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Course Overview



This comprehensive course explores the appropriate use of antithrombotic agents for
        improved patient outcomes. Key topics include pharmacology of common antiplatelet and
        anticoagulant drugs, evidence-based indications for mono- and combination therapy,
        monitoring parameters for safe and effective use, and management of potential complications.
        Upon completion, you'll be equipped with essential knowledge and clinical pearls for
        delivering high-quality antithrombotic care.

Audience



This course is designed for physicians, nurses, and pharmacists whose patients benefit from anticoagulation and/or antiplatelet therapy.

Accreditations & Approvals



In support of improving patient care, TRC Healthcare/NetCE is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team. NetCE is accredited by the International Accreditors for Continuing Education and Training (IACET).  NetCE complies with the ANSI/IACET Standard, which is recognized internationally as a standard of excellence in instructional practices. As a result of this accreditation, NetCE is authorized to issue the IACET CEU. 
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 This activity has been approved for the American Board of Anesthesiology’s® (ABA) requirements for Part II: Lifelong Learning and Self-Assessment of the American Board of Anesthesiology’s (ABA) redesigned Maintenance of Certification in Anesthesiology Program® (MOCA®), known as MOCA 2.0®. Please consult the ABA website, www.theABA.org, for a list of all MOCA 2.0 requirements. Maintenance of Certification in Anesthesiology Program® and MOCA® are registered certification marks of the American Board of Anesthesiology®. MOCA 2.0® is a trademark of the American Board of Anesthesiology®.

 Successful completion of this CME activity, which includes participation in the evaluation component, enables the learner to earn credit toward the CME and/or Self-Assessment requirements of the American Board of Surgery's Continuous Certification program. It is the CME activity provider's responsibility to submit learner completion information to ACCME for the purpose of granting ABS credit.

 Through an agreement between the Accreditation Council for Continuing Medical Education and the Royal College of Physicians and Surgeons of Canada, medical practitioners participating in the Royal College MOC Program may record completion of accredited activities registered under the ACCME's "CME in Support of MOC" program in Section 3 of the Royal College's MOC Program.
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Special Approvals



This activity is designed to comply with the requirements of California Assembly Bill 1195, Cultural and Linguistic Competency. 

Course Objective



The purpose of this course is to provide clinicians with clinical guidance on the appropriate use of antithrombotic agents in order to improve patient outcomes.

Learning Objectives



Upon completion of this course, you should be able to:
	Compare and contrast the mechanisms of action of commonly used anticoagulant and antiplatelet agents, including unfractionated heparin, low molecular weight heparins, vitamin K antagonists, direct thrombin inhibitors, factor Xa inhibitors, aspirin, and P2Y12 inhibitors.
	Identify best practice and evidence-based recommendations for initiating anticoagulant therapy for various conditions, including atrial fibrillation, acute coronary syndrome, prosthetic heart valves, and venous thromboembolism using risk stratification frameworks.
	Recognize clinical situations warranting antiplatelet therapy, either alone or in combination with anticoagulants, based on updated treatment guidelines for relevant vascular conditions, including acute coronary syndrome, coronary artery disease, acute ischemic stroke, and peripheral arterial disease.
	Select the most appropriate medication monitoring strategy based on specific anticoagulant or antiplatelet agent and therapeutic indication.
	Indicate safe strategies for transitioning between anticoagulant and antiplatelet agents to avoid therapy gaps or excessive overlap that can precipitate thrombotic complications or bleeding, based on indication timeframe, procedure guidance, and antithrombotic agent properties.
	Recognize special populations who may require additional monitoring of anticoagulant or antiplatelet therapies due to altered pharmacokinetics and pharmacodynamic parameters.
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Implicit Bias in Health Care




      The role of implicit biases on healthcare outcomes has become a concern,
      as there is some evidence that implicit biases contribute to health
      disparities, professionals' attitudes toward and interactions with
      patients, quality of care, diagnoses, and treatment decisions. This may
      produce differences in help-seeking, diagnoses, and ultimately treatments
      and interventions. Implicit biases may also unwittingly produce
      professional behaviors, attitudes, and interactions that reduce patients'
      trust and comfort with their provider, leading to earlier termination of
      visits and/or reduced adherence and follow-up. Disadvantaged groups are
      marginalized in the healthcare system and vulnerable on multiple levels;
      health professionals' implicit biases can further exacerbate these
      existing disadvantages.
    

      Interventions or strategies designed to reduce implicit bias may be
      categorized as change-based or control-based. Change-based interventions
      focus on reducing or changing cognitive associations underlying implicit
      biases. These interventions might include challenging stereotypes.
      Conversely, control-based interventions involve reducing the effects of
      the implicit bias on the individual's behaviors. These strategies include
      increasing awareness of biased thoughts and responses. The two types of
      interventions are not mutually exclusive and may be used synergistically.
    


1. INTRODUCTION



Despite the wide availability of effective anticoagulant and antiplatelet medications, confusion on proper role, duration, transitions, monitoring, and real-world translation of evolving clinical practice guidelines drives the persistent over-, under-, and misuse of these agents. This gap between knowledge and appropriate evidence-based practice leads directly to worsened patient outcomes and increased health system costs. This course looks to provide consolidated, practical guidance tools that build provider competence and confidence in navigating nuanced prescribing decisions surrounding antithrombotic therapies to significantly narrow this gap tied to preventable patient harm.

2. BACKGROUND AND INTRODUCTION



The development of antithrombotics, including both anticoagulants and antiplatelets, has been one of the most significant advancements in the treatment and prevention of cardiovascular and thromboembolic disease states in history. Many of these agents have been around for decades, with the use of aspirin being traced back to 1897, and the oral anticoagulant warfarin first being used in humans in 1954 [1,2]. These discoveries provided groundbreaking treatment options for patients and prescribers alike; however, they also brought along with them concerns for an increased risk of bleeding. Over the past two decades, this landscape has continued to change with the approval of the direct oral anticoagulants (DOACs) and other antiplatelet agents within this therapeutic category. Although many of these newer agents provide an improved safety profile, they are still associated with significant morbidity and mortality related to bleeding events worldwide. Today, aspirin remains one of the most commonly used medications in the United States despite a slight decline in use over the past decade, and the DOACs have rapidly been adopted since their approvals, replacing warfarin as the oral anticoagulants of choice in most patients [3,4,5,6].
Although these agents continue to be prescribed often and provide significant benefit in many patients, experts indicate a need for improved use and monitoring of these medications. Recent studies have found that on one end of the spectrum, many older adults with disorders such as atrial fibrillation (AF) are undertreated with anticoagulants, while on the other end of the spectrum, many emergency department visits and hospitalizations are due to adverse reactions from these medications [7,8,9,10,11]. In a cross–sectional study by Dreijer et al., authors evaluated nearly 43,000 reported medical errors from 2012 to 2015 in both hospitals and primary care, and they found that anticoagulants were involved in over 8% of reported errors [12]. This recognition of the continued impact that antithrombotics (or the lack thereof) have on patient outcomes has sparked efforts to improve the use of these agents and has even prompted some hospitals to direct time and resources into developing multidisciplinary anticoagulation stewardship programs that specifically focus on appropriate antithrombotic use within their institutions [13,14]. With this in mind, it is obvious that despite the advancements in the overall safety of newer antithrombotic agents, improvement in the appropriate prescribing and monitoring of these agents should remain a top priority for prescribers and other healthcare professionals alike.

3. PATHOPHYSIOLOGY OF DISEASE



In order to identify the role of antithrombotics in the management of atherosclerotic and thromboembolic disease, it is first important to understand the pathophysiology related to hemostasis and thrombosis within the body. Hemostasis is the body's natural process of stopping blood from leaving a vessel after vascular injury by sealing the injured vessel and preventing further blood loss [15]. For hemostasis to occur, the body vasoconstricts the injured blood vessel in order to minimize blood loss and forms a platelet plug (a process known as primary hemostasis) that is further stabilized by a dense fibrin mesh (a process known as secondary hemostasis). Although it is common to think of these three phases in sequence, they actually occur simultaneously and potentiate one another during this process [16]. The formation of the platelet plug (primary hemostasis) involves three main steps, including platelet adhesion to the vessel wall, platelet activation, and platelet aggregation. Each of these three steps is initiated with the activation of various receptors on the platelet and can be a target for antiplatelet medications. The formation of a fibrin mesh (secondary hemostasis), on the other hand, involves activation of the coagulation cascade.
As opposed to hemostasis, thrombosis is the creation of a blood clot within a vessel through the activation of the coagulation cascade and is generally an unwanted result of coagulation within the body. When thrombosis occurs, a blood clot containing fibrin, platelet aggregates, and trapped red blood cells is created within a vessel, potentially resulting in partial or complete blockage of the vessel and preventing distal areas of the body from receiving oxygen and nutrients necessary for survival [16]. This can further lead to significant cell damage and death, making it an important focus for prevention in patients at greatest risk [15]. Although thrombosis may develop for a number of causes, thrombosis related to atherosclerotic disease is of particular relevance for this course, as it is a significant contributor to the development of disease states such as acute coronary syndrome (ACS) and acute ischemic stroke. In atherosclerosis, plaque made up of cholesterol, fatty substances, cellular waste products, calcium, and fibrin builds up in arteries, leading to a thickening of the blood vessel wall and a narrowing of the vessel opening. As the plaque continues to grow, it can partially or completely block blood flow through a vessel, or it can become unstable and rupture, sending pieces of this dislodged plaque buildup through the bloodstream until it becomes stuck within a narrowed vessel later in its path. Unstable plaques, which are at the greatest risk of rupture, typically have thin fibrous caps with large lipid cores, and, when ruptured, release thrombogenic material from within the plaque that leads to platelet adhesion, activation of additional platelets, and aggregation at the site until a thrombus is formed [17]. Since this platelet activation and aggregation can lead to a thrombus that blocks blood flow or embolizes to distal parts of the body, a primary goal of medical therapy for ACS, stroke, and other atherosclerotic diseases is to prevent the formation of these thrombi and the resultant death and disability that they may cause.
In order for either hemostasis or thrombosis to occur, the coagulation cascade must be activated by one of two separate pathways called the tissue factor pathway (also known as the "extrinsic" pathway) or the contact pathway (also known as the "intrinsic" pathway). Although the tissue factor (extrinsic) pathway is classically known as the pathway that is implicated in hemostasis, it likely also plays a role in many types of thrombosis as well. Alternatively, the contact (intrinsic) pathway does not affect normal hemostasis but rather is thought to contribute to thrombosis only [15]. The tissue factor (extrinsic) pathway becomes activated once blood is exposed to cells that express an extrinsic substance (i.e., tissue factor), leading to a complex of tissue factor and factor VIIa that further triggers coagulant activation. On the other hand, the contact (intrinsic) pathway is typically activated when blood comes into contact with exogenous material, resulting in an initial activation of factor XII to factor XIIa that leads to further activation of the cascade. Once either of these pathways are initiated, a series of proteolytic reactions occur that further activate various coagulation factors and substances within the body. Eventually, both pathways converge into the last few steps where factor X is converted to factor Xa by factor VIIIa, factor II (prothrombin) is converted to factor IIa (thrombin) by factor Va, and factor IIa (thrombin) converts factor I (fibrinogen) to factor Ia (fibrin) and activates platelets, leading to a clot [15,18]. Since both extrinsic and intrinsic pathways share the same final steps, this portion of the cascade is known as the "common pathway." As will be discussed in the next section, anticoagulant agents inhibit the activation of many of these coagulation factors (e.g., factor Xa inhibitors or direct thrombin inhibitors), preventing the development of thrombosis. A simplified version of the coagulation cascade can be seen in Figure 1.

Figure 1: COAGULATION CASCADE
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4. ANTIPLATELETS



ASPIRIN



Aspirin (also known as acetylsalicylic acid or ASA) has been used for well over a century and remains one of the most commonly prescribed medications to this day. It is currently approved for the prevention and treatment of many vascular diseases, including acute myocardial infarction (MI), unstable angina, stable ischemic heart disease, transient ischemic attack (TIA), and cerebral infarction as well as for prophylaxis of venous thromboembolism following total hip replacement and reduction of platelet adhesion following revascularization procedures such as carotid endarterectomy or coronary artery bypass grafting (CABG). Unrelated to its antiplatelet effects, aspirin is also approved for the treatment of pain, fever, and inflammation [19,20]. Aspirin works via irreversible inhibition of cyclooxygenase-1 and 2 (COX-1 and 2), which ultimately decreases the formation of prostaglandin precursors, leading to its therapeutic effects. Aspirin's antiplatelet effect, in particular, is due to its inhibition of the formation of thromboxane A2, a prostaglandin derivative, within the platelet. Thromboxane A2 is known to be responsible for the platelet aggregation step of clot formation, which can therefore be reduced with the use of aspirin [19,20]. Aspirin is currently available in both immediate and extended-release oral formulations as well as in the form of a rectal suppository, and no intravenous formulation is currently available. Aspirin doses vary by indication but are typically 81–325 mg orally daily for indications that require aspirin use for its antiplatelet effects, while doses for analgesia and anti-inflammatory effects are often much higher and given more frequently [19]. As with any antithrombotic, precautions should be used due to an increased risk of bleeding with this agent, and aspirin should be used with particular caution in patients at high risk of bleeding from gastrointestinal ulcers, in severe hepatic or renal failure, with heavy alcohol use, and in patients within their last trimester of pregnancy (except when being utilized at low doses for pregnancy-related conditions). Although no routine monitoring of aspirin levels or antiplatelet response are required, patients should be monitored for signs or symptoms of bleeding during use.

P2Y12 INHIBITORS



The P2Y12 inhibitors are a group of agents that provide their antiplatelet effects through a mechanism different from that of aspirin. These agents work by inhibiting the P2Y12 component of adenosine diphosphate (ADP) receptors on the platelet surface, resultantly preventing activation of the glycoprotein IIb/IIIA receptor complex and reducing platelet aggregation [21]. Currently, the P2Y12 inhibitors that are available in the United States include clopidogrel, prasugrel, ticagrelor, and the most recently approved intravenous agent, cangrelor. Although ticlopidine was historically included in this group, this agent is no longer available in the United States. Despite all of these medications having the same overall mechanism for platelet inhibition, important differences exist that must be recognized between agents in order to ensure safe and effective use.
Clopidogrel (Plavix) is a second generation thienopyridine that was first approved in the United States in 1997, making it the oldest of the currently available oral P2Y12 inhibitors. Similar to prasugrel, clopidogrel is a prodrug that requires activation by the cytochrome P450 system (primarily CYP2C19) to be converted into an active metabolite that provides its antiplatelet effect. In patients with normal metabolism, about 85% of the prodrug is hydrolyzed into an inactive metabolite, while only the remaining 15% is metabolized into the active form of the drug [21]. Patients who are poor metabolizers (clopidogrel nonresponders) or those concomitantly taking medications that inhibit CYP2C19, such as omeprazole, can experience reduced effectiveness of clopidogrel due to an inability to convert the parent drug into its active metabolite. These patients have been shown to have worse outcomes following ACS and percutaneous coronary intervention (PCI). In practice, patients may be tested to identify their CYP2C19 genotype or can receive platelet function testing to evaluate their response to clopidogrel in order to aid in treatment decisions. It is also important to note that clopidogrel provides irreversible platelet inhibition for the lifespan of the platelet, which can be for 7 to 10 days. If clopidogrel needs to be held prior to elective surgery, this should be done at least 5 days prior to the procedure due to clopidogrel's irreversible platelet inhibition and prolonged duration of effect [22]. Clopidogrel is currently indicated for prevention and treatment of ACS, acute ischemic stroke, TIA, and established peripheral artery disease (PAD). The most common adverse reaction associated with clopidogrel use includes bleeding, though other rare events such as thrombotic thrombocytopenic purpura (TTP) have been reported in the literature. Clopidogrel is only available as an oral tablet at this time and is typically dosed at 75–150 mg daily alone or in combination with aspirin or an anticoagulant [22]. A loading dose of 300–600 mg of clopidogrel may be used when it is imperative to achieve therapeutic concentrations rapidly, such as directly after an ischemic event or in patients who are receiving revascularization or stenting; however, the benefits of this are typically weighed against the risk of bleeding for each individual patient.
Prasugrel (Effient) is a third generation thienopyridine that was approved in the United States in 2009. Similar to clopidogrel, prasugrel is a prodrug that requires rapid metabolism in order to be converted into an active metabolite that provides its irreversible platelet inhibition; however, the formation of this active metabolite is much more efficient compared to clopidogrel [21]. Although the active metabolites of clopidogrel and prasugrel are approximately equipotent, the metabolism of prasugrel results in higher plasma concentrations of active drug compared to clopidogrel, leading to effects that are more potent, immediate, and predictable [21]. Currently, it is only approved in the management of ACS. Due to the risk of fatal and intracranial bleeding seen in initial studies, prasugrel is generally not recommended in patients 75 years of age and older, unless benefit is felt to exceed the risk in select scenarios. In addition, bleeding from prasugrel is noted to be increased in patients of low body weight (<60 kg), those who are already at an increased bleeding risk for other reasons, and those who are concomitantly taking medications that may also increase the risk of bleeding. It is also contraindicated in patients with a history of prior TIA or stroke. If temporary discontinuation is required due to surgery or invasive procedure, it is recommended that prasugrel be discontinued at least 7 days prior the procedure, and it is also recommended that prasugrel not be started in patients who are likely to undergo CABG [23,24]. The most common adverse reaction associated with prasugrel is bleeding, though other rare events such as TTP have been reported in the literature as well. Prasugrel is only available as an oral tablet at this time and is typically dosed as an initial 60-mg loading dose followed by 10 mg daily in combination with aspirin. A reduced dose of 5 mg daily may be utilized in patients at higher risk of bleeding to prasugrel, particularly those who weigh less than 60 kg [23,24]. Compared to other P2Y12 inhibitors, prasugrel's use has been limited in some populations due to safety concerns related to an increased risk of bleed and adverse effects.
Ticagrelor (Brilinta) is the most recently approved oral P2Y12 inhibitor with an initial United States approval in 2011. Unlike clopidogrel and prasugrel, ticagrelor is a direct-acting, reversible platelet inhibitor that does not require metabolism from prodrug to active metabolite in order to provide its antiplatelet effect. Ticagrelor and its metabolite both work in the inhibition of P2Y12 and are approximately equipotent [21,25]. Unlike other P2Y12 inhibitors, ticagrelor requires twice daily dosing, due to its reversible platelet binding and half-life of 6 to 12 hours. Currently, it is approved in the management of ACS, select patients with stable coronary artery disease (CAD), and minor stroke, and it has been shown to be superior to clopidogrel in the first 12 months following ACS [25,26]. Similar to other P2Y12 inhibitors, ticagrelor is a potent antiplatelet that can cause significant bleeding, and it is contraindicated in patients with a history of intracranial hemorrhage. In addition to this risk of bleeding, ticagrelor is also noted to cause dyspnea in approximately 14% of patients, and it has been reported to be associated with bradyarrhythmias, including atrioventricular block, as well [26,27]. Ticagrelor is only available as an oral tablet at this time and is typically dosed as an initial 180 mg loading dose followed by 90 mg twice daily for the first year following ACS in combination with aspirin 75–100 mg. Despite some conflicting reports, aspirin doses greater than 100 mg are currently thought to reduce the effectiveness of ticagrelor and should be avoided, based on a subgroup analysis of the PLATO trial [26,28]. If prolonged use beyond one year is required, ticagrelor dose should be reduced to 60 mg orally twice daily. If temporary interruption in therapy is required prior to surgery due to the risk of bleeding, ticagrelor should be held five days prior to the procedure when possible [25].
Cangrelor (Kengreal) is currently the only available intravenous P2Y12 inhibitor in the United States and was first approved in 2015. Similar to ticagrelor, cangrelor is a direct-acting P2Y12 platelet inhibitor that binds selectively and reversibly to the platelet receptor in order to prevent platelet activation in a dose-dependent manner [21]. It is currently approved as an adjunct to PCI for reducing peri-procedural MI, repeat revascularization, and stent thrombosis in patients not yet treated with another P2Y12 inhibitor or glycoprotein IIb/IIIa inhibitor (e.g., eptifibatide), and it is also used off-label as bridging therapy prior to cardiac surgery in patients at high risk of thrombotic complications when oral antiplatelet therapy is held. Cangrelor's main advantages include its quick onset of action (approximately 2 minutes) and extremely short half-life of 3 to 6 minutes. These properties, paired with its reversible platelet inhibition, allow for platelet function to return to normal within one hour of cangrelor discontinuation [21]. Cangrelor is typically dosed as a 30-mcg/kg intravenous bolus followed by a 4-mcg/kg/min infusion and continued for at least two hours or the duration of the procedure, whichever is longer, when used for its labeled indication. Off-label use of cangrelor as bridging therapy requires a lower dosing regimen, most commonly cited as 0.75 mcg/kg/min, based on the BRIDGE trial [29]. Reported adverse effects related to cangrelor are limited and are primarily related to its increased risk of bleeding.
Monitoring of P2Y12 inhibitors can be done through the use of platelet function testing, such as with the VerifyNow assay. VerifyNow is a P2Y12 point-of-care, optical aggregometry assay that evaluates the level of platelet inhibition in terms of platelet reactivity units or P2Y12 reaction units (PRU) based on the rate and extent of platelet aggregation in a blood sample [30,31]. Although not routinely performed in all patients, this test can be particularly useful in select clinical scenarios, such as when evaluating a patient's ability to metabolize clopidogrel into its active metabolite and receive its therapeutic effect. By assessing PRU in a patient taking clopidogrel, this test can assist in determining if the patient is a poor metabolizer (clopidogrel nonresponder) that may be at an increased risk of ischemic events. In patients without appropriate response, providers can then assess if another agent, such as one of the newer P2Y12 inhibitors, may be more appropriate for treatment. When evaluating the results of the VerifyNow assay, certain cutoffs have been associated with ischemic events (PRU >208) as well as with bleeding events (PRU <85) [31]. Although this test has certain limitations and may not be as accurate in select populations, such as patients from East Asia, it provides additional information to make informed decisions regarding antithrombotic therapy.


Healthcare Consideration



In patients who receive monitoring for P2Y12 inhibitors
        with the VerifyNow assay, interpretation of results can be
        tricky. Since the assay evaluates platelet reactivity, lower
        PRU values indicate more platelet inhibition (i.e., an
        increased risk of bleeding), whereas higher PRU values
        indicate less platelet inhibition (i.e., less risk of bleeding
        and possible risk of thrombotic events). As always, it
        is important to be mindful of how to interpret results
        whenever monitoring patients for safety and efficacy of
        their antithrombotic therapies.


With the widespread use of P2Y12 inhibitors, it may be common to encounter the clinical scenario of switching between agents during therapy. Although this change may be necessary, it also presents potential concerns regarding the safety of making this switch appropriately. When switching agents, patients may be at risk for inadequate platelet inhibition (and an increased risk of thrombotic complications related to gaps in therapy) as well as at risk of excessing platelet inhibition (and an increased risk of bleeding related to overlapping therapy). By being mindful of drug-specific pharmacological properties such as half-life, site of action, and speed of onset, these risks can be mitigated. Due to these concerns, Angiolillo et al. published a white paper detailing the international expert consensus on switching platelet P2Y12 receptor-inhibiting therapies [21]. This document reviews the relevant pharmacology and timing considerations when switching between oral P2Y12 inhibitors and between an intravenous P2Y12 inhibitor (i.e., cangrelor) and oral P2Y12 inhibitors. A brief summary of these recommendations, based on time from the index event, is provided inTable 1 and Table 2. Although these general consensus recommendations provide a starting point, they may not be applicable in all clinical scenarios and should be evaluated in the context of personalized patient care.

Table 1: SWITCHING ORAL P2Y12 INHIBITORS DURING ACUTE/EARLY PHASE (WITHIN 30 DAYS OF INDEX EVENT)
	Clopidogrel Transitioned to:
	Prasugrel	Begin prasugrel 60-mg loading dose, regardless of timing and dosing of clopidogrel
	Ticagrelor	Begin ticagrelor 180-mg loading dose, regardless of timing and dosing of clopidogrel
	Prasugrel Transitioned to:
	Clopidogrel	Begin clopidogrel 600-mg loading dose, administered 24 hours after last prasugrel dosea
	Ticagrelor	Begin ticagrelor 180-mg loading dose, administered 24 hours after last prasugrel dose
	Ticagrelor Transitioned to:
	Clopidogrel	Begin clopidogrel 600-mg loading dose, administered 24 hours after last ticagrelor dosea
	Prasugrel	Begin prasugrel 60-mg loading dose, administered 24 hours after last ticagrelor dose
	aIf a patient is being de-escalated to clopidogrel for bleeding concerns, consider omitting loading dose and initiating clopidogrel 75-mg maintenance dose 24 hours after last prasugrel or ticagrelor dose.


Source: Author



Table 2: SWITCHING ORAL P2Y12 INHIBITORS DURING LATE/VERY LATE PHASE (GREATER THAN 30 DAYS AFTER INDEX EVENT)
	Clopidogrel Transitioned to:
	Prasugrel	Begin prasugrel 10-mg maintenance dose, beginning 24 hours after last clopidogrel dose
	Ticagrelor	Begin ticagrelor 90-mg BID maintenance dose, beginning 24 hours after last clopidogrel dose
	Prasugrel Transitioned to:
	Clopidogrel	Begin clopidogrel 75-mg maintenance dose, beginning 24 hours after last prasugrel dose
	Ticagrelor	Begin ticagrelor 90-mg BID maintenance dose, beginning 24 hours after last prasugrel dose
	Ticagrelor Transitioned to:
	Clopidogrel	Begin clopidogrel 600-mg loading dose, administered 24 hours after last ticagrelor dosea
	Prasugrel	Begin prasugrel 60-mg loading dose, administered 24 hours after last ticagrelor dose
	aIf a patient is being de-escalated to clopidogrel for bleeding concerns, consider omitting loading dose and initiating clopidogrel 75-mg maintenance dose 24 hours after last prasugrel or ticagrelor dose.


Source: Author


When transitioning from oral P2Y12 inhibitors to intravenous P2Y12 inhibitors in the setting of bridging for surgery, clopidogrel and ticagrelor should typically be discontinued 5 days before the procedure, while prasugrel is recommended to be discontinued for 7 days prior to procedure. Following this, it is reasonable to begin cangrelor up to 3 to 4 days after prasugrel discontinuation and 2 to 3 days of clopidogrel and ticagrelor discontinuation. When transitioning patients from intravenous P2Y12 inhibitor to an oral P2Y12 inhibitor, it is important to note that the loading doses of clopidogrel or prasugrel should not be administered until immediately after discontinuation of cangrelor. Ticagrelor, on the other hand, may be administered anytime during or immediately following cangrelor infusion [21].


Healthcare Consideration



Although many medications require an overlapping
        period to ensure a smooth transition, this is not the
        case when transitioning from cangrelor to clopidogrel
        or prasugrel. Due to the properties of these different
        medications, the activity of clopidogrel or prasugrel will
        actually be blocked if administered during cangrelor
        infusion, and the patient will not receive the effect of
        the drug until the next dose is given. It is important to
        ensure that loading doses of clopidogrel and prasugrel
        are not given until immediately after the cangrelor
        infusion is stopped in order to have the most benefit.




5. ANTICOAGULANTS



UNFRACTIONATED HEPARIN



Unfractionated heparin (UFH) is another antithrombotic with a long-standing, rich history in the field of medicine. Heparin was initially approved in the United States in 1939 and remains one of the most commonly used injectable anticoagulants to this day. Heparin provides its anticoagulant effect by binding to antithrombin III (ATIII) in order to create a complex that inhibits the activation of factor IIa (thrombin) as well as factors IXa, Xa, XIa, and XIIa, in addition to other mechanisms [32]. Heparin also helps prevent the formation of a fibrin clot by inhibiting activation of the fibrin stabilizing factor. Contrary to some belief, heparin does not break down an existing clot like thrombolytics, but rather, solely acts to prevent the continued propagation and further stabilization of an active clot. Heparin is typically administered as a continuous intravenous infusion or as a subcutaneous injection, depending on indication and availability of intravenous access. Due to its extensive history and favorable pharmacokinetic profile, heparin remains a drug of choice in numerous disease states and clinical scenarios. It is currently approved for prophylaxis and treatment of venous thromboembolism (VTE) including deep vein thrombosis (DVT) and pulmonary embolism (PE), peripheral arterial embolism, AF with embolization, acute and chronic consumptive coagulopathies (e.g., disseminated intravascular coagulation), prevention of clotting in arterial and cardiac surgery, and as an anticoagulant for use in blood transfusions, extracorporeal circulation, and dialysis procedures [33,34]. The dosing of heparin can vary significantly by indication. A few of the most common dosing regimens that may be seen in practice are listed in Table 3; however, this list is not all inclusive and may also vary slightly by institution.

Table 3: COMMON HEPARIN DOSING REGIMENS
	Indication	Heparin Dosing Regimena
	VTE prophylaxis	5,000 units subcutaneously every 8 or 12 hoursb
	VTE treatment	Initial: 80 units/kg IV bolus followed by 18 units/kg/hour IV infusion
	AF	Initial: 60–80 units/kg (maximum 5,000 units) IV bolus followed by 12–18 units/kg/hour (maximum 1,000 units/hour) IV infusion
	ACS, NSTEMI (off-label)	Initial: 60 units/kg (maximum 5,000 units) IV bolus followed by 12 units/kg/hour (maximum 1,000 units/hour) IV infusion
	
                aActual body weight should be used for weight-based dosing of heparin in
                    most patients. In patients with a BMI ≥40 kg/m2, use adjusted body weight or
                    consider using a reduced dosing rate with appropriate monitoring.
bDoses up to 7,500 units every 8 hours may be used in patients with
                    obesity and should especially be considered in a BMI 50 kg/m2


          


Source: [34]


In terms of cautions and contraindications, heparin is known to increase the risk of bleeding, and it is also known to cause thrombocytopenia, elevations in serum aminotransferases, and heparin-induced thrombocytopenia (HIT) with or without thrombosis in some patients. Of note, not all patients who experience heparin-related thrombocytopenia have HIT, and appropriate assessment of thrombocytopenia using risk scores (e.g., 4T score) and confirmatory testing (e.g., heparin antibody and serotonin release assay) should be performed if HIT is suspected. Heparin is contraindicated in patients with HIT as well as those with hypersensitivity to heparin or pork since it is derived from animal tissue [33]. In patients who require temporary interruption of a heparin infusion due to surgery, the heparin infusion should be held at least 4 to 6 hours before the procedure due to its variable half-life of 0.5–2 hours [35].
After a heparin infusion has been initiated, monitoring of its response and titration to a therapeutic goal is imperative in order to ensure both safety and efficacy. For decades, the standard method of monitoring heparin infusions in hospitalized patients had been through assessment of the aPTT, with a target range of 1.5 to 2.5 times the control. Due to the high degree of variability in aPTT readings between laboratories and reagents, guiding organizations made recommendations in the 1990s that institution-specific therapeutic goal ranges should be determined according to a corresponding heparin level, with heparin concentrations of 0.2–0.4 unit/mL by protamine titration or 0.3–0.7 unit/mL by antifactor Xa assay being used for reference of therapeutic range [36]. Monitoring of heparin by anti-factor Xa assay has been shown to have certain benefits over traditional aPTT monitoring, including a faster time to therapeutic levels of heparin, a longer time in goal range, and fewer adjustments in dosing and repeated testing [37,38]. This has prompted some institutions to change from using aPTT to antifactor Xa assay as the standard for heparin monitoring and titration. Regardless of institution-specific monitoring strategy, heparin should be monitored at standard intervals (e.g., every 6 hours) until consistently resulting in the therapeutic range before further extending monitoring frequency. In patients with subtherapeutic heparin monitoring despite receiving more than 35,000 units of heparin per day after titration, heparin resistance should be suspected [39]. Heparin resistance may occur in patients due to various causes, including deficiency of endogenous ATIII, the necessary cofactor required for heparin's anticoagulant effect. Although current practice varies in the management of patients with suspected heparin resistance, potential mitigation strategies that have been employed include continuing to increase the dose of heparin until reaching response, providing supplementation of exogenous ATIII if available, and changing to a different anticoagulant that does not require ATIII for activity, such as argatroban or bivalirudin [39].
Transitioning from heparin to other anticoagulants is a clinical scenario that occurs often in the hospital setting and can be associated with a significant risk of medication errors and adverse effects if not handled appropriately. Based on the pharmacokinetic properties of each anticoagulant, currently recommended transitioning strategies are provided in Table 4 [40].

Table 4: HEPARIN (INTRAVENOUS INFUSION) TRANSITION TO OTHER ANTICOAGULANTS
	Transitioned to	Transition Strategy
	Enoxaparin (SUBQ)	Begin enoxaparin within one hour of stopping heparin infusion.
	Warfarin (oral)	Begin warfarin and continue heparin until INR is within therapeutic range
                (based on indication) for at least 2 measurements about 24 hours apart.
	DOAC (oral)a	Begin DOAC when the heparin infusion is stopped.
	aIncluding apixaban,
                dabigatran, rivaroxaban, and edoxaban


Source: [40]



LOW-MOLECULAR-WEIGHT HEPARINS



The low-molecular-weight heparins (LMWHs) are a group of anticoagulants that provide anticoagulant effects with a similar mechanism to heparin except with an increased inhibition of factor Xa over factor IIa (thrombin) [32]. Multiple agents are included within this class including enoxaparin, dalteparin, nadroparin, and tinzaparin; however, enoxaparin is currently the most widely used agent within the United States and will be the focus of this section.
Enoxaparin (Lovenox) was first approved in the United States in 1993 and remains one of the most commonly used subcutaneous anticoagulants to this day. Enoxaparin is currently approved for prophylaxis and treatment of VTE in a variety of patient populations, prophylaxis of ischemic complications of unstable angina and non-Q-wave MI, and treatment of ST-segment elevation MI. Since enoxaparin is similar in composition to heparin, it is also contraindicated in patients with a history of HIT within the past 100 days (or with circulating antibodies) as well as in patients with a hypersensitivity to heparin or pork products. Enoxaparin is currently available as a subcutaneous injection, though it can also be administered intravenously in the management of ACS, and dosing varies based on indication. Of note, enoxaparin exposure is significantly increased in those with renal impairment and dosage or frequency adjustments are required, particularly in those with a creatinine clearance <30 mL/min [41,42]. Although not all inclusive, a list of common enoxaparin dosing regimens are provided in Table 5.

Table 5: COMMON ENOXAPARIN DOSING REGIMENS
	Indication	Enoxaparin Dosing Regimen
	VTE prophylaxis	40 mg subcutaneously every 24 hours (Select patient populations may require
                alternate dosing or frequencya)
	VTE treatment	1 mg/kg subcutaneously every 12 hours or 1.5 mg/kg every 24 hours
	ACS (NSTEMI) or AF (periprocedural management)	1 mg/kg subcutaneously every 12 hours
	aTrauma, morbid obesity, low body weight, or reduced renal function


Source: Author


Adverse effects associated with enoxaparin include bleeding, thrombocytopenia, increases in serum aminotransferases, and injection site pain. Additionally, enoxaparin has been associated with epidural and spinal hematomas in patients undergoing neuraxial anesthesia or spinal puncture, resulting in significant long-term or even permanent paralysis. Factors increasing the risk of bleeding and the timing of the last enoxaparin dose should be closely evaluated in patients receiving these procedures [41]. In patients undergoing surgery, the last dose of therapeutic enoxaparin should be given no closer than 24 hours prior to surgery [35].
Therapeutic drug monitoring is not routinely performed in most patients receiving enoxaparin; however, antifactor Xa monitoring can be useful in the management of special populations or those with a high risk of altered pharmacokinetics (e.g., morbid obesity, low body weight, pregnancy, or those with reduced kidney function in whom other anticoagulants are not appropriate) [32]. Due to enoxaparin's greater impact on factor Xa than factor IIa (thrombin), antifactor Xa monitoring is preferred over other monitoring parameters, such as aPTT. Peak antifactor Xa activity is generally measured 4-6 hours after enoxaparin dosing once steady state is reached after the third or fourth dose of enoxaparin. Although slight differences may exist between institutions, an antifactor Xa goal range of 0.2-0.5 units/mL is generally acceptable for VTE prophylaxis, and a range of 0.6-1 unit/mL is acceptable for therapeutic dosing when enoxaparin is administered twice daily. If therapeutic enoxaparin is being dosed once daily (e.g., 1.5 mg/kg every 24 hours), an antifactor Xa range of 1-2 units/mL is typically used [32]. When transitioning from enoxaparin to a different anticoagulant, particular care should be utilized to ensure efficacy and safety. Current recommendations for transitioning between agents are provided in Table 6 [40].

Table 6: ENOXAPARIN (SUBCUTANEOUS) TRANSITION TO OTHER AGENTS
	Transitioned to	Transition Strategy
	Heparin (intravenous)	Begin intravenous heparin without a loading dose (rate based on indication) 1
                to 2 hours before the next dose of enoxaparin would be due.
	Warfarin (oral)	Begin warfarin and continue enoxaparin until INR is within therapeutic range
                (based on indication) for at least 2 measurements about 24 hours apart.
	DOAC (oral)a	Begin DOAC within 2 hours prior to when the next scheduled dose of enoxaparin
                would be due.
	aIncluding apixaban, dabigatran, rivaroxaban, and
                edoxaban


Source: [40]




Healthcare Consideration



Special populations, such as patients who are pregnant,
        morbidly obese, severely malnourished or underweight,
        and those with organ failure (e.g., acute or chronic
        kidney or liver disease) may respond differently to
        medications than those from the normal population
        and often are excluded from initial trials. Differences
        in pharmacokinetic parameters such as absorption,
        distribution, metabolism, and excretion can vary
        significantly in these patients, and medications
        should be used cautiously and based on best evidence.
        When possible, it is useful to use therapeutic drug
        monitoring to ensure both efficacy and safety of high-risk
        medications.



WARFARIN



Warfarin (Coumadin) is an oral vitamin K antagonist that was initially approved in the United States in 1954. Until recently, warfarin had been the most widely prescribed oral anticoagulant in the management of a variety of thromboembolic and cardiovascular disease states, only to be replaced with the DOACs over the past decade. Warfarin provides its anticoagulant effect by inhibiting the synthesis of activated vitamin K-dependent clotting factors, including factors II, VII, IX, and X, and also the production of the body's natural anticoagulants, proteins C and S [43]. Warfarin is indicated in the prophylaxis and treatment of VTE, prophylaxis and treatment of thromboembolic complications from AF and cardiac valve replacement, and reduction in the risk of death, recurrent MI, or thromboembolic events after MI. Initial dosing of warfarin should be individualized based on patient factors including age, weight, and any relevant drug-drug interactions and adjusted based on INR response. Although variation exists based on patient factors, an initial starting warfarin dose in most patients is 5 mg once daily. Adverse reactions related to warfarin include the risk of bleeding, necrosis of skin and other tissues due to its effect on proteins C and S, and atheroemboli and cholesterol microemboli, among others. A few of the most relevant contraindications to warfarin include pregnancy (except in women with mechanical heart valves), recent surgery in critical areas, underlying bleeding tendencies or blood dyscrasias, and unsupervised use in patients with high potential for noncompliance [44,45]. In patients requiring treatment interruption before surgery, warfarin should be held at least 5 days prior to the procedure in order to allow time for the INR to normalize. In select patients at high risk of thromboembolic events, a shorter-acting anticoagulant such as heparin infusion may be utilized as a bridge during the perioperative period once INR becomes subtherapeutic and held closer to surgery, if required [35,44].
Monitoring and titration of warfarin dosing is achieved with the use of the INR. Target INR varies by indication, with the most common therapeutic range being 2–3 for indications such as the treatment of VTE and prevention of stroke in AF; however, some patients may require other target ranges based on risk of bleeding or indication (e.g., target range of 2.5–3.5 for management of mechanical mitral valve). Although some anticoagulant effect occurs within 24 hours of initiating warfarin, it is important to recognize that peak effect of warfarin may not be reached for 72 to 96 hours following administration, due to the variation in duration of half-lives of the inhibited coagulation factors. This complicates dosing of warfarin as a change in warfarin dose may not be fully reflected in the INR for multiple days [43,44].
In addition to warfarin's effect on INR, dosing titration can further be complicated by the impact of other endogenous and exogenous factors on INR as well as significant drug-drug interactions between warfarin and many other medications. Since INR reflects vitamin K-dependent clotting factors, patients with poor nutritional intake, hepatic disorders, or other reasons for vitamin K deficiency may have an increased INR, regardless of warfarin. It is, therefore, important to educate patients to have a consistent intake of foods that are rich in vitamin K, such as leafy greens. Additionally, drug-drug interactions can have a significant impact on warfarin's effect on INR and should be accounted for when initiating or adjusting warfarin doses. Warfarin can be impacted by both inhibitors and inducers of CYP2C9, CYP1A2, and CYP3A4 as well as antibiotics, antifungals, and herbal products. A few of the most notable CYP450 inhibitors that may increase warfarin concentrations include amiodarone, fluconazole, cotrimoxazole, ciprofloxacin, oral contraceptives, and voriconazole. Notable CYP450 inducers that may reduce concentrations of warfarin include carbamazepine, phenobarbital, rifampin, and phenytoin [43,44]. It is recommended to evaluate drug-drug interactions whenever medications are being changed in patients receiving warfarin. When transitioning from warfarin to a different anticoagulant, particular care should be utilized to ensure efficacy and safety. Current recommendations for transitioning between agents are provided in Table 7 [40].

Table 7: WARFARIN (ORAL) TRANSITION TO OTHER AGENTS
	Transitioned to	Transition Strategy
	Heparin (intravenous)	Discontinue warfarin and begin heparin once INR is ≤2 or lower INR limit of therapeutic range
	Enoxaparin (subcutaneous)	Discontinue warfarin and begin enoxaparin once INR is ≤2 or lower INR limit of therapeutic range
	DOAC (oral)a	Discontinue warfarin and begin DOAC once INR is <2 or lower INR limit of therapeutic range
	aIncluding apixaban, dabigatran, rivaroxaban, or edoxaban


Source: [40]



DIRECT THROMBIN INHIBITORS



The direct thrombin inhibitors (DTIs) are a group of anticoagulants that provide their effects through direct inhibition of factor IIa (thrombin), as their name suggests. Through their reduction of thrombin generation, these agents ultimately prevent the conversion of fibrinogen into fibrin and the formation of a fibrin-bound clot. Currently, the only available oral DTI is dabigatran; however, intravenous agents, such as argatroban and bivalirudin, are also available for use as continuous infusions. Although argatroban and bivalirudin are important agents in the management of HIT and cardiac intervention as an alternative to heparin, this review will focus on the use of dabigatran.
Dabigatran etexilate (Pradaxa) was the first of the currently available direct oral anticoagulants to come to market with an original approval date in the United States in 2010. Currently, it is approved for reducing the risk of stroke and systemic embolism in patients with non-valvular AF, prevention and treatment of VTE, and VTE prophylaxis in total hip arthroplasty. Dabigatran is only available in oral formulations at this time, and dosing for common indications is listed below in Table 8. Due to dabigatran's renal elimination, use should be avoided in patients on hemodialysis or with a creatinine clearance < 30 mL/min, with the exception of a recommended renal dosage adjustment in patients with severe renal impairment (CrCl 15–30 mL/min) during the management of nonvalvular AF, specifically [46].

Table 8: COMMON DABIGATRAN DOSING REGIMENS
	Indication	Dabigatran Dosing Regimen
	AF (nonvalvular)	150 mg orally every 12 hours
	VTE treatment	150 mg orally every 12 hours, after at least 5 days of initial therapy with a parenteral anticoagulant
	VTE prophylaxis in total hip arthroplasty	220 mg orally daily, after an initial dose of 110 mg or 220 mg based on timing from surgery and hemostasis


Source: [40]


Adverse reactions and precautions related to the use of dabigatran include an increased risk of bleeding as well as gastritis-like symptoms reported in greater than 15% of patients. Since dabigatran is known to be influenced by P-glycoprotein (P-gp), caution should be used when dabigatran is concomitantly administered with P-gp inducers, such as rifampin, or P-gp inhibitors, such as dronedarone. If dabigatran therapy interruption is required for surgery, it should be held 1 to 2 days prior to the procedure in patients without renal dysfunction (CrCl ≥50 mL/min) and for 3 to 5 days in patients with renal dysfunction (CrCl <50 mL/min). Although routine monitoring of dabigatran is not recommended, bleeding risk with dabigatran in select scenarios can best be assessed with use of the ecarin clotting time (ECT), if available, or aPTT if not [43,46]. When transitioning from dabigatran to a different anticoagulant, particular care should be utilized to ensure efficacy and safety. Current recommendations for transitioning between agents are provided in Table 9 [40].

Table 9: DABIGATRAN (ORAL) TRANSITION TO OTHER AGENTS
	Transitioned to	Transition Strategy
	Heparin (intravenous)	
                CrCl >30 mL/min: Begin heparin 12 hours after last dose of
                    dabigatran.
CrCl <30 mL/min: Begin heparin 24 hours after last dose of
                    dabigatran.


              
	Enoxaparin (subcutaneous)	
                CrCl >30 mL/min: Begin enoxaparin 12 hours after last dose of
                    dabigatran.
CrCl <30 mL/min: Begin enoxaparin 24 hours after last dose of
                    dabigatran.


              
	Warfarin (oral)	Dabigatran can elevate the INR and complicate warfarin dosing. Consider
                stopping dabigatran, beginning warfarin the same day, and bridging with a parenteral
                anticoagulant until INR is within therapeutic range.
	Another DOAC (oral)a	Begin the new DOAC when the next dose of dabigatran would be due.
	aIncluding apixaban,
                rivaroxaban, or edoxaban


Source: [40]



FACTOR XA INHIBITORS



The factor Xa inhibitors are a group of anticoagulants that provide their effects through direct inhibition of factor Xa, as their name suggests. Through factor Xa inhibition, these agents ultimately decrease thrombin generation and prevent the formation of a fibrin-bound clot. Currently, the available oral factor Xa inhibitors include apixaban, rivaroxaban, and edoxaban, while fondaparinux is the only available agent for injection. Although betrixaban had previously been included within this class as well, it was removed from the market in the United States over the past few years. Despite these agents having the same mechanism for providing anticoagulation, important differences exist between these medications that must be recognized.
Rivaroxaban (Xarelto) was the second of the currently approved direct oral anticoagulants to be approved for use in the United States and was originally approved in 2011. Rivaroxaban currently has an extensive list of approved indications including nonvalvular AF, stable CAD, treatment and prevention of VTE, stable peripheral artery disease (PAD), and VTE prophylaxis following total hip or knee arthroplasty. Of note, rivaroxaban should not be used in the setting of prosthetic heart valves and valvular AF or in the setting of patients with triple positive antiphospholipid syndrome [47]. Most common adverse effects related to rivaroxaban include the risk of bleeding. Similar to enoxaparin, rivaroxaban carries a warning for the occurrence of epidural or spinal hematomas in patients treated with the drug and receiving neuraxial anesthesia or a spinal procedure. In patients requiring temporary discontinuation of therapy due to surgery or an invasive procedure, rivaroxaban should be held at least 24 hours prior to the procedure to reduce the risk of bleeding. Rivaroxaban dosing varies by indication, and due to some renal elimination of rivaroxaban, dosing alterations are often required in patients with renal dysfunction. Rivaroxaban should typically be avoided in patients on hemodialysis and those with CrCl <15 mL/min. Examples of common rivaroxaban dosing regimens are provided inTable 10 [47,48].

Table 10: COMMON RIVAROXABAN DOSING REGIMENS
	Indication	Rivaroxaban Dosing Regimen
	AF (nonvalvular)	20 mg orally once daily with evening meal
	VTE treatment	15 mg orally twice daily with food for 21 days, followed by 20 mg once daily
                with food
	CAD or stable PAD	2.5 mg orally twice daily, in combination with low dose aspirin


Source: [47,48]


As with the other DOACs, routine coagulation monitoring of rivaroxaban is not required or recommended. In clinical situations where assessment of the anticoagulant effect is useful, prothrombin time (PT) may be useful to determine presence of rivaroxaban, though normal values cannot rule out use. In select institutions, antifactor Xa calibrated for rivaroxaban may be used if available, or antifactor Xa calibrated for LMWH can detect presence of drug concentrations but not accurately quantify the level of anticoagulation. Although drug interactions are not as common as with other agents such as warfarin, use with combined CYP3A4 and P-gp inducers or inhibitors should be avoided [43,47]. When transitioning from rivaroxaban to a different anticoagulant, particular care should be utilized to ensure efficacy and safety. Current recommendations for transitioning between agents are provided in Table 11 [40].

Table 11: RIVAROXABAN (ORAL) TRANSITION TO OTHER AGENTS
	Transitioned to	Transition Strategy
	Heparin (intravenous)	Begin heparin when the next dose of rivaroxaban would be due.
	Enoxaparin (subcutaneous)	Begin enoxaparin when the next dose of rivaroxaban would be due.
	Warfarin (oral)	Rivaroxaban can elevate the INR and complicate warfarin dosing. Consider
                stopping rivaroxaban, beginning warfarin the same day, and bridging with a
                parenteral anticoagulant until INR is within therapeutic range.
	Another DOAC (oral)a	Begin new DOAC when the next dose of rivaroxaban would be due.
	aIncluding apixaban, dabigatran, or
                edoxaban


Source: [40]


Apixaban (Eliquis) is another direct oral anticoagulant that was initially approved for use in the United States in 2012. As of 2021, it is the most prescribed oral anticoagulant in the United States and has surpassed the use of other direct oral anticoagulants and warfarin, due to its enhanced safety profile [4]. Apixaban is currently approved for use in the management of AF, VTE, and postoperative VTE prophylaxis following hip or knee replacement surgery. Of note, apixaban is not currently approved for use in the management of prosthetic heart valves or valvular AF. The most common adverse reactions to apixaban are related to minor or major bleeding, though it has shown to be comparable, if not superior, to other agents in terms of bleeding risk. In patients requiring elective surgery or invasive procedures, apixaban should be discontinued at least 48 hours prior to procedures with a high-risk of bleeding and at least 24 hours prior to procedures with a low risk of bleeding or with procedures in a non-critical location where bleeding can be easily controlled [49]. Like other agents, apixaban carries a warning for the occurrence of epidural or spinal hematomas in patients treated with the drug and receiving neuraxial anesthesia or a spinal procedure. Apixaban is most often dosed at 5 mg orally twice daily; however, certain dosing nuances exist based on indication and patient factors [49]. Example dosing regimens for some of the most common indications are listed in Table12.
Similar to the other direct oral anticoagulants, routine coagulation monitoring of apixaban is not required or recommended. If assessment of apixaban's anticoagulant effect is required in select scenarios, PT or anti-factor Xa calibrated for LMWH can be used to determine the presence of relevant apixaban drug concentrations; however, this method does not provide accurate quantification of how much anticoagulant effect is present. Although drug interactions are not as common as with other agents such as warfarin, dose reduction or avoidance of use may be required in patients concomitantly receiving inhibitors or inducers of both CYP3A4 and P-gp [49,50]. When transitioning from apixaban to a different anticoagulant, particular care should be utilized to ensure efficacy and safety. Current recommendations for transitioning between agents are provided in Table 13 [40].

Table 12: APIXABAN (ORAL) TRANSITION TO OTHER AGENTS
	Transitioned to	Transition Strategy
	Heparin (intravenous)	Begin heparin when the next dose of apixaban would be due.
	Enoxaparin (subcutaneous)	Begin enoxaparin when the next dose of apixaban would be due.
	Warfarin (oral)	Apixaban can elevate the INR and complicate warfarin dosing. Consider stopping
                apixaban, beginning warfarin the same day, and bridging with a parenteral
                anticoagulant until INR is within therapeutic range.
	Another DOAC (oral)a	Begin new DOAC when the next dose of apixaban would be due.
	aIncluding rivaroxaban,
                dabigatran, or edoxaban


Source: [40]


Edoxaban (Savaysa) was the next of the currently approved DOACs approved for use in the United States with an initial approval in 2015. Although this agent has some potential advantages over warfarin in select scenarios, edoxaban use has fallen out of favor, particularly due to its reduced efficacy in the treatment of nonvalvular AF in patients with creatinine clearance greater than 95 mL/min. Currently, edoxaban is approved for use in the management of nonvalvular AF and treatment of VTE, though certain limitations to its use exist. In addition to reduced efficacy in patients with nonvalvular AF with CrCl >95 mL/min, edoxaban is currently only approved for treatment of VTE following 5 to 10 days of initial parenteral anticoagulation, further limiting its use as an initial treatment option. Edoxaban should not be utilized in patients with mechanical heart valves, moderate-to-severe mitral stenosis, or those with triple positive antiphospholipid syndrome [51]. The most common adverse effects reported with edoxaban use include bleeding, as well as anemia, rash, and abnormal liver function tests. Edoxaban also carries the same warning for spinal and epidural hematoma in patients receiving neuraxial anesthesia or spinal puncture as other DOACs and enoxaparin. Concomitant use of rifampin or other agents that also increase risk of bleeding should be avoided, and dose reduction is required in patients who use certain P-gp inhibitors. The most common dosing regimen for edoxaban is 60 mg once daily in patients with a CrCl 51–95 mL/min, and a dosage reduction to 30 mg once daily is required for patients with a CrCl 15–50 mL/min or in patients with low body weight (≤60 kg) when being treated for VTE, specifically. In patients requiring temporary discontinuation of therapy due to surgery or an invasive procedure, edoxaban should be held at least 24 hours prior to the procedure to reduce the risk of bleeding [51].
Similar to the other DOACs, routine coagulation monitoring of edoxaban is not required or recommended in patients receiving this medication. In clinical situations where assessment of the anticoagulant effect is useful, PT may be useful to determine presence of edoxaban, though normal values cannot rule out use. In select institutions, antifactor Xa calibrated for edoxaban may be used if available, or antifactor Xa calibrated for LMWH can detect presence of drug concentrations but not accurately quantify the level of anticoagulation [52]. When transitioning from edoxaban to a different anticoagulant, particular care should be utilized to ensure efficacy and safety. Current recommendations for transitioning between agents are provided in Table 14.

Table 13: EDOXABAN (ORAL) TRANSITION TO OTHER AGENTS
	Transitioned to	Transition Strategy
	Heparin (intravenous)	Begin heparin when the next dose of edoxaban would be due.
	Enoxaparin (subcutaneous)	Begin enoxaparin when the next dose of edoxaban would be due.
	Warfarin (oral)	Edoxaban can elevate the INR and complicate warfarin dosing. Consider stopping
                edoxaban, beginning warfarin the same day, and bridging with a parenteral
                anticoagulant until INR is within therapeutic range.
	Another DOAC (oral)a	Begin new DOAC when the next dose of edoxaban would be due.
	aIncluding apixaban, dabigatran, or
                rivaroxaban


Source: [40]




Healthcare Consideration



Classes of antithrombotics each work in distinct ways
        to prevent thrombosis. When utilizing combination
        therapy, ensure that medications from different classes
        are being used together synergistically, instead of using
        multiple agents from the same class that work in the
        same way. Additionally, the more agents that are being
        used simultaneously (e.g., triple therapy), the more the
        risk of bleeding. It is important to minimize the duration
        of using more than two agents to reduce the risk of
        bleeding, whenever possible.




6. INDICATIONS FOR ANTIPLATELETS AND ANTICOAGULANTS



PRIMARY PREVENTION OF ATHEROSCLEROTIC CARDIOVASCULAR DISEASE



As a whole, atherosclerotic cardiovascular disease (ASCVD) is the leading cause of morbidity and mortality worldwide [53]. ASCVD-related conditions are caused by the buildup of plaque in arterial walls, which can then lead to a variety of disease processes including acute coronary syndromes, ischemic stroke and TIA, PAD, and coronary or carotid arterial stenosis. Although each disease process has its own unique management, the use of antithrombotics remains a standard of practice in the prevention and treatment of each of these ASCVD-related disease states. One of the most significant changes in the management of ASCVD-related disease states over the past few years has been the change in recommendations for providing aspirin as primary prevention of ASCVD. Historically, aspirin has been widely administered for ASCVD prevention in many patient populations. As of the 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease, aspirin is no longer recommended for widespread use but rather limited to patients who may receive the greatest benefit with the least risk of harm. The guideline provides a Class 2b recommendation to consider utilizing low-dose aspirin (75–100 mg orally daily) for primary prevention of ASCVD in patients aged 40 to 70 years who are at a higher risk of ASCVD but no increased risk of bleeding [53]. Additionally, these guidelines go on to recommend against the use of low-dose aspirin routinely for primary prevention of ASCVD in patients older than 70 years of age (Class 3, potential harm) or in patients of any age who are at an increased risk of bleeding (Class 3, potential harm). Examples of increased bleeding risk include those patients with a history of peptic ulcer disease or gastrointestinal bleeding, patients with thrombocytopenia or coagulopathy, or patients concomitantly taking other medications that also increase the risk of bleeding such as nonsteroidal anti-inflammatory drugs, steroids, and other anticoagulants. In patients being considered for primary prevention of ASCVD, the guidelines recommend utilizing ASCVD risk estimators such as the pooled cohort equations or evaluating patient-specific ASCVD risk factors to assess which patients may benefit from the use of aspirin in appropriate age ranges.

CHRONIC CORONARY DISEASE



Chronic coronary disease (CCD) is an encompassing term that includes obstructive and nonobstructive CAD, ischemic heart disease, and chronic angina symptoms. Within the United States, approximately 20.1 million people live with CCD, and despite significant advancements in management, it remains the leading cause of death both in the United States and worldwide [54]. In patients with CAD, an atherosclerotic narrowing of the coronary arteries occurs, potentially limiting the flow of blood to vital areas of the heart. Although many patients with CAD may remain asymptomatic, this disease can progress to the point of causing symptoms or complications that must be managed via medications or intervention. Antiplatelets and anticoagulants can be used in the management of CCD to prevent atherosclerotic plaque from forming blockages within the coronary vasculature or other cardiovascular complications leading to comorbidity or death. For simplicity, antithrombotic recommendations will be discussed in the context of stable CCD not requiring revascularization and CCD requiring revascularization (e.g., PCI or CABG), while acute coronary syndrome will be discussed separately.
As per the 2023 AHA/ACC/ACCP/ASPC/NLA/PCNA guidelines for patients with CCD, low-dose aspirin 81 mg monotherapy is recommended in order to reduce atherosclerotic events in patients with stable CCD and no indication for anticoagulant therapy (Class 1). In patients with CCD requiring revascularization, guideline recommendations become a bit more nuanced, based on intervention. In patients with CCD treated with PCI, dual antiplatelet therapy (DAPT) with aspirin and clopidogrel for 6 months post-PCI followed by single antiplatelet therapy (SAPT) is recommended (Class 1). In patients with CCD treated with PCI and drug-eluting stent (DES) who completed 1-3 months of DAPT, monotherapy with a P2Y12 inhibitor for at least 12 months is reasonable for management (Class 2a). Additional recommendations of a lower class include that it may be reasonable for patients with CCD and history of MI to have their duration of DAPT be extended from 12 months to up to 3 years (Class 2b) and that the use of DAPT after CABG may be useful to reduce the incidence of saphenous vein graft occlusion (Class 2b) [54].
In patients with CCD who have electively been treated with PCI and require a DOAC for another indication, DAPT should be administered for 1 to 4 weeks followed by SAPT with clopidogrel for 6 months in addition to the DOAC (Class 1). If it is determined that a patient in this category has a high thrombotic risk and low bleeding risk, DAPT with aspirin and clopidogrel can be extended for up to 1 month in addition to the DOAC (Class 2a). In patients with CCD who require a DOAC and receive PCI, discontinuation of aspirin therapy may be considered after one year from PCI with continuation of DOAC alone, if low atherothrombotic risk exists (Class 2b). Additionally, DOAC monotherapy may be considered over aspirin in patients with CCD who already require DOAC use and have no acute indication for concomitant antiplatelet therapy (Class 2b). Lastly, a select population may benefit from low-dose aspirin 81 mg daily plus low-dose rivaroxaban 2.5 mg twice daily in patients with CCD who do not have an indication for therapeutic DOAC or DAPT, are high risk of recurrent ischemic events, and have a low-to-moderate bleeding risk (Class 2a) [54].

ACUTE CORONARY SYNDROME



Acute coronary syndrome (ACS) is a common yet devastating event that occurs in nearly 1 million patients each year in the United States, with a mortality rate of up to 14% of these events [17]. ACS is an encompassing term that includes STEMI, NSTEMI, and unstable angina. Most commonly, ACS occurs due to atherosclerotic plaque rupture leading to thrombus formation and coronary artery occlusion; however, additional mechanisms such as coronary dissection, vasospasm, embolism, or arteritis may lead to this event as well. In the occurrence of disrupted plaques, exposure of thrombogenic material within the plaque leads to platelet adhesion, further platelet activation via P2Y12 receptors and glycoprotein IIb/IIIa receptors, and ultimately platelet aggregation and thrombus formation. With this progression in mind, it's easy to see the rationale for utilizing antiplatelet medications to prevent thrombus formation in ACS, and the importance of these medications is even greater in patients requiring emergent PCI, where stretching of the arterial wall can further disrupt the epithelium and cause additional platelet activation, potentially leading to stent thrombosis and in-stent restenosis in select patients [17].


Evidence Based Practice Recommendation

It may be reasonable to administer intravenous glycoprotein IIb/IIIa
          receptor antagonist in the precatheterization laboratory setting (e.g., ambulance,
          emergency department) to patients with STEMI for whom primary PCI is intended.
https://www.ahajournals.org/doi/10.1161/CIR.0b013e3182742c84

             Last Accessed: June 24, 2024
Strength of Recommendation/Level of Evidence:
          IB (Procedure/treatment should be performed based on data derived from a single
          randomized clinical trial or nonrandomized studies evaluating limited populations.)


In the initial treatment for ACS, current guidelines recommend combination of DAPT and anticoagulant therapy regardless of the choice of invasive (e.g. PCI) or conservative (e.g. medical) management strategies. As soon as ACS is suspected, aspirin 162–325 mg should be administered (chewed) and continued indefinitely unless contraindications exist. Parenteral anticoagulants including unfractionated heparin, enoxaparin, bivalirudin, or fondaparinux should be utilized in the initial period for up to 48 hours or until PCI is performed in patients with NSTEMI (Class 1), and parenteral anticoagulation using unfractionated heparin (with or without an intravenous glycoprotein IIb/IIIa inhibitor) or bivalirudin should be used to assist in emergent revascularization (e.g., PCI) in patients with STEMI (Class 1) [55,56,57]. Generally speaking, anticoagulation does not need to be continued long-term in these patients unless a patient has an additional indication for anticoagulation, such as AF, or in the select use of low-dose anticoagulation plus antiplatelet agent(s).
From an antiplatelet standpoint, DAPT is currently the cornerstone of management and typically includes aspirin (begun as soon as possible when ACS is suspected) plus a P2Y12 inhibitor such as clopidogrel, prasugrel, or ticagrelor (begun as soon as possible if conservative management is chosen or at the time of intervention with PCI, in applicable patients). DAPT has been proven to reduce the risk of recurrent ischemic events in those with ACS. Despite current guidelines favoring the use of the newer, more potent P2Y12 inhibitors such as prasugrel or ticagrelor, clopidogrel remains one of the most commonly used agents in the United States [58]. In the 2014 ACC/AHA guidelines for the management of NSTEMI, clopidogrel or ticagrelor is recommended, with a preference for ticagrelor; however, prasugrel is also recommended in patients undergoing PCI who do not have a high risk for bleeding. Since the release of the guidelines, additional studies have continued to evaluate the use of these newer P2Y12 inhibitors in patients with ACS. Results from comparisons of these medications have led to changes in the most recent European guidelines for ACS, which now recommend considering prasugrel over ticagrelor in patients with ACS who are proceeding to PCI (Class 2a) [59]. Caution should still be utilized when using prasugrel in patients 75 years of age or older due to potential increase in bleeding, and this agent remains contraindicated in patients with a history of stroke.


Healthcare Consideration



In the ISAR-REACT 5 trial published in 2019, authors evaluated the use of ticagrelor
          versus prasugrel in patients with ACS who were planned to receive invasive evaluation.
          Despite limitations to the study, the authors concluded that in patients with ACS with or
          without ST-segment elevation, prasugrel was superior to ticagrelor in this population of
          approximately 4,000 patients. This was supported by a lower incidence of death, MI, or
          stroke in the prasugrel group with a similar incidence of bleeding [60].




Evidence Based Practice Recommendation

After PCI for STEMI, aspirin should be continued indefinitely.
https://www.ahajournals.org/doi/10.1161/CIR.0b013e3182742c84

             Last Accessed: June 24, 2024
Strength of Recommendation/Level of Evidence:
          IA (Procedure/treatment should be performed based on data derived from multiple
          randomized clinical trials or meta-analyses evaluating multiple populations.)


An important decision in the management of ACS includes the duration of antiplatelet therapy following the event. Within the first 30 days after ACS, the risk of thrombosis tends to be greater than the risk of bleeding, making this a time frame when patients are particularly vulnerable to recurrent events; however, the risk of thrombosis significantly declines after those initial 30 days and the risk of bleeding may be held in higher regard. For these reasons, a balanced risk-assessment that includes both the risk of thrombosis and the risk of bleeding should be incorporated. According to the 2016 ACC/AHA guidelines, both aspirin and a P2Y12 inhibitor should be given for at least 12 months in patients with ACS requiring DAPT (Class 1). In select patients who do not have a high risk of bleeding, DAPT may be continued beyond 12 months if deemed beneficial (Class 2b); alternatively, in select patients requiring DAPT who develop significant bleeding or have a high risk of bleeding, aspirin monotherapy can be considered after 6 months of DAPT, with discontinuation of P2Y12 inhibitor therapy (Class 2b) [58]. In patients with ACS undergoing CABG, the P2Y12 inhibitor may be held or discontinued prior to surgery; however, it should be resumed following CABG and continued as part of DAPT to complete one year of treatment (Class 1) [58].

ATRIAL FIBRILLATION



Atrial fibrillation (AF) is the most common arrhythmia in the world and is associated with significant morbidity and mortality. AF was estimated to be present in 5.2 million people in the United States in 2010, and due to an aging population, increased detection, and other factors, it is expected to rise to over 12 million people by 2030. AF is associated with a 1.5- to 2-fold increased risk of death and carries a significant burden of cost and resource utilization in the healthcare system [61]. AF is commonly described as an "irregularly irregular" rhythm, in which chaotic rapid atrial beating leads to the potential for complications and poor outcomes in patients. Management of AF is multifaceted and includes lifestyle and risk factor modification, AF burden mitigation with rate or rhythm control, and reduction in the risk of stroke and systemic embolism with the use of anticoagulants. All patients with AF should be evaluated for their thromboembolic risk using validated clinical risk scores such as the CHA2DS2-VASc score, which can provide an annual risk assessment of thromboembolic events. In patients with an intermediate annual risk of thromboembolic events (e.g., CHA2DS2-VASc score of 1 in men or 2 in women), anticoagulation should be considered along with an overall assessment of potential risks and benefits (Class 2a), and in patients with AF and an estimated annual thromboembolic risk of ≥2% (e.g., CHA2DS2-VASc score ≥2 in men or ≥3 in women), anticoagulation is recommended, in order to prevent stroke and systemic embolism (Class 1) [61].
In terms of anticoagulant choice for AF, current guidelines recommend the use of DOACs over warfarin, except in the setting of mitral stenosis or mechanical heart valve (Class 1) and recommend against the use of aspirin either alone or in combination with clopidogrel for the management of AF (Class 3, harm/no benefit). The superiority of DOACs over warfarin in patients with AF has been consistent in the DOAC trials, including Re-LY, ROCKET AF, ARISTOTLE, and ENGAGE AF-TIMI 48. In patients who are required to receive warfarin, a target INR range 2–3 is recommended, along with routine INR monitoring, a diet with consistent vitamin K intake, and regular drug-drug interaction evaluations (Class 1). In patients with AF who require temporary interruption of oral anticoagulation therapy for an invasive procedure or surgery, bridging with an intravenous anticoagulant (e.g., heparin) is generally not required, except in the setting of patients with high thromboembolic risk, such as those with mechanical heart valve [61].
Although guidelines for patients with isolated AF are relatively straightforward, AF often complicates other disease states that also require antithrombotic therapy, posing new risks and considerations. In patients with AF complicated by ACS or those undergoing PCI, indications for DAPT plus anticoagulation therapy (i.e., triple therapy) may exist; however, triple therapy has been shown to significantly increase the risk of bleeding and should be minimized whenever possible. In the current AF guidelines, it is recommended in patients with AF who undergo PCI; DOACs along with antiplatelet therapy are preferred over warfarin and antiplatelet therapy. In most of these patients, triple therapy with DAPT and a DOAC may be required initially; however, early discontinuation of aspirin after 1-4 weeks and continuation of a P2Y12 inhibitor plus DOAC is preferred over continued use of triple therapy, in order to reduce the risk of bleeding (Class 1). Additionally, patients with CCD may also have AF, and although patients with CCD typically require aspirin, current guidelines recommend that patients with both CCD and AF utilize monotherapy with an oral anticoagulant alone in order to decrease the risk of major bleeding (Class 1). Although a lower class of recommendation, a similar recommendation exists for patients with stable PAD and concomitant AF. In this patient population, monotherapy with an oral anticoagulant is deemed reasonable over therapy with an anticoagulant plus an antiplatelet agent (Class 2a) [61].
Case Study: JP



JP is a 76-year-old male with a past medical history significant for
          coronary artery disease, asthma, hypertension, and hyperlipidemia who presents to the
          hospital due to complaints of feeling extremely fatigued and having a very fast pounding
          feeling in his chest. After initial assessment and electrocardiogram, JP is diagnosed with
          new onset atrial fibrillation and initiated on metoprolol 25 mg orally BID for rate
          control. After calculating his CHA2DS2-VASc score, the primary team determines that JP is
          at greater than 2% annual risk of ischemic stroke and requires anticoagulation as well.
          Prior to admission, JP was taking aspirin 81 mg orally daily, lisinopril 20 mg orally
          daily, atorvastatin 20 mg orally daily, and an albuterol inhaler as needed.
Study Questions
	Based on current guidelines, what anticoagulant(s) should JP be started on?
	What other components of his antithrombotic regimen may need to change?
	Does JP require any anticoagulant-specific monitoring based on his new medication regimen?


Discussion
According to the 2023 ACC/AHA/ACCP/HRS guidelines for the diagnosis and management of atrial fibrillation, it is recommended that JP be initiated on anticoagulation for prevention of stroke and systemic embolism from atrial fibrillation based on his CHA2DS2-VASc score. As this is nonvalvular atrial fibrillation, first-line therapy includes any of the DOACs (e.g., apixaban, rivaroxaban, dabigatran, or edoxaban), based on their enhanced safety profile over vitamin K antagonists (e.g., warfarin). When selecting a specific agent, edoxaban should be avoided if JP's CrCl is greater than 95 mL/min; however, the remainder of the decision may be based on insurance coverage, patient preference (e.g., once-daily dosing versus twice-daily dosing), drug-interactions, or availability.
Since JP was taking an aspirin for his CAD prior to admission, this must also be addressed. According to the same AF guidelines, monotherapy with an oral anticoagulant alone should be used in patients with CCD and AF in order to decrease the risk of major bleeding. For this reason, JP's aspirin may be discontinued now that he is being started on an oral anticoagulant.
As for specific monitoring, JP will not require routine monitoring with any of the DOACs, another benefit of utilizing these agents over older agents such as warfarin.


ACUTE ISCHEMIC STROKE/TRANSIENT ISCHEMIC ATTACK



Acute ischemic stroke (AIS) and transient ischemic attack (TIA) are related neurologic events with significant disability but common occurrence worldwide. Acute ischemic stroke and TIA can both be described as a blockage that prevents blood flow from reaching various areas of the brain, though in TIA this blockage is brief and does not cause permanent damage. In the United States alone, nearly 700,000 people experience an ischemic stroke, while 240,000 people experience a TIA each year [62,63]. The risk of recurrent stroke or TIA is high, with estimates of approximately 1 in 25 people having a recurrent event within 30 days; however, this risk can be mitigated with appropriate secondary prevention. In the initial acute management of stroke or TIA, the focus is to ensure that cerebrovascular blood flow is restored to all affected areas if possible. This is typically done through the use of thrombolytics (e.g., alteplase or tenecteplase) that break down the clot as well as the use of endovascular therapies in select patient populations. Following initial management, secondary prevention should be initiated after 24 hours in patients who received thrombolytic therapy or immediately if no thrombolytic therapy was administered. The choice of antithrombotic regimen and duration can be impacted significantly by the etiology as well as severity. In patients with stroke or TIA caused by non-valvular AF, anticoagulation with a DOAC is recommended over warfarin (except in the setting of severe mitral stenosis or mechanical heart valve) or antiplatelet therapy (Class 1). In patients with stroke or TIA and valvular AF, warfarin is recommended to reduce the risk of recurrent stroke or TIA (Class 1). In patients with stroke or TIA caused by significant (50% to 99%) stenosis of a major intracranial artery, aspirin 325 mg daily is recommended (Class 1), though the addition of clopidogrel 75 mg per day may be considered for up to 90 days in patients with severe stenosis (70% to 99%) of a major intracranial artery (Class 2a). Patients with stroke or TIA and left ventricular thrombus (LV) thrombus should receive anticoagulation with warfarin for at least 3 months (Class 1), though other guidance documents have discussed the potential use of DOACs in select patients based on more recent data [64]. In patients with a noncardioembolic ischemic stroke or TIA, antiplatelet therapy is preferred over anticoagulant therapy and should be dependent on the severity of disease. In patients with noncardioembolic minor stroke (NIHSS score ≤3) or high-risk TIA (ABCD2 score ≥4), DAPT with aspirin plus clopidogrel should be initiated and continued for 21 to 90 days, followed by single antiplatelet therapy (Class 1). In patients with non-cardioembolic stroke or TIA who do not meet the aforementioned criteria, single antiplatelet therapy should be used [63].


Healthcare Consideration



The CHANCE and POINT trials were two independent multicenter randomized controlled
          trials that showed the benefit of short-term dual antiplatelet therapy to prevent
          recurrent ischemic stroke in patients with minor stroke or high-risk TIA. The CHANCE trial
          evaluated patients who received aspirin plus clopidogrel for 21 days (followed by aspirin
          monotherapy) versus aspirin monotherapy for minor stroke or TIA in China. The POINT trial
          evaluated patients who received aspirin plus clopidogrel for 90 days versus aspirin
          monotherapy for minor stroke or TIA in North America, Europe, Australia, and New Zealand.
          In both trials, DAPT resulted in fewer ischemic events and overall benefit, though
          bleeding rates were higher [65,66].




Healthcare Consideration



In order to meet the Joint Commission standardized
        performance measures for comprehensive stroke centers,
        all patients with acute ischemic stroke must receive
        antithrombotic therapy by the end of hospital day two.
        For this reason, it is imperative that patients receive
        their antithrombotic (most often aspirin) as early as
        possible, once cleared to do so, in order to meet metrics
        and ensure good patient outcomes. This will typically
        be 24 hours after thrombolytics (e.g., alteplase or
        tenecteplase) or sooner in patients who are treated more
        conservatively.



VALVULAR HEART DISEASE



Valvular heart disease (VHD) occurs when any valve in the heart is damaged or diseased, and it is a term that includes conditions such as regurgitation or stenosis of various valves. VHD can have numerous etiologies including congenital conditions (e.g., malformations of the valves), infection (e.g., infective endocarditis), rheumatic disease, or conditions linked to other types of heart disease (e.g., heart failure, atherosclerosis, aortic aneurysm, or MI). In the United States, approximately 2.5% of people have VHD, with higher representation in older adults, and almost 30,000 deaths can be traced back to the disease annually [67]. Although many patients may be managed conservatively, intervention with valve repair or replacement is often required in more severe disease. Following prosthetic valve implantation with either a bioprosthetic or mechanical heart valve, antithrombotic therapy is a cornerstone of management in order to prevent valve or leaflet thrombosis and reduce the incidence of thromboembolic complications.
When considering the most appropriate antithrombotic regimen for patients with valve replacement, the most important point to evaluate is the type of prosthetic valve that was placed (e.g., mechanical or bioprosthetic). In patients with a mechanical prosthetic valve, current guidelines recommend therapeutic anticoagulation with a vitamin K antagonist, such as warfarin (Class 1). Of note, DOACs are contraindicated in patients with a mechanical valve prosthesis and should be avoided (Class 3, harm). Target INR goal for patients with a mechanical valve varies based on location of the valve and the presence of other risk factors for thromboembolism, such as AF, previous thromboembolism, LV dysfunction, hypercoagulable state, or older generation of prosthesis such as ball-in-cage valve. In patients with a mechanical aortic valve replacement (AVR) and no other risk factors for thromboembolism, a vitamin K antagonist with a target INR range of 2–3 is recommended (Class 1). In patients with a mechanical mitral valve alone or those with a mechanical AVR and risk factors for thromboembolism, a vitamin K antagonist with a target INR range of 2.5–3.5 is recommended (Class 1). In any patient with a mechanical valve receiving warfarin, the addition of aspirin 75–100 mg daily may be considered if additional antiplatelet therapy is indicated and risk of bleeding is low (Class 2b) [68].
In patients who receive a bioprosthetic valve, the risk of thromboembolism is comparatively lower than those with a mechanical valve and can often be managed by antiplatelets alone or after a short course of anticoagulation following valve replacement in those who are at a low risk of bleeding. In all patients with a bioprosthetic AVR or MVR, aspirin 75–100 mg daily as lifelong therapy is reasonable in the absence of other indications for anticoagulation, including surgical AVR or MVR and transcatheter aortic valve implantation (TAVI) (Class 2a). In patients with a surgical bioprosthetic AVR or MVR who are at a low risk of bleeding, anticoagulation with a vitamin K antagonist is reasonable for the first 3 to 6 months with a goal INR range of 2–3 (Class 2a). In patients receiving TAVI who are at a low risk of bleeding, anticoagulation with a vitamin K antagonist with a goal INR range of 2–3 or DAPT with aspirin 75–100 mg orally daily plus clopidogrel 75 mg orally daily (Class 2b) are reasonable options for the first three to six months (Class 2b) [68].
The selection of antithrombotic therapy in patients with VHD may also be further complicated by the presence of AF when determining whether to use a vitamin K antagonist or DOAC. In general, patients who have established AF plus rheumatic mitral stenosis, mechanical AVR, or mechanical MVR should receive long-term anticoagulation with a vitamin K antagonist (Class 1), and in those with new onset AF within three months of bioprosthetic valve implantation, anticoagulation with a vitamin K antagonist is reasonable (Class 2a). In patients with AF and VHD who have not received a prosthetic valve replacement (native valve disease that is not rheumatic mitral stenosis) or in those with a bioprosthetic valve who have AF occurring greater than three months after replacement may receive DOAC, if anticoagulation is indicated based on CHA2DS2-VASc score (Class 1) [68].

VENOUS THROMBOEMBOLISM



Venous thromboembolism (VTE) is the overarching term that includes both DVT and PE. In the United States, approximately 300,000 to 600,000 VTE events occur annually, causing significant morbidity for patients and increased resource utilization in healthcare settings [69]. The occurrence of VTE is often multicausal and is likely triggered by interactions between multiple risk factors. VTE development is often traced back to Virchow's triad, which is the combination of stasis, vascular wall damage or dysfunction, and hypercoagulability [70]. Blood stasis in valve pockets of large vessels is thought to predispose the formation of venous thrombi, especially during times of immobilization. Vascular damage or dysfunction in the area further leads to an increased expression of surface adhesion molecules and ultimately platelet activation and adhesion. Through the increased inflammation and activation of leukocytes, the extrinsic pathway of the coagulation cascade is thought to be activated, resulting in the formation of a fibrin-bound clot. Once this thrombus forms, it may lead to blockages within the vessel or embolize to other areas of the body, such as in the case of PE [70].


Evidence Based Practice Recommendation

For patients with DVT and/or PE, the ASH guideline panel suggests
            using direct oral anticoagulants (DOACs) over vitamin K antagonists.
https://ashpublications.org//bloodadvances/article/4/19/4693/463998

             Last Accessed: February 17, 2026
Strength of Recommendation/Level of Evidence:
            Conditional recommendation based on moderate certainty in the evidence of
            effects


The cornerstone of therapy for VTE centers around anticoagulation. Currently,
        guidelines from both the American Society of Hematology and the American College of Chest
        Physicians recommend DOACs over vitamin K antagonists for the treatment of DVT and PE, due
        to their enhanced safety and efficacy profiles, and any of the DOACs can be used (strong
        recommendation) [71]. In terms of duration
        of therapy, anticoagulation with an oral anticoagulant should be continued for at least
        three months, followed by an assessment for the need to continue therapy (strong
        recommendation). In patients with VTE who are unable to receive a DOAC or those who have
        antiphospholipid syndrome, vitamin K antagonists with a target INR range of 2–3 may be used
        (weak recommendation). In select patients with a chronic risk factor or unprovoked VTE,
        extended duration of therapy beyond three to six months may be required. One such population
        includes patients who develop acute VTE in the setting of cancer, where anticoagulation may
        be continued beyond standard therapy and often indefinitely. Although LMWH had previously
        been the anticoagulant of choice in patients with cancer-associated thrombosis, guidelines
        now recommend that DOACs, including apixaban, edoxaban, or rivaroxaban, be used over LMWH
        for the initiation and treatment of VTE in these patients, with the exception of patients
        with luminal gastrointestinal malignancies (strong recommendation) [71]. In these patients, apixaban or LMWH is
        preferred, due to increased risk of gastrointestinal bleeding with edoxaban and
        rivaroxaban.

PERIPHERAL ARTERIAL DISEASE



Peripheral arterial disease (PAD) of the lower extremity refers to the atherosclerotic obstruction of vessels within the region from the aortoiliac segments to the pedal arteries. Recent estimates report that PAD is the third leading cause of atherosclerotic morbidity after coronary heart disease and stroke and is present in approximately 7% of adults 40 years of age or older in the United States [72]. PAD can range in severity from asymptomatic disease to critical limb ischemia and require significant intervention if left untreated. Despite strong recommendations with high levels of evidence in most recent guidelines, patients with PAD remain undertreated and adherence to antiplatelet use in symptomatic patients at hospital discharge is reported to be as low as 57.7% to 67.3% in the literature [72].
In most recent guidelines, antiplatelet therapy is recommended in symptomatic patients in order to reduce the risk of MI, stroke, or vascular death (Class 1) and should be considered in asymptomatic patients as well (Class 2a). Currently, this can include monotherapy with aspirin 75–325 mg orally daily or clopidogrel 75 mg orally daily (Class 1). DAPT may also be beneficial in select patients with PAD, including those with symptomatic PAD after lower extremity revascularization (Class 2b). In patients progressing to acute limb ischemia, systemic anticoagulation with heparin should be provided to all patients unless contraindicated (Class 1) and revascularization with either surgery or intra-arterial thrombolysis should be performed [73,74].


7. CONCLUSION



The use of antithrombotics, including both antiplatelets and anticoagulants, can be complex; however, healthcare providers can improve the use of these agents in various healthcare settings by understanding the underlying mechanisms, drug properties, monitoring strategies, and indications for use of these agents. By applying this knowledge, healthcare providers are able to improve patient outcomes and avoid adverse effects that lead to patient harm. As with all areas of medicine, the indications for antiplatelets and anticoagulants continue to change, and it is important to be mindful of updates and advancements as treatment options change in the future.
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