228 (37)
	185 (32)
	0.054

	BMI, kg/m2
	28.3 (25.1-31.9)
	27.7 (24.8-31.2)
	28.8 (25.6-32.8)
	<0.001

	NYHA Class III/IV, n (%)
	859 (71)
	467 (75)
	392 (69)
	<0.001

	Hypertension, n (%)
	650 (54)
	303 (49)
	347 (59)
	<0.001

	Diabetes mellitus, n (%)
	230 (19)
	87 (14)
	143 (24)
	<0.001

	Creatinine clearance, mL/min
	71 (54-92)
	73 (57-94)
	68 (51-89)
	<0.001

	Chronic lung disease, n (%)
	199 (17)
	87 (14)
	112 (19)
	0.018

	Extracardiac arteriopathy, n (%)
	71 (6)
	34 (5)
	37 (6)
	0.545

	Previous stroke, n (%)
	61 (5)
	27 (4)
	34 (6)
	0.254

	Previous MI, n (%)
	215 (18)
	98 (16)
	117 (20)
	0.061

	Previous cardiac surgery, n (%)
	76 (6)
	18 (3)
	58 (10)
	<0.001

	Active endocarditis, n (%)
	13 (1)
	5 (1)
	8 (1)
	0.349

	Pulmonary hypertension, n (%)
	160 (13)
	83 (13)
	77 (13)
	0.891

	EuroSCORE II, %
	2.98 (1.77-5.37)
	3.38 (2.15-5.97)
	2.51 (1.53-4.56)
	<0.001

	CHA2DS2-VASc score
	2.8 ± 1.4
	2.5 ± 1.4
	3.1 ± 1.4
	<0.001

	Non-paroxysmal AF, n (%)
	992 (82)
	491 (79)
	501 (85)
	0.005

	Duration of AF, n (%)*
	
	<0.001

	<1 year
	441 (37)
	277 (45)
	164 (29)
	

	1-5 years
	395 (33)
	216 (35)
	179 (31)
	

	>5 years
	347 (29)
	120 (20)
	227 (40)
	

	LA volume, mL
	107 (82-139)
	109 (82-140)
	105 (81-138)
	0.922

	LAVI, mL/m2
	54.5 (41.2-70.8)
	55.3 (41.2-71.7)
	53.3 (41.1-70.3)
	0.650

	Left ventricle function, n (%)
	
	0.044

	EF >50%
	704 (58)
	370 (60)
	334 (57)
	

	EF 30-49%
	391 (32)
	205 (33)
	186 (32)
	

	EF <30%
	110 (9)
	44 (7)
	66 (11)
	

	Elective procedure, n (%)
	922 (77)
	496 (80)
	426 (73)
	0.002

	Minimally-invasive access, n (%)
	53 (4)
	28 (5)
	25 (4)
	0.828

	Procedure ‘weight’
	
	<0.001

	CABG only, n (%)
	185 (15)
	67 (11)
	118 (20)
	

	Single valve only, n (%)
	567 (47)
	316 (51)
	251 (43)
	

	Two procedures, n (%)
	381 (32)
	195 (32)
	186 (32)
	

	Three or more procedures, n (%)
	72 (6)
	41 (7)
	31 (5)
	

	Procedure
	

	CABG, n (%)
	416 (35)
	167 (27)
	249 (42)
	<0.001

	AV surgery, n (%)
	467 (39)
	169 (27)
	298 (51)
	<0.001

	MV surgery, n (%)
	649 (54)
	428 (69)
	221 (38)
	<0.001

	TV surgery, n (%)
	203 (17)
	135 (22)
	68 (12)
	<0.001


* Duration of AF available for 1183 patients (concomitant ablation: n=613, no ablation: n=570). 
AF = atrial fibrillation; AV = aortic valve; BMI = body mass index; CABG = coronary artery bypass graft; EF = ejection fraction; LAVI = left atrial volume index; MI = myocardial infarction; MV = mitral valve; NYHA = New York Heart Association; TV = tricuspid valve.


After propensity matching, 326 patients from each group were selected and the characteristics specifically included in the model were well-balanced (Table 5.2). EuroSCORE II remained higher in the SA group than in the no-SA group (median 4.07 vs 2.41%, p<0.001). Despite propensity matching, there also remained a higher percentage of patients in the SA group who underwent MV and TV surgery (63 vs 41% and 24 vs 12%, both p<0.001, respectively), and a lower percentage who underwent CABG and AV surgery compared with the no-SA group (32 vs 41%, p=0.023 and 32 vs 52%, p<0.001, respectively).

Table 5.2: Baseline characteristics of the propensity score matched groups of patients with atrial fibrillation undergoing cardiac surgery.
	
	Total patients (n=652)
	Concomitant surgical ablation (n=326)
	No surgical ablation (n=326)
	P-value

	Age, years
	74 (68-78)
	73 (68-77)
	74 (68-78)
	0.311

	Female sex, n (%)
	222 (34)
	113 (35)
	109 (33)
	0.741

	BMI, kg/m2
	28.7 (25.5-32.1)
	28.6 (25.3-32.1)
	28.7 (25.5-32.0)
	0.881

	NYHA Class III/IV, n (%)
	474 (73)
	242 (74)
	232 (71)
	0.379

	Hypertension, n (%)
	368 (56)
	182 (56)
	186 (57)
	0.752

	Diabetes mellitus, n (%)
	129 (20)
	59 (18)
	70 (21)
	0.280

	Creatinine clearance, mL/min
	71 (54-90)
	72 (55-89)
	70 (52-91)
	0.571

	Chronic lung disease, n (%)
	108 (17)
	57 (17)
	51 (16)
	0.527

	Extracardiac arteriopathy, n (%)
	52 (8)
	27 (8)
	25 (8)
	0.772

	Previous stroke, n (%)
	30 (5)
	15 (5)
	15 (5)
	1.000

	Previous MI, n (%)
	128 (20)
	64 (20)
	64 (20)
	1.000

	Previous cardiac surgery, n (%)
	29 (4)
	13 (4)
	16 (5)
	0.569

	Active endocarditis, n (%)
	6 (1)
	2 (1)
	4 (1)
	0.686

	Pulmonary hypertension, n (%)
	88 (13)
	44 (13)
	44 (13)
	1.000

	EuroSCORE II, %
	3.05 (1.81-5.44)
	4.07 (2.27-6.88)
	2.41 (1.52-3.90)
	<0.001

	CHA2DS2-VASc score
	2.9 ± 1.3
	2.9 ± 1.3
	2.9 ± 1.3
	0.683

	Non-paroxysmal AF, n (%)
	540 (83)
	266 (82)
	274 (84)
	0.406

	Duration of AF, n (%)
	
	0.422

	<1 year
	230 (35)
	123 (38)
	107 (33)
	

	1-5 years
	230 (35)
	111 (34)
	119 (37)
	

	>5 years
	192 (29)
	92 (28)
	100 (31)
	

	LA volume, mL
	105 (80-136)
	106 (79-134)
	105 (80-136)
	0.881

	LAVI, mL/m2
	53.4 (40.4-68.4)
	53.9 (39.8-68.3)
	52.5 (40.8-68.9)
	0.889

	Left ventricle function, n (%)
	
	0.875

	EF >50%
	374 (57)
	190 (58)
	184 (56)
	

	EF 30-49%
	212 (33)
	103 (32)
	109 (33)
	

	EF <30%
	66 (10)
	33 (10)
	33 (10)
	

	Elective procedure, n (%)
	486 (75)
	243 (75)
	243 (75)
	1.000

	Minimally-invasive access, n (%)
	23 (4)
	13 (4)
	10 (3)
	0.524

	Procedure ‘weight’
	
	0.711

	CABG only, n (%)
	103 (16)
	47 (14)
	56 (17)
	

	Single valve only, n (%)
	287 (44)
	142 (44)
	145 (44)
	

	Two procedures, n (%)
	211 (32)
	110 (34)
	101 (31)
	

	Three or more procedures, n (%)
	51 (8)
	27 (8)
	24 (7)
	

	Procedure
	

	CABG, n (%)
	238 (37)
	105 (32)
	133 (41)
	0.023

	AV surgery, n (%)
	275 (42)
	105 (32)
	170 (52)
	<0.001

	MV surgery, n (%)
	338 (52)
	205 (63)
	133 (41)
	<0.001

	TV surgery, n (%)
	117 (18)
	77 (24)
	40 (12)
	<0.001


Variables in bold were included in the propensity score matching model. 
AF = atrial fibrillation; AV = aortic valve; BMI = body mass index; CABG = coronary artery bypass graft; EF = ejection fraction; LAVI = left atrial volume index; MI = myocardial infarction; MV = mitral valve; NYHA = New York Heart Association; TV = tricuspid valve.

[bookmark: _Toc194438826]5.2.2 Peri-operative Outcomes

Peri-operative characteristics and post-operative length of stay in the matched groups are documented in Table 5.3. CPB time and cross-clamp time were increased in the SA group (median 125 vs 92 mins and 85 vs 69 mins, both p<0.001, respectively). A higher percentage of patients underwent LAA occlusion in the SA group compared with the no-SA group (76 vs 49%, p<0.001). Patients undergoing concomitant SA had a longer length of total post-operative hospital stay (median 10 vs 9 days, p=0.048) but length of stay on intensive care was similar in both groups (median 2 days).
Table 5.3: Peri-operative characteristics and post-operative length of stay in the matched groups of patients with atrial fibrillation undergoing cardiac surgery.
	
	Total patients (n=652)
	Concomitant surgical ablation (n=326)
	No surgical ablation (n=326)
	P-value

	CPB time, mins
	109 (82-143)
	125 (103-158)
	92 (72-120)
	<0.001

	Cross-clamp time, mins
	76 (56-103)
	85 (61-112)
	69 (52-90)
	<0.001

	LAA occlusion, n (%)
	407 (62)
	248 (76)
	159 (49)
	<0.001

	Length of post-operative stay, days
	9 (7-14)
	10 (7-15)
	9 (6-14)
	0.048

	Length of intensive care stay, days
	2 (1-3)
	2 (1-3)
	2 (1-3)
	0.486


CPB = cardiopulmonary bypass; LAA = left atrial appendage.

There were no differences in post-operative complications within the first 30 days (mortality, stroke, intra-aortic balloon pump implantation, pacemaker implantation, reoperation for bleeding and sternal dehiscence) between the matched groups (Table 5.4).






Table 5.4: 30-day post-operative complications in the propensity score matched groups of patients with atrial fibrillation undergoing cardiac surgery.
	
	Total patients (n=652)
	Concomitant surgical ablation (n=326)
	No surgical ablation (n=326)
	OR (95% CI)
	P-value

	30-day mortality, n (%)
	33 (5.1)
	14 (4.3)
	19 (5.8)
	0.73 (0.36-1.47)
	0.373

	Intra-aortic balloon pump, n (%)
	24 (3.9)
	15 (4.6)
	9 (2.8)
	1.70 (0.73-3.94)
	0.217

	30-day stroke, n (%)
	18 (2.8)
	7 (2.1)
	11 (3.4)
	0.63 (0.24-1.64)
	0.343

	Post-operative pacemaker implantation, n (%)*
	22 (3.6)
	11 (3.5)
	11 (3.6)
	0.97 (0.42-2.28)
	0.950

	Reoperation for bleeding, n (%)
	54 (8.3)
	30 (9.2)
	24 (7.4)
	1.28 (0.73-2.23)
	0.395

	Sternal dehiscence, n (%)**
	9 (1.4)
	4 (1.3)
	5 (1.6)
	0.80 (0.21-3.00)
	0.738


* n=612 (patients with pre-operative pacemaker were excluded: n=16 in the concomitant surgical ablation group and n=24 in the no surgical ablation group)
** n=629 (patients undergoing minimally-invasive surgery were excluded)
CI = confidence interval; OR = odds ratio.



[bookmark: _Toc194438827]5.2.3 Rhythm Outcomes

[image: ]Post-operative freedom from ATA in matched patients who received SA decreased from 74% (152/206) at 1 year to 58% (69/119) at 3 years, 46% (32/69) at 5 years and 32% (9/28) at 8 years (Figure 5.2). This was much higher than the rate of freedom from ATA recorded at each time point for matched patients who did not receive SA (always ≤10%).

Figure 5.2: Freedom from any atrial tachyarrhythmia at various timepoints after cardiac surgery in the matched groups.

[bookmark: _Toc194438828]5.2.4 Long-term Stroke and Mortality Outcomes

Median follow-up for cardiovascular outcomes in the matched groups was 4.54 (IQR 2.45-7.12) years. Kaplan-Meier curve analysis demonstrated a reduction in long-term post-operative mortality in the group receiving SA compared with the group not receiving SA (log-rank p<0.0001) (Figure 5.3). Survival probability in the SA and no-SA groups was 81% and 68% at 5 years, and 62% and 38% at 10 years, respectively. Improved survival was also demonstrated in the SA group on multivariate Cox proportional-hazards regression (adjusted HR 0.61, 95% CI 0.45-0.82, p=0.001) (Table 5.5). Other predictors of improved survival in this model included higher creatinine clearance and having elective surgery, while predictors of reduced survival included increased age, diabetes mellitus and undergoing ≥3 procedures during surgery (Table 5.5). LAA occlusion was also included as a covariate but not found to be a significant predictor of improved survival (adjusted HR 0.88, 95% CI 0.65-1.18, p=0.389).
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Figure 5.3: Kaplan-Meier curves demonstrating 10-year post-operative survival in the matched concomitant ablation and no ablation groups.







Table 5.5: Univariate and multivariate predictors of mortality in all matched patients using Cox proportional-hazards regression analysis.
	
	Univariate
	
	Multivariate
	

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

	Concomitant ablation
	0.53 (0.40-0.71)
	<0.001
	0.61 (0.45-0.82)
	0.001

	Age at surgery (years)
	1.05 (1.03-1.07)
	<0.001
	1.03 (1.01-1.05)
	0.017

	Female sex
	1.13 (0.85-1.49)
	0.400
	
	

	BMI
	0.98 (0.96-1.01)
	0.189
	
	

	Hypertension
	1.17 (0.89-1.54)
	0.253
	
	

	Diabetes mellitus
	1.79 (1.33-2.40)
	<0.001
	1.62 (1.19-2.20)
	0.002

	Creatinine clearance (mL/min)
	0.99 (0.98-0.99)
	<0.001
	0.99 (0.99-1.00)
	0.040

	Chronic lung disease
	1.39 (0.99-1.95)
	0.052
	
	

	Extracardiac arteriopathy
	1.46 (0.91-2.34)
	0.116
	
	

	Previous stroke
	1.10 (0.54-2.23)
	0.794
	
	

	Previous MI
	1.45 (1.06-1.97)
	0.019
	1.06 (0.70-1.62)
	0.775

	Pulmonary hypertension
	1.30 (0.89-1.88)
	0.171
	
	

	Previous cardiac surgery
	0.95 (0.50-1.78)
	0.862
	
	

	Non-paroxysmal AF
	1.03 (0.71-1.48)
	0.895
	
	

	LAVI
	0.99 (0.99-1.01)
	0.385
	
	

	Left ventricle EF <30%
	0.99 (0.63-1.53)
	0.945
	
	

	Elective procedure
	0.57 (0.43-0.76)
	<0.001
	0.63 (0.44-0.88)
	0.008

	3 or more procedures
	1.90 (1.22-2.95)
	0.005
	2.12 (1.05-4.32)
	0.037

	AV surgery
	1.60 (1.22-2.09)
	<0.001
	1.38 (0.95-1.99)
	0.091

	MV surgery
	0.75 (0.57-0.98)
	0.035
	1.19 (0.79-1.80)
	0.407

	TV surgery
	0.70 (0.46-1.04)
	0.077
	0.61 (0.35-1.06)
	0.081

	CABG
	1.57 (1.20-2.06)
	0.001
	1.20 (0.83-1.73)
	0.331

	LAA occlusion
	0.70 (0.54-0.92)
	0.010
	0.88 (0.65-1.18)
	0.389


Variables in bold had a significant P-value on both univariate and multivariate analysis.
AF = atrial fibrillation; AV = aortic valve; BMI = body mass index; CABG = coronary artery bypass graft; CI = confidence interval; EF = ejection fraction; HR = hazard ratio; LAA = left atrial appendage; LAVI = left atrial volume index; MI = myocardial infarction; MV = mitral valve; TV = tricuspid valve.
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Figure 5.4: Cumulative incidence function of cardiovascular death in the matched concomitant ablation and no ablation groups. CI = confidence interval; sHR = subdistribution hazard ratio.

There was no difference in the rate of ischaemic stroke, with or without a 30-day post-operative blanking period, between matched patients who received SA compared with those who did not undergo the procedure (sHR 1.11, 95% CI 0.53-2.30, p=0.790 and sHR 0.84, 95% CI 0.46-1.55, p=0.570, respectively) (Tables 5.6 and 5.7). Patients who underwent LAA occlusion had a lower incidence of ischaemic stroke with or without a 30-day post-operative blanking period compared with patients whose LAA was left untreated (sHR 0.35, 95% CI 0.17-0.74, p=0.006 and sHR 0.54, 95% CI 0.30-0.99, p=0.044, respectively) (Tables 5.6 and 5.7).

Table 5.6:  Univariate and multivariate predictors of ischaemic stroke in all matched patients after a 30-day post-operative blanking period using Fine-Gray regression analysis.
	
	Univariate
	
	Multivariate
	

	
	sHR (95% CI)
	P-value
	Adjusted sHR (95% CI)
	P-value

	Concomitant surgical ablation
	0.78 (0.37-1.64)
	0.510
	1.11 (0.53-2.30)
	0.790

	LAA occlusion
	0.37 (0.17-0.79)
	0.010
	0.35 (0.17-0.74)
	0.006

	Age at surgery (years)
	1.03 (0.97-1.10)
	0.280
	
	

	Female sex
	1.38 (0.66-2.90)
	0.390
	
	

	Hypertension
	1.23 (0.58-2.61)
	0.590
	
	

	Diabetes mellitus
	0.85 (0.33-2.21)
	0.740
	
	

	Chronic lung disease
	1.85 (0.78-4.39)
	0.160
	
	

	Extracardiac arteriopathy
	1.61 (0.50-5.24)
	0.430
	
	

	Previous stroke
	1.09 (0.15-7.97)
	0.940
	
	

	Previous MI
	0.45 (0.14-1.48)
	0.190
	
	

	Non-paroxysmal AF
	0.72 (0.29-1.79)
	0.480
	
	

	LAVI
	1.00 (0.99-1.01)
	0.520
	
	

	AV surgery
	2.06 (0.98-4.34)
	0.056
	
	

	MV surgery
	0.68 (0.32-1.43)
	0.310
	
	

	TV surgery
	1.48 (0.60-3.65)
	0.400
	
	

	CABG
	1.11 (0.52-2.37)
	0.780
	
	


Variables in bold had a significant P-value on both univariate and multivariate analysis. 
AF = atrial fibrillation; AV = aortic valve; CABG = coronary artery bypass graft; CI = confidence interval; LAA = left atrial appendage; LAVI = left atrial volume index; MI = myocardial infarction; MV = mitral valve; sHR = subdistribution hazard ratio; TV = tricuspid valve.



Table 5.7: Univariate and multivariate predictors of ischaemic stroke in all matched patients (no blanking period) using Fine-Gray regression analysis.
	
	Univariate
	
	Multivariate
	

	
	sHR (95% CI)
	P-value
	Adjusted sHR (95% CI)
	P-value

	Concomitant surgical ablation
	0.71 (0.41-1.21)
	0.210
	0.84 (0.46-1.55)
	0.570

	LAA occlusion
	0.51 (0.29-0.91)
	0.022
	0.54 (0.30-0.99)
	0.044

	Age at surgery (years)
	1.04 (0.99-1.09)
	0.060
	
	

	Female sex
	1.26 (0.71-2.25)
	0.430
	
	

	Hypertension
	0.74 (0.42-1.31)
	0.300
	
	

	Diabetes mellitus
	0.93 (0.45-1.92)
	0.850
	
	

	Chronic lung disease
	2.04 (1.08-3.89)
	0.029
	
	

	Extracardiac arteriopathy
	1.16 (0.42-3.19)
	0.770
	
	

	Previous stroke
	0.52 (0.07-3.68)
	0.510
	
	

	Previous MI
	0.69 (0.31-1.54)
	0.360
	
	

	Non-paroxysmal AF
	1.16 (0.52-2.57)
	0.720
	
	

	LAVI
	1.00 (0.99-1.01)
	0.670
	
	

	AV surgery
	1.62 (0.91-2.86)
	0.098
	
	

	MV surgery
	0.81 (0.46-1.43)
	0.470
	
	

	TV surgery
	1.74 (0.91-3.35)
	0.096
	
	

	CABG
	1.54 (0.87-2.73)
	0.140
	
	


Variables in bold had a significant P-value on both univariate and multivariate analysis. 
AF = atrial fibrillation; AV = aortic valve; CABG = coronary artery bypass graft; CI = confidence interval; LAA = left atrial appendage; LAVI = left atrial volume index; MI = myocardial infarction; MV = mitral valve; sHR = subdistribution hazard ratio; TV = tricuspid valve.







[bookmark: _Toc194438829]5.3 Discussion

In this propensity-matched retrospective observational study, patients with AF who received concomitant SA at the time of cardiac surgery had improved long-term survival compared with similar patients undergoing cardiac surgery without SA. Concomitant LAA occlusion was associated with a reduced incidence of ischaemic stroke but concomitant SA was not. Early post-operative complications, including permanent pacemaker implantation, were similar in patients undergoing cardiac surgery with or without SA.

There is a well-established indication to restore sinus rhythm by SA in patients with symptomatic AF, but carrying out the procedure regardless of symptom profile has gained more recent interest in view of increasing evidence for improvement in cardiovascular outcomes with early rhythm control.14, 68, 161 Of the few RCTs investigating long-term outcomes after SA, the PRAGUE-12 trial demonstrated no difference in cardiovascular death but a reduced incidence of stroke and the Amaze trial showed no difference in mortality, stroke and quality of life at 5 years.193, 195 These trials are limited by their small sample size but larger retrospective studies, including national registries, also provide evidence for the survival benefit of concomitant SA.186-191 This study included procedures from a single high-volume centre where SA is undertaken in around half of all patients with AF. All relevant baseline characteristics were similar between the groups after propensity score matching but EuroSCORE II remained higher in patients receiving SA, which likely reflects the increased ‘weighting’ attributed to it as an additional procedure, and which was also observed in the study by Musharbash et al.186 Like previous studies, most of the variables selected for propensity score matching were components of EuroSCORE II but, unlike other studies, notable predictors of AF recurrence like left atrial size, AF duration and AF type (paroxysmal vs non-paroxysmal) were also included as these could have influenced the decision whether or not to perform SA.165, 167 Furthermore, they could themselves also be predictors of mortality and/or stroke.286 Data on AF-related characteristics are often challenging to collect on a large scale and could be better detailed in a smaller single-centre study like this one. Even with the uniquely matched groups, this study’s findings related to overall survival are consistent with previous studies.

Despite the lack of trial evidence for direct association between rhythm and mortality outcomes, SA is reported to have a high rate of long-term efficacy and this is understood to be the underlying reason for improved survival compared with untreated patients. In this study, freedom from ATA after SA was lower than the rates reported by highly experienced centres with exclusive use of CM lesion sets, where ≥80% at 5 years and well over 50% at 7-8 years were achieved.165, 167 Some important predictors of ATA recurrence in this cohort such as an increased median LAVI and a >5-year duration of AF in almost a third of matched patients could not be compared with other studies’ cohorts. Moreover, assessing rhythm outcomes in a retrospective study can be limited by loss of patients to follow-up and the extent of monitoring with which to determine arrhythmia freedom. Nevertheless, there was a clear difference between rates of ATA freedom with and without concomitant SA at every timepoint.

Concomitant SA did not significantly reduce the long-term incidence of ischaemic stroke but event rates were lower in patients who underwent concomitant LAA occlusion when adjusting for both procedures. These results are in keeping with the main findings from the LAAOS III trial.57 An unpublished LAAOS III sub-study analysing the subgroup of patients who received concomitant SA suggested no impact on stroke outcomes from SA but a high degree of heterogeneity among lesion sets applied may have acted as a significant confounder. In the PRAGUE-12 study, LAA resection was performed for all patients in the SA group and in the study by Kim et al, detailed information on LAA occlusion was not available.191-193 The recently-published OPTION (Comparison of Anticoagulation with Left Atrial Appendage Closure after Atrial Fibrillation Ablation) trial randomised patients with AF who underwent catheter ablation to receive LAA occlusion or OAC and demonstrated a similar, low incidence of stroke in both groups, which the authors suggest may have been related to a reduced burden of arrhythmia and similar recurrence rates.287 This study provides evidence to suggest that LAA occlusion is likely to be the main driver behind a reduction in ischaemic stroke risk rather than SA. Future RCTs on SA in which all participants receive LAA occlusion could help to discern the contribution of either procedure.

The latest STS guidelines provide a clear recommendation in favour of concomitant SA for any first-time non-emergency surgery while the ESC guidelines, in collaboration with the European Association for Cardio-Thoracic Surgery, provide a stronger recommendation for MV than non-MV surgery.14, 161 Up until 2022, however, concomitant SA was performed in less than 50% of non-emergency cardiac surgeries in the United States. There was better adoption when a mitral procedure was involved but ≤33% performance with isolated AV replacement, CABG or both.288 A study derived from The Polish National Registry of Cardiac Surgery Procedures suggests that, until recently, concomitant SA was performed in <20% of non-emergency surgeries nationally.289 The ability to overcome the various barriers that are driving persistent underperformance will differ between centres but emphasising the safety and efficacy of concomitant SA remains an important step. This study did not reveal any major safety concerns with the addition of SA despite the expectedly increased CPB and cross-clamp time. Total post-operative duration was slightly increased (difference between group medians of 1 day) but duration on intensive care was similar compared with the no-SA group. Importantly, it did not observe an increase in early post-operative permanent pacemaker implantation (<4% in both matched groups). Though efficacy is challenging to monitor and may drop markedly in the long term, this study demonstrated that restoration and maintenance of sinus rhythm, or even staving off AF recurrence for a few years at least, improves survival and should be pursued when the opportunity presents itself.

This study had a number of limitations. First, it was inherently limited by its retrospective and observational nature. Second, though propensity score matching aimed to balance the groups with regards to comorbidities and operative risk, certain variables such as procedure type could not be included as the differences between them were too great. In keeping with current trends elsewhere, SA tends to be performed more often with concomitant MV surgery and TV surgery than with concomitant AV surgery or CABG. Nevertheless, they were adjusted for in the Cox proportional-hazards model assessing survival. Third, rhythm outcomes were limited by loss to regular follow-up as previously explained, and competing risk analysis on ATA recurrence could not be accurately performed. AF burden, which is increasingly being recognised as a fairer measure of ablation success, could not be assessed and so this study resorted to a stricter method for determining ATA freedom which may not have been an accurate representation of the true cardiovascular benefit of the procedure. Fourth, complete data on duration of post-operative antiarrhythmic drugs and OAC was not available but the standard practice at SYCC is to prescribe amiodarone for 6-8 weeks if patients develop post-operative AF, and especially if they received SA. Long-term OAC is prescribed for all appropriate patients with a known history of AF even if they have undergone LAA occlusion. Fifth, outcomes such as hospital admissions with heart failure or quality of life were not recorded.

[bookmark: _Toc194438830]5.4 Conclusion

In patients with AF undergoing cardiac surgery, concomitant SA can be performed without increased risk. It provides acceptable rhythm control in the setting of advanced AF and is associated with improved long-term survival. Cardiac surgery provides a reasonable opportunity to treat AF with SA and LAA occlusion, which could translate into long-term cardiovascular benefits.

[bookmark: _Toc194438831]6 Final Discussions

In the time since I first studied AF in medical school just over a decade ago, our understanding of the condition and its management have changed considerably.290 DOACs have largely replaced VKAs as the OAC of choice for most patients, early rhythm control is increasingly being encouraged over simple rate control and there is better awareness to control associated risk factors such as hypertension, obesity, OSA and excessive alcohol consumption. AF has evolved from a disease which was managed quite conservatively in many people (especially if found incidentally or causing minimal symptoms) to being treated more actively in contemporary practice. Direct medical costs attributed to AF are mainly driven by inpatient hospitalisation and the median annual cost per patient is estimated at €3930 in European countries and €38256 in the United States according to a recent systematic review.291 Focusing specifically on the United Kingdom, AF was predicted to account for 0.9-1.6% of total NHS expenditure (£1.4-2.5 billion) in 2020 and is forecast to account for 1.35-4.27% (£3.9-12.1 billion) in 2040, depending on estimated prevalence.292 This degree of escalation in healthcare burden makes AF fertile ground for research. An ageing population accumulating multiple comorbidities means that AF is likely to feature more frequently alongside other cardiovascular conditions that often require definitive treatment. I wanted to focus this thesis on common situations in which AF management can be seen to complicate treatment, such as when patients undergo PCI, or enhance treatment, such as when patients undergo cardiac surgery. I also wanted to carry out studies that are varied and that collectively reflect a wide range of research activities.

[bookmark: _Toc194438832]6.1 Summary and Relevance of Study Findings

The first two studies address a clinical situation very different to that in the third study, but all three aim to investigate important cardiovascular outcomes relevant to patients with AF and other comorbidities.


[bookmark: _Toc194438833]6.1.1 Bleeding and Ischaemic Events

Long-term treatment with daily OAC is now a well-established fundamental aspect of managing most patients with AF. While effective at reducing the risk of cardioembolic stroke, long-term OAC confers a risk of bleeding that ranges from nuisance to life-threatening. When patients with AF on OAC are treated for concomitant CAD with PCI that requires antiplatelet therapy, bleeding risk increases considerably. Minimising the duration and intensity of antithrombotic therapy must be carefully balanced against the need for effective thromboprophylaxis, especially when stents have been deployed. The dyadic relationship of haemostasis and thrombosis necessitates that bleeding and ischaemic outcomes be investigated and discussed in tandem. This thesis highlighted the questions that persisted in spite of landmark RCTs informing recent guidance, namely around the duration of antithrombotic therapy (i.e. when to drop aspirin) and the choice of P2Y12 inhibitor to prescribe alongside OAC.

The crux of the matter lies with clopidogrel’s pharmacokinetic and pharmacodynamic variability. The higher risk of stent thrombosis in patients with poor pharmacodynamic response to clopidogrel is well-established.98, 293 Even with knowledge of CYP2C19 genotype, the pharmacodynamic response to clopidogrel cannot be confidently predicted for an individual patient.294 Consequently, using clopidogrel in DAT may be inadequate for prevention of stent thrombosis if a patient has a poor pharmacodynamic response, whereas using clopidogrel in TAT, even for a short period, may incur unacceptable bleeding risk if the patient has a good pharmacodynamic response. On the other hand, there are limited data on the safety and efficacy of DAT with ticagrelor or prasugrel in combination with a DOAC, which is why investigating this regimen became one of the main focuses of the thesis. There were very few patients treated with prasugrel across both of the relevant studies and so they were always grouped with patients treated with ticagrelor owing to similar pharmacodynamic effect.

Chapter 3 explored real-world outcomes of early post-PCI cessation of aspirin compared with longer TAT while adjusting for the P2Y12 inhibitor used. The 30-day incidence of clinically-relevant bleeding was reduced with ≤1 week compared with 1 month of TAT, but there were too few events to formally compare with DAT from the outset. Ticagrelor or prasugrel were associated with a nonsignificant increase in clinically-relevant bleeding compared with clopidogrel but this was driven by their use in TAT rather than DAT. In fact, out of 35 patients receiving DAT with ticagrelor or prasugrel, none experienced a clinically-relevant bleeding event. Chapter 4 compared the pharmacodynamics of DAT with ticagrelor, TAT-T or -P and TAT-C. There was a reduction in bleeding time with DAT compared with TAT using a P2Y12 inhibitor of similar potency but no significant difference compared with TAT-C, although the latter group consisted of only 5 participants. Nevertheless, some pharmacodynamic inferences can be made based on these observations. Sparing of AA- and collagen-mediated platelet aggregation (jointly the TXA2 pathway) that are predominantly targeted by aspirin likely contributed to the reduction in bleeding associated with DAT when compared to TAT-T or -P, but, when compared to TAT-C , this appeared to be balanced out by the significantly reduced P2Y12 inhibition achieved with clopidogrel.

These pharmacodynamic comparisons can also be used to provide insights into DAT with ticagrelor from an efficacy point of view. P2Y12 inhibition and platelet reactivity with ticagrelor and prasugrel were consistent in both DAT and TAT-T or -P (>70% inhibition on the VerifyNow assay). In contrast, P2Y12 inhibition was reduced and variable with TAT-C, even in a small number of patients. Despite the lack of aspirin in DAT, platelet aggregation in response to ADP and 8 μmol/L of TRAP on LTA was low and no different compared with TAT regimens. There was also no difference in fibrin clot properties, which suggests that the known effects of aspirin could be negligible in the presence of a P2Y12 inhibitor and a DOAC. Thrombosis within a stent occurs under high shear conditions, predominantly led by platelet activation and aggregation involving the complex interplay of several platelet activators like TXA2, collagen, ADP, thrombin and 5-HT.295 The thrombus is also stabilised by the fibrin network generated from the thrombin-mediated conversion of fibrinogen. Effective targeting by DAT of some key pathways explored in this study, such as ADP-mediated amplification, thrombin-mediated platelet activation and fibrin clot lysis time and turbidity, may provide sufficient thromboprophylaxis for the time that modern stents require to endothelialise. Inhibition of even more pathways, like the ones described in the previous paragraph that are more specifically targeted by aspirin in TAT, may add little to thromboprophylaxis while still contributing to excessive bleeding risk.
When considering both studies together, a couple of points emerge that are relevant to the ongoing antithrombotic debate in patients with AF undergoing PCI. First, TAT-T or -P appears to be associated with the highest bleeding risk and should be avoided, in keeping with guideline recommendations. The only case of ICH in the entire cohort was observed in a patient who was receiving TAT with ticagrelor at the time, and unfortunately lead to death. Unexpectedly frequent use of TAT-T or -P was observed among operators after PCI, perhaps under the impression that the risk of bleeding is more acceptable than that of stent thrombosis. However, it is important to note that bleeding, even for a few days after PCI, not only affects quality of life and treatment compliance but may lead to poor outcomes including an increased risk of ischaemic events.258 Second, DAT with ticagrelor or prasugrel may be a safe and effective alternative to TAT-C. The studies conducted were not powered to detect non-inferiority and this is explicitly stated as a limitation in both. However, the signals they provide should encourage larger clinical studies of DAT with ticagrelor or prasugrel to challenge the current, less-than-ideal guideline recommendations.

Chapter 5 explored opportunities to reduce thromboembolic risk in patients with AF undergoing cardiac surgery. Irrespective of the presence of atherosclerotic disease, patients with AF are mainly predisposed to thrombosis long-term under low shear conditions.29 Impaired contractility of the left atrium leads to stasis of blood, predominantly in the LAA, and, when combined with elevated procoagulant factors and endothelial dysfunction, the environment is ripe for thrombus formation with the potential to embolise systemically. Despite the effectiveness of long-term OAC, there is still a considerable risk of stroke in patients with AF, although it is unclear whether this is related to treatment failure on an individual level, poor compliance, or non-cardioembolic mechanisms.296, 297 Nevertheless, LAA occlusion provides an alternative, purely mechanical method to reduce the risk of thrombus formation in the left atrium and was shown to be effective in the LAAOS III trial with or without long-term OAC.57, 201 In our cohort, most patients were on long-term OAC after cardiac surgery and the event rate was low but LAA occlusion was still able to reduce the risk of ischaemic stroke, in accordance with LAAOS III and latest guidance.14

The main focus of our study, however, was SA, which was found not to independently reduce the risk of stroke in the adjusted model with LAA occlusion. This contrasts with the results of the PRAGUE-12 trial and the study by Kim et al, as previously mentioned; LAA occlusion was performed in all patients receiving SA in the former and not accounted for in the latter.191-193 Our study’s findings suggest that, despite the increased likelihood of apparent long-term restoration of sinus rhythm after concomitant SA, this does not translate into a reduced risk of stroke. A possible explanation could be that after SA (or any ablative strategy including catheter-based), AF has not been completely abolished but rather its burden has been largely reduced, and so periods of blood stasis may still occur. The cardiomyopathic process that potentiates AF in certain individuals may also persist after SA and this may still promote endothelial dysfunction that increases thrombosis risk. The interpretation of the study’s findings regarding SA and long-term stroke risk require validation in a large trial. While the stroke benefit in patients with AF undergoing cardiac surgery appears more to do with concomitant LAA occlusion than with concomitant SA, the latter still appears to have other benefits that are discussed in the next section.

[bookmark: _Toc194438834]6.1.2 Mortality

Patients with AF have an increased risk of mortality which is multifactorial. First, the development of AF is associated with comorbidities that independently carry a risk of cardiovascular and non-cardiovascular mortality. Second, the bleeding and ischaemic outcomes discussed in the previous section could be life-threatening if severe enough. Third and more recent is the appreciation of an association between AF and worsening heart failure, even if the heart rate is adequately controlled. Loss of atrioventricular synchrony and atrial dilatation caused by fibrosis/cardiomyopathy are thought to cause mitral annular dilatation and functional mitral regurgitation, ultimately leading to heart failure irrespective of ventricular function.298 This hypothesis is supported by evidence from recent trials that rhythm control reduces heart failure and death.68, 299 

Chapter 5 demonstrated a potential survival benefit with SA, possibly due to increased likelihood of restoring sinus rhythm. Among other variables, survival was adjusted for LAA occlusion as this reduces the risk of ischaemic stroke, and for MV surgery as this could act as a confounding factor if mitral regurgitation is more definitively treated. This study also showed that, even though a dilated left atrium or long-standing persistent AF are known predictors of arrhythmia recurrence, these factors should not necessarily dissuade a surgeon from performing SA. After propensity score matching, the median LAVI was above the upper limit of normal and the majority of patients had been in persistent AF for over a year; despite this, a survival benefit was still demonstrated in the SA group. Cardiovascular death in particular was reduced in the SA group compared with the non-SA group but deaths or hospital admissions directly caused by heart failure were not analysed. The long-term survival benefit appeared strong even though over half the patients in the SA group experienced a recurrence within 5 years. The criteria for determining ATA recurrence were admittedly strict, and burden was not measured. Nevertheless, it can be hypothesised that, even though AF cannot (and likely will not) be abolished completely, its burden is still being reduced significantly by SA and this translates to improved survival outcomes. Furthermore, if AF did recur and become persistent again a few years after performing SA, the patient may have been spared from atrial remodelling for that length of time and staved off the development of heart failure till later on in life. One could therefore also argue for the ‘pragmatic’ performance of concomitant SA in most patients with AF undergoing cardiac surgery but further cost-benefit analysis will need to be undertaken, perhaps on a larger scale than the Amaze trial.195

[bookmark: _Toc194438835]6.2 Future Directions

This thesis is a small but hopefully relevant contribution towards the ever-increasing research into AF and its management. The proposed hypotheses can be investigated in further studies that improve upon the ones I have conducted or adopt a novel approach based on recently-identified concepts related to thrombosis and atrial cardiomyopathy.

[bookmark: _Toc194438836]6.2.1 Antithrombotic Therapy

Most postgraduate theses are limited by time and other resources that, if more readily available, could have translated into a larger cohort of patients studied. However, AF is present in only a small minority of patients undergoing PCI which makes inclusion or recruitment challenging. Inclusion of more patients into the studies described in Chapters 3 and 4 could have yielded more events and samples to analyse, respectively. Furthermore, it could have improved the balance between relevant groups by including more patients on prasugrel in general, more patients on TAT-C and DAT from the outset and less patients on TAT-T or -P. Non-randomised studies, however, are dependent on institution practice, and therefore RCTs offer the best way to determine the population and/or antithrombotic regimen of interest. Subgroup analysis could also help to identify higher risk patients in whom therapy should be more intensified or less. With specific regard to future pharmacodynamic studies on antithrombotic regimens, investigating thrombin-induced platelet activation directly is challenging because platelet aggregation studies require anticoagulation of samples and prevention of fibrin formation in order to assess platelet aggregation whereas addition of thrombin leads to coagulation of the sample. Furthermore, factor Xa inhibitors inhibit thrombin generation rather than the action of thrombin directly and so an upstream activator such as tissue factor may be required to assess their effect on platelet activation. Consequently, novel methodology is required to assess the impact of DOACs on platelet activation in an ex-vivo study. Comparison of platelet function testing and fibrin clot properties between DAT, TAT and DAPT regimens could further explore the antithrombotic effects of DOACs.

Over the next few years, we expect to see results from a number of ongoing RCTs that aim to address the lingering questions on antithrombotic therapy in patients with AF after PCI through a variety of combinations (Table 6.1). Most trials are now including regimens with ticagrelor or prasugrel as a direct comparator arm and focusing on patients with ACS.


Table 6.1: Upcoming randomised control trials on antithrombotic therapy in patients with non-valvular atrial fibrillation undergoing percutaneous coronary intervention.
	Trial name
	Estimated sample size
	PCI indication
	Experimental group
	Standard or control group
	Primary outcome
	Estimated completion

	ADONIS-PCI
(NCT04695106)
	2230
	ACS only
	DAT (ticagrelor + dabigatran) for 12 months

N.B. Ticagrelor 90 mg twice daily for 1 month, then 60 mg twice daily
	TAT (aspirin + clopidogrel + dabigatran) -  duration dependent on bleeding and ischaemic risk, then DAT (clopidogrel + dabigatran) up to 12 months
	ISTH major or CRNM bleeding at 24 months
	2026

	APPROACH-ACS-AF
(NCT02789917)
	403
	ACS only
	DAT (clopidogrel + apixaban) for 6 months
	TAT (aspirin + clopidogrel + phrenprocoumon) for 6 months 

N.B. Aspirin for 1 month only if HAS-BLED score ≥3
	BARC type ≥2 bleeding at 6 months
	Completed, awaiting results

	EPIDAURUS (NCT04981041)
	2334
	ACS only
	DAT (prasugrel/ticagrelor + DOAC) for 1 month, then standard DAT (clopidogrel + DOAC)
	DAT (clopidogrel + DOAC)
	Safety: BARC type ≥2 bleeding at 6 weeks

Efficacy: composite of mortality, MI, definite or probable stent thrombosis, ischaemic stroke and systemic thromboembolism at 6 weeks
	2025

	MATRIX-2
(NCT05955365)
	3010
	ACS and CCS (receiving Supraflex Cruz stent)
	P2Y12 monotherapy for 1 month, then DOAC monotherapy for 11 months
	TAT (aspirin +  P2Y12 inhibitor + DOAC) up to 1 month, then DAT (P2Y12 inhibitor + DOAC) up to 12 months
	Safety:  ISTH major or CRNM bleeding at 12 months

Efficacy:  composite of mortality, MI, stroke and systemic thromboembolism at 12 months
	2026

	OPTIMA-4 (NCT03234114)
	1472
	ACS only
	DAT (ticagrelor + DOAC) for 12 months
	DAT (clopidogrel + DOAC) for 12 months
	Safety:  ISTH major or CRNM bleeding at 12 months

Efficacy:  composite of cardiovascular death, MI, ischaemic stroke, systemic thromboembolism and unplanned revascularisation at 12 months
	2024

	WOEST-3 (NCT04436978)
	2000
	ACS and CCS
	DAPT (aspirin +  P2Y12 inhibitor) for 1 month, then DAT (P2Y12 inhibitor + edoxaban)
	TAT (aspirin + P2Y12 inhibitor + edoxaban) up to 1 month, then DAT (P2Y12 inhibitor + edoxaban)
	Safety:  ISTH major or CRNM bleeding at 6 weeks

Efficacy: composite of mortality, MI, stent thrombosis, stroke and systemic thromboembolism at 6 weeks
	2027


ACS = acute coronary syndrome; BARC = Bleeding Academic Research Consortium; CCS = chronic coronary syndrome; CRNM = clinically-relevant non-major; DAT = dual antithrombotic therapy; DAPT = dual antiplatelet therapy; DOAC = direct-acting oral anticoagulant; ISTH = International Society on Thrombosis and Hemostasis; MI = myocardial infarction; TAT = triple antithrombotic therapy.

The APPROACH-ACS-AF trial (NCT02789917) has recruited patients with AF undergoing PCI for ACS and randomised them to receive DAT with clopidogrel and apixaban or TAT with aspirin, clopidogrel and a VKA. The EPIDAURUS trial (NCT04981041) is currently randomising patients after PCI to receive DAT with ticagrelor/prasugrel and a DOAC for the first month before deescalating the P2Y12 inhibitor to clopidogrel or standard DAT with clopidogrel and a DOAC straight away. Meanwhile, the ADONIS-PCI trial (NCT04695106) is randomising to DAT with ticagrelor (90 mg twice daily for the first month, then 60 mg twice daily) and dabigatran for 12 months or TAT with aspirin, clopidogrel and dabigatran for a variable length of time, depending on ACS type and ischaemic and bleeding risks, followed by DAT. OPTIMA-4, a sub-study of the larger OPTIMA-3,4 trial (NCT03234114), is directly comparing DAT with dabigatran and ticagrelor/prasugrel or clopidogrel after PCI for 12 months. 

Some less conventional approaches that omit OAC just after PCI are also being investigated. The WOEST-3 trial (NCT04436978) is enrolling patients to receive TAT or DAPT for the first month after PCI followed by DAT without aspirin thereafter. The primary safety and efficacy endpoints will look at events up to 6 weeks after randomisation. The MATRIX-2 trial (NCT05955365) appears to be going a step further by exploring antithrombotic monotherapy in patients with AF receiving a Supraflex Cruz sirolimus-eluting biodegradable polymer stent. Standard TAT (aspirin up to 1 month) will be compared with a regimen consisting of P2Y12 monotherapy for the first month followed by DOAC monotherapy for 11 months.

[bookmark: _Toc194438837]6.2.2 Rhythm Control and Cardiovascular Outcomes

Similar to PCI, patients with AF make up a small proportion of those undergoing cardiac surgery. While working on this thesis, I noticed that AF is not widely recorded as a comorbidity prior to cardiac surgery across European centres, including the United Kingdom, which reflects the lack of data on performance of SA. Pooling resources across centres and building SA registries, ideally in a prospective manner and on a national or international level, would improve the detail and power of future studies. Important outcomes to focus on should be long-term assessment of rhythm status at regular intervals and heart failure admissions. With rhythm outcomes shifting towards the measurement of arrhythmia burden, robust methods of monitoring, ideally continuously with implantable loop recorders, should be sought in RCTs. An interesting concept to study would be the long-term impact of substrate modification (via SA) on left atrial remodelling and mitral regurgitation, especially in whom the MV is not being repaired or replaced at surgery. The upcoming SAFE trial (NCT05434819) aims to recruit approximately 2000 patients with AF undergoing non-MV cardiac surgery to either receive concomitant SA or not. Several efficacy and safety outcomes will be measured, primary of which is the number of hospital readmissions with heart failure during follow-up.
[bookmark: _Toc194438838]6.2.3 Novel Concepts

Antithrombotic and antiarrhythmic management of patients with AF has gradually improved over the years but remains far from perfect. Uncoupling the link between thrombosis and haemostasis is considered something of a theoretical ‘holy grail’ and the emergence of factor XI as a potential target could be of clinical relevance for patients with AF. With regards to rhythm control, a better understanding of the association between atrial cardiomyopathy and the onset or recurrence of AF may help us refine the strategies that are offered to patients.

[bookmark: _Toc194438839]6.2.3.1 Factor XI inhibition

Factor XI is of specific interest among coagulation proteases because it appears to have a different level of contribution to the pathways of thrombosis and haemostasis. An in-depth review of factor XI is beyond the scope of this thesis but, in brief, it can be activated both by activated factor XII, as part of the intrinsic pathway of coagulation, and by thrombin itself in a positive feedback loop.300 Activated factor XI (factor XIa) then activates factor IX, sustaining thrombin generation.301, 302 In pathological thrombosis, intraluminal exposure to tissue factor results in the generation of thrombin that is significantly dependent on this feedback activation of factor XI.303 In contrast, haemostasis involves binding of factor VII to extravascular tissue factor at the site of injury causing thrombin generation that is sustained by activation of factor IX while the feedback activation of factor XI is of little significance to this process.303 The observation that patients with haemophilia C or congenital factor XI deficiency have lower rates of cardiovascular events and venous thromboembolism but comparable rates of ICH to those with normal factor XI activity adds weight to the hypothesis that it could be a reasonable clinical target.304

There have been several phase II trials investigating the use of factor XI and/or XIa inhibitors in thrombotic conditions. RCTs on venous thromboembolism prophylaxis collectively showed at least non-inferiority of factor XI/XIa inhibitors to enoxaparin for both efficacy and safety after knee replacement, with a suggestion of possible superiority.305 None of the phase II RCTs of asundexian or milvexian, two oral small-molecule factor XIa inhibitors, were powered to show any difference in primary efficacy outcomes over current standard of care for AF, MI or ischaemic stroke but their safety profiles are encouraging.306-309 Resultant phase III trials were planned, including in patients with AF primarily investigating the time to first occurrence of stroke or systemic embolism. The first of these, OCEANIC-AF, was stopped early due to inferior efficacy in the asundexian arm compared with apixaban while safety data is consistent with previous studies.310 LIBREXIA AF (NCT05757869) aims to compare milvexian with apixaban in over 15000 patients with AF and is currently still recruiting.

[bookmark: _Toc194438840]6.2.3.2 Atrial cardiomyopathy

The onset and progression of AF is highly variable among patients and one reason for this is thought to be related to the atrial substrate that sustains the arrhythmia. Development of left atrial fibrosis and dilatation is increasingly being acknowledged as a cardiomyopathic process, associated with metabolic conditions such as hypertension, diabetes and obesity.311 There is evidence of correlation between the degree of left atrial fibrosis and arrhythmia recurrence after catheter ablation but no clear indication that targeting areas of fibrosis reduces the recurrence risk.312-314 Nevertheless, greater definition and adoption of the concept of atrial cardiomyopathy in clinical practice has potential clinical implications for the prevention and management of AF.311 First, it can help patients better understand the nature of AF and the importance of lifelong therapy, including risk factor control. Second, it can help physicians prognosticate and therefore plan treatment strategies, especially invasive ones, more appropriately. Third, therapies that are found to slow or even reverse atrial remodelling may be pursued early.







[bookmark: _Toc194438841]6.3 Conclusion

The work compiled in this thesis stems from an increasing recognition of the complexity of AF and its close association with other cardiovascular conditions. Its prevalence among patients with CAD and VHD merits particular management considerations that were explored. In patients with AF undergoing PCI, the optimal antithrombotic strategy is unclear and my data presents DAT with ticagrelor/prasugrel and DOAC as a suitable regimen to be studied further. In patients with AF undergoing cardiac surgery, concomitant SA is recommended but underperformed and my data highlights a clear survival benefit which should encourage wider uptake. Together, these findings contribute to the ongoing effort to optimise cardiovascular outcomes in patients with AF, who can hopefully look forward to significant advancements in their management in the years ahead.
[bookmark: _Toc194438842]
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Title
	Observational study of platelet function and fibrin clot properties in patients with suspected, proven or increased risk of cardiovascular disease

	Study Aim
	To obtain observational data on platelet function, fibrin clot properties, other biomarkers, genetics, and skin bleeding time in patients with  suspected, proven or increased risk of cardiovascular disease in order to explore: 
1. inter-individual variability in different conditions and clinical settings 
2. changes occurring over time, including after changes to antithrombotic medication.


	Study Design
	Single-centre observational pilot study.

	Eligibility Criteria
	[bookmark: _Toc54426232]Inclusion criteria: Aged 18 years of age or greater; attending hospital with  suspected, proven or increased risk of cardiovascular disease
Exclusion criteria: Anaemia (haemoglobin < 100 g/L); women of child-bearing potential with confirmed or possible pregnancy


	Trial
Procedures
	Written informed consent will be provided. Demographics, clinical characteristics, any procedural details and medication will be recorded in a secure database. 
Blood samples will be obtained on up to five occasions (maximum of 200 mL over 1 year), as appropriate for assessment of changes in clinical condition and/or medication. The following will be assessed or stored for later analysis:
1. Platelet function and serum thromboxane A2 release
2. Fibrin clot properties
3. Plasma samples for analysis of other biomarkers
4. Whole blood samples for mRNA expression
5. DNA samples

Bleeding time measurement will be performed on up to three occasions, as appropriate. 
 

	Sample size
	No sample size calculations are feasible because this study is a pilot study of different populations and clinical settings designed to describe factors that influence platelet function, fibrin clot properties and haemostasis. As many patients as feasible will be studied over the course of 5 years in order to build a database and generate hypotheses for testing in prospective studies.

	Outcome Measures
	This study will assess platelet function, fibrin clot properties, other relevant biomarkers, genetics and bleeding time in order to build a database and generate hypotheses for testing in prospective studies. 

	Recruitment Period
	7 years (start date February 2020).

	Visit Schedule
	Where feasible, visits will coincide with routine in-patient stays and outpatient visits. One or more visit may be arranged as a research visit to the Clinical Research Facility, Northern General Hospital, Sheffield. Up to 5 visits over 1 year will be conducted. In some cases, we may wish to undertake visit follow-up by telephone call.





3. Research question 

How do platelet function, fibrin clot properties and bleeding time vary between patients with different cardiovascular diseases or conditions associated with increased risk of cardiovascular disease, such as diabetes mellitus and chronic kidney disease, and how are these affected by antithrombotic drugs? 


4. Aim of the study 

To provide novel insights into platelet function, fibrin clot properties, other relevant biomarkers, genetic variants and haemostasis in patients with suspected, proven or increased risk of cardiovascular disease and, as appropriate, determine how these are affected by medication 

5. Study design 

This is a single-centre prospective observational study 

6. Background 

Thrombosis (clotting in blood vessels) is the principal cause of most heart attacks and the majority of strokes as well as other causes of cardiovascular morbidity and death. Platelets play a key role in arterial thrombosis and consequently are the target of antiplatelet drugs, which are used to treated and prevent arterial thrombotic events. Aspirin and platelet P2Y12 receptor antagonists (clopidogrel, ticagrelor and prasugrel) are antiplatelet drugs that are commonly used in a variety of indications and settings. Fibrin formation occurs in parallel with platelet activation to stabilize thrombi and we have recently shown in a large study of patients with acute coronary syndromes that fibrinolysis potential is associated with clinical outcomes, including cardiovascular death. Anticoagulants are used to inhibit fibrin formation and play an important role in the prevention of cardiac thromboembolism in patients with atrial fibrillation. A low dose of an anticoagulant, rivaroxaban, has also been found to reduce the risk of ischaemic events when given alongside aspirin in patients with cardiovascular disease who do not have a conventional indication for anticoagulation. The range of different antithrombotic drugs and their innumerable combinations, along with individual differences that may impact on the pharmacodynamic effects and pharmacokinetics of the drugs, leaves doubt as to how to optimally manage these drugs in individual patients. Consequently it is important that we study the relationships between individual patient characteristics and antithrombotic drug effects in order to increase our knowledge in this field. Studies of blood properties provide some insights into these relationships. Inflammation, in particular, influences the tendency of blood to form and break down clots. In addition, we have found that studying skin bleeding time provides further insight into the effects of antithrombotic drugs in vivo. 
We will obtain observational data on platelet function, fibrin clot properties and skin bleeding time in patients with suspected, proven or increased risk of cardiovascular diseases in order to describe some of the interindividual variability in different conditions and clinical settings as well as changes occurring over time, including after changes to antithrombotic medication.

7. Plan of investigation 

7.1 Methodology 
Patients presenting to Sheffield Teaching Hospitals NHS Foundation Trust (STH NHSFT) with suspected, proven or increased risk of cardiovascular disease will be provided with an information sheet explaining the study and informed consent will be sought. 
Patients providing signed informed consent for the study will be given a unique Subject Identification Number consisting of a four-digit number at enrolment (starting at 0001) prefixed with ‘E01’ (e.g. E010001) that will enable de-identified clinical information to be linked to the samples from each participant. Details on patient demographics, co-morbidities, and medication will be recorded on a confidential electronic database, adhering to established data security and confidentiality policies of the STH NHSFT. Data entry, retrieval and analysis will be managed by the research team under the supervision of the Chief Investigator.

Blood samples (up to a maximum of 40mL at each time point and a maximum of 100 mL in 24 hours and a maximum of 200 mL over the course of the study) will be obtained via venepuncture or, where possible, via an indwelling catheter or intra-arterial sheath used for routine clinical practice. Blood samples will be collected at a single time point and then repeat measurements will be performed at intervals within 1 year, with the frequency and timing determined by changes in medication and changes in clinical condition. For example, patients who present with a stable condition and have no changes to their medication or clinical condition may have only a single blood sample collected whereas patients presenting with an acute condition, such as an acute coronary syndrome, and subsequently receiving medication for this, including a combination of antithrombotic drugs, will have repeat blood samples performed to provide information about changes over time. A maximum of 3 blood samples will be collected over 24 hours and a maximum of 5 blood samples will be collected over 1 year, with maximum blood volumes as described above. Where feasible, visits will be timed to coincide with in-patient stays and/or routine outpatient visits. If appropriate, one or more visits may be conducted as a research visit at the Clinical Research Facility, Northern General Hospital, Sheffield. The following will be assessed:
(i) Platelet function: blood will be transferred to anticoagulation tubes and platelet responses to adenosine diphosphate and other agonists will be assessed using platelet aggregometry and flow cytometry, as previously described. Additional blood will be transferred to a plain tube and incubated for 30 minutes at 37°C prior to preparation of serum for thromboxane B2 determination (a measure of platelet thromboxane A2 release), as previously described.
(ii) Fibrin clot properties: citrate-anticoagulated plasma will be prepared and fibrin clot properties assessed using turbidimetry, as previously described. 

(iii) Storage of plasma samples: plasma will be stored at -80°C in the Cardiovascular Research Unit (CVRU), University of Sheffield, for later measurement of biomarkers relevant to cardiovascular disease, including inflammatory biomarkers and others relevant to the effects of antithrombotic medication and cardiovascular outcomes, subject to additional funding. 

(iv) Whole blood mRNA expression: blood will be stored at -80°C in the CVRU, University of Sheffield, in Tempus tubes for subsequent analysis of mRNA levels relevant to cardiovascular disease, including mRNA for proteins relevant to inflammatory cascades as previously described, subject to additional funding.

(v) DNA: whole blood will be stored at -80°C in the CVRU, University of Sheffield, for later DNA extraction in order to explore the impact of genetic variants on antithrombotic drug response and biomarkers associated with cardiovascular outcomes, such as the impact of CYP2C19 variants on response to P2Y12 inhibitors as previously described, subject to additional funding. 

Measurement of bleeding time: In addition to collection of blood samples, lancet bleeding time will be assessed on up to three occasions in order to explore the relationships between platelet function, fibrin clot properties and haemostasis, as previously described. This will be performed at the same time point as blood collection.

Clinical outcomes data: during the study and at 1 year, vital status and clinical outcomes will be determined using STH NHSFT databases and Summary Care Records; patients may be contacted by telephone to determine any clinical events and changes to medication occurring since the last study visit.

7.2 Design 
This will be a prospective observational study conducted over 5 years
7.3 Setting 

This study will take place at the Northern General Hospital, STH NHSFT. Blood samples will collected from patients who either have been admitted to wards at Northern General Hospital or are attending the outpatient clinics at Northern General Hospital. If appropriate, one or more visits may be conducted as a research visit at the Clinical Research Facility, Northern General Hospital, Sheffield. All consumables for the study will be stored within the CVRU at Northern General Hospital. Blood samples will be processed, analysed and stored within the CVRU laboratory. The electronic database will be accessed and maintained via STH NHSFT computers held securely within the CVRU.


7.4 Recruitment  

Eligibility : 

Inclusion criteria
1. Aged 18 years or greater 
2. Attending STH NHSFT with suspected, proven or increased risk (e.g. diabetes mellitus, chronic kidney disease) of cardiovascular disease. 

Exclusion criteria
1. Anaemia (haemoglobin < 100 g/L)
2. Women of child-bearing potential who have confirmed or possible pregnancy
 
Informed Consent : Before any study-related procedures may be performed, written informed consent will be provided by the participant to the investigator, research nurse, or other delegated member of the research team trained in the informed consent process. The investigator or delegated person will make a record in the patient’s medical notes to confirm that informed consent was obtained and store the original signed consent form in the patient’s notes. A copy will be given to the participant and a copy filed in the Study Master File.


7.5 Sample size 

No sample size calculations are feasible because this study is a pilot study of different populations and clinical settings designed to explore factors that may influence platelet function, fibrin clot properties and haemostasis. As many patients as feasible will be studied over the course of 5 years in order to build a database and generate hypotheses for testing in prospective studies. Data from previous and ongoing studies of healthy volunteers or patients, using the same methodology, may be used as reference data, where relevant.
7.6 Timescale 
Blood products will be stored and analysed over a period of time within 5 years. They will be used to build a database and generate hypotheses for testing in prospective studies. 
7.7 Participant withdrawal 

Participants may withdraw their consent at any time. Participants may approach the study team in person, by phone, or via email or letter. Participants may wish to no longer be visited by the research team and donate further samples. Some participants may request that the samples they have already previously donated should no longer be used in any future research, in which case these samples will be destroyed. However, some participants may be content for the previously donated samples and data to continue to be used in research, even though they no longer wish to donate future samples. Participants will be asked, if they can, to provide the reason(s) why they have withdrawn consent, although there is no obligation for them to do so. This information will be recorded by the study team in a Tracking Sheet.

7.8 Outcome measured 
To study the platelet function, fibrin clot properties, bleeding time and other relevant variables described to build a database and generate hypotheses for testing in prospective studies. 

8. Ethical issues
An application will be submitted to the research ethics committee and the Health Research Authority to ensure this study conforms to the current guidelines of research involving human subjects.

9. Study Co-ordination
This study will co-ordinated by members of the CVRU, University of Sheffield.

10. Funding and governance arrangements
This study will initially be funded by the University of Sheffield and additional funding, for expanding the study and conducting more extensive analyses, will be sought through applications to independent grant bodies. STH NHSFT will act as the research governance sponsor of the study.

11. Indemnity 
Patients that are enrolled into the study are covered by indemnity for negligent and non-negligent harm through the standard NHS Indemnity arrangements.

12. Involvement of service users
This study has been presented to, and supported by, the Sheffield Cardiovascular Patient Panel. Future clinical study proposals that are underpinned by the pilot data generated in this study will also be presented to and discussed with the Sheffield Cardiovascular Patient Panel.
13. Dissemination of research findings
Since this is a pilot study, it is not intended to disseminate the research findings directly to research participants but relevant results will be included on the University of Sheffield CVRU website. Relevant findings that are deemed to be of interest to the clinical and research communities may be published in cardiovascular and thrombosis journals.



2 CVRU-OBS Visit Case Report Form


Observational study of platelet function and fibrin clot properties in patients with suspected, proven or increased risk of cardiovascular disease

CVRU – OBS         STH20934



Visit 1

Date of Assessment	 		


















Date of study Enrolment 		   


Date of birth      
                                               
	/ 	/                                            Age                      Years















Male 		Female 






Race/Ethnicity         Caucasian                Black           Asian           other	








Height  	        cm  Weight                    Kg 



     /

 BP                      mmHg  		HR                  bpm






Smoking Status 	Current		Past                  Never







PMH 
	

	
	Yes
	No           

	Hypertension

	
	

	Heart Failure

	
	

	Peripheral arterial disease
 
	
	

	Type II DM (on oral hypoglycaemic agents)

	
	

	Type II DM (on insulin)

	
	

	Type I DM

	
	

	Acute or chronic liver disease

	
	

	ACS (excluding current episode)                                                                                     

	
	

	Stable angina

	
	

	Prior PCI (excluding current episode) complete LHC supplement

	
	

	Prior CABG (excluding current episode) 

	
	

	TIA

	
	

	Haemorrhagic stroke 

	
	

	Non-haemorrhagic stroke

	
	

	Prior major bleeding or predisposition to bleeding
	
	

	Known coagulopathy

	
	

	>=8 alcoholic drinks/week
	
	

	Active significant infection

	
	

	Thrombocytopenia

	
	

	Major organ transplant

	
	

	AF

	
	

	Atrial flutter
	
	

	CKD ( eGFR <60mL/min/1.73m2)

	
	

	Inflammatory condition (e.g. RA, SLE etc.)

	
	









Other Medical/Surgical history










Blood results              (on original admission, DATE ___/ ___/___)                   (latest, DATE ___/ ___/___)




eGFR* mL/min/1.73m2                         		
.


Creatinine (μmol/L)
.


Urea (mmol/L)
.


HbA1c (mmol/mol)
.


Total cholesterol (mmol/L)
.


Triglycerides (mmol/L)
.


Lipoprotein(a) 
.


Fibrinogen (g/L)
m.


CRP (mg/L)
.


Sodium (mmol/L)
.                                                         


Potassium (mmol/L)
.


ALT (U/L)



AST (U/L)


Bilirubin (μmol/L)










(on admission, DATE __/ ___/___)                         (latest, DATE __/ ___/___)



Iron (μmol/L)	
.


%IBC saturation
.


Hb (g/dL)
.


Platelets (109/L)
.


WCC (109/L)

		




Ejection fraction (EF) %                   or comment on function


Date of echo 
[image: ]
[image: ]

Aortic valve disease?          Y    	N


LHC details:

Location (circle) 

LMS		LAD	       Cx         RCA	         Grafts         Multivessel


PCI details:                                   date of PCI _____/______/______

Vessel intervened: ______________________

DES/DEB________________
[image: ]

Number of vessels treated 
[image: ]
[image: ]

Residual disease?       Y                          N

If Y, staged PCI?	Y	                         N             date of PCI ___/____/____[image: ]
[image: ]

[image: ]

TIMI flow at end of procedure 







Antiplatelet strategy:

	Drug
	Dose (inc. frequency)
	Duration (start and stop dates or planned stop date)
	Reason for change (if applicable)

	Aspirin
	
	
	

	2nd antiplatelet:
(name, include any additional antiplatelets started after event on a new line)

	
	
	

	
	
	
	

	
	
	
	

	OAC:
	
	
	





Medication List recorded on concomitant medication sheet 




Name of person completing form _____________________________

Signature of person completing form_________________________________



	
**end of page**




Visit 2









Date of Assessment	 		


Any new adverse events (AEs/SAEs)
[image: ]
[image: ]

	Yes	No

[image: ]

If yes, AE/SAE page completed?


Concomitant medication checked and any changes recorded in medication [image: ]

section, specifying dose and regimen for each medication


Last dose of antithrombotic agents:

	Drug
	Dose (inc. frequency)
	Date
	Time

	Aspirin
	
	
	

	2nd antiplatelet:

	
	
	

	OAC:
	
	
	



[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

Venous blood sample (mL)   	Time	:	

[image: ]
[image: ]
[image: ]
[image: ]

Bleeding time measurement	               Start Time (hh:mm) 	:	

	Unadjusted                          Adjusted
.	(Time from first puncture)         (Unadjusted for site 1, -10s for site 2, -20s for site 3)
			[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

Site 1	s	s	
.,[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

Site 2		s	s

.[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

Site 3	s		s
[image: ]
[image: ]
[image: ]
[image: ]

	Mean adjusted time:	s


Name of person completing form _____________________________

Signature of person completing form_________________________________

[bookmark: _Toc194438846]3 CVRU-OBS Laboratory Case Report Form

[bookmark: _Hlk125981016]Visit 1	                                                  Initials:	


 













Date of visit                /                   /				Time
	
Leukocyte count

	Blood cell type
	Count (x109/L)
	Initials

	Leukocyte
	
	

	Neutrophil
	
	

	Lymphocyte
	
	

	Others (Mixed)
	
	



LTA
						






Platelet Count (WB) 		  x103/µl	HCT     						
	Agonist
	Not done
(ND)
	Baseline Aggregation %
	Maximum Aggregation %
	Final 
Aggregation %

	5 μmol/L ADP
	
	
	
	

	20 μmol/L ADP
	
	
	
	

	1 mmol/L AA
	
	
	
	

	4 g/mL Collagen
	
	
	
	

	16 g/mL Collagen
	
	
	
	

	1 mol/L 5-HT + 10 mol/L ADR
	
	
	
	

	8 mol/L TRAP
	
	
	
	

	32 mol/L TRAP
	
	
	
	

	Comments (including any haemolysis/lipaemia):

	






ORIGINAL LABORATORY RECORDS – VISIT 1




Haematology analyser (paste in, photocopy, keep copy in lab file with this CRF)

VerifyNow (paste in EQC result and test result if print out is available)










































LTA printout (paste in) Visit 1












































Multiplate Aggregometry   
             
Time of assay		                                                      Initials:			







	Test 
	AUC
	Aggregation
	Velocity

	ADPtest
	AUC
	AU
	AU/min

	TRAPtest
	AUC
	AU
	AU/min

	Comments:





VerifyNow	

Time of assay		                                                      Initials:			






						

	Test 
	PRU
	% Inhibition
	Base

	P2Y12
	
	
	

	Comments:





VASP	

Time of assay		                                                      Initials:	











Time on flow cytometer                                    Compensation set /x
							
	Tube
	Median fluorescence

	T1
	

	T2
	

	T3
	

	Comments:

	    PRI:






Serum measurements

	Parameter
	Measured value
	Date of analysis
	Initials

	Serum TXB2
	pg/mL
	        /           /
	

	Comments



Plasma clot dynamics

	Parameter
	Measured value
	Date of analysis
	Initials

	Clot lag time
	s
	        /           /
        

	

	Clot lysis time
	s
	
	

	Final clot turbidity
	AU
	
	

	Comments






DECLARATION 
By signing below, I declare that the information presented in this case report form for visit 1 accurately reflects the collection, storage and analysis of samples and results of tests performed on the dates specified.

     Name of person completing form			




Signature of person completing form 


Date		__ __ / __ __ / __ __ _




STUDY COMPLETION


PRINCIPAL INVESTIGATOR’S DECLARATION 

By signing below, I declare that the information presented in this case report form accurately reflects the collection, storage and analysis of samples obtained from the study participant, including the results of tests and evaluations performed on the dates specified.


     Name of person completing form			






Signature of person completing form 



                             
                     Date            __ __ / __ __ / __ __

image2.png
EXTRINSIC AND INTRINSIC
PATHWAYS OF COAGULATION

(Factors II, VII, IX and X) ASPIRIN

Prothrombinase complex

Collagen
ADP «——— ADP —— ADP
WARFARIN ™8, CLOPIDOGREL
PRASUGREL
RIVAROXABAN l
APIXABAN DABIGATRAN ACTIVE
EDOXABAN :METABOLITE
Prothrombin > Thrombin P2Y,, TICAGRELOR

Fibrinogen = Fibrin




image3.png
Patients undergoing
PCI with stents
(n=4884)

Patients with AF
undergoing PCI
(n=457)

Included patients
(n=387)

TAT 1 month (n=236)

Aspirin given up to
1 week post-PCI
(n=96)

Exclusions:

Died during procedure (n=16)
No documented AF
before/during index

hospitalisation (n=4411)

Exclusions:
OAC commenced >3 days
post-PCl (n=41)
No OAC (n=29)

TAT <1 week (n=151)

No aspirin given
post-PCI
(n=55)





image4.emf



0 5 10 15 20 25 30
0



5



10



15



20



Days



C
um



ul
at



iv
e 



In
ci



de
nc



e 
of



 E
ve



nt
 (%



)



1 month TAT



≤1 week TAT
p=0.025










0 5 10 15 20 25 30

0

5

10

15

20

Days

C

u

m

u

l

a

t

i

v

e

 

I

n

c

i

d

e

n

c

e

 

o

f

 

E

v

e

n

t

 

(

%

)

1 month TAT

£

1 week TAT

p=0.025


image5.emf



0 5 10 15 20 25 30
0



5



10



15



20



Days 



C
um



ul
at



iv
e 



In
ci



de
nc



e 
of



 E
ve



nt
 (%



)



1 month TAT



≤1 week TAT
p=0.998










0 5 10 15 20 25 30

0

5

10

15

20

Days 

C

u

m

u

l

a

t

i

v

e

 

I

n

c

i

d

e

n

c

e

 

o

f

 

E

v

e

n

t

 

(

%

)

1 month TAT

£

1 week TAT

p=0.998


image6.emf



DAT TAT-T or -P TAT-C
0



10



20



30



Ti
m



e 
(m



in
s)



p=0.025



p=1.000










DAT TAT-T or -P TAT-C

0

10

20

30

T

i

m

e

 

(

m

i

n

s

)

p=0.025

p=1.000


image7.emf



DAT TAT-T or -P TAT-C
0



20



40



60



80



100



%
 p



at
ie



nt
s Reached maximum bleeding time



Did not reach maximum bleeding time



p=0.039



p=1.000










DAT TAT-T or -P TAT-C

0

20

40

60

80

100

%

 

p

a

t

i

e

n

t

s

Reached maximum bleeding time

Did not reach maximum bleeding time

p=0.039

p=1.000


image8.emf



ADP 5 
µmol/L



ADP 20
 µmol/L



TRAP 8 
µmol/L



TRAP 32
 µmol/L AA



Colla
gen



5-H
T + 



ad
ren



ali
ne



0



20



40



60



80



100



LTA agonist



%
 a



gg
re



ga
tio



n



DAT



TAT-T or -P



TAT-C



✱



✱



✱✱✱



✱✱✱



✱✱✱



✱✱



ns



ns
ns



ns
ns



ns ns



ns



* p<0.05
** p<0.01
*** p<0.001











image9.emf



DAT TAT-T or -P TAT-C
0



50



100



150



200
PR



U p=1.000



p=0.001










DAT TAT-T or -P TAT-C

0

50

100

150

200

P

R

U

p=1.000

p=0.001


image10.emf



DAT TAT-T or -P TAT-C
0



20



40



60



80



100



%
 in



hi
bi



tio
n



p=1.000



p=0.002










DAT TAT-T or -P TAT-C

0

20

40

60

80

100

%

 

i

n

h

i

b

i

t

i

o

n

p=1.000

p=0.002


image11.emf



DAT TAT-T or -P TAT-C
0



20



40



60



80



100
PR



I p=0.828



p=0.003










DAT TAT-T or -P TAT-C

0

20

40

60

80

100

P

R

I

p=0.828

p=0.003


image12.emf



ADP TRAP
0



50



100



150



MEA agonist



A
U



C



DAT



TAT-T or -P



TAT-C



ns



ns



ns



ns










ADP TRAP

0

50

100

150

MEA agonist

A

U

C

DAT

TAT-T or -P

TAT-C

ns

ns

ns

ns


image13.emf



DAT TAT-T or -P TAT-C
0.01



0.1



1



10



100



1000



ng
/m



l



p<0.001



p<0.001










DAT TAT-T or -P TAT-C

0.01

0.1

1

10

100

1000

n

g

/

m

l

p<0.001

p<0.001


image14.emf



Lag time Lysis time
0



1000



2000



3000



4000



5000



6000



Ti
m



e 
(s



)



DAT



TAT



p=0.156



p=0.942










Lag time Lysis time

0

1000

2000

3000

4000

5000

6000

T

i

m

e

 

(

s

)

DAT

TAT

p=0.156

p=0.942


image15.emf



DAT TAT
0.0



0.5



1.0



1.5
A
U



p=0.844










DAT TAT

0.0

0.5

1.0

1.5

A

U

p=0.844


image16.png
Patients undergoing

cardiac surgery at SYCC

(April 2011 - April 2022)
(n=9407)

Excluded:
No history of AF (n=8035)

Patients with
preoperative AF (n=1372)

Excluded:

Standalone surgical ablation (n=93)
Standalone LAA closure (n=12)
Undergoing aortic procedure (n=49)
Undergoing myomectomy, ASD
x closure or left atrial mass excision

(n=13)

Eligible patients (n=1205)

Concomitant surgical No surgical ablation
ablation (n=619) (n=586)





image17.emf

image18.png
== Concomitant surgical ablation =#= No surgical ablation

0,
100% log-rank p<0.0001
2
= 75%
)
1]
2
<
o 50% -
®
2
2
S 25%
(7]
0% . " r . : r : : r \
0 1 2 3 4 5 6 7 8 9 10
Years after surgery
Concomitant 326 297 263 228 191 158 118 90 50 30 16

surgical ablation

No ablation 326 285 253 227 182 141 109 82 46 26 17




image19.png
40%

30%

20%

Cumulative Incidence

10%

0%

—— Concomitant surgical ablation ——— No surgical ablation

sHR 0.51, 95% CI 0.33-0.78; p=0.002

Years after surgery




image20.emf
 

 


image1.png




